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LOI NOI DAU

Sdch Bai tép swc ben vdt litu dugc sogn theo chuong trinh moén
hoc Sitc bén vit liéu.

Sdch nhdm phuc vu viéc hoc tdp va gidng day tgi cdc trudng dai
hoc ki thudgr (co khi va xdy dyng) thudc hé tdp trung vad tgi chiic.

Dé thugn lgi cho nguoi sit dung, mdi chuong cia sich ¢6 tém tdt
If thuyét va dua ra cic vi dy via d&é minh hoa vita lam bai gidi
mdu. Cdc bai tdp déu c6 ddp s6 dé nguoi si dung tu kiém tra.

Trong ldn td4i bdn ddu, sdich da dugc chinh Ii lai cho hgp Ii va
chinh xdc hon, dong thoi b6 sung thém phin "Cdc dé thi Olympic
cd hoc vé sidc bén vdt liéu" td ndm 1989 dén 1996.

Tuy c¢6 mét s6 kinh nghiém qua céc ldn xudt bdn, song viéc
tdi bdn ldn nay chdc vdn khéng trdnh khoi con nhilng sai sét.
Chiing t6i mong nhdn dugc nhiéu ¥ kién cia ban doc. Thu gép
¥ xin gii vé : Nha xudt bin Gido duc ~ 81 Tran Hung Dgo - Ha N¢i.
Xin chdn thanh cdm on.

Cac tac gia



Chuong 1
KEO - NEN DUNG TAM

1. Ung sudt phap, bién dang dai tuyt d6i

Mot thanh goi la chiu kéo, nén ding tam khi trén mat cat ngang cua thanh chi cd
mot thanh phén ndi lue 12 lye doc : Nz.

Trén mat cit ngang khéng cé tng sudt tiép, Ung sufit phdp phan bé 13 déu va duge
tinh theo cong thdc :
P N,
z =—F"- (1_1)
Trong dd : N, - gié tri luc doc trén m4t cdt ngang tinh dng sust, luc doc duge coi
l4 dwong khi thanh chju kéo va la &m khi thanh chiu nén ;
F - di¢n tich mat cit ngang.
D6 dan dai tuyét ddi cia thanh duge tinh theo cong thie:
I N

Z
Al = | =—4dz (1-2)
0 EF

Trong do: Nz = luc doc, 1a ham cla toa dé theo truc thanh, Nz(z) :

F - dién tich mat c4t ngang t6ng quat cing 1a ham ciia toa do F(z) ;
E - méduyn dan héi khi kéo, nén cta vat ligu ;
1. — chiéu dai cta thanh.

Néu trén sudt chiBu dai 1 cia thanh N, E, F 12 hdng 6 thi :

N .1

z

EF -. (1-3)

Téng quat néu thanh cd nhidu doan cd tinh ch&t trén thi ta chia thanh ra lam
nhiéu dogn va cong thde cd dang :

Al =

n N, n N,

Al = = 1-4
Z[gpez  hoxe Al 2w -4
i=10 "ii t=1"T1i

Tich s6 EF dugc goi la d6 cdng cia thanh kéo - nén
ding tam. SN IIIIIIIIV

. i

Cho thanh thing cé mat cat khéng déi chiu Idc nhu trén ny yAR X1
hinh v&. V& bi€u d6 lyc doc, bi€u d8 dng suét va bidu dé N 4
chuyén vj ctia cdc mat cdt ngang (H. 1-1). =+

Bai gidi \ 27

Bang phuong phip mat cét, ta tinh duge néi luc & bén I
doan ti déu ty do : ;r '

Ny =P;N,=P-2P =-P;N,=P-2P-P=-27, |- ]

N,=P-3P+P =-P e

Hink 1-1



Ung sudt & cdc doan:
P _ P _ 2P
F'B3°7F

01 = F ; 0'2 =
Chuyén vi cda cdc mat cit tinh theo cong thde chung :

Dogn 4 (0 = z € a) :

Dogn 3 (a £ z € 3a) :
AL = L ([nd +_TN _ L Pa - 2P+ 2Pa) = — 9p
3 = EF ({ @) ) = gp(-Pa 2 a) = gy (Fa 2)-

Dogn 2 (3a £ z £ ba) :

1 a 3a oz
al, = o= ([ Ndz + [Nz + [ Ng£),
0 a 3a .

i : 1
ﬁ(—Pa — 4Pa — Pz + 3Pa) = E—F(—ZP& - P2).
Dogn 1 (ba £ z <€ 61a) :
1 a 3a Sa z
Al = == ([Ndz + [Nz + [Nda + [NdE),
1] a 3a Sa
1 1
= —(=Pa — ~ - = —— (- + P2).
= ¢ Pa — 4Pa — 2Pa + Pz — 5Pa} EF (- 12Pa + Pz)

bi€u d8 luc doc, dng sufit, chuyén vi xem hinh 1-la (a, b, ¢).

/{7

—f— /s /fl /777774 o ?
E . L FF E Az

o J/ﬂ : E_
3 p = So=
L 1 27 27 L7

- F 1 EF
3 f” - —
— 7 %
¥ | o ra E Vol
317 d £
) 2 & fd) 7 @) o

Hinh 1-ia



Vi dy 1-2. . |..‘21r_'_| ,
Mot thanh thing cé bé ddy khong déi, b& réng bién di - Uililie

theo ham bac nhét chiu mét luc tap trung J ddu ty do. V&
bi€u d6 luc doc, dng sufit va chuy€n vi cia cdc mat cit
(H. 1-2).
Bai gidi. A':
. 7 —{A—
Bé rdng mat cét ngang:
) z
bz =b (1 + T)
Di¢n tich m#t cdt ngang m - n:
z
F, = bh (1 +7). A 1%
Ung sust phdp & mat cit ngang m - n: 4~
Hink 1-2
6= 1 -
Bh +%
Chuyén vi cia mat cit ngang m - n:
P . de Pl 2,1 Pl 2
g = = - = = .
Enl " Emon (M1 +D)] = gln 2
z] +T z 1 +-l—
-Bi€u d6 luc doc, dng sudt, chuyén vi xem trén’ hinh 1-2a (a, b, c)
9 o
2L 264
-
43 :
Vs 7 7- @ {+\ @ @
e
3 4
-1 L] . . f’Z
J A V4 A . -
| 5 Ve 3h PRk “77 06931 3%
Hinh 1-2a

2. Chuyén vj cic di€m cia hé thanh lién két khdp

Chuyén vi dan héi cic di€m céia mot h¢ thanh lién ket khép tinh theo so d6 téng
quat sau : Tu diéu kién can bang tinh hoc ta tim duge Ive doc truc cla cdc bé phan
dan hoi. Dung cong thic tinh do dan dai tuydt d6i cla cac bd phan, vi khi bién dang
cac bd phdn cta hé khéng rdi nhau ra, do d¢ bing phuong phdp cac dudng giac nhau,
ta lap dugc cic didu kién chap cia chuyén vi, tic 12 cdc quan hé hinh hoc cia cédc
bd ph&n hgp thanh hé théng. Tu nhilng quan hé 4y ta xic dinh duge cac chuyén vi
cén tim.



Khi ding phuong phép dudng giao nhau, cln chd ¥ ring
cdc bd phan ciua hé khong nhitng ¢d bién dang doc truc ma
con cd th8 quay chung quanh khép ndo dé. Do dé mébi mdt
di€m cia bo phan déu c6 th€ chuy€n vi doc truc cha b,
phan va chuyfn vi trén cung trén cd ban kinh tuong dng.
Cung tron (duding giao) d6 cé thé thay bing dudng ké vudng

goe v6i ban kinh quay vi bi&n dang cla thanh rdt bé so véi
chiéu dai cia nd. '

Vi du 1-3.

X4c dinh dudng kinh cta cdc thanh cd ddnh s6 1 va 2
sao cho chuyén vi ding cta di€m A khong vugt qud lmm,

k
v dng sufit trong cdc thanh 1, 2 khong qua 16 —I% ;
cm

a=1m E = 2. 10" kN/em? (H 1-3).
Bai gidi.
Tinh luc doc trong cdc thanh 1 va 2 :
Xét phdn phai hinh 1-3a(a, b).

M, =0;N, .3 =P .a Ritra N, =
X6t phan tréi (hinh 1-3a-b) 2M_= 0, N, .a = N . 2a

|

2
Rit ra N2 = 2N1 = EP'
- Bién dang ciia céc th hm——E—ﬁ
ién dang cta céc than | * BF = 3EF
2) — FZAﬂ ), V | AL = N2 _ 2pa
Y- A . 2" EF  3EF
B - f ' 7 - Tinh chuyén vi ding cha di€m A :
rd ..l 4 —_— _l’ —_— —
| Zlatz ; x4 | v, = AA"tga = (24, + Al)tga =
47 = _?: x| / 24, + Al
\\\ ,'f ‘:f \ A = - —3 .
/Vl /3\(\ ] / 44 *2% Nhung :
sl / L _ :
% , <//, Ay = Al . tg8 = Al, . 1 = AL,
;, Vay :
& _ ZAL2 + All _ 5Pa
, Va T 3 = SEF

Hinh 1-3a
- Xac dinh dudng kinh theo diéu kién cing :
vV, € [VA],
hay
5Pa

oF < I

A]'



Rit ra: F > 5Pa 5.50.100

= = l,4cm? —d = 1,34cm
. 9Elv,]  9.2.10°.0,1

- Xac dinh dudng kinh theo didu kién bén.
Luc doc trong thanh 2 16n hon trong thanh 1, vay diéu kién bén cta thanh 2:

N,

F € [s],

N
hay : | F;ﬁ:%:%zzo&mz—bd:l,ﬁ%m

Cudi cung chon: [dl = 1,63em

3. Tinh toan dig¢u kién bén va ditu kién cing

Trinh tu tinh todn didu kién bén cia thanh theo Ung suft cho phép cé cac
bubec sau :

- Can cd vao bi€u dé néi lyc d€ suy ra mat cét nguy hi€m hoac cdc mat cat nghi
ngd l4 nguy hiém.

- Can ct vao bifu d6é phan b§ dng sudt phdp va tiép trén mat cit ngang dé suy
ra di€ém nguy hiém.

- Xem vét ligu cda thanh la déo hay gion d€ viét diéu kién bén cho ding.

— Phan tich trang thsi wng sudt ctia di€m nguy hi€m. Né&u Ia trang thdi d¥ng sudt
.don hoac trugt thufin tdy thl khéng cén ditng dén thuy&t bén. Né&u trang thii dng
sufit 12 phéng hodc khdi thl phai ding mét thuyst bén nao dd¢ thich hop vai vat
liéu da cho.

bsi véi bai toan kéo, nén dang tam. [']'ng sufit trén mat cit ngang phan bé la
déu, trang thai dng suft 1a don, ing sudt 6, la dng suft chinh nén diéu kién bén
cd dang. .

DSi v6i vat lisu déo vi [6,] = [6] = [o] = —=
o n
.Nz . :
suy ra : 16, ] pax = F S (5] (1-5)
Déi véi vat ligu gion vi [O’k] << [O'n]
- < hai dign Kian - __z _
nén ta c6 hai digu kién : 6, in = T < [o] (1-6)
Nz :

O, max = 7 < [crk]l _ (1-7)

Trong do :



o

l6,] = — - dng sust cho phép khi kéo ;
o _
o] = o ing suit cho phép khi nén ;

— gi6i han chay ;
o*g - gigi han bén khi kéo ;

o‘]; - gi6i han bén khi nén ;
n - hé s6 an toan.

Néu c6 dat thém diéu kién b6 sung la chuyén vi dan hdi J cia di€ém nao dé

ctia hé khong duge vugt qua mot gid tri cho phép [J] thi viec kifm tra 40 cing
thuc hién theo bt ¢ing thic

é = [d] (1-8)
. Tt cong thiic trén ta suy Ta ba bai todn co ban sau:
- Ki€m tra bén tinh theo (1-5) (1-6) (1-7)

N
— Chon kich thudec ctia mat cdt ngang : F 2 é (1-9)

- Tim tai trong cho phép
Nz < F . {0

Vi du 1-4.

Trén hinh 1-4 la mot bo phan nang hang. Xdc dinh

trong lugng Q cha vat néng theo diéu kién bén cta
thanh AB.

Ung sudt phap cho phép khi kéo clia thanh
[6], = 16kN/em?.

Thanh AB cd Iﬁat cit ngang hinh chit nhat
1,37em x 2,74cm.

Chiéu dai cta cdc thanh OC va OD bang 60cm. _ .. 1_4'
Khoang cich OK = 10cm. ”

Bai gidi.
Tach phén bén trai (H 1-4a) va viét phuong trinh hinh chiéu ta duge :
: 10 1
I | 2N0 cosa:vacosa—Ea——g
7 \/{’ Rit ra : Ny = 3Q
A 7 /V Phuong trinh momen : :
— A — - — —
z DM, =0; Ny . 1-N, . 05=0
f Rt ra:
Hink 1-4a NAB = ZNOC = 6Q.

10



Diéu kién bén cia thanh AB_:
6Q

F <
Ta duge : _ Z
Q< LE IS LIET _ on 1 = 10k €
Vi du I-5.

Cé hé théng thanh chiu luc nhu trén hinh 1-5. Tinh dién ,4
tich m#it ci4t ngang cdc thanh treo biét rdng dng suft cho

phép [6] = 16000N/cm?. | N
Bai gidi.
Thanh AB, CD xem nhu tuyét d8i cing.

Cét thanh treo 1, ki hiéu noi luc &
thanh 1 1A N_. Xét sy can bang cia thanh AB
(H. 1-5a). Ldy t6ng moémen céc luc d6i véi
 di€m A ta c6 : - A 5'

N, .2-100.1=0

00 o l

suy ra : Nl = 2
inh
Tin F1 Hinh 1-5a

N
= 15 3 o5em?

1 (o]

Tinh F,vaF
CD (H. 1-5b).
= 0,

N, -2.

3

N2+N3=

M, =0,

SN,

100—N1+N3=0,

-5-50.2-100.2.1 =090,

16

E % 100k N rrr
B

Xét sy can bing cia thanh

%

1 7

A; Fr

ct .
} " shm
2
+

250kN.

Hinh 1-3b

N. = 61kN.

2—'250—1\13

M _ 189
2 [6]. 16

Ny el
35 161 - 16

= 250 - 61 = 189kN.

=1 1,80m2.

= 3, 8cm

4. Tinh thanh c6 xét trl;mg lugng ban thén

Dé&i v6i thanh hinh lang tru c¢d tdc dung cia trong luong ban than va lyc t4p trung

P dat & diu ty do (hinh 1-6).

Lyc doc truc trén mat cdt ngang cach ddu ty do la z.
N, =P+y F .z

11



rd P
Ung suét phap trén mat cit nay & = F + y.z (1-11)

P
Dién tich cén thiét cla mit cit ngang : F = W=y 1 (1-12)
Do dan dai tuyét d46i : Al = L P+ 2 (1-13)

Trong d6 : y 1a trong lugng riéng (trong luong don vi thé tich) cdia vat ligu thanh ;

"1 - chiu dai thanh v& Q = yFl - trong lugng thanh.

DSi voi thanh d6 bén déu, tdc 13 thanh ma dng suit phap trén céc mat cit ngang

d8u bang nhau, dién tich mat cit ngang tinh theo céng thie :

X
P z _
= — [ 1-14
: = gl © _ ( )
Trong dé e la co s8 loga ty nhién.

Do dan dai tuyét d&i clia thanh 6 d6 bén déu tinh theo comg thic :

[6].1
= = 1-15
Al B ( )
D& véi thanh hinh bae, dién tich mat cit cta bac thd i la :
P. [ﬁ']j_l
F = (1-16)
i (o] =6 =y (6] =71y - (l6] —¥1)
va 46 dan dai tuyét d6i -
1.
6] & 7
= = - — : 1-17)
al = = El L (1 2[6]) (
Vi du 1-6. .
Cat bétébng ¢ mit cit ngang hinh tron, chju nén ding tam béi lyc P = 4000 kN
(H. 1-6). :
1:" 1? £ Vo 7
T ni
W o
g N
wul NI N
JQ‘
§
o
IS //‘L = 277777 VLl i . .
Z) 4) ¢) e J )
Hinh I+6

12



Xdc dinh kich thu6c cia mat cit ngang va so sdnh thé€ tich cta co6t dé o6 cac
dang sau : '

a) Mat cit ngang khéng d6i.

b} Mat cdt ngang thay déi theo 3 bac.

c) Mat cit ngang thay d6i theo bac nhét.
d) Mat cdt ngang bi nén déu.

Trong lugng riéng cia bétdéng y = 22kN/m>, Ung sufit cho phép cua bétbng
[6] = 1200 kN/cm?.

Bai gidi. ‘ .

a) Cot cd mé&t cit ngang khong dbi :

N__ = P + yhF,
N

rmax P
Oex = 5 = 5 +7h < [0]
_ P 4000 )
t . = =
Rat ra P> Bl—7% = 1200-22 27 = &6
d =29m

Thé tich : V = F. h =6,6 . 27 = 178,2 m>.

b} Mat cit ngang thay ddi tiung bac :

P : 4000 2
Fl = n = 1200-22.9 — 4m~, dI = 2,26m.
[6]—y§ '
P+ h F
y =
3 4000+22.9 .4 2
F2 = = 1002 = 4,8m ,d2 = 2,4Tm.
(o] -v3 :
h h
P+y—-F +y=F
371 3°2 5750 2
F, = i = 1003 = 5,8m~, t:l3 = 2,72m.
(7] —r3
Thé tich:

V= (F +F,+F) % = (4 + 48 +58). 9 = 1381,4m>,

c¢) Mat cét ngang thay d6i bac nhat:
Dién tich & dinh:

Goi R ban kinh cia day, thi ¢ mat day :
G+P =F_ o],

hx
hay y?(R2 +12 +Rr ) + P = [6lxR%,

13



h B
hay L@R? + ml + aRr)) + P = [0

22.9 (zR? + 3,34 + zR. 1,03) + 4000 = 1200. zR?,
x(1002R? - 204R - 1485) = 0

Riit ra : _

_ 204+ {2047 +4.1002. 1485 _ 204 V599 . 10°

- 2.1002 - 2004

= 1,33 m (chi l4y nghiém duong).

D = 266m; F = 555m?
Thé tich : '
-P 0.5,55 — 4000
y o PIE-P _ 1200.555-4000 _ \, o

¥ 22
d) Cot chiu nén déu : '
Nhu trén F_ = 3,33m? 4_ = 2,06m.
L 2 o4
F=Fell =333 e1200°" = 3330495

= 3,33. 1,64 = 5,46m>
D = 2,64m
1200 . 5,46 — 4000

—_ =1 3_
vV = 2 ;17m

5. H¢ siéu tinh

He siéu tInh 13 hé ma ta khong th€ xdc dinh duge phan lyc tai ché lién két nhd
cdc phuong trinh can bing tinh hoc hoac x4dc dinh néi luc bang phuong phdp méat cat.
Tinh hé siéu tinh c6 nhiéu phuong phap. Trong bai todn kéo, nén siéu tinh ta cd théd
tinh theo trinh ty sau :

— Xac dinh bae siéu tinh.

- Viét cdc phuong trinh can bing tinh hoc.

- L&p céc phuang trinh phu nhd céc diéu kién thyc vé chuyén vi, téc la dya trén
cdc quan hé hinh hoc gilta cdc bién dang ciia cdc bd phan cla he. 56 phuong trinh
phu dfc 1ap cdn thi&t bang sd bac siéu tinh,

— Giai hé phuong trinh can bing tinh hoc vA c4c phuong trinh phuy ta tim duge nOi
luc & cdc bo phan cia hé.

— Bau khi tinh dugc néi lvc & cée b6 phan, ti€p tuc tinh toan theo yéu cdu cia bai
toan d& cho.

Dé tinh ¢ng suft nhiét ta vin gi¥ so d6 tinh da ndi trén. Trong cac diéu kién tinh
hoc chi eé cdc ndi lyc tham gia, con d6 thay d8i chidu dai ca thanh bi dét ndng hay
bi lam lanh thi bang t8ng dai s6 cia d9 thay ddi chiéu dai do n6i luc va d6 thay déi
chiéu dai do nhiét d6. Do thay d8i chidu dai do nhiét d6 tinh theo cdng thdc.

14



Al = ol AT®
— chiéu dai thanh.
a - hé s6 dan né binh quan cia vat lieu.
AT® - sy bién d6i nhist de.

Trong dd : 1

{1-18)

Ung sust lap ghép tinh tit cdc diéu kién can béng tinh hoc va diéu kién thuc vé
chuy&n vi. Khi lap nhitng digu kién thuc v& chuyén vi, ta cd xét dén do sai lach chiéu
dai ctia cdc bd phaén cta hé. Vi chidu dai thuc t€ cla cac bé phan khi ch& taoc khac
rdt it so vai chidu dai thist k&, do d¢ khi tinh bign dang cia cdc bd phan, do bién
dang bé nén ta vAn 14y chidu dai thiét k& chd khong phai chidu dai thuc t€ sau

bién dang. 4
VI’ dl:‘ 1-7. LELLL AL ///_r
V& bi€u dé lyc doc, dng sudt va chuyén vj ciia thanh bj ngam A
hai ddu va chiu lyc nhu trén hinh 1-7. Cho E = 2. 10* kN/em?Z, T 12 1
772 I VA N
Bai gidi ; _ i
Logi b ngam B, gia st phan luc Vg cd chiéu nhu hinh 1-7a (a) : A
Phuong trinh bién dang la : Al, = 0 117 N
: A
hay T ——
Pa P.2a Pa_VpZ VyZa
2EF = 2EF  EF EF 2EF Hink 1-7
7 o 7
77772 177777 3 72 £
W L B &
‘ | s 1 £ 7’2
N Vo - zF Rz
| = 1 F g /=
N T = £ F 2 EF
- S 4
6‘ .
N Ilf’ ie=
! 5 7 Z 17 2
I 77 N , 72 FF
a) K 4) c) )
- .Hinh i-7a . LLLLLLL L
A
. . . 5 ) F=loirl
t¥ dé rat ra: Vg =5 P 3\% 1+ 5.
- ) : o D C 4
Sau khi tim duge V, nhitng phan con lai tinh nhu véi N ,772 g
thanh tinh dinh. Bi€u d3 N, 6, 6 cho trén hinh 1-7a (b,c,d). 3 i
Vi du 1-8. | U ZIR)
' N 39

Xac dinh gid trj ctia ltc P = P, 1am cho dai tuyét ddi cing .
D cham vao gdi trung gian C.

2
bang bao nhiéu d€ ddu duéi cia thanh cham g6i B ?

It
7777777277
6i gia tri cta lyc P = P. % |

Hinh 1-8



Vé d6 thi bi€u difn quan hé gita lyec P va chuyén vi cia di€ém dat lvc do khi P

bién thien tit 0 dén 2P, (H. 1-8a).
Liy E = 2. 10°%kN/em? va bd qua chiéu day cta dai D.
Bai gidi. | |

Mudn cho dai D cham g6i C thi d¢ gidn clia phén thanh giita ngam A va dai D

phai blng 61' = 0,010cm, tdc 13 :

P, .60
Al =~ =6y
Rat ra:
EFs 4
r  2.10*.1.0,010 10
P, = %5 = 50 =3 = 333kN.
Khi dd6, chuyén vi cia di€m dat lyc la: '
A = P08 1090 0,015 cm
1 E.F 3.2.10.1 ’
va chuyén vi cia di€m B cing bing A :
Ag = 0,015cm.

Do d¢ di€m B chi con céch ngam B la
0,025 - 0,015 = 0,010cm.

Vi dai D da cham g6i C, nén bay gi¢ ta cé th& coi thanh nhu bi ngam g Cvad

ddu duéi cdch ngam B l1a 0,010cm.

Vay gid tri P’, phai thém vao d& dau dudi cta thanh cham ngam B dugc tinh nhu sau :

P'2.30
Ny = EF = 0,010cm

Ruat ra: . 1
_ EF.0,010 2.10%.0,010

P, = = 667kN. Ip——--omo -

2 30 30
Do do:
P,=P +P, = 3,33 + 6,67 = 10kN
(Co thé tinh truc tifp P2 nhu sau : coi thanh bi
ngam & C nhung ddu dudi con cich nghm B 1a : w

0,025 - 0,010 = 0,015 cm. o

F
Vay
. 2 s g i
B EF = f cm

Rﬁt ra: ’ Hinh 1-8a

_ EF.0015 2.1¢" 0,015
2° 80 30
Diém dit luc chuyén vi thém mot doan ding bing A’B:

A, = A+ 0,010 = 0,025cm

= 10kN)
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Khi P = 2P, thi bai todn 1a siéu tinh. Ta bist ring P =

P thl dfu du6i cham

ngam B. VAy chi giai bai to4n siéu tinh véi trubng hop tigp theo P =P, (ngam § C

vid B).
A —(}_P2 30_\.713.90_0
B~ Y " EF EF — 7
P_.30 P )
2 10
VB=T=—-=?=3,3311N

Lic nay di€m dat lyc di chuy&n thém la :

(®,-Vy.30 (10 —-132) .30

Al = =
.3 EF 2.10°.1
. 20.30
= ———— = (,010cm.
3.2.10°
Vay : A, = A, + A, = 0,025 + 0,010 = 0,035 cm.
Vi du 1-9. |
Mot thanh AB cd do cing 2. L
E.F, dai 1, duge treo thing R

ding. Ddu du6i A dugc chéng
bing hai thanh xién c¢é ciing

dd cing E2F2, dai l

Tinh chuyén vi cta diém A
khi Iyc P di dong tit A dén B.

by
. Hink 1-9
A Cong thic tinh chuyén vi ciia diém A sé thay d6i nhu
~ th& nao né&u thay thanh AB bing hai thanh cé d6 cing
(=4 y ] N i s —
/ \ E"F ; EVF’ (H 1-9).
% #; .
Bai gidi

2N ,c08a — Nl

Goi N, 1a noi lyc (nén) & ddu A cia thanh ding.
Tach nut A (H. 1-9a), ta cd phuong trmh cin béng :

= 0.

Dat Al 1a d6 bién dang tuyét d8i cda thanh AB va
- do tué’n dang tuyét d6i ctia thanh xién, ta duge :

la _ Alé = _Allcosa,
trong da:
AL = 22
2 EF)

17



‘ P, -x) N1,
A= TER OTEF,
N, PQ -x) NJ
E,F, L EF, EF,

Vay ] cose.

1 Bf
L, EF,
Rit ra: :
2 B
L Er &

N o 2L
1 11 EZFZ

1+ 2— ———cos’e

L, EF,

Thay' vao bi€u thic tinh Al ta sé duge chuyén vi cta diém A :
P(l, -x) '
Ya T I EF

1 272
ElFl[l +21—2- ElF; cosza]

Dua vao phuong trinh cin bing : 2I [P, —-x) - Nzll] cosPa - N1 = 0.

- x)coéza

Khi thay thanh AB bang hai thanh c6 do céng khdc nhau, ta phai tim dd cing
tuong ducng. Bang cdch so sdnh bién dang, ta duge do cing tuong duong:
(EF)ld — EllFsl + E"IF”l-
Thuc vy, doé bigén dang tuyét d8i cia hai thanh phai biing nhau :
N _ N, __ (N +N7) : Nk
E’lFll E,’IF”I E,IF,l + E,'lFi,l (EF)[{!

Nhung i : _
N, + N7, = N, (ndi lye trong thanh tuong duong)
nén :
EF, +EF = EF, -
Do.d6 ta vin dung duge céng thic tinh chuyén vi v, 4 trén nhung phai
thay E F, bang E’ F’ + E” F . :

Vi dy 1-10. ‘

M6t buléng bang thép duge 18ng vao trong mit i -
éng d6ng nhu trong hinh 1-10. . Thep /“7‘7’7-9

Tinh dng su#t trong buléng va trong 6ng déng /\\f/\ ARSIV ARANNN 7Q=h
khi ta van 6c % vong. Buéc ren cia buléng la 3mm. ;*‘[a_ l‘t\?_@ : ’ I

SSIS S TESSSN RSN

| NN

. - 4 2 . 4 2
Cho : E = 2. 10"kN/em®, Edéng = 1. 10"kN/em*®.
Bai gidi. 759
Khi siét 6c thi ddng bi nén va buléng bi kéo :

Hinh 1-10

18



3
|Aldéngi + lAlthl = —cm,

40
|Nd|.l |Nth| 1 3
hay - + = —. (a)
EfFq EyFin 40
Phuong trinh can bing : '
ING = IN,}. (b)
Mang (b) vao (a) va chd y rang :
5 =
d Fd
ta dude : 6, = 3640N1‘cm2_ (nén),
Fy
va Oy = 04 7— = 12750N/em? (kéo).
: Fin

Vi du 1-11.

Tinh canh a theo diéu kién bén cla cdc thanh. C4c thanh déu
lam bing clng mét loai vat lidu c6 mdduyn dan héi E va ing
sufit cho phép [o] (H. 1-11).

Bai gidi.
Phuong trinh cén bing (H. 1-11a) :
ZX = 0, Nlcosa + N3_cosﬁ = Nz, 4
- 2Y =0, N sina = N, sing, Hinh 1-11
sin8
hay : N1 = N3sina'
Mang vao phudng trinh ddu : N sinf . cosa + N = N
g phucng v lNy . — o sc088 = N,
stina'
Rat ra : N, =
3 sinf.cosa +cosf sina’
N_sing
N, = -
1 sinf . cosa +cog . sincx
w5
Tbaysdtacd: N3=_22ﬁ+_@_5=?N2 (a)
2.5 2°5
5 ,
Nl = ?NZ' {(b)

Phuong trinh bién dang :
d = a4l +A {e)
Bau khi da tinh dugc A _,mang vao (c) ta duge :

- 19



N2 .2a 5Nla <+ 4N3a

| 6=-—fgr t T 3EF
hay :
BN, + 4N, + 6N, = S, (@
Giai hé ba phuong trinh (a), (b), va (d), ta dugc :
35 EFS EFS
N, = S5 savz+18 a2 - 22107
9 BFS EFs
N, = 5y5 +4y2 +18° a 0,364.—/ =
W2 EF3 EF3
N, =55 +ayz v18° 2 - 017~
Vi N, > N, > N,, ching ta s tinh a theo diéu Wink I—t1a
kien bén ctia thanh AC (c6 lyc doc N :
N
2 %)
Oy = F = 0364— <[]
it ra : {a] = 0,364 B
mit ra : a] = 0, ol

Vi du 1-12. _

Tinh dng suft khi nhiét 4o trong thanh téng At°. Céc doan thanh déu ci:ﬁg mdt
loai vat liéu (H. 1-12).

LLLLL /’i//// _ Bai gidi.
| 2F Diéu kién bi&n dang cia hé théng la :
7 A ' Al =0
B - ]
1 Fn hay
. ) Va —VBa_VBa+ At Saco
1157y 1,5EF ~ EF  2EF & ¢4 -°a=%
T d¢ rit ra :
A T
5 .
18
Hink 1-72 - =
VB 13 a . AtEF.
Luc doc chda thanh :
N = VB (nén).

' I:Tng suft & doan trén :

N 9
Ung sufit & doan giita : N 18

20



Ung susit & doan dui : N 12

O’(d) = 1 5F =13 EaAt (nén)

Vi du 1-13. _
Tinh noi luc trong cdc thanh AB, BC va BD khi ching bi d6t ndng lén At°C (H. 1- 13a)

Cho E = 2. 10°%kN/em? ; « = 12,5. 10°
Bai gidi.

Tich nGt B vA chifu céc luc tdc dung xuSng phuong ndm ngang va théng diing
(H. 1-13a) ta ducc :

7 N, = N,sinf (a)
‘ 4 N, = -N,cosf (b)
7.7 7'#7:
v Phuong trinh bién dang lap
m _ z Ve ! 4: bing cdch chiéu cdc bién dang
xufng phuong BD. Ta cd :
2 ; . .
%,4 Z g Al; = Alcosf - Al sing,
2& hay
m:u. 1-13
Nsaﬁ : N.2a N 2a
BF altays = (EEFT + aAtZa)cosﬁ - ( + aA_tZa) sinf (c)

EF
Giai hé phuong trinh (a), (b), (c), dugc : :

3
N = - mEFaAt (nén),

6
3¥5
N, = ~EE +6EFaAt (nén)-

Bai tap

1*1-6. Cho céc thanh chju luc nhu trén hinh (1-14) <+ (1-19). V& bi€u d8 luc doc,
Ung suft va chuyén vi cia cdc mat cét ngang.

1*7. Pitténg trong xilanh cta mot may ép khi ¢ dudng kinh D = 40cm. Cén pittong
bang thép cd dudng kinh d = 15cm va dai 70cm.. Tinh dng suft va 46 bién dang dai
tuyét déi clia can pittdng, biét réng ap suft khi ép bing = 250at. Maduyn dan héi
E = 2.10'%kN/em? (H. 1-20).

1*8. MOtcﬁncﬁugémmﬁtglﬁdmAvﬁmﬁtdﬁycﬁpgﬁngn&ngmﬁtvﬁtnangP = 20kN
Gid chit A biing g6 tron dudng kinh d = 20cm, day cip cd ditn tich mat cAt ngang 400mm°.
Tinh ¢ng suft phip trén mat cit ngang cbt g6 va day cdp (H. 1-21).

1*9. Tinh hé s6 an toan cia céc thanh thép AB va CD. Thanh AB cd mat cit
ngang trdn dudng kinh d = 32mm. Thanh CD c6 mat cit ngang ghép bdi 2 thép goc
L 100 x 100 x 10. (H. 1-22).

Gigi han chay cua thép : O = 22kN/em?,
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1*10. Ngudi ta nén mét mau gang cho dén khi
vd trén moét mdy ép bing thuy luc loai 1500kN.
Khi nén miu c¢é kich thude 40 x 40 mm thi cot
may cé hé s8 an todn bing bao nhiéu ? (mdy cd
hai ¢6t tron dudng kinh d = 100 mm).

Xac dinh kich thuéc lén nhdt cha m#u gang
(hinh vuéng) ma mdy nay cd th€ nén duge. Khi
do hé& s6 an todn cha cdt may la bac nhiéu ?

 Lsogxredxia F=60an T

L <4, §r7?

; ~

Hink 1-22 = 1 | Hink 1-21

22

e f/l////l/////
 LLLLLLLLLL gL E : :: 390N D gLl s
."G 4 2EF & : '@: a/ T 37 ‘
—— i 4 = et <y
ny Y
E\a'
K
N 8 ot wem N
' 20
. Lo % T =
V£ <150 AN |
Lﬂ EF-A10% kNfpm 2 lzp
Hinh 1-14 Hink 1-15
AN
ko LLLLLLLLLL L —j’— _
4 R ¢ 45?/%”{
§ R {
; _"'* ‘ 9’:
® STt
ff&'i N * *
N T4 {
| E| 4 |spn|d
N 0.
4 i
{}’Jﬂk/v F = zgfmz £ = fﬁyﬁz
Hink 1-17 Hinh 1-18




Vat ligu clia cft may cd gisi han chay : 6, = 32kN/em?

Vit lieu cia méu gang cd gi6i han bén : 5, 58kN/em?.

1*11 - 17. Chon kich thuéc dién tich F mat ct ngang cla cdc bo phan dan héi
cta h¢ (H.1-23 + 1-29) : & cdc bai ma dy kién cho bing chit thi ing su#it cho phép
[6] bing nhau vé kéo va nén d6i véi tét cA chc bo phan ctia he. N&u & bai khéng cho

-

zZ
/\
Lol i T e e
l ® | 22 | &
= . | :
Hinh 1-24 Hinh I-25
[3;]= 2mrm
[6]=16000K /2
i i okl l{.
“7
i &
f ;

Hinh 1-28

moduyn dan héi E thi coi nhu da
bi€t va gifng nhau d6i vdi t4t ca
cic thanh. O bai 1-16 ; 1-17 tuong ‘(f'
Ung voi hinh 1-28 ; 1-29 l4y N
E = 210" N/em? 3

1*18, a, b. X4c dinh kich thude 714
mit cit ngang cia cdc thanh' o
ddnh s§ trén hinh v& (1-30). @

D61 véi cdc thanh chju kéo :

[6], = 16kN/em?
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Ddi v6i cac thanh chiu nén : ' 27
[6] = 10 KNjem?
1*19. M6t t&m tron tuyét ddi cdng dit trén ba cft song song : Vd IEE 1A
b6 trl nhu trén hinh 1-31. Xdc dinh dién tich mat cit ngang [ |
cia cdc cot. Cot bing vat liéu cd dng sut cho phép 12 [o]. £ L~ |LzF
1*20. Xac dinh dudng kinh d_ cta buléng trong hop an iz 5 7
toan cha mé.y dét, dé khi P = 6.000kN thl bulﬁng 1] b! FPPZPPPPPr0 PPl rPr s s 7
dit (H.1-32). :
Bulong bing vat ligu cd gi6i han bén &, = 60 kN/em? ;
bé qua lyc ma sit. F

1*21. Trén hinh (1-33) 1a ‘
mét bdé phan nang hang loai \\
16n. Xdc dinh trong lugng hang 7\
16n nh&t ma bd phaén ddé cd . ﬁ?

thé nang dugc.

L4y : [6] = 16 kNfem?. d = 40mm, \ :
h = 3b = 30mm Hinh 1-32 : Hinh 1-31

<44

— |
Hinh 1-33 Hink 1~34

1*22. Ngudi ta ghép day hinh ban cfiu vao than hinh tru trdn ciia mot thung chia
nudc bing 8 bulong dudng kinh d = 5mm. Tinh chidu cac h 16n nhdt cia mdc nude.
Cho dng sudt cho phép cia buléng [6] = 16 kN/em? va trong lugng riéng cia nudc
y = 103 (H.1-34)

m
1*23-24. Xac dinh tai trong P theo :

, *

Vi » &

e %

‘ 7 g

A AT AT TTTTS }

22 | 2%] &

oy
A

Hinh 1-35 Hink 1-36
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- Diéu ki¢n bén cta cdc thanh 1 va 2 (H. 1- 35)
[6] = 16kN/em? ; E = 2.10* kN/ecm?.

- Diéu kién cing : chuyén vi thing ding cla di€m A khéng vugt qua 1,5 mm. (D6i
vdi bai & hinh (1-36), gid thigt thanh AB la tuyét d&i cing).

1*25-27. Tinh luc cho phép P hoac nhitng dai lugng chl ddn & mébi bai cia hinh
1-37, 38, 39.

c:/:(z.f(??n' E
Cta e ga ;
] 1 I
Fe=2em ' = Tor 7 ZT/%
[6] = i2oMNi® [a] = r60mn/mr* Grrae = 7
Hinh 1-37 Hink 1-38 L0 Hink 1-39
1*28. Tai trong P chay trén ddm tuyst R Y,
d6i cdng AB trong gidi han tt x,. = 0,4 m ‘5:3_] ™ E
dén x, = 4,8m (H.1-40). V& d6 thi bi6u dién F| ~ lf- IJM/V L 305 S
sy blén thién cta lyc doc trong cdc thanh Y A 4 alr
treo theo x. = ‘D_CE
Tinh gdc xién cia dd4m AB so véi- dudng — X A-[
ngang khi tai trong P & gita nhip. X4c dinh 4 |
vi tri clta tai trong P sao cho ddm AB vén ' Hinh 1-490
nim ngang E = 2.10°kN/em?. -
1*29. Thanh tuyét d&i cing AB dugc treo bing - A
hai thanh cing vat liéu cd dién tich va chiéu dai & 2 &
khdc nhau (xem hinh 1-41). Tinh vi tri dat lue 'E d V4 ™
P dé cho thanh AB vin gi ndm ngang khi cac | | , - 18
thanh treo bién dang. ]
1¥30-31. Tinh chuyén v} théing ding (V) cia khép A | L
Cac thanh déu bing thép : B, = 2.10 AkN | 2
thuéc cho trén hinh 1-42, hinh' 1-43. Hink 1-41
1*32-39. Xac

dinh chuyén vi &
cia cac difm dat
luc P(hodc chuyén
vi cia di€m khéc
cd ghi trén hinh
(1-44 + 1-51) va

104N dng suft trén mit
cit ngang chc
thanh.

Trong nhing
khéng cho gid -

25




tri caa E va F thi coi cdc thanh déu ¢6 E va F nhu nhau. D&i véi bai & hinh
1-51 14y E = 2.10’N/em?.

$ 1A
A SIS

T

F=37 ,
£= 20, 240 Nfern?

Hinh 1-44 Hinh 1-45 Hink 1-46

25: ra

i
pii f_
?; 6—}// 7
B
| 1 r
_3
K=
Hinh 1-47 Hink 1-49

- Fe25
w0 NE 225
I
— Tl ‘ s
s i F
A
é v 3
i =L§J
£ Z
Hinh 1-50 Hink 1-51

1*40. Ngudi ta ding tenxd6mét don cd chudn do 50mm va hé s6 khué&ch dai
K = 1.000 d€ x4c dinh méduyn dan héi E cha thép, déng, dura. K&t qua thi nghiém
duge ghi trong bang sau :

Miu bing thép Miu bing déng Miu bing dura
Lic kéo 34 doc trén Lyc kéo S4 doc irén Lyc kéo S6 doc trén
P(N) Terx6mét P(N) Tenxomet P(N) Terxomét
2000 0 2500 o 1250 ]
7000 16 5000 16 2500 11,5
12000 31,5 7500 31,5 3750 22,5
17000 48 10000 48 5000 34,5
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Mé&u hinh try trdn dudng kinh d =
vat liéu trén.

'f" 1*41. N6u kéo mot thanh thép tron cd chiéu dai 3m, dudng kinh 1,6mm

bdi lue P thi nd s& dan 1,8mm. Nhung n&u kéo mét thanh déng cé chidu
dai 1,8m, dudng kinh 3,2mm ciing bdi lyc P dd thi thanh nay s& dan ra
12 0,39mm. Tinh méduyn dan h8i cha thanh déng bist moduyn dan héi cia
thanh thép la 2.107 N/cm?.

10mm. Hay tinh ra m6duyn dan héi cia cée

r 1*42. D& xé4c dinh hé s6 Po4txdng u cia vat liéu, ngudi ta kep 2 tenxémét
Al don vio miu thit nhy trén hinh 1-52. Ca hai tenxémét don déu 6 chuén do 1
s = 20mm va hé s6 khuéch dai K = 1000, Hay tinh hé s6 bién dang ngang
Jt # theo k&t qua dugce ghi trong bang sau :

Luc kéo S6 do trén 5S¢ do trén
P(N) TenxOmeét A Tenxomst B
} ' 5000 5 13,5
15000 17 9,5
25000 28,5 55
35000 41 2
I
Hinh 152

1*43-44. Ve bifu d6 lyc doc, tng suit va chuyén vi ciia cdc thanh chiu lye nhu

trén hinh (1-53, 1-54). Biét E =

A
1*45. Mot cdi mdc treo trong lugng 42 kN V722077727772, 7770777777771
nhu trén hinh 1-55. Thanh trec & giita bing _ % '“
thép, cd mit cit ngang hinh chit nhat kich thude F spm? P l TTew _ .
0,5cm X 2cm. Cdc thanh bén bidng duyra, od mat ’* '2 3 ZEF’/{” [ ™
cdt ngang hinh chit nhat kich thuéc 1,5cm X 2cm. r£ *46' AV %
Xac dinh #ng suft vad bién dang cia cédc | R %
thanh treo. ™~ 7T, -
, — 2 4 2 /’:}.m R
Cho : E; = 210%Njem? , B = 0,7.10* kNjen’. 4 N
! . "_““" e \ T T 777
1*46-47. Ddm tuyét d8i cing duge giit bdi 1

cac thanh treo bang thép c¢d gidi han chay

5, = 24 kN/em? (H.1-56, 57).

Xac dinh gid tri cho phép clha tai trong tdc dung lén

2.10* kN/em?.

Hink I-53

Hinh 1-54
THeg

LELLL LS SIS I L2 228887

ddm. Hé s8 an toadn n = 1,6 méduyn dan héi cha thép :
= 2.10* kN/em?. |
1T s
Dora - o
.5'6»’55'.*5 ‘ &
AN

'- f.s’x.ms /'1 | 1

1 ‘ '\il- f'..b':m |

_T | _I I

Hink 1-56 Hink 1-57 Hink 1-355
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1*48. Tinh ndi lyc trong céc
thanh vé trén hinh 1-58. D§ cing
EF cha céc thanh gidng nhau.

1*49. X4c dinh tai trong cho
phép [P] theo diéu kién bén
cia cdc thanh treo
[6] = 16 kN/em®. Gia thist
ddm AB la tuyét d6i cdng, cdc
thanh treo dugc lam cling mét

loai thép (H.1-59).

1*50. Cd k&t céu
chin luc P nhu trén
hinh 1-60. Tinh
chuyén vi cda diém A,

1*51. Mot thanh
gdy khic coi nhu
cing tuyét d8i dat
trén g6i A va duge
git bang ba thanh
CD, BE, BF cung dién
tich mat cit ngang F,
va cung vat liéu. Tinh

Hinh 1-61

n6i luc d cdc thanh nay khi hé théng chiu tdc dung cta

lic P (H.1-61).

1*52. V& biu dd luc dgc, Ung sudt va chuyén vi clia cac
mat cidt doc theo truc thanh chiu lyc nhy trén hinh 1-62.

1*53. M6t tdm tuyét d6i cting duge dat trén bdn cht
cing dién tich, cing chiéu dai va cing bing mot loai vat

litu (H.1-63).

Tinh phan luc trong céc o6t d6i voi hal trudng hop dat lyc :

a) Luc P dat & di€m A trén
dudng néi hai eft 3 va 1.

i

I 474

Ve

b) Lyc P dat & di€m B.

1*54~55. Tinh dng suit phdp
tai cac day treo I, II trong cac
hinh 1-64 ; hinh 1-65.

Lrfem
i

2z

B

N
R

]
N
Q

L&

Hinh 1-63

28

N
|
NN

e d

g = 15k/b/m

Hink I-64

_ 2

N
I

Hinh 1-59

Hinh 40
l/—?
VAL PITE VIFS r'd
Y ‘ +-2F
sl
N | ter
c
R LF
L J
Ny bs
A
S
A
| / I
el
Ry r4 —1~—4F
Il fiiirirdd
A
Hinh 162 h

Hinlt I-65
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1*56. Xdc dinh kich thuéc ctia mat cit ngang. Biét : . !
2 2 2 NS iZd V.
[6],, = 16kNfem? [0, = 6 kN/em?, (0] = 8 kN/em®. N T
_ 4 2 _ 4 2 _ 4 2 '
o E, = 2.10" kN/em*, Ed = 1.10" kN/em~, Enh = 0,7.10 kN/cm*“. 4 Dooin
(H.1-66). | H ¥
1*57. Mét buléng bing thép dung d& S| P | 7hep
7 git hai Ong thép va déng. Tinh luc P | | A
a2 B

|
! .
\%T / Z //\%f
N
—I— }1 &imfﬂ o] =

cho phép tac dung vao buléng d&€ ing

sudt trong dé khéng vugt qua

[6] = 16kN/em?. Lue kéo trudc N, trong

buléng duge chon sao cho khi lue P cho

phép tdc dung thi néi lyc cdn lai trong cic 6ng bing 25% cla

Iuc tac dung trudge N
Cho E, = 2.10' kNfem® ; B

£ ,
f{; cdp chi chiu duge kéo
(H.1-68).
Hink 1-67
)% \Z 7
LLL P AL S L E LLLs i//// 2l [ 474 /I 2Ll S
' FzfScm? i Q
s T | oo T
% l r2crré | . Sré kY
l ! R
S | L2fzrain l : oy g
Qb _ —
© N ffmiﬂl_ Gbd ?3 A N
. ’ (=04
i 1 Y1
Ve srcad TS IIT EErey egorsi
5 8 ‘g_ s g,r
Hinh I-69 Hinh 1-70 Hink 1-71
1*59-61. Vé bigu dd luc
doc, Ung sudt va chuyén vi R y
trong cac thanh chiu luc Q
nhu trén hinh (1-69,70,71). Egl
E = 2.10* kN/em?. Y b 120
1*62. M6t thanh déng KD ) Q
cd dién tich méat cdt ngang N
bing 20 cm? vA cd chiéu ] §
dai trudc khi chiu lye la N [
20,002 cm. Thanh déng nay N _
dugc 16ng vao mét éng thép N
cung dién tich mat céat ITITIITIIT I
ngang va cd chidu dai truse
khi chiu luc 14 20cm. Hinh [-72

FELTIEL L
Igﬂidgl

Hinh 1-66

(H.1-67).

1.10* kN/em?.

1* 58. Luc P = 2000N va luc gid ¢ cudng d6 q = 300N/m.
Tinh dién tich day gidng biét ring ing sudt cho phép
35 kN/cm? méduyn
dan héi E = 1,6.10* kN/em?.
Tinh chuyén vi nim ngang
cda dau cét. Chu y ring day

Ved
§l
y S
S
J —
| 20m | 2am \

Hinl 1-73
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Tai trong P tdc dung vao thanh déng thong qua mot tim dém tuyét dffi cing. Tai trong
P phai bing bao nhidu d€ Ung suft trong thanh déng va 6éng thép bang nhau (H. 1-72).

E, = 1.10* kNfem® ; E = 2.10* kN/em?

1*63. Trén hinh (1-73) 12 mot bo truyén xich 8ng con lin hai day. Khi lip rdp,
bude (chiéu dai) cla tdm 2 nhé hon budc cla hai t&m bién 1 va 3 mdt dai lugng
S5 = 18.10°2 mm. Coi céc chét 4 va 5 1a cdng tuyét d6i va dién tich mat cit ngang
cia t&m 13 khong ddi. Tinh Ung suft trong cdc tdm khi lip rap xich. Ldy méduyn dan
héi E = 2.10° kN/em?. £ _ e

1*64-65. Xdc dinh R ' Logles o
[8] sao cho dng suét
trong cac thanh BD va
CE khong vugt qua dng
sudt cho phép [0]
(H.1-74, 15).

(Gia thigt ddm AB la
tuyét d6i cing va céc
thanh déu cung mét loai |

v&? lidu ¢6 moduyn dan Hink 1-74 Hinh 1-75
héi E.

1*66-71. Tinh dng sudt l4p ghép. A 13 do l6n cia doan ché€ tao khong chinh xdc
trong cac hinh vé& t (1-76) dén (1-81). D&i v6i cac thanh, iy E = 2.107 N/em? O
nhitng bai 80 ; 81 liy E = 2. 10° MN/m?. 3

o P
_

Ja

Hinh 1-76 Hinh 1-77

2l 2 i
=17 &

|
"
|| a-0 "

Hinh 1-7% Hink 1-80 Hinh 1-81

1*72. Tinh canh a trén hinh (1-82) theo diéu kién bén ciia thanh. Cac thanh lam
bing cung mot loal vat lidu cé moéduyn dan héi E va dng sudt cho phép [0].
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1*73~-74. Tinh Ung suft
khi nhiét d¢ trong thanh

A A

2979, 19777 7 2Ny S

tang At° Ciac doan thanh
déu cing mot loai vat Heéu
(H.1-83,84).

1*75. M6t tdm dai bing
dura day 0,6em duge gia
c6 bang 3 thép gdc. Méi
thép gdc cd dién tich mat
cit ngang bing 4em? Hinh 1-82

A

-

| P

(H.1-85). 7’

Tinh ¢ng sudt trong tfm v& cdc thép gdée néu chi
ti€t duge d6t ndng lén 100°C.

d
Maduyn dan h6i E | = 2.10* kN/em? ; E, = 0,7.10°kN/cm?

1*76~80. Tinh noi luc trong cdc thanh treo hodc thanh
chdng cla cdc k&t cdu v& trén hinh (1-86 + 1-90) khi csc
thanh déu bi d6t néng lén At°C. Cdc ddm AB d&u coi nhu
tuyét dd8i cing.

Khi dap dung biang s6 cho : E

He¢s6dinnd :a = 125.10° ;o =225 4&

2.10* kN/em? ; E
125 . 10°¢ ;a

=
o

PO 2LI2 27— TIIPINTTI

Hinh I1-83 Hinh 1-84

hl
[ 20cm _

Socm |

Hink 1-85
= 1.10* kN/em?.

= 16,5. 1079,

2F r

5

4 —
22—

]—— 2t Smr

Hinh 1-86 Hinh 1

AL -]
i |

—— & e

- 22 — 17 n
T : 787

a d J_
2F A

£ ~ -
Thep Loy | Thes
~ Fefem? |Gzfem? F=rem?
A

-87

a_t'____ e "?‘ﬁ

Sl 7%, ]

‘Hinh 1-89 Hinh 1-90
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1¥*81. Mot hé thdng gém ba thanh, hai thanh bén
bing déng cé do cling chéng kéo E F thanh giita
bing thép cd do cing chdng kéo EF , treo mot trong
luong P. Thanh giita ngdn hon chiéu dai cdn thiét mot
doan nho &. Khi l4p xong hé thdng va dat lyc cac
thanh cdn bj tang nhidt do 1én la Atd d&i voi thanh
bang dbng, At d&i vdi thanh bang thép. Hé sd dan
nd cda dong va cla thép 1a a, « . Tinh ndi lyc 4 cac
thanh hinh 1-91.

Hink 1-%1
1*82. Mot buldng bang thép dung d€ ghép 2 dng dura

B
5

N « §_jw‘? c6 vong dém bang déng & gitta. Luc kéo trude trong
_':"‘ \ buléng bang N_ = 20kN. Tinh dng suit trong bulong va
— B 8| B .. trong gng dura khi nhiét do tang lén
Y4 ; %"3"’5” At= 20°C (H.1-92).
% b N 7., Hai tdm dém & déu hai 8ng dura duge coi 13 tuyét ddi cing.
N A T [~ w -
TN Hé s6 dian nd :
a, =225. 10° ;a, =165, 10°; o, = 125 . 107¢
- kN
, Em=0,7.104£N—5;Ed=1.104——2;Em=2.104——2
Hink 1-92

1*83. Chi tist 2 bang gang dugc bat chat vao bé do 4 nhd buldng thép 5. Gilta chi
tigt 2 va hé 48 4 cd dém mot Sng déng 3. Dudi Sc xiét cd dat vong dém 1 bang thép.
Chi tist 2 bi kéo ra khéi bé do bdi luc P = 10 kN (d&i véi bulong 5)., Tinh luc kéo
ban ddu trong buléng (Iyc xiét 6c) sao cho khi chi tiét
chiu luc P thi cdc ché néi khong bi hé (H.1-93).

Ki€m tra d6 bén ctia bulong 5 khi toan bd chi ti&t bi
d6t ndng lén At = 45°C.

[6] = 16 kN/em?, Hé s6 gian nd va moduyn dan héi

Thép @, = 12,5 . 1078 ; B = 210% kN/em?®

th
Déng a, = 16,5.10°° ; E, = 1.10* kN/cm? 3
Gang a, = 10,7.107¢ ; E, = 12. 10* kN/em*
Khi tinh chi tigt 2 cé thé coi gin ding 14 moét thanh
¢6 mit cdt ngang hinh vanh khan duong kinh ngoai
20mm, dudng kinh trong limm

Hinh 1-93
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Chuwong 2

TINH CAC MOI NOI GHEP

Tinh todn chinh xdc d6 bén cdc chi ti€t méi ghép bang buléng, dinh td4n hoic han
12 phic tap. Phuong phap tinh trinh b&y trong chuong nﬁy chi la gan diong va ¢ tinh
quy udc.

1. Tinh toAn cac mdi ghép bing dinh tan, bulong

1-1. Than dinh tén chiu cét d moi mdt phdng (H. 2-1).
Goi 'd - dudng kinh dinh tén ;

n - s6 dinh tén ; ,;7{3 7
P - luc cét ;- ' ,,7“_'_— T 5
fz] - If]'r_xg suidt cidt cho phép. /4 ..‘:1 /?
Diéu kién bén vé& cdt cha dinh tan 13 :
Hink 2-1
Q
= = = = -
T=7F B [z] 2-1)
Py
'1-2. Than dinh t6n chiu cdt ¢ hei mat phéng (H. 2-2). /‘\
Diéu kién bén cla dinh tan lam viéc theo hai mat la /7 { — R
P r AH Lo _ig4
T=——> <« [rc] 2-2) l = 7
nd ' g1y FElr g
n.2— —] -t
4 - *'ff = | &
L | = ——t
1-8. Tinh dénh tén theo dap (H. 2-3) v
Goi : d - dudng kinh dinh tan ; Hinh 2-2
t - chiéu day cia t4m truyén sdc ép vao than dinh tén ;

[6,] - ing sudt dap cho phép.
Diéu kién bén khi dap 1a :
P
6, = — < [6 2-3
d td 6,1 (2-3)
Vi du 2-1.
Hai tdm thép cd bé rong b = 180mm va bé day & = 10mm duge ndi v6i nhau

bdi hai ban thép khdc cing bé réong va cd bé diy 6 = 8mm. Dinh tdn cd dudng
kinh d = 20mm dat nhy trén hinh 2-4.

1. Tinh luc kéo P cho phép dit vao hai t&m thép.
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B 9. Khi néi ghép bang dinh tén,
Sl d6 bén cua tdm thép co ban bi
@ > &y giam bac nhiéu phén tram?

Cho [r] = 100 MN/m?,

£ { — 7 [6,] = 280MN/m?,
Jd = N [6) = 160MN/m?.
z F—} o Bui gidi.
)t

Tinh luc kéo cho phép tit cdc diéu
kién bén cat va dép ¢ dinh tdn.

2) ) Tit diéu kién bén okt & dinh tén :
ik 27 a Hcr SRVaR\ .-.\/.'1.1\—1—*7’&-/0
e — e e
T < [ T=t<o—
4.2“:4'— .

rit r:l:Plc ) 2ndi[r], _f___ ii @ 9
< 2. 3,14. 202 1075 100 = 251. 107°MN. | i

[Pl = 261kN. : L

1l

T diéu kién bén d4ap 0 dinh tén : Hinh 2-4
(P},
, %= g < e
rat ra :
[Pl, < 46 d [o,),

< 4. 10. 1073, 20. 1073. 280 = 224. 107°MN,
(Pl, = 224KkN.,
T diéu kién bén kéo cia tdm co ban .

[P,
%= 3b - 2q)

[P, < &(b - 2d) [o],
< 10. 1073 (180 - 2. 20) 1073, 160 = 224. 107> MN,
[P], < 224kN.
So sédnh ta 14y luc kéo tdi da cho phép la 224 kN.

Do duc 16 dinh tan, d6 bén cia t&m co ban bi gidm theo ti 1& cla bé rong ha1 16
dinh v8i bé réng ban ddu cia tdm :
2 20

< [6)

it ra .

Vi du 2-2.

Hai t4m thép co ban duge néi v6i nhau bing dinh tdn nhu trén hlnh 2-5. Kiém
tra d6 bén clia dinh va cdc t&m thép.
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Cho : d = 20mm, 6 = 12mm, 5 = 8mm b = 130mm,
(] = 100MN/m?2 [a] = 280 MN/m
[6] = 160 MN/m? P 200 kN.

Bai gidi. S
Kiém tra d6 bén c4t & dinh tan : YV —h : ’},{ E'i G F
T = P . N 02 _ _;: { — - 1 “ ':r1 l}_lﬁ-------
nd? 34 0% 107° Pz
nm-—— 2.6. y 1T y
I
= 53 MN/m? < [7]. P T e y
Ki€m tra d6 bén dap & dinh tén : —-— —|— —1— N -+ + T
P 0,2 ~+ _|_+
a7 06d " 6 12.10%.20.10° aal!
, ' PE V¥
= 139 MN/m® < [0,]. inh 2.5

Khi ki€m tra d9 bén cia tAm co ban, ta coi
lhtc P phan b8 déu cho cdc dinh.

Kiém tra d6 bén tdm co ban :
4 mat cét 1-1 :

P 0,20 2
F_1 12.107%130-20)10 o
d mat cat 2-2
5 5 :
oF . 502
6 = = = 154 MN/m® < [o].

F,_, 12.1073(130-40)1073
Ki€m tra mat cit 3-3 cla t&m dém :
P 0,2
6 = = = — = 179MN/m?® > [6].
2F,_;  2.8.107%180-60)10

Tdm dém khéng dd bio dam vé do bén. Ung sufi ¢ day vugt quéd dng sudt
cho phép :

179 -160

160 100 = 11,9%

Vi du 2-3. .
Mot 6ng dai hinh tru tron dudng kinh trung binh D = 1000 mm duge ghép bdi

nhitng tdm thép cé bé day § = 4mm va Ong sufit cho phép [O’] = 120 MN/m?, Dlnh
tdn d€ n6i ghép cé dudng kinh d = 12 mm, [7] = 100 MN/m? [6,] = 280" ‘MN/m?,
S8 dinh tdn trén mét mét dai cia mot hang dinh la 16 dinh (H. 2- 6)

Ki€m tra d¢ bén cia dinh va thép éng biét ring
4p suft phan b6 déu bén trong ng P = 30 N/em®.

Bui gidi.

Xét su chn bdng cia mét nlta 6ng cd chibu. dai
1 mét (xem hinh 2-7) ta rit ra lyc cang theo phuang
ti€p xtc vdi dudng tron trung binh cda &ng :

2q. 1 = p. D1,

Hinh 2-6
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D

hay ="
30.100 '
q = =5— = 1500Njem : 7
Kiém tra d6 bén cit cua dinh : k‘ﬂ_'[ ;
0.15 Hink 2-7
T = ! J = 41,5MN/m? < (7.

a2 3.14.122.10°°
2.16.5- 2.16. 2~

Kiém tra 46 bén dap :

_ q B 0,15
2.16.9d  2.16.4.1073.12.1073

Kifm tra thép Ong:

_ 2
o, = 97,6 MN/m“ < ;Gd]-

0,15
4 _ — — = 46,4MN/m? < [0].
Fo@a-16.12.10.4.10

g =.

2. Tinh cAc moOi han

2-1. Han gitp mép. (H. 2-8) 7 = ! y
Goi t - b& ddy t&m néi. - = *:

b - chidu rong cia tdm néi.

I — chidu dai 1Am viéc cha mdi

han duge 14y theo quy ude ' -‘f—ﬁ . i,
1 =b -~ 10mm : 1

h - chidu cao cia méi han 14y Y
bing chibu ddy cia t&m néi. L ¢ —¢

Didu kién bén khi kéo va nén cd dang

g < [ah] (2-4)

hT it
trong dd [6,] dng sudt cho phép khi han,

2-2. Msi han xien (H, 2-9),

Khi ki€m tra d¢ bén cia méi han xién ta phai ki€m tra d6ng th¥i hai diéu kién
bén sau : .

P
I /7
6, = 3 sina < [g].. (2-5) . 4 —
_P 2l o Y.
T = lt.cosa < [Th]... (2-6) N /z«.._/_/; _
Trong d¢ : _ i % o
b
l = — ~ 10mm "
sina
Hink 2-9
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[ ¢ ] - Ung sudt ti€p cho phép khi han

2-3 Han ngang
Han ngang 1a trudng hop hai t&m néi duoc chéng lén nhau (H. 2-10). Mat cit
ngang ciia mdi han ngang cd hinh dang khong nhft dinh (H. 2-10 ¢), d€ don gian
trong tinh toAn ta xem mat cdt ngang 1a hinh tam gidc can (H. 2-10d).
' goi b -~ bé rong t&m ndi ;
t - bé day tdm ndi.
1 = b - 10 mm 13 chiéu dai lam viéc mdi han.
Dién tich cia méi han 1a
F, = hl =t cos45°% 1 = 0,7 tl
Diéu kién bén ctia mdi han ngang khi chiu kéo hodc nén :

P
. @)

' T%F, T Ta.u

/ﬂ

< /B
Hink 2-10
2-4. Han doc

Mot kifu han doc dugec bidu dién trén
(H. 2-11). Trang thai pha hong xdy ra do
sy cidt trong mit cit y&u nhdt AB theo
phuong song song vGi méi han.

Digu kién bén clla hai méi han doc déi
xting la :

T

h = 2—0,;?“‘11—‘1- = [’fh].... (2-8)

Hinh 2-11
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Né&u méi han c6 tAm dém & hai bén thi didu kién bén la

"y 0,7t 1

Trong dd

= [Th] (2—_9)

tl — chiéu ddy tdm dém.
1 — chiéu dai lam viéc cha mbi han
P - lue kéo.
chiéu dai thiét k& chon 1 =1+ 10 mm
Chit thich :
Khi phSi hop nhiéu Iocai mdi han doc vA ngang, thudng ngudi ta cho la sdc chiu lue
cia mdi han bAng téng sidc chiu lyc cla mdi han ngang vA mdi han doc tie:

P = I"']_lgang + Pdoc (2-10)

s

Vi dy 2-4. ‘zj:l;Lg_F 411:'(:-—‘__—_}‘:—1i
Tinh luc kéo P cho phép dit vao hai - _

bin thép dudec han vdi nhau theo hai cdch

vé trén hinh 2-12 va so sanh. Vel Ve
Bi6t [6.] = 100 MN/m?, [r.] = 80 MN/m?,

[6] = 140"MN/m?, b = 150 mm, § = 10 mm.
Bai gidi &) _
Td d9 bén cua ban thép, ta tinh duge _ Hinh 2-12

lve kéo cho phép :

[P], = [6]F = 140. 150. 1073, 10. 1073 = 0,21 MN.

Theo cdch han a, tit d6 bén cda méi han, ta tinh duogc :

' [P1, = [6,JF = 100 (150 - 10). 1073, 10. 1073 = 0,140 MN.~

~ Theo cdch han b, tit d6 bén kéo & méi han :
45°
P
KVEF)/ /2—[,
>

-

v . ﬁ
1P, = [0,JFVE,

ta rit ra : :
. []E’]3 = 2[6h]F = 2 .100. (150 - 10) _10_3. 10. 1073 = 0,280 MN.

Hinh, 2-12a
' T d6 bén cit & mdi han
V2 :
5 pl, = [’Ch]F\E )
ta rit ra :

[P], = 2[]F = 2.80.(150 — 10)10°.10.107 = 0,224MN

Két luan $ m&i han mach ngang, [F] = 140 kN
(do d6 bén mébi han quyé&t dinh).

$ mdi han mach xién, [P] = 210 kN {(do tdm co Y
ban quyét dinh). (H.2 — 12a)

Vi du 2-5.

Mot thanh thép chit [ s6 16 chiu lvc doc truc duge
han lién v6i moét ban thép bang hai mach han canh i '
va mét mach han ranh nhu trén hinh 2-13. Mach han =
canh cao 10mm. Mach han ranh d4p ddy. ‘Hink 2-13

;|
e
A
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Kidm tra d9 bén cia m&i han khi thanh chiu lyc lén nhdt, bi&t ring
[6] = 160 MN/m?, [r,] = 80 MN/m?.
Kiém tra d¢ bén & thanh thép mat cdt 1-1.
Bai gidi.
Thanh thép cén chit [ ¢6 dién tich F = 18cm® va bé day ban bung d = 5mm.
Khi thanh thép lam vige, luc kéo t6i da bang :
[P] = [6] F = 160. 18. 10™* = 0,288 MN.

Khi tinh d86 bé&n & mdi han ranh, ta xét sy trugt 3 hai mat bén cia msi han cd bé
réng 5mm va dai 150mm hodc sy trugt cia diay méi han cd bé roéng gip déi (10mm).

Ung suét & ba m6i han bing :

[P] 0,288 ,

T, = — = — — — = 71,8MN/m*“ < [T ]

b F 0 2.0,7.10.1072.180.10° +2.5.107%.150. 1073 : h

N6i luc & mat cit 1-1 cta thanh thép bang [P] gidm phén néi lye do hai doan
mach han canh phia truée giit lai :

P_, =P -P

trong dd : P’ = 2. 0,7. 10. 107> (180 - 150) 1073 . 80
Vay : P, =028 -2 07 10 107> 30 10780 = 0,2544 MN.
Ung sufit kéo & mat cit 1-1 cda thanh thép :
P .
1-1 0,2b44 3
6 = = — — = 145MN/m? < [o).
=1 F ., 18.10%-5.103.10.1073

Vi du 2-6.

Mot thanh thép réng b = 300 mm, day & = 10mm,
duge han vao mét ban thép bing hai mach han canh,
hai mach han ranh va mach-han ngang nhu trén hinh
2-14. Tinh chiéu dai c4c mach han canh va mach han
ranh d€ cdc m&i han lam viée vai d6 bén déu.

Bigt : [6] = 140 MN/m? ; [z,] = 100 MN/m?
Bai gidi : '
Thi trong 16n nhit o6 th€ tic dung vao thanh thép ban
[P] = [6]bS = 140. 300. 107>, 10. 107 = 0,42 MN.
Dién tich thanh & ché bi xé ranh :
F =F -F = (300 - 2 20) 10. 10°% = 2600. 107% m%,

o
5=300
Yy

Hinh 2-14

Ngi lyc phan bd cho doan a cila mach han canh : -

, P 2.20 -

P = P = 5550,42 = 0,056 MN.
Chiéu dai doan a tinh bang quan hé : [r] = 30743
hay P’ 0,056

a = 0,04 m.

T 2.0WIT]  2.0,7.10.1072. 100

39



Chiéu dai mach han 1, tinh ti¥ quan hé :

P-P
[Ih] = Y
2.0,71,6 . +2L.5 +0,7(300 - 40)10 ]
: 0,42 — 0,056
hay 100 = ) -3 -3 -3
2.0,71,.10.10 © +21,.10.10 +0,7.260.10 °10.10
100 = 0364 |
10,0341, +0,00182 °
Ta it ra : L = 0.054m
2 ]
Chiéu dai cdc mach han : 1, = 0,064 + 0,04 = 0,10 m,

....
Il

0,054 m = 0,06m.

2-5. Tinh moéng

Trong cdc mong hay chdt then
hoa bidng g6 hoac thép ciing xuit
hién cdc idng suit tiép va bign.
dang trugt. Ngoai ra ciing cdn cd ' A,

dng sudt ép dap tuong tu nhu '. \,\ ‘ A

trong mdéi ghép bang dinh tén o
hoac buléng. | & |
Vi du 2-7. N G N——

Tinh moéng gé & thanh qua giang 4 |/V — — — — R
{thanh ngang) moét ddu kéo nhu ) Z
hinh (2-15). _

Cho biét : géc o = 30° lic nén A-A - 1Ff 4
trong thanh xién N, = 50 kN,
thanh qué giang cd kich thuéc

h.b = 20 x 20 cm. Vit liéu bing
g6 théng cé Ung suit tiép cho phép dec the [7], = 08 MN/m?

Ung sufit cho phép dap doc tho la (6], = 8MN/m’.

Hinh 2-15

Bai gidi. _
Tinh moéng gé trong trudng hgp nay la tinh do sau y va chi€u dai mut thua ddu
keo x cia mdng. T
Dudi tac dung ctia lyc N (hinh chifu theo phuong ngang cua Nl), ddu mut thita
clia qud giang bi cét ¢6 chidu réng bang b, va dai bang x.

N = N,. cos 30° = 50. 0,866 = 43,3 kN ‘

tit diéu kién bén vé cit ta cd

rmax - B; = [r]dqc

N 43,3 5
X = = = 27,110 “m
blzly.  6,20,810°

ta suy ra :
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Ki€m tra d6 bén clia m6i han khi thanh chiu lgc 16n nhdt, bi&t rang
[6] = 160 MN/m?, [7,] = 80 MN/m®
Kiém tra d6 bén & thanh thép maf cit 1-1.
Bai gidi,
Thanh thép cin chit [ c¢6 dién tich F = 18cm?® va bé day ban bung d = 5mm.
Khi thanh thép 1am viée, lyc kéo t6i da bing :
[P] = [6] F = 160. 18. 10°* = 0,288 MN.

Khi tinh d¢ bé&n ¢ mdi han ranh, ta x6t sy trugt & hai mat bén cia méi han cd bé
rong 5mm va dai 150mm hoac su trugt cla ddy m6i han cd bé réng gdp doi (10mm).
Ung sudt & ba m6i han bang :
P 0,288
= B1_ - 2 ~ = 7L,8MNm® < [r,]
o F 2.0,7.10.107%.180.10+2.5.10 % .150. 1073

Noi Iuc & mat cit 1-1 ctia thanh thép bing [P] gidm phan néi lgc do hal doan
mach han canh phia truée giit lai :

P, =1[Pl-P

trong dg : P’ = 2. 0,7. 10. 107 (180 - 150) 1073
Vay - P_, = 0288 -2 07 10. 107> 30 107380 = 0,2544 MN.
Ung sudt kéo & mat cAt 1-1 cta thanh thép :
P .
- 0,2544
6, == = ~ & — = 145MN/m? < [o].
F., 18.10"-5.10"%.10.10

Vi du 2-6.

- Mot thanh thép rong b = 300 mm, day § = 10mm,
duge han vao mét ban thép bing hai mach han canh,
hai mach han réanh va mach-han ngang nhu trén hinh
2-14. Tinh chiéu dai cdc mach han canh va mach han
rdnh d& cac méi han lam viéc v6i d6 bén déu.

Bigt : [6] = 140 MN/m” ; [z,] = 100 MN/m?.
Bai gidi : '
Tai trong 16n nhéit of thé tic dung vao thanh thép bén
[P1 = [61bS = 140. 300. 107>, 10. 107> = 0,42 MN.
Dién tich thanh & ché bj xé ranh :
F =F ~F = (300 - 2. 20) 10. 107 = 2600. 107 m?

o
5:=300
g

Hinh 2-14

Noi luc phan b6 cho doan a cta mach han canh : -
F 2.20

P = 7Pl = WO 42 = 0,056 MN.
. P’
Chiéu dai doan a tinh bing quan hé : (z,] = 20733
hay ' 56
a = £ = 0.0 = 0,04m.

2.0,%x]  2.0,7.10.107%. 100
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Cho{l_chléu dai x = 28 cm. - /J-\ AN | S
Ngoai ra, lyc N con gay hién tugng ép, mat chju - 4 — . .

éplay x b \}J\.y T

Chiéu sau y cla mong cln cd db shu dam bao diéu

kién bén dap : _ -f__ _ : ah @ < Vad
N Y T
by

0. = o < [6) ! K
Hink 2-16
N 43,3
suy ra : y = = 2,71.10%m
b-lcfld 0,2.8.10°
Chon chiéu sdu y = 3 cm.
1Esm1 77 1 rrr it
£ ! RTI
| Adl ;

£ " § |2
il B Q}Q}@. ¥ @{B&} é — : Hink 2-19

F=80kN
Hink 2-17

Z_ -

T . '_ *n\ [ i =T (AN
lsefood 17 qh, s/ =) _s
L',‘DKTDAS P=120kN —

Hinkh 2-18 |! il

Bai tdp

2*]1. Hai tdm thép c6 bé& rong b = 120mm va ~
bé day d = 12 mm hinh (2-16) dugc ghép v8i nhau ™| - s \ =
bdi hai dinh t4n duting kinh d = 23mm. Kiém tra
dd bén cida dinh va tdm thép, biét rdng : P = 50kN ;

(7], = 100 MN/m’, [6], = 280 MN/m?
[6] = 140 MN/m?

2¥2-4. Cho nhUng ché ndi ghép bang dinh tdn nhu trén hinh (2-17, 18, 19,) tinh

s6 dinh tdn can thiét va kigm tra lai d6 bén cua tdm co ban. Bigt d = 20 mm,

[6 1 =280 MN/m?, [f] =100 MN/m?. [6} = 160 MN/m? Cac s6 lisu khéde ghi trén hinh ve

2*5. Gilta céc mét cha mdt day xich chiu luc kéo P = 300 kN, nguisi ta ding dinh

bulong dudng kinh lam vigc d = 35 mm d€ ndi ghép (xem hinh 2—20)\ Ki€m tra d¢ bén cta
dinh vi cia mét xich. Cho :

[z] = 140 MN/m, 6] = 320 Mme
6] = 240" MN/m?2.

= 170
\\

4

Hink 2-20
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£ V4
z z

Hinh 2-21 : ' Hink 2-22

2*6. D€ treo mot vat ning A ngudi ta lam mét ban thép theo hai phuong 4n néi ghép
nhy trén hinh (2-21). T nhitng diéu kién v& dd bén & ch8 ndi ghép, tinh trong lugng cho
phép 1én nhét ctia vt ning, biét ring : d = 20 mm, &, = 8mm ; 61 = 10mm

b = 100 mm, [f] = 100 MN/m?,

[6,] = 280 MN/m?, (6] = 160 MN/m?

2*7. Mot dinh buléng c6 dudng kinh lam viée
d = 18mm duge dung d€ lién k&t hai chi ti&t —(-
chiu lyc P = 50 kN nhu trén hinh (2-22). &2&

Ki€m tra d6 bén ciia dinh va tinh d¢ cao _1

tdi thi€u ctia mia dinh d€ dam bao mé dinh ,
khéng bi pha hoai, bist rdng dng sudt cho /
phép vé kéo vA vé trugt cia dinh la :

[6] = 240 MN/m?, [t] = 140 MN/m?. Hinh 2-23

2*8. Mot truc tron truyén ngiu luc M = 0,4 kNm vao mot banh xe. Tinh dng sufit cét
8 then va dng sufit dap gitta then va banh xe. (H. 2-23)

2*9, Hai t4m thép co ban dudc néi véi nhau
g bang hai ban thép han & hai mat bén. Tdm co
rd ban ddy 10mm. Bist b = 200 mm, [6] = 160
a F=—"" MN/m’ [7] = 80MN/m”.

: Tinh luc kéo cho phép vdi diéu kién bé d&y ban
it thép han khong duge 16n hon bé dfy tdm co ban.
'{ _ S Do ¢d méi han, luc kéo cho phép qua tim co ban

2

\
\Q

Mo

giam bao nhiéu phén tram ? (H. 2-24)

2%¥10, Tinh chiéu dai 1 cdn thiét cda méi han
v& trén hinh (2-25) bigt rdng b = 100 mm,
& = 10mm, [7,] = 80MN/m?, P = 150kN.

2%#11, Hai thanh thép gdc khong déu canh
110.70 .8 dugc han v6i mot ban thép bing
¢dc mach han canh, Lue P = 200 kN dit doc
truc cua hai tharh. Ung sufit cho phép
cia mach han [g] = 80 MN/m’.
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Tinhk chiéu dai t8i thiu cta méi
han {l1 va 12). Chiéu cao clla cac Zy

mdi hian déu bing bé ddy caa thép §
gde. (H. 2-26). "‘LL
V4
2*12. Mot thanh g8 bi kéo doc - -
tryc gébm hai doan dugc néi bang g—-r
méng nhu trén hinh (2-27), ‘g\\;

7 |é |
Tinh kich thuée cia mong va ki€m _ I + l 1=
tra d0 b8n cta thanh g8 & ché '

duc mdéng. Cho bi&t b = 10em,

Hink 2-26
~h = 20em, P = 60kN, dng suft cho
phép cla gb :
6] = 10MN/m? [7] = 2,4 MN/m?,
6] = 9MN/m®. Khi tinh ta bs qua tic dung.
cia dinh buldng.
7 [T
LR
Sk M
Hink 2-27 /F
i 45° 45°
F=1hcm? .
r—— /jﬂa f{l"““_'___'__' ng
e T 1 N
%E AN —— Nt?:'I‘\Il 5_}/ . I--___—J(._‘/??‘_ - =
1] h f&
= = wir| T
se g "k / | AAAAAY
R — SN -7
N — T 7
‘Er % ;__l__,._'__-_;E
T—J ! D TR
I |
Hinh 2-28 _  Hink 2-29

2*13. Ki€m tra d9 bén cla lién k&t modng & ddu dan g6, biét ring :
P = 30kN, [7] = 2,4 MN/m® [6,] = 9MN/m?, [6),0 = 6MN/m? [6,] = 10MN/m’.

(H. 2-28).

2*14. Ché d& thanh chéng d mot cot g6 duge cdu tao va cd kich thudc nhu trén
hinh (2-29).

Ki€m tra d6 bén cia mong, bist ring : P = 20kN, [7] = 2,4 MN/m?, 6] = 9MN/m?.
Khi tinh bé qua sy lam viée cia dinh buléng.
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| C)mrmg 3

TRANG THAI UNG SUAT BIEN DANG
DINH LUAT HUC TONG QUAT

1. Trang thai idng sudt tai mét di€m la trang thai chiu lye cha di€m dang xét
duge dac trung bdi nhiing gid tri dng suét phdp va tiép trén nhiing mat cit khdc nhau
di qua diém dg.

Qua mot diém trong vat th& dan héi ta ludn tim duge ba miat phdng vubng gde véi
nhau, trén cdc mat dd dng suft tip bang khong. Cac mat dd6 goi 12 cac mat chinh.
Phan t6 hinh hop 1a cdc mat chinh hgp thanh gei 1a phan td chinh. Céc dng sudt phép
trén cdc mat chinh goi l1a dng sudt chinh. Phdp tuyén ctia cdc mit chinh goi la cdc
phuong chinh. Tay thudc sy cd mat cha dng suft ch{nh cd trén ba mat chinh ta phan
trang thai dng suft lam ba loai sau :

- Trang thai Wng suit don : Trén phan t& chinh ¢d mot tng sudt chinh khdc khong,
hai dng sudt con lai bing khong. .

~ Trang thai dng suft phing : Trén phan t& chinh cdé hai dng su#t chinh khic
khong, mét ng suft chinh bang khong.

~ Trang thai dng sudt kh&i : Trén phéan t6 chinh ¢d ca 3 dng sudt chinh khac khéng.

Véi ba Ung sudt chinh ta qui u6c 6, > 0, > 0, vé tri s6 dai sd.

Trong tim muc nay la qua mot di€m bat ki khi biét duge dng suft trén ba
mat phdng vuéng gdc cfia nd, ta tim duge phuong cdc mat chinh va gid tri cdc
dng sudt chinh.

1-1. Trang théi ung sudt khoi

Cho ph&n té trong hé toa do vubng gdc oxyz. Trén cdc mit 1&n lugt cd cac thanh
phén Ung suft:

' &, T T\
’@x\ i’ s 6 T
— w % Ty (8-1)
] Z. Tx rzy o,
i /| X bang 9 thanh phan #ng suft trén goi 14 mobt tenxo
e }_*“_' ?:z_y dng suft, trong dé theo dinh luat d&i dng vé dng
6} I'gy sudt ti€p ta cd :
= : = . =7 . " -
— 1T | = 17,0 5 15,1 = 17,05 [t | =izl (3-2)
Gi4 tri cde ng sudt chinh duge x4c dinh nhd phuong trinh bac ba sau :
o)~ Lol —1g —1, =0 | . (3-8)
Trong dd :
I, =06 % 6 + 6, =06 t06,+0, b&t bién thd nh&t, cdn phat bi€u thanh dinh

luat bat bign vé Ung suft phap cua trang thai dng sudt . (3-4)
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D= | W |7 | _ | " =-060,-060, - 0,06, ..(3-5)
2 I’yx Gy 2y GZ rm O’X 12 273 317
bit bién béc hai cha trang thai dng sufit
a, rxy T, _
I =% % "%l = 06,0,0, - bat bién bac ba cia trang thai Ung sust .. (3-6)
T, rzy s, | . ,

Phuong cla ciac m#t chinh duge xde dinh ti hé phuong trinh sau :
6 -+t m+1T n=20 .
X ¥ Xy Xz
T 1+ -ojm+1Tn=20 (3-7
b b Y ¥z
Tl1+7T m+{6 - o6)n
z zy z y

It

va diéu kién
12

+m? + 0% = 1 (3-8)

Trong do 14n lugt ta thay cdc gia tri o, bing cdc dng suft chinh 6, 6, 0, tim
duge tir (3-3).

l, m, n 1a cdc cosin chl phuong cia cdc mat chinh tuong dng v6i o, ta tim duge

I, m, n ; véi o, 1a L, m,, n, va véi o, la 1, m,, h3.
Trong hé toa d¢ vudng gdc ung suft todn ph&n trén mit nghisng bat ki cd cosin
chi phuong 14 1, m, n duge xdc dinh theo bidu thdc :

X

Y

Z=1l4T m+o.mn
Xz ¥z z

Trong dd X, Y, Z 12 cAc thanh phén hinh chifu cia vectd toan phén P, trén mat
nghiéng.

gl+7T m+17 .n
X yx X

T l+6m+1tn ' (3-9)
Xy ¥ y

—»

_ P, = X'+ Y[+ 2K ' S (8-10)
Vi du 3-1. |
Trang thdi Ung suft tal mot di€m M trong vat th& dan héi of gid tri.

7 0 -2 .

0 5 0 don vi kN/em?.

-2 0 4

Hay xdc dinh vecto dng suft tai diém M trén mit nghidng cé phap tuyén

2 2 1
s oS

3 3 3
Bai gidi :

. P 2 2 1
Cosin chl phuong cta vects 1’ v6i hé truc Oxyz la | = gsm=-35n=g2
Theo cong thdc (3-9), cdc thanh phin vects dng suft -E;:trén mit nghiéng dd6 la :

2 2 1 2

X =72 -3) - 2.0 =
7.3+07( 3) 2_.3 4 kN/ecm*“,



2 2 1 10 2
Y = 0[5] +5(-‘*§) +0[§] =—-§-kN,’cm
2 2 1
Z=-2]2 _= 1) _ 2
. 2 3 +0(_,_3) +4[3] 0 kN/em
Theo (3-10) gia tri vecto.P la:
. g - 105
py = 4.i 3] +0.X
Vi dy 3-2. '
Trang thdi dng sudt tai diém M trong vAt thé dan héi cd gid tri :
3 i 1
i 0 2 don vi kN/cm?.
1 2 0 '

Hay xéc dinh gia tri cAc dng suft chinh va phuong céc mat chinh.
Bai gidi .
- Tim cdc bdt bién cia trang th4i dng sudt tai M theo (3-4) (8-5) (3-6) :

I, =0 +¢ +az=3+0+0=3kN;’cm2.
3 1 0o 2 o 1 _
12——1 0 2 0 1 3‘-—1_+4+1—6
3 1 1
13=-1 | 21 = -8.
1 2 0

- Thay céc gia tri trén vao (8-3) ta dugc phuong trinh xdc dinh cdc gid tri dWng
suft chinh : '
62 -82-65 +8=0
y Y Y
Phuong trinh ¢d mot nghiém o, = 1, nén phudng trinh dua vé dang :
| (6y—1)(6§—26y—8)=0
sau Khi tinh todn ta tim dugc cdc ¥ng suft chinh c6 gia tri :
o, = 4 kNjem® ; 5, 1kN/em? ; 6, = -2 kN/cm?.

- Tim cdc phuong chinh.
Vi du tim phuong mat chinh dng véi mat chinh ¢d 6. Theo (3-7) ta c¢d céc

phucng trinh :

3 - 4)11 + lum, + ln, =0
1L + (0 - 4)m, +2.n =0
1l + 2.m, +(0-4n =0
k&t hop véi didu kién 131’- + m’f + nf = 1. Sau khi giai ta dugc :
L = -‘{% ym = % ; By = -\I% V@.yvectdchiphuongchiuhﬂngvﬁiﬂngauﬁtuhhhdl la:
2 o 1 . 1 :
i'z'l’ = ﬁ.l + _\ﬁ?"‘ + Tgl? Cac phuong khac doc giad ty tim.
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I-2. Trang théi ing sult phing

Cho phan t6 & trang thdi @ng suit phing, Ung suit phap trén mat chinh vudng
goc vOi truc oz bing khéng, hai mat vubng gdc cdn lai lan lugt cd cdc thanh phén
ing suit

6 (3-11)

. .
Cya Gy ] ¥ v o, T
» 5| -

*4 \3 E tyx
- }'—‘ge G ‘ 7N v k G, Vi trang thai dng suft phing 13 trudng
L) --=-kF X z had > hgp dac biét cda trang thai dng sudt
— Ty _?25“‘ T4 kh6i nén cdc bi€u thic (3-3), (3-7) vin
Tyx J@‘y Y s gis tri.
Hinh 3-2 .

Thudng trong trang thai Ung sudt phéng ta ki hiéu hai Uing suét chinh cén tim 1a
0 ax V2 0. . Cdc \ng sudt nay dugc xdc dinh theo bi€u thic :

6 O'x+6y 1 J 5
= - - . 3-12
Ex 3 s 3 (Jx 6}') + 4'['3}' ) ( }
min
@, rxy

va phuong cdc mat chinh theo biSu thdce : tgo- = i (3-13)

. 2 max

¥ - Gmin

gdc_ @, - dng voi ph\iong cd O nax
' @, —-ing véi phuong cd O | _

Ij'ng sudt phdp va tigp trén mat nghiéng bat kl song. song vi truc oz. Duge x4c
dinh bdi céng thic : '

& +0 g —8
x ¥

X ¥ u
8 =6 = + cosZ2a - 7_sin2a ., 3-14)
a u 2 2 Xy (
) O’x - Gy
T, = ruv = 5 sin2a + Txyc032a.

Gde o qui udc 1a duong khi phap tuyén ngoai quay nguge chidu kim déng hé nhu
hink (H.3-2). :

1-3. Vong MO ung suéit

Dé xdc dinh phuong chinh va gis tri cdc ung sudt chinh & trang thadi Ung sudt
phéng. Ngoai phuong phdp giai tich ngudi ta con st dung phuong phdp d6 thi trén
co s0 H thuyst cia vdng tron MO dng suit. Cach dung vong tron MO tng sudt nhu
sau :

- Lap mdt hé truc toa do vudng goc ; truc hoanh song song véi truc ox bidu didn
Ung sudt phdp, truc tung song song véi tryc oy bidu dién ung suft tiép, trén hé truc
chon ‘theo mét ti 16 xich nhat dinh vi du Imm dng véi 1 kN;_’cmz.

- Xéc dinh tam C cta vong tron MO.
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Trén truc hoanh ldy cac doan OA = 6_; OB = o, di€m gilia ciia doan AB chinh
la tam vong tron MO. Vi : Y

= 5 =5
- Tim ban kinh ctia vdng tron MO, hay xdc dinh cuc cla vong trén MO. Ung véi

diém B, ta ldy di€ém D c6 tung d¢ BD = r theo gid trj cua r am hay duogng. Doan
CD chinh 14 ban kinh cha vong tron MO i

D = \‘ CB®+BD? = \j + 2

v6i tam C va ban kinh CD ta vé dugc vong trdn MO.

Goi M, N la hai giao diém cta vong tron MO ddi v&i truc hoanh.
Gia tri #ng suit phap l6n nhét cé tri s6 bAng doan ON

Gid tri @ng sudt phap bé nhét cd tri s6 bing doan OM

_ o 6X+6y & -8
— — X ¥y 2
vi 5 =0C+0CN="5 +\’( N+

OC - TM 5% V % "%,z
O " E T N ()

min
xy
Tit cye D n6i DN cho ta phudng cia @ng sudt chinh 6 va n6i DM cho ta phuong
cGa udng sufdt chinh nhé nhit 6 .. (Xem hink 3-3a).
Vi dy 3-3.

Tim dng suft chinh va phuong chinh cia phan t§ & trong trang thai Ung sudt phing
vé trén hinh 3-3 bang phuong phdp giai tich va phuong phdp d6 thi.

Bai gidi : .
- fas G f 5'4’1{/5'/772
Phuong phédp gidi tich .
Ta co : , ) ., ' SAN/pm 2
o, = 3kN/em*, 6 = H6kNfem®, T = -2kN/em”. .
¥ Xy Zk/V/}mz
Nhitng wng sudt chinh bing : .
Hinh 3-3
o, +c5y 1 y - .
6m?x =—5— x5 V(@ -0)" +ar,
3+5 1 y v
5max=.T;t§d(3—5) +4.2 ,
hay
6 =06, = 624 kNjem?,
max 1
6 = 6, = 1,76k kN/em?,
min 2
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Phuong chinh tinh theo céng thic:

2, a.(-2
tgZ2a = O'X_—O“y = 3_(5) = -2
hay 2¢ = -63°30°.
Ta duge : a, = -81°45",
a, = 58°15.

. 1
Phuong phép dd thi : (xem hinh vé 3-3a).

~5

2
G =624 e
a = = 6,24 kN.fcmz
max 1 ' 2
gmin =0, = 1,76 kN/cm
o =895, a, = -31%5
Hinh 3-3a

2. Trang thai bién dang

Gol u, v, w la cdc thanh phén chuy&n vi cia mét diém nio dd trong vit thé dan
héi khi chju lye. Cic thanh phédn bién dang c6 lién hé véi cdc thanh phén chuyén vi

theo bigu thuc.
~ Céc thanh phdn bién dang dai ti déi.
ou - av _ ow

gx—&;gy_g;;szha

— Céde thanh phdn bién dang trugt ti d6i :
ou v av ow ow du
T T e m Ty et wm T

(3-15)

(3-16)
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Bang 9 thanh phdn bién dang bé lin can diém khado st xét trong hé toa df vubdng
goc duge sAp x&€p nhu sau :

1 1y
% 2" 2'x
1 c 1
2y %y 27y
1 1
e 3t & , (3-17)

Goi 1a mot tenxo bién dang, nd dédc trung cho trang thdi bi&n dang tai lan c4n di€m
khao sat.

Tuong tu trang thdi dng sufit, cdc bién dang chinh duge xdc dinh ti phdoﬁg trinh
bdc ba sau :

P gt -Jg-3d, =0 (3-18)
trong do
Jl=sx+sy+£z=£1+£2+33_ (3-19)
£ 1 £ L £ 1
E —-}; _"y _‘y
x 2 'xy y ¥z z 2=
I, =~ 14 - |4 -1 = CEE) T &y T E4E) (3-20)
et & [zt 5| |2%e &
.E 1 ..1—
X 2yxy 2?x2
5 = |2 L] = (3-21)
37 2% & 2% | T ff2%s
1 1
2 Vax 2 Y2y &

Trong d6 ki hiéu cac bién dang chinh 1a £, > &, > £,.

Trong vat thé dan héi déng nhét, ddng hubng, xét trudng hop bi€n dang bé, phuong
bién dang chinh triing v6i phuong dng su#t chinh.
3. Pinh luit Hic

_ Dinh luat Hec t8ng quat d6i voi bién dang dai bi€u dién theo bidu thic :

1
£x=-]§[0’—y(0’ +0)1 ;& =g lo, - plo, + 6]
1 1
g, =g lo, - uo, + 0l s 8, =g (6, ~uioy +6p] (8-22)
82 = % [Gz - #(dx +'6y)] V& = % [O’ h y(dl * 62)].

- Dinh luat Hic ddi véi bi&n dang trugt .

Xy vz

Fn g
= — - _ 3_
Ty TG TG ' TxT G (3-23)
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- Dinh luat Hdc vé& bign dang thé tich :

1 -2 ~ % 6, +06,+06) .. (3-24)

9 =5 E 2

1
(ax +.o’y + 52) =

Trong dé :
E - moduyn dan héi khi kéo ;
G - méduyn dan héi trugt ;
# — hé sé Podt - xéng.
Gitta ba hing s& vat liéu trén cG lién hé :
__E . (3-25)
2(1 + )
y = bién dang trugt ty d4i ;
£ — bién dang dai ty d6i ;
6 =c¢ + £, + € - bién dang thé tich ty déi.
Vi du 3-4. _ :
Tai mot di€m trén mai mét vat thé€ chiu lyc ngudi ta do dugc bién dang ti d6i theo
cdc phudng om, on, ou nhu sau :
£, = 2,8L107% ; ¢ = -2,81.107% £, = 1,625.207%,

Xac dinh phufmg chinh va ing sufit chinh tai diém 4y. Cho : @ =03 ;
E = 2.10* kN/cm?(H.3-4). |

Bai gidi

T¥ dinh luat Hic ta rit ra duge cac ung suft phap theo
phudng m va n :

En = % (6, —uo) = ﬁ 6, - 030) = 281107
£ = L (6 - pus ) = L (¢ - 030 ) = -2,81.107%
noE - w90 " m
Viy
6 = 4,32 kNjem?,
6. = -4,32 kN/cm?.

n
Viét bign dang theo phuong u, ta cé :
o1 1
£, = E [Ju —;.t(O“m-i-O“n - au)] = 107
Tt d6 rit ra .

[a -0,3 (4,32 - 432 - ¢ )] = 1,625.107%.
[H] u E

6, = 2,5kN/em?.
Ung suit tiép T tinh duge tit cong thic :
& +o & —4a
m n

= =2 cos2a ~ T sin2
6 = g + —5 — cos2a . sin2e,
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_ B + _
hay _ 2,5 = 4,32-4,82 | 432%432 245° - 7_sin2.45°
2 2 mn
hay T = -2,5 kN/em’,
Gia tri dng sudt chinh tai di€m cho trude :
6. to. y 5
Orax = 3 t 5 Vo, o) +4rfrm
4,32-432 1
= "=ty V(4,32 + 4,327 + 4(2,5)%,
6 = 5kN/cm?
max
6 . = —5kN/cm?
min
Phuong chinh :
o - o nm 225 1
Be = "5 —6. T 4,32+432 V3
m n
a, = 15° _
a, = 105°.

Vi du 3-5.

Tai di€m A trén mat mot vat th€, ngudi ta do duge chc bién dang ti d6i theo ba
phuong x&p theo hinh sao géc 60° (H.3-5).

£, £, €. Lap cong thdc tinh nhiing dng sudt chinh va phuong chinh tai diém 4&y.

Bai gidi _
T cong thic cia dinh luat Hic & trang thai dng sudt phéing, ta rat ra :
1 ' '
= e—— +
o T+x (Esm al),
trong d¢ I=6_+06_ 0 =07+ O'y

Ap dung cong thdc:

g +a g —4a
X Y

X ¥y .
5 = + cos2a ~ T_sin2a
. 2 2 Y Hink 3-5
va dat
K=2¢6 - ay,
ta c¢6 dng v6i ba phuong x, m, n :
1 I K _ '
-i":_"; (Esx + ﬂI) = '2" + E c0s2.0 - fxy sin 20
1 _I K o wr a0
T+_‘u (EEm + IIMI) = 2 + 2 cos 2.60 Txy sin 2.60%.
1 N I K o _ s o
m (EEn + yI) = 2 + > cos2.120 Txy sin 2.120".
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Gidi hé nay ta rat ra :

2E
K —m(%x“em—sn),
2E :
= + +
31 —p) (e, e te) |
E

txy = m (811 - Em).

T¥ d6 ta tinh duge dng sudt chinh va phuong chinh :

VE? + 42 ; tg2a = —2
Xy

b =

min

hay thay I, K, Txy bing gid trj cla ching, ta duge :
V3E

(sx+em+en)1m4(ax—em)2+(sm—sn)2+(sn—gx)2

amf'“= 3(1 —u)

ﬁ(an B Ern)

26 ~g —g’
X m n

Vi dy 3-6. @

: ¢
Mot hinh tru tron dae bing thép cé dudng kinh D = 50mm dat
vita khit vao moét dng déng c6 bé diy § = lmm. Hinh tru thép bij :
I

[

|

tg2a =

nén véi lyc P = 150 kN (H.3-6). X4c dinh phuong chinh va dng sudt
chinh tai dim &y. Cho : % = 0,3 ; E = 2.10* kN/em?.
Bai gidi : ¢’ b
Téch ti hinh try thép mot phan t6 hinh 18p phuong cé mot canh | 7 ' J

song song voi phuong cla lyc P (phuong z), hai phuong con lai (x va
y) chon bt ki, ta cd dng sudt cta phan t6 :

Hinh 3-6
_ P 150 . 2 '
5, = “F=- 7 = T7,6kN/em”,
3,147
ffng suéit & hai phuong con lai bing nhau va bing Ung sut § cdc mat song song
v8i phuong z :

Ung sudt nay bing 4p sudt trong lam cang Sng Afng. Dat dng suét céng Sng déng
(theo phuong cta chu tuyén &ng) la 6, ta cd ; '

g}

6 = 2=

%?

260

hay q = o
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D¢ dan tuong d6i cha tru thép theo phuong vudng gdéc voi lyc P (do dan theo
dudng kinh). .

1

£ =
{ Et

-4 - &, (g + o)1

D¢ din tuong d8i cia Sng déng theo phuong chu tuyén (chu vi dudng tron):

hay

hay

hay

0,3.7,6

-0l
2.?(1—0,3)\»2

Vi du 3-7. - i
Mot tdm thép kich thudéc a x b x ¢ dat gidta hai t&m
tuyét ddi cdng, 2 tm nay dugc lién két v6i nhau bing
4 thanh (xem hinh 3-7). Khi tdm thép chiu 4p luc P
phén b8 déu trén hai méat bén thi dng suét kéo clia thanh
la bao nhiéu ? Tinh dng sudt chinh trong t&m thép. Cho

Et&m = Elhanh

Bai gidi )
Dat N 1a lyc cidng & mdi thanh gifing, ta cd gia tri
cdc Ung sufdt cha tdm thép : '

6 = - .6 ==p;0 =0
x T Ty TR E
So sanh bién dang cua t&m va thanh gidng, ta cd :

£ tdm = &£ thanh,

oo
[

-4

Hinh 3-7

hay

1, 4N
E{(“E“‘p) ~EF_
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T dé riat ra

E,
J“PTLFm
N =
1+4 EthF:h
Elab
E upF
vi L 1 nén N = lh
5 1+4EE
ab
Ung suit o, trong t&m thép :
F
th
o _ AN _ WP
x " ab F,
1 +4‘;E'
Bai tap

3*1. Trang thdi dUng suit tai mét difm trong vt thé dan héi cd gid tri (don vi
kN/cm?).

2 1 H 0 1 1
1 2 1| va [l 0 1
1 1 2 1 1 0

~ Tim gi4 tri cdc dng sudt chinh.
— Ching minh cdc hudng chinh cta hai trang thdi dng suft 13 tring nhau.
3*2, Tim cdc dng sudt chinh va céc hudng chinh cta trang thdi ding sudt sau :

- AT T )
T T T
: T T T
(don vi kN/em?)

3*3. Tim cdc ng sudi chinh cia trang thai dng sudt sau :

6 -3 0
-3 6 0
0 0 8

(don vi kN/ecm?)
3*¢4. Trang thai dng sust tai mot di€m cd gia tri

-5 0 0
0 -6 . -12
0 -12 1
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Xdc dinh gid tri dng sufit phdp trén mit cit ¢ phép-tuyén n:
n= g+ gi+ gk
(don vi kN/em?)
3*5. Mot thanh thing chiu kéo ding tdm bdi lyc P = 40 kN. Dién tich méat cat

ngang thanh F = 5cm?. Tim mat xién gdc a v6i mat cit ngang d€ cho trén mat &y
gid tri ng suit phap bing bdn 14n gid trj dng suft tigp.

7 Tim ing sufit phap vd dng sudt tiép trén mat xién gdc 30° voi
—= 7 _ /7 mat cAt ngang.
Y4
! 3*6. Ung suit todn phin trén mat cit m-n di qua mot dlém
‘ clia mét vat thé trong trang thdi dng sudt phdng P = 3000 N/cm?.
” cd phuong tao thanh mot géc 60° v6i mat cat. Trén mit vubng chc
Hinh 3-8 voi mat cit nay chi eé dng suit tiép. (H.3-8).

Tinh @ng sufit phdp vA dng suft ti€p trén mit cat tao thanh goc
45° v4i mat cidt m-n.

Tinh dng suft phap lon nhit tai di€m.

3*7. M6t lang tru hinh tam gidc gn vao mot vat thé &
khac & méat AB nhu trén hinh 3-9. Lang try chiu céc oy !
luc ti€p xic phan b6 déu & mat bén P = 1kN/em?,

Tinh dp lyc va luc tiép xdc trén mat AB. Bé ddy
cha lang tru fy l4y bing don vi. S

3*8-10. Trén cdic m4t cAt di qua mét didm cia mot Hink 3-9
vat thé trong trang thai dng sufit phdng ¢ tdc dung

nhitng dng sudt ghi trén hinh (3-10) ; (3 11) ; (8-12). Tinh nhitng dng sudt chinh va
phuong chinh tai diém dd.

} 6y
b 1| \ o %
I 6uz Ty
{ S
———I—- ——— e —
} lyx LJ"M
out = SkNfcm? ou = GkN/em® _ oy = 18kN/cm’
ou: = 2kN/em’ ox = 10kN/cm® oyx = 20kNfem’
gy = 6kNfem® tyx = TkN/cm® oul = ~30kN/cm?
a1 = 45° _ guz = 15kN/cm?
ay = 150° B bt ki
Hinh 3-10 Hink 3-11 Hinh 3-12

3*11-21, Tim gi4 tri Ung suft phdp va Ung suft tip trén cdc miat cét xlén cla
phén t6 vé& trén hinh (3-13) + (3-23). Cac dng sufit cho truoc tinh bing kN/cm?.
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4
—~ . —— 4 N
2
_} 1_f ._F K | H
Yl §7° * l §7°
4 Ti 7
——————— 5 ’
‘ y . 8 2 L~
§4° 45° 55° of
la 4 4
8 2 F: ' £
——] [——t— - ——a=- — P
« A(f Mf 7
' l Hinh 3-13 + 23
3*22-30. Tim dng suft chinh va I'Z Ij Tf
phuang chinh cta céc phan t8 chiu -—
lyc trén hinh vé& bing phuong phap 4 z 3 2
dd thi (H.3-24 + 3-32). V& ra céc — _*‘ - l*—
mat chinh & méi phan t6 (don vi cho 7 2
13 kN/em?). T’ T _ T
3*31. Cho moét phan t8 & trang P
thai dng suidt phdng c¢d dng suit i lZ
tac dung nhu trén hinh (3-33). Tinh -
£, £, € (phuong u tao véi truc k_‘_”{ |f, 4 ,_t l_f._
thing ding mo6t gdc 30°). _ 2
Cho E = 10*kN/em? ; 4 = 0,34. _1_.. 141 T —
EAN o £ |€ ’

1L/
|1z
| 2k Nfem?

Hink 3-33

.._l

T’

—

Z

Hink 3-24 + 32

rz

3*32. Nht dung cu do bién dang (tenxO&mét)

ngudi ta do duge d¢ dan dai ty d6i tal diém A
ciia dim doc theo cfu khi e¢6 tai trong (H.3-34).
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Do dan dai theo phuong x—x (song song v&i truc dim)

la £ = 0,0004, theo phuong vudng goc voi truc dam l I l
£, = -0,00012. 7

Xdce dinh dng suflt phap theo phl.mng x va y. X x ) T
Cho biét : Ay

E = 2.10* kN/em?, 4 = 0,3.
3*33. Trén mot phan t6 14y tu vat thé chiu lyc cd
tic dung dng sufit 6 = 30 kN/em? va 7 = 15 kacm Xdc dinh bién dang dai tuyét

d6i cia dudng chéo mn. Cho E = 2.10* kN/em?, G = 8.10% kN/em?, u = 0,28.
(H.3-35).

3*34. Khéi 1ap phuong ABCD duge nén déu § bSn mat bén nhd mét co clu nhu
trén hinh 3-36.

Tln} d6 bi&n dang thé tich AV, biét kich thudc khdi 14 7 X 7 X Tecm va E = 4. 10°
kN/em“, # = 0,3, P = 50 kN.

3*35. X4c dinh bi&n dang dai Aa,
Ab, Ac cda cdc canh a, b, ¢ va bién 4
dang thé€ tich cia mot phan t§ hinh
hop chiu luc ép Pz’ P3 nhu trén hinh -
(3-37). Cho P, = 60 kN, ~
P, = 120 kN, a = ¢ = 2Zem, - 50°
b= 4cm, E = 2.10* kN/em?, 4 = 0,3. m pr—

Xac dinh gig tri luc P1 cin thiét
dit vao hai mit cén lai cia phin t8
d€ bi&n dang thé€ tich AV = 0.

Xdc dinh T trong trudng hop nay.
3*36. Mot kh61 hinh tru trdn A béng déng dugc nhét khit vio mot 16 khoét cha
mot vat cing tuyét d6i B va chiu lge nén P = 50 kN. Xac dinh 4p luc nén vao vach

16 khoét. X4c dinh bién dang Ah v AV cta kh6i déng. Cho dudng kinh cla khéi d = 4cm,
chidu cao h = 10 ecm, # = 0,31, E = 1,1.10* kN/em?. (H.3-38).

H.3-34

25 mm

Hinh 3-35 Hink 3-36

5
3*37. Xdc dinh
gid tri cdc dng suft _ 1 :
trén mit bén cua 3 . lf 1
phan t6 hinh lap e B 7z d £ | J A
phuong cé canh a // 4 S e T
a = 5em. Cho biét f ) A 4 ¢4 }
bi€n dang dai tuyét P! _ 52 2 J— I
déi Ax = 5.10 %mm, _x 7 L B .
“2 4 G s ‘ 24
Ay = 1.10 mm, 7 =z 9’"' 1 c
Az = 7,5.107% mm, /r‘*‘* e -y

va bi&n dang gdc

Yy = 21072,

Vg = Ve = O _

E = 2.10* kN/em?, 4 = 0,3 ; G = 8.10% (H.3-39).
Tim gid tri cdc dng suft chinh cia phan t8.

Hink 3-39 . Hinh 3-38  Hinh 3-37



3%38, Mot khéi lap phuong bing béténg dat vao vita khit ranh cda vit th€ A chiu
4p sudt phan b§ déu & mat trén p = 1 kN/em? Xéc dinh 4p lyc nén vao véch ranh
va do bién dang thé tich tuyét d6i. Cho canh a = Sem, 4 = 0,36, E = 8.10° kN/em?.

Vat th€ A coi nhu tuyét déi cing (H.3-40). -

3*39. Mot kh6i thép hinh lap
phuong dugec dat vita khit vac mét 16
khoét trong mot vt th€ coi nhu tuysét
d6i cing. Hinh lap phuong bi nén boi
luec P (H.3-41).,

Bé qua lyc ma s4t gifia thanh cha -
hai v&t thé, tinh bién dang dai theo
phuong lgc P va bién dang thé tich
ti d6i cua khé&i 1ap phudng. Cho
# =0,3, E = 2.10° kN/em?.

Xét trudng hgp theo phuong x ¢ khe hd & gita kh8i lap
phuong va thanh bén cta vat cdng (hinh b), va trudng hop theo
phuong z cd thém khe hd bang 35 (hinh ¢). Cho & = 0,01mm.

3*40. Mot phan t6 khéng bi bign d6i thé tich, cd hai #ng suft

chinh: 6, = 100 kN/em? 6, = 60 kN/em? Héi tng sust chinh
thd ba phai bing bao nhiéu ?

3*41. Mot tdm mong hinh chi nhat bé day & dat gida hai
viach cing song song. TA&m chju luc kéo P va luc nén Q nhu trén
hinh (8-42).

. Hink 3-40

Tinh dp luc nén clia t4m vao vach va dé bién ddi thé tich < -

cia tdm. Bd qua lyc ma sit giita vdch va t&m.

s

Qi

W = |
‘i\\\\\\\\\
I
’ Y R

N
L

ARV RN AR A ANA AL Sy

AR REERKY

™
N

Hinh 3-42

y
L = 504N

o

4)
Jd

34-

A H-

Hinh 3-41
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Chuong 4

CAC THUYET BEN

Khi kifm tra bén theo dng suft cho phép, nfu diém nguy hiém & trang thai dng
sudt phing hodc kh6i ta phai st dyng mét thuyét bén nao dé dé ki€m tra. Céc thuyét
bén thudng ding la :

1. Thuy6t bén dng suft ti€p 16n nhat (Thuyst bén thd ba)

G4=0 -0, % [o] _ {4-1)
2. Thuy&t bén th€ nang bién d8i hinh déng (thuyét bén thd tu)
6,4 = \Ja} + og +6l-00, —0p, —060 < [d (4-2)

hai thuyét bén trén thudng ding khi vat liéu la déo, néu vat lieu la gidon ta thudng
dung thuy&t bén cia MO

3. Thuyét bén MO (thuy&t bén tha nam)

6, = at; < [0] (4-3)
trong dd :
%
_— x
" !
N
o° - gi6i han bén khi nén. . @ L 1
, | 1§ — — 1}
Vi du ¢4-1 _ - @ =, -
MOt tru tron bang thép (u = 0,3) dat khit gitta hai tudng - 1
cing nhu trén hinh vé. Phén gitta clia try chiu 4p lyc p phan @ ny
. b6 déu. Tinh dng suft tinh theo ii thuyét th& nang bién d8i - S
hinh dang & phén giita va phén ddu céa hinh try. 7T

Bui gidi. /-1

Ung sufit theo phudng y vd z & doan 1 va doan 2: £
Doan 1l :0 =46 =0 —
Y, z, ¥
Doan 2 : 6 =06 = —P
2 L
Ung suft 6, & hai doan tinh dya vao dinh lust Hic va sy 3
so sdnh bi&n 3@.ng ctia hai doan :
o Hink 4-1
& doan 1: e_la—pa +0 _ A (a)
_ x, E 5 % L1l T R
' 1 j6 —ufo, +¢ 1
0 dogn 2 : 8"2’ =5 ["2 (Yz 22)] = E(ze +2pp) (b)
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Téng bién dang theo truc x cda cd ba doan bing khong, tidc la
24l +4a1, =0,

hay 2e a+£a=0,
X %
hay , 2g, +g = 0.
1 2
Thay gia tri & (a) va (b), duge :

20
X

L 4 -1—(6 + 2up) = 0.
E E* %,
Vis =6 nén O'=O'=—§pp
X % X %
Nhu vy & doan 1: c:)‘yl = O'zl =0 =0, = 0,
2

O’xl = 0’3 = - g,up = - 0,2p

f)_doan 2. cry2 = e:rz2 =06, =0, =-p
| 2 |
6 =0 = P = - 0,2p.

Ung sudt tinh theo H thuyét bén th& néng bi&n dang :

Doan 1 : C4 = 0,2p.

Doan2:6m=wlaf +O§+02—0'10' = 0,0, = 00,

3 2 273
=pV0,04+1+1-02=-1-0,2 = 0,8p.

Bai tap

4*1. Tinh dng sudt tinh todn (tuong duong) cia cdc ph&n t6 cd dng sufit chinh ghi
¢ bang du6i day theo cdc If thuy&t bén, thd ba, thd tu va i thuyét bén Mo. (don vi

o

k
MN/m®. # =03 ;m= 4~ = 1,4
Or
a1 a2 a3
a 160 ) 60 20
b 40 a0 -50
c 55 -60 -90
d -10 -5 -B0
d 40 0 -150
e 160 0 -70
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4*2. Tim Ung sufit tinh todn theo thuy&t bén tht ba va thd tu d6i v4i cAc phéan t§
trong trang thai yng sufit phlng cd dng sudt nhu sau (don vi MN/m?).

Ix oy Txy
a 140 100 45
b 120 0 -30
c -200 -400 -90
d 0 0 120
d 80 20 . 40

4*3. Mot 6ng ming hinh try trdon eé dudng kinh trung binh d = 100mm déy
4 = 5 mm bi kéo doc tryc béi mot lyc phan bs déu q = 40 N/mm? va chiu dp luc p
6 phia bén trong. Tinh &p lyc p cho phép theo If thuyét th& nang bién d6i hinh dang
cuc dai, bist rAng Ung suit cho phép [6] = 100MN/m?.

Huéng dén : xem bai (3-9)

4*4, Mot khéi thép hinh lap phuong dat vira khit
trong ranh cla mot khdi thép 16n {(coi nhu tuyét déi
cting). Kh6i thép chiu &p lyc p = 120 MN/m? nhu &
hinh v& (H.4-2). Ki€m tra d6 bén cia khsi thép theo
i thuy&t wng suft ti€p cuc dai, va 1i thuy&t
th€ nang bi&n ddi hinh dang cyc dai, biét ring
[6] =140 MN/m?. B% qua lyc ma st gita nhitng
mit ti€p xdc cla hai khéi.

Hinh 4-2
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Chuong 5

DAC TRUNG HINH HOC CUA MAT CAT NGANG

1. Mémen tinh cia m#t cit ngang d48i vdi mot truc
— Ta goi mdmen tinh cia mat eit ngang d61 vOi truc x va y (H.5-1) 1a cac tich
phan cd dang :
S = lde, s, = J; xdF o (5=1)
Trong d6 : F- dién tich mat cdt ;
dF- phan t6 dién tich ;
X vd y 1a toa d§ cla phan t8 do.
- Toa d6 trong tAm X, ¥, clia mat cdt duge xdc dinh bai t s6 :

S S,
x_ = _Fl AR - (5-2)
 ho#c cong thic
n
5 S x
F - _ =l 3
X, F (5-3)
F no .
x yF
i=1
Y. =
i
F -y Trong dd :
X - X ¥ toa db trong tAm cia hinh don gidn thg i ;
g -

F, dién tich cta hinh don gian thy i

- Truc trung tim 13 truc ¢ mémen ﬁnh cua
m#t cat ngang d6i v6i né 12 bang khong : § = O. _
A . v ~ Trong tAm cia mét cAt ngang la
' giao difm cta hai truc trung tam.
5 Vi dy 5-1; 5-2.

Tim trong tam cla cdc hinh

Hinh 5-1

| I X trong hinh v& 5-2 ; 5-3
1\\ a ’,’ Bai gidi.
. /,’ a) Tung d¢ cia trong tam C :
R x 8
Y. = 'FT
Hinh 5-2

63



trong d6 8_ = [ ydF
: F

o 1
dF = 2r cos ¢ dy. 4
. 5’T—
y = rsing -
f
dy = rcospde ! X \ %
u o g ]
z ' AN /
hay 8, = _[rsingo . 2rcosy . rcospd ¢ Sl LT
', .
2 Hink 5-2a
z
2
= 21’313]’.1‘]‘;9 . coschdgo
1
= 23,3
= 3r33ma
va 2
F = E(Za ~ gin2a)
Vey y = 2 rsinra . 2 _ 4 sin’a
© 3 %2 -sin2y) 3 (20 — sink)
b) Tung do cha trong tAm T ¥

S
= =
Ye = F
trong dd
S, = [ydF
F
dF = p.dp.dp
y = pPcosp
hay
c .
5, = 2_[ ipcosgoﬁdﬁdgo
o O
r a
= ZIpzdP chsqod:p
Q o
_ 2rsina
B 3
va F = ar’




Vay :

_ g rssi_na 2rsine
VT3 .2 = %
Trudng hgp

JT
a =73 thi

ersi:t:rjzE
y = = 0,424r
c 3 E

. T2
Vi du 5-3

Xac dinh chifu cao h cia mit cdt ngang hinh ch@ T sao cho tryc trung tdm xx d

vi tri cdch ddy bing % Biét b = 20cm, va t = 1 cm (H.5-4).

Bai gidi. | SN
Vi hinh ¢d tryc y 12 truc d6i xdng nén trong tam m
ndm trén truc nay. '
Ta chia hinh chit T thanh hai hinh chit nh4t. Néu 4
truc x - x la truc trung tdm thl mémen tinh cia /% _%:_; P -
dign tich hinh chit T 461 vai truc x — x ¢ -r(\"
2t
¥
S. =8 +87=9 57
x x X
Hink 5-4
: h h -2t h
- 2 _ - -2 = o
hay - 2bt |- t] + 2 2t.)[[ 5 ] + 2t 4]

Thay bing s6 ta duge:

h2
—10h+40+?+h—4—0

hay

2
—l;——9h+36 0.

Giai phudng trinh ta dugc hai k&t qua:
b < 9+Vy81-72 _ { i2cm

1 Gem,

2. Mﬁmen quan tinh ciha mﬁt cét ngang

- M6men quin tinh cha mat cit ngang d6i vdi mot truc duge xdc dinh bdi tich phan :

= [yA4aF ; 1, = [x%dF (5-4)
3 F
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- Mémen quén tinh li tAm cta mat cit ngang d6i v6i hé truc toa d6 vudng -gde x,y
13 tich ph&n

= _[xde - (6-5)

- Momen quén tinh déc cyc cia mat cit ngang d61 v8i gbc toa do O dude xdc dinh
béi tich phan

Jpo [FdF =3 43, | (5-6)

- Hé truc ed ny = 0 goi.la hé truc chinh.

~ H#& truc cd ny =0 ;8 =8 =0, goi la he truc quan tinh chinh trung tam.
Tuong Wng voi.cAc hé truc trén ta cd cdc tén mémen quin tinh chinh hoac mémen
qudn tinh chinh trung tam.

- Mot tryue d6i xding cia mat cét. ngang bao gid ciing 12 mét truc trong hé truc
quan tinh chinh trung tim .

Cdc ki hiéu xem (H.5-1)

Vi du 5-4. | g
Tinh mémen quan tinh li tAm ny va, Jxoy ctia hinh s
tam gidc vudng géc ABC. Di€m O 1a trong tam cda T T
tam gisc (H.5-5) %
Bai gidi.
Mémen qudn tinh li tamp trung tim Jxoy o)
. 2b x 1 ?
- 3 373
= | xydF = | dx xydy,
Ve -L Y J‘b Ih x
h2b2 A é !
hay Jxoyo = - W ) ’ . .
. . Hinh 5-5
Mémen quén tinh li tAm d6i voi hé truc x, y : ’
h b
= + =
ny J Y, 3°3 F,
__k» hDobh
- 72 " 3'8 2’
R 32
g =Y
xy 24
a Z, Momen qudn tinh li tAm any cling cd th€ tinh khong
o 2 qua tich phén hai 18p ma dya vao cong thic quen thude :
A! 4 4‘5 J = J cos’a + J sin’a - 2J _sinacosa
u xc yo X o

Hinh 5-5a

- 66



.J cos’x + J sina — d
- ha Jd = % o ¢
Y Xy - 2sina cos o

trong dd

13 3
;oo
X, 36° 'y, 36

Ju 12 mbémen quin tinh truc d6i véi truc u song song v6i dudng huyén :

PR
u 836 360?’
b . h
cose = —8infl = —, sinx = cogB = o
. h%h?®
Vay Jxay = g

3. Cong thiic chuyén tryc song song ciia mbémen quéin tinh
Céac ki hidu zem (H.5-6)

u=x+<+a

v=y+bh _ .

J =J +2b8 + b’F v %
u x b 4 -

J, =J + 2a8 + a’F (5-7)
¥ Y .
d =J + bS + aS + abF /
uv Xy y x _
Khi cdec truc x,y la cdc truc trung tam. :
S =8 =0.tacs

x y —¥

J = J +bF |
u X N ",
J, = J + a’F (5-8) |
JUV=ny+abF . Aﬂk—a L
Né&u tryc x,y 1a cdc truc quén tinh chinh trung tam. k M
J = 0. ta cd '
xy .
J =J +b%F
u X
J =J +a°F (5~9)
v o %y
J = abF
uv
Vi du 5-5.

Tinh mémen qudn tinh chinh trung tdm cta mat cdt nhu trén &
hinh vé (H.5-7) .

Bai gidi. |
Ta chia mat cit thanh hai hinh nhu trén hinh 5-7a va chon ha
tryc ban ddu la Clxly. '

'\ ——
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V1 truc ¥ 14 truc d6i xdng nén x, = 0
¥y, xfic dinh bing ebng thde :
b 'f\"!
trong dé :
'. = --'m'2 —-—-r +r

= 0,712 x 1,
F ou "—2"-2- + 2r . r = 85708
0,712xr
3,57081%
Mémen quin tinh chinh trung tAm cda hinh :
| i1
J =3+

Vay oy, . = 0,627 r

trong 46 : Ji - J + a%F
x X
2
’(lr) + (0,627922¢ = 1,456
JU = g 4 2P |
x x, '
| 1 xd* 4 2.'4::1-2
- n_ Lrad & ) AT 4
vai J": =3 61 [B?IrJ 2 = 0,035 =r
nén : JI = 0,085x:* + (0, 797r)2 iﬁ =~ 1,11 «* ;;r c X
[
ar -
Vay : J_ = 1,456r* + L11r* = 2,566:“ : X,
_ 3 ~ 7
 1ad* 2r. P 4
Jy=264+—'ro'—“==0,5661‘ . r
: ' : Hinhk 5-7a
4. Cong thic xoay truc clia mémem quéin tinh
Cdc ki hisdu xem hinh 5-8
JK+Jy Jx—J}r
Ju = 5 + 2 cos2a — nysana
Jx +Jy Jx —Jy
J, = —5— — —5— coa + J_sina (5-10)
Jx -Jy
Jmr = ) sin2a + nycosza
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- Gi4 tri mOmen quan tinh chinh.

J +d Z .
x "y Jd ~d v oF
T = =3 *V[xg ,) vz GO
min Xy h
v
- Phuong céc truc chinh. 5 “«
a, ny = '.&_
— = — (5-12)
B 7 I | "7
fin
- Yong trdn MO quin tinh. Xem ey tuong ty glﬁa Hink 5-8
vong MO ﬂng suit vA vong MO gquén tinh.
' sgmm
Vi dy 5-6 1 ‘
X4c dinh cdc mOmen qudn tinh chinh vA tryc 27777
quén tinh chinh trung tAm ciia m#t cAt nhy hinh |
v8 (H.5-9). emm

Bai gidi.
1. Momen quén tinh trung tdm J , Jy, ny {H.5-9a}
J_ =41+ 4+ gl |

X X X

2
0,6.10° {9,1)
Jx-—- 12 + 2. ["'2"—] .09 .44
= 214,5 cm*
J =gl 4+ g4 4 g
¥ Y Y Y _
10.0,6° 0,9.4,4
I = —5— + 2|74 +25 .09.44
= 62,34cm?
J_=Jd + g 4 gt
xy xy ¥y oy

=-2.25.455 .44 .09 = - 90,lcm*

2. Phuong clia he truc quén tinh chinh trung tam :

2J - 90,1
2a¢ = 49950’ + k180°
@, = 24°55
a, = 114%5

'—-_' 90 ™

N

i

M
o |

Hink 5-9

1.
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Juv
Iy
/ur
}/g,y Mo yz/sw )‘/ﬂi \ \ - .
54
"
GTANT =
! \ , ¢
£ 114.°55
— L~ z mm  Ixy=301 ’
: b N (24 Torkrr=lzt\ |Z 055
ANg T24°75 7= 4 So5s
] T =62.5%
Lo—=C]9 N Jx =219, 5
l,_‘_fg”ﬂ‘ T jmax=z.52
Hink 5-%a
3. Gid tri mémen quén tinh chinh trung tam
J +J g —-J\°
214,5 + 62,34 - 2
= 1 3 [M] + (-90,1)? = 25%cm*
2 2 !
J +dJ I—J 108 xE3x18 [Jﬂc‘c‘?
J ==_3_ x 'y 2 = 25cm* s v /,LLLLLL?'/
min 2 +J°, T of -
. 2 xy N7
Vong Mo quan tinh cho trén hinh 5-9a. N
Vi du 5-7 N/
Mot thanh ghép gém hai thanh dinh hinh cd mat cdt ngang EZ :
nhy trén hinh 5 - 10. NS
X4c dinh cdc moOmen quin tinh chinh va phuong cia he SZ
true quén tinh chinh trung tAm cia mat cét, N
Y
Bai gidi \ S S
8¢ liéu vé& ddc trung hinh hoc clia thép chit [ s6 20 va thép, —] |___
géc 100 .63 . 10.

70
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[ s6 20 h = 200mm, J_ = 1520 em®,
F = 23,4 cm?, J, = 113cm?,
ZD = 2,07 cm,
L 100x63 x 10 F = 15,5cm?, J, = 154cm?,
X = 3,4cm, Jx = 47,1 cm4,
y, = 1,58cm, g, =d_. = 283cm*

in
Ta cé d6i voi thép gée (H.5-10a, a) : '
v

J =d _=J +J -J__ =471+ 154 - 283 = 172,8cm*.
max X ¥ min :
Momen qudn tinh li t&m ny ¢d thé tinh ra ti nhitng quan hé

J J_
xy 14 xy
e S o T tg(ﬁ ¥ “1] AT A
¥ max ¥ min
hay
J2
Xy
tgee, . tgp, = -1 = — —
. 1 z (Jy Jmax) (Jy Jl'nin)
hay | = - - @, =900, =9 )
= — V- (154 — 172,8)(154 ~ 28,3 = - 48,Tem*.

(L&y dfu trif cho J,, Vi truc chinh max nim trong géc phdn tu thd nhet va thi ba)

1. X4c dinh trong tam ms#t cit (H.5-10a, c) :

_ _S:l __ 842,155 _ .,
Yo © F T 22+155+234 ~ 0™
_ i _ 2,62.234 + ( — 3,95 . 15,6 o 0 em
% =TF T 22 + 15,5 + 23,4 ‘
Toa dé trong tam ctia cdc hinh thanh phdn d6i véi hé truc trung tam :
Hinh I :x = 0, y = - 2,15cm,
Hinh II : x = 2,62¢m, y = = 2,16cm,
Hinh III : x = - 3,95cm, y = 6,27cm.
2. Momen qudn tinh d6i v6i hé tryc trung tém :
. 1,1.20° 5 ) )
J, = > J. = BT + 2,61° . 1,1 . 10 + 1520 + 2,61° . 23,4 + 47,1 + 5,81° . 15,5
= 3055 cm?,
. 20.1,13 , . .
Jy = J; =~ + 113 + 2,62 . 234 + 154 + 3,95 . 15,5 = 670cm
Ty = ¥ J;y = 0 + 2,62. (-2,15).23,4 + (~3,95) 6,27. 15,6 - 48,7 = -566cm”
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3. Phuong ctia hé truc quén t{nh chinh (hiph 6-10a, d) :

4y 2.566
I,—d, = T 3085670

X
2a = 25°24' = k.180%
a, = 12°42°, a, = 102°42°
4. Mdmen quén tinh chinh :

JK+JY d J —-J 2
= % Y
Jmax =g ¥ +J:y

tga = - = 0,475

2

3055 + 670 -J 3055 - 670, 2

== 4 ©U95 ~ Bl - 2

3 ( 3 ) + ( - 566)
8183cm*, J_ = 543cm*

i1

Vong Mo quin tinh cho trén hinh 5-10a, b.

I.__x_.lA | - Bai tap

¥
A

oy
Il

A 5*1. Xdc dinh ddy nhd x
* ctia hinh thang sao cho trong
— tdam C cua hinh nim trén
' dudng thdng AB. X&c dinh
tung d¢ y_  cda trong i4m
(H. 5-11).
Vg s X 5*2. Tim toa do trong t&m
' cta hinh tam gidc cong ABC
nhu trén hinh ve (H. 5-12).

L2 EL SV 5*3-8. Xéc dinh vi trf trong
H
7

Hink 5-11 . Hinh $-12

1— 970 L mm— tAm cta cde mit cit cho trén .

4532
| : +
1 KTy 2 hinh v& (5-13) + (5-18).
& l /,”’- 5*9. Xdc dinh trong tam
R ; ' va mémen quén tinh d6i v6i

/ : - truc trung t&m song song véi
; / canh ddy cta hinh thang trén

| _Jlaled|al. 22 .| ninh (5-19).

Hinh 5-13 Hinh 5-14 Hinh 5-15 Hinh 5-16 5*10. Tinh mémen quan

Pz tinh ddi v6i truc trung tam
g 185125518 song song voi canh ddy cua

r
it
4

2
y=52- %zt

mdt hinh tam gidc.
5*11. Tinh mOmen quén
. 2égx 20 tinh J, Jy cia hinh binh
- - 5 B:" 84 hanh d6i v6i hé truc trung
-« . s (_/////‘ tam O, O nhu trén hinh

vé (H. 5-20).

Q|

VLIS TS,

Hink 5-17 Hinh 5-18
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1
fs 4 cort
L 131

S| / ) \ X
s/ \_ = |
| ! 26 ,!.. : o l 4= 2em

Hink 5-19 o Hinh 5-20

5*12-13. X4c dinh trong tAm va tinh mémen quén tinh chinh trung tAm cia céc
mat cit sau (H. 5-21 + 5-22) :

| L

-~ e
. F"’m 13

zg-mm
3877

Hink 5-21 : Hinh 5-22

5*14. X4ac dinh hé tryc quén tinh chinh cd gde tai gdec A cia - :
hinh chit nhat, cd kich thuéec b = 4cm, h = 6em. Tinh cdc momen
quéan tinh chinh (H. 5-23).

5*15. Tim tl 186 chiéu dai giita cdc canh cia hinh chit nh&t sao
cho bAt ki 1a hé tryc quén tinh nao di qua diém gita A cia mét

canh A {y, =

A

- %, x, = 0) d6u 1a he. tryc quén tinh chinh va tim J
moOmen qudn tinh chinh Ay (H. 5-24). A

5*16. X4c dinh mOmen quén tinh cta hinh chit thdp cé b = 9em Hinh 5-23
va h = 4cm d46i v6i hé truc Ouv (H. 5-25). :

5%17-20, Tinh moOmen qudn tinh chinh trung tam cla céc hinh duéi day -
{H. 5-26 + 5-29).

5*21. Tim moOmen qudn tinh d6i v6i truc trung tdm x cia mat cdt mot ddm thép
ghép nhu trén hinh v& (H. 5-30). So sdanh momen quan tinh cla mé&t cdt nguyén va
mét cat da bi khuyé&t 15,
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Hink 5-28 Hink 5-29

5*22. Cdc mat cit vé trén hinh (hinh vuéng, hinh chit nhat d& ndm, hinh ch nhat
dé ding, hinh trén, hinh vanh khan, hinh ghép hai chit I, hinh chit I, hinh ghép hai
chit [ ) ¢6 ciing dién tich F = 62cm® Tinh momen quan tinh cha cdc m#t cit 46 véi
truc ndm ngang va so sanh (H. 5-31) - '

5*23-24. Tim khodng cdch ¢ cia mit ¢4t gém hai thép chit [ s6 hidu 30 dugc
b8 tri nhu & hinh v& d€ cd Jx = Jv. (H. 5-32, 33).

5*25. Tinh trong tAm va tinh mémen qudn tinh chinh trung t&m cha m;;t cit nhu
trén hinh (5-34).

5*28-27. X4c dinh trong tdm vaA tinh mémen qudn tinh chinh trung tam cia céc
mat cAt nhu trén hinh (5-35, 36). W,

5%28-29. Tinh mémen quén tinh d6i véi truc x bﬁa cic mat cét sau (H, 5-37, 38).
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| e
i" RIxl 9 =
i
]
' 2 £)
Hink 530, T Hink 5-31
x4 : ¥
y .
5% ° 5%30-31. Mot thanh ghép gbm hai
5 = ZZ7 thanh dinh hinh nhy trén hinh (5-39),
P / A ¢ (5-40). Xdc dinh céc mdémen quédn
4 7| T X ¢ 4 ] x tinh chinh va phuong cia hé truc
; 5 a | a " quén tinh chinh trung tam.
I | / ¢ A §*32, Xdc dinh cdc mémen qudn
l = 322 2z tinh chinh va& phuong cta hé truc
% @ | & Y - quan tinh chinh trung tam cia
| P . mat cét nhu trén hinh (5-41). Biét
f _ - _ a = 10cm.
Hink 5-32 Hinh 5;33
L =127 o
x f ¥ ¥
* ' f EYF
¥ S H Sy
R
g .
x S %
T D PA%Z X [ _ '
R=20 Al ¥ p
i ] : om mr_._ J
Hinh' 5-34 ' . Hsk 5-35 . Hinh 5-36
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Chwong 6

XOAN THUAN TUY THANH THANG

1. Momen xodn

Mot thanh goi 12 chiu xofin thuén tdy khi trén mé#t c4t ngang ctia thanh chi cé mot
thanh phén néi luc 12 mémen xoin Mz. MOmen xoin tai mot mat cét b4t ki duge xde
dinh béng phuong phdp mat cat. COng thde tdng quét xéc dinh gia tri mémen xoin
tai mot mit cit ngang nhu sau :

M,=2M+2 [mgdz (6-1)

Tich phan tinh trén chiéu dai cia doan thidng ¢ mémen phan bd m_tdc dung vi
téng tinh véi tAt cAd cde doan thanh cung ndm v& m6t phia cia mat At dang xét.
Chidu cia moémen xoén ndi lue M, dugc xem la dudng, néu tit ngodi nhin vao mat
cidt, mémen quay thuan chiéu kim ddng has.

Gita m6émen ngoai luc M, t6c d6 vdong quay n va c6bng suft N cd quan hé sau:

N - tinh bing ma lyc. M = 716200

(6-2)

B|Z B2

N - tinh bing kW M = 973600

Khi d6 : M tinh bing N.em ; n = (vong/phit)
Trong hé¢ don vi qudc t& SI ta ¢ : M tinh bing N.m, t6c d6 quay o tinh bing

Rad/sec, cong sufit N tinh bdng o4t ta cd quan hé :

224

Vi mémen xodn tl 18 véi cong sufit nén d6i véi truc quay cd t6c dé déu truyén cong
suft cho cdc mady hoat dong ta cé th&€ thay cach vé bi€u d momen xodn bAng cdch
v& bidu dé cong suft.

LY

2. Ung sust tiép, goc xodn

-

D61 v6i thanh mit cAt ngang trdn, trén mat cdt ngang dng suét phdap bing khong,
Ung sudt tiép tai difm trén mat cdt cadch t&m moét khodng cach p. Xac dinh béi
cdng thie :

Mz :
rp = J_ P _ . (6-4)
p
R nd?
Trong d6 J, = - =85 0,1d* - mémen quin tinh déc cyc cla mat cét ngang.

d - dudng kinh dudng trdn
R - ban kinh dudng trdn.
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Ung suft ti€p lén nhdt xfy ra & cdc di€m trén chu vi vOng tron va cd gia trj.

M
T = W_ | " (6-5)

max
Trong dd
' J R3 d3
WP = «-1% = ir—z— = nl_ﬁ = 0,2d> - mémen chéng xoén clia méat cdt ngang.

D6i v6i mat cit ngang hinh vanh khan :
4

J="_R4(1__4=n_d“_4,__=d4_.4
p= g 1) = 3 (1 —7) = 01d (1 - 9"
eri 4 .
Wp=qg 1 -7 =028 A-7%

trong d¢ :
d

7 = d—‘ ; d, = dudng kinh trong
n

d - dudng kinh ngoai.

D61 v6i thanh mat cit ngang khong tron, tng suft ti€p 16n nhét duoge xdc dinh theo
céng thic :

MZ
T 0= _ (6-6)
e wxoﬁn '
Trong d6 W - mdmen chéng xoin ciia mat cit, gid tri W 4, cua cdc dang mat

cidt tim trong sg tay va cdc gido trinh siic bén vat litu. Vi du mit cdt ngang chit nhat
¢6 canh a, b (a > b), W_. = aab® trong d6 « 1a he s6 tra bang tuy ti s6 ab.

Gde xodn tuong doi gita hai mat cit duge tinh theo cong thic :

(6-7)

f
0 GJxoﬁn-
Trong d¢ :
- Mz - mOmen xcén la ham cia toa d6 theo truc thanh Mz(z) ;
= d s, — mOmen quin tinh xodn cia mat cét ngang thanh téng quédt ciing 12 ham

clia toa do J ., (z). D6i vi thanh tron J ok cdon ddi v6i cac dang miat cAt khéc
nd cd gia tnxﬁaéc nhau v& tim trong cédc s tay, Fl,;rong cdc gido trinh sdc bén vat lidu.
Vi du : m#t cAt ngang chi nhat J wodn = = Bab® he s6 # tra bang tiy thude tl s6 ab.

G - mdduyn dan héi khi trugt ;

1 - chiéu dai giita hai mat cit - chiéu dai thanh.

Né&u trén subt chiéu dai 1 cta thanh M, G, J xokn 1a hang &6 thi :

M, .1 '
- -8
$ =53 (6-8)

- xodn
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Trudng hop thanh 6 nhiéu doan cé tinh ch&t trén thi ta chia thanh ra lam nhiéu

doan va cObng thdc c6 dang

) z Mzi'li
p = 2_[ dz hoac p = 2 Gd (6-9)
i=10 1x05n.|'. i=1 xohn,i

Gée xoin ti d6i duge tinh theo cdng thdc :

8 = M, (6-10)
G. Jxoﬁn

Vi du 6-1.

Tinh ing sufit ti&p 16n nhét & 122G N SN .
cdc mat cdt v& géc xodn tai dfu j " ;m W
ty do cida thanh. " J — —~ I E

Cho G = 8.10° N/cm? (Hel)é__;g_ R / ' A‘____/_ ©

Bui gidi. 7 R /b S )/ IS 72 .

Bi€u d6 moOmen xodn v& trén 7 T I i |

- | .
hinh 6-1a cocm 4gem | 20em,  490m _Jl

i} _ Miamy 20000 _ ! b

maK(AB) © Wyop 02,28 Hink 6-1

= 6600N/cm?,
z _ Muppy 93000 _ soeh Njem?
max({BD) WPI(BD) 0,2. 43 : ’
M, pr 57000 2
ToaxDE) = W = v 5860 Nfcm?,
DE 3Ty k.l
ADE) 0,24 [1 (48)]
|
_-é— - ;?i\—-——L 5‘ .'é‘ + ) . Z_-_R\
- - A - —
T4 ] 7T ZF 7 |E |
g6m 44m g2 L 44
l
Aot
&0 I N
% l - S1GNm
93FAm ‘

Hink 6-la
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Tinh gdec xodn :

. Mili
FA
g = Pap * Ppc t Pop T PpE = i
GJ,,
29000.60  93000.40  '57000.20
8.100.0,1.2,8 8.10°.0,1.4* 8.10%.0,1.4%
57000 49 = -29. 102 rad.

8.106.0,1‘44[1 - [%9]4]

Vi du 6-2.
Tinh dng sudt ti€p 16n nhdt va gdc xoén tai cdc mé#t cit A va B cua thanh. Cho

G = 8. 10° N/em? (H. 6-2)

Bai gidi.
JOONm 600 Nt 1500 ﬁﬂ _ Ij'ng suft cuc dai :
Vsl . M
7 , &%&\ .\ \ x\: o max WP 02,‘2.53
A 40cm | 8 80 ot f = 3600 N/cm“.
1 . : Gde xodn clia mat cit B so
o= Sem véi ngam C:
Hinh 6-2
- 80 MZ(CB-}dz
B »
0 GJP
IFGNm ETGN e 1500 NV .
/| Ao
s /{/ll : 7 v %;
A 8 - .
IGG N7z 7T N2
(TR
-
300 v

Hinh 6-2g
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trong d¢ : Mz(CB) =M (1 —ga) = 900 (1 - %)

Thay vao, ta duge :

89 90000 (1 ~ "z_) 90000 802

60 L
pg = dz = ————— (80 — —=) = 4,8 . 107> rad,
B 1[8.106.0,10.54- 8.10°.0,1.5% (8 - 370)

Gde xodn cua mit cAt A

Mgl
_ 3 2(BA) ' 'BA
Pa “Pp TPy =g T GJ,
=48 . 103 + _80000.40  _ 45 107 rag.
8.10°.0,1.5%

3. Tinh toan diéu kién bén va dién kién ciing

Diém nguy him la di€m c6 dng sufit ti&p l6n nhdt. Trang thai dng sufit clia di€m
ndy la trugt thudn tuy. Do d¢ didu kién bén cé dang :

Mz
Toox = W 5 [7] (6-11)
xo04n :

Trong dd :

T
(7] - dng sudt ti€p cho phép : voi vat lidu déo [T] = — ; vai vat ligu gion
T

[T] = -f, trong d6 : Ty ™ gidi han chay khi xodn ;
7, - gidi han bén khi xoén.
Diéu kién cing cd dang :
M

z

0 = < [6] (6-12)
GJxoﬁn .

[6] - gdc xodn ti d6i cho phép, ¢d thd nguyén rad/chidu dai.

Né&u cho gdc xodn ti d6i cd thd nguyén, dé/chidu dai, thi ta phai d6i thanh
radian chigu dai theo cbng thidc :

[gjad/chidu dai _ [grdo/chibu dai _1% (6~13)

Td cong thdic (6-11), (6-12) ta suy ra ba bai todn co ban sau :
- Ki€m tra bén va ki€ém tra diéu kién cdng theo (6-11), (6-12).
- Tim tai trong cho phép theo didu kién bén va diu kién cing :
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Mz < onén - [ .
(6-14)
M < G. Jootn - 0]
So sdnh hai gi4 tri, chon gia tri mémen xodn bé hon.
- Chon kich thuéc m#t cit ngang :
' M

. z
onﬁngﬁ

(6-15)
M

z

Jxoiin > G[a

So sanh kich thuéc chon duge do hai b&t ding thuc trén ta ldy gis tri 16n hon.

Khi tinh trj s8 M, dugc ldy & mét c4t nguy hi€ém. Vi du véi thanh cd mat cét khOng
dd8i d6 1a tri s8 max M,

Vi du 6-3. ‘

D€ xdc dinh cong sufit ctia mot tuabin hoi nuéde, ngudi ta do gdc xoén cia truc trén
méot doan chiéu dai 5m. Dudng kinh ngoai cta truc bAng 25cm va dudng kinh trong
bing 17cm. Vin téc quay n = 250 vg/phat, G = 8 . 10% N/em?.

Xac dinh cong suflt cia tuabin, higt géc xoén do duge la 1°. Tinh dng su#t lén nhat
trén mit cit ngang.

Bai gidi.
T M = 974000 N rit ra :
nh _ M.n
974000
M .1 GJ
. _ Z . _ (P P
T ¢ = GJ rit ra M, = 1
P
Vay : #GJ
9740001
Ta tinh duge géc xodn : ¢ = 180 .1 = 001745rad
vd moémen quin tinh cuc : d, = . D - o
17)*
_ 4 I XA I 4
=0,1.25 [1 [25] | = 80700cm".

Thay vao biu thdc chua N, duge :

0,01745. 8 . 10°. 30700. 250
N = 974000, 500 = 2200kW.
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M \
v v 974000. 2200 = 8500 N/em?.
max © W

0,2.25 [1 - (%] 4] 250

Vi du 6-4.

Xédc dinh céng suft truc nh4n dugc via dng
sudt tifp 16n nh4dt trén mait cit ngang cla nd,
néu bing tenxbmét dién ta do duge bién dang
cia t&m dién trd dan theo phuong AB la :

£ = 4,25 . 107*. Bist s6 ving quay cua truc
trong mét phit la 120, G = 8 . 10° Njem?,

d
a=g5*= 06 ; D = 40cm (H. 6-3).

Hinh 6-3

Bai gidi .
Vi 6 = 7 nén ta cé trong trang thii dng sudt phing {trugt thuidn tay)

= +
£ E T(]. Ju):
]
hay T = T+ 26,
M
Mat khac : = —2 _ 974000N

W, n.02D% -a%

Vay : 974000N

26G = ——————
0,2D%(1 —a*)n
ha N - 2.425.10".8.10°.0,2.40°0 —0,6%.120 03251
Y = 974000 = ’
' T =2G =2.425.10%.8.10° = 6800 N/em®.
Vi du 6-5.

Mot truc gém nhiéu doan dudec néi véi
nhau nhu hinh 6-4. Truc chiu mémen xodn B

N
khép va chém, biét : A\E 5
(2], = 4.10° N/em?; [7],, = 2,5.10° N/em?; : , =
[l = 9.10° N/em? )

(Khi tinh chém ldy dutmg kinh d = 1,3 cm) ' A

Hinh 6-4




Bui gidi

(j truc :
M .
z 50000 2
‘L’lr = WP = m = 3906 N/em* < [T]lr
o) khép :
M ,
y 50000
- 5 = . A= 1440Nferm” < [7],
0,2 (1 - ;5;)

Gia thiét bé qua lyc ma sat gita trye va khop thi chém phai chuyén todn bd moémen
tit doan nay sang doan kia. Ta cé quan hé :

Tu dd rit ra :

T, = — = —————— = 9415 N/em?

Ung sudt ti€p ¢ chém vugt qua dng sudt cho phép.

"~y 9415-9000

@, 9000

. 100 = 4,6% < 5%

Vi du 6-6 _
Hal doan truc dugc ndi v6i nhau bing mot khop 6ng nhu hinh (6-5). Xac dinh ti
86 gita dudng kinh d cta truc va dudng kinh D cua khép dé€ d6 bén khi xoén cda

ching bing nhau. Biét gi¢i han chay cia truc la z‘c‘]') = 1,8.10* Nfem® va cia khép la
‘cg” = 1,6. 10°N/cm® Hé s6 an toan caa truc va cua khép nhu nhau.

Hinh 6-5
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Bai gidi

oo a M 18000

max - w - 0,2d3 - n !

. M, M 16000
W,  0,2D%1 ~a% n

So séanh hai bifu thde trén ta dugce
0,2D°(1 —=a) 18000

02@ - 16000 ~ 1%
1 4
hay 2 = 1,125
o
hay at +1,1250* -1 =0

Giai phuong trinh nay va chi l&y nghiém thyc ducng nhé hon l{e¢ < 1) ta dugce :

d
a=qx= 0,8
Vi du 6-7.
Dong co dién A truyén sang puli 1 cia truc I cobng sudt N1 = 20 kW cdc puli
2, 8, 4 nhan dugc céc cong sufit N, = 15 kW, N 2 kW, N, = 3 kW ; céac puli
567cuatmcﬂnhﬁndum(ﬁcc0ngsu§tN '?keVN 4kWN7=4kW(I-I.6—6).

Xac dinh dudng kinh cia 2 truc, biét :
[t] = 3000 N/em?, [6] = 0,25%m, D = 200 mm,
D, = 400 mm, D2 = 200 mm, D3 = 600 mm.

Van t6c gdc cia truc dong co la : TE /l‘/?
n = 1000 vg/ph. - M E A #y
2w [F 1 «x« 2 77 e
[ % x[. d %) i
. Bui gidi mEOo| 77 B =
S8 vong quay cla truc I 1a : =4 15 ] %A_/f
P777 8 =774 ] e
D, 200 C — M —
= n— = 100 A=A =
n =n D, - 100 200 = 500 vg/ph = = E =
Van t8c gdc la 2
zn — A
14. 500 —_—r—r
w1=3—01=§1—36——523rad/'s —
Theo cong,thdc tinh moémen tdc dong T
len puli theo cong suat U
- Hinh 6-6
NGEW) 20.10°
= - ta duge : SﬂGl =583 " 382Nm
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15.1¢° ' 2.10° '
3162 = 52.3 = 286Nm, 3?63 = 52.3 = 38,2Nm,
3.10°
My = 53,3 = ST.8Nm
2) 4)
) . 7
286 s 7 Trvc I
] - 343 _
578 (1T
LTI
38 2
True I
456
Hinh 6-6a

Theo bi€u d6 mémen xodn cla tryc I hinh (6-6a), ta cf :
M max = 343,8 Nm = 34380 Ncm.

z

Dudng kinh tryc theo diéu kién bén :

3 M 3 .
d = \‘ —* = \' _84380 _ 3,85¢cm
1 0,2[7] 0,2 . 3000

Theo diu kién cing :

200
S8 vdng quay truc II la : n, = 500% = 167 vg/ph
3,14. 167
w2 = T = 17,5 rad/s
" 15.10°
M6men tic dong 1én cdc puli la : 6, = 1785 = 856Nm
7.10°
%5.= 175 = 400Nm
_4.10°

o, = X, = 175 = 228Nm

Theo bifu d6 moOmen xofin cua truc II hinh (6-6a), ta c6 :
M = 45600 Nem.

Zmax

Dudng kinh truc theo diéu kién bén la :

31 45600

= — = 425cm
dQ 0,2.3000

4 5,7M 4
d = 10 t =10 '\’ 5,7.34380 _ 5,6 cm.
Gl6] 8.10%.0,25

2Z8
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Theo diéu kién ciyng :

4
dza 10 ‘I w = 5,9cm
8.10°.0,25 .

Vay dudng kinh truc I chon theo diéu kién cdng :

d, = 56 cm. N 225 7“’3

Dudng kinh truc II chon theo diéu kién cing : |__/5L ' :
'dz = 5,9 em.

Vi du 6-8.

77 197

hinh 6-7. Cic dinh buléng c¢6 dudng kinh ¢ = 20 mm
va [f] = 6000 Njcm?.

Xac dinh tai trong P c6 thé tdc dung lén gdi.

S
Bo ph&n d& g6i ddm céu chay'éd cdu tao nhu $ $

Bai gidi A
Tudng tugng doi lyc P vé tam phan bé cia hai day
dinh (H. 6-7a) ta s& duge : lyc P, = P Hinh 6-7

Mémen M = P.c. M6men nay sé lam xo0dn ddm dinh.

)
o —A— ¢ A7
l _ 225 ' ,
19 | )
a7 5 '@ [}_L) $ 5 :
100 g ,
fﬂ} W'$j i
| 757 l
|
LA,
Hink 6-72
Gia thigt luc P, phén b6 déu 1én cac dinh. N6i luc cit trong médi dinh sé& la :
P
1 P

Néi lvc do mémen M gia thist cd gid tri ti 1&é bAc nhdt voi khoang cdch tu cdc dinh
dén tdm O, phuong vuéng gdc véi ban kinh va chiéu cung chiéu quay véi momen.
Téng mémen cla cdc ndi lye nay bang M :

6
M=P.c=2XPp (b)

i=1
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trong d¢ F; 1a khodng cach tu tam O dén tdm méi dinh. Vi ndi lue trong céac dinh

ti 1¢ v6i khodng cdch nén ta co :

. A Ak
Thay vao ta duge : P s
M=Pec=2 3
. ki=1
Vay ndi lue trong dinh thd k 13 . M
b= Py
S 7

Ta cd PP A, = Py =P =V1,5+107 = 12,5cm,
-Pz = Ps = 7’5cm, c 30 cm.

Do dgs:
> PP 4125 + 2. 75 « 737,5cm?.

N6i lyc cdt do M g4y ra trong dinh 1 Ja -

M 30P
Q=P = L= -12,5 = 0,508P

737,5
TAT

Noi luc cit do M gay ra trong dinh 2 13 :

M 30P .
V= Py = 5P = 7375 75 = 0,305P
737,56
Z A

Luc cat téng hgp trong dinh 2 1a -

P
Q,=Q+Q, = g t 0,805P = 0,4716P
Lyuc cat téng hdp trong dinh 1 1a -
Q=g 4 Q7+ 2005Q. Q) . QQ,

= \/ (ép)z + (0,508P)% + 2%1’ . 0,508Psiney

1
=P VE@ + 0,258 + 0,1016 = 0,622P.
Vay digu kién d€ xdc dinh tai trong la didu kién bén cta dinh 1 (hoae 3)

2
0,622 [P] = %m

4. 92
3,14 2 6000 = 30200N = 30,2 kN.

[PT = 0,622,



Vi du 6-9
Vé bigu d6 moémen xodn va bidu dé gdc xo0dn cua thanh
Kiém tra bén. Bigt [z] = 7000 Nfem?%, G = 8.10° N/cm? \(

(H. 6-8).
' )
¥
Bai gidi | TR
Bi€u thic moémen tai hoanh d6 z 1a :
M = 4q2z = 485z = 340 z Nem
z : Hink 6-8
Vay )
M = 340.80 = 27200 Nem. 7 =407
- (LLALLLLLLE
o amax _ 27200 o VL S ae g
max Wx o « ab? 7
27200 ) My iz =
= —— " " = 6900 N/cm?
0,246. 4 . 22 \l 220 Nerm
Y _Jl. Mdz  340.22 @ ~V
o GJxo&n ZGJxoén , Yz = 1°04
. Hinh 6-8a
340 40.80% 180
o _ 340.80° 180 _ 340. 807 194"

Pmax T 9GT % T 3 8.10°.0,220.4.2° 314

4. Bai toan siéu tinh

Cach gidi bai todn siéu tinh vé xo0dn tuong tu nhu cdch giai bai todn siéu tinh vé
kéo nén. Ngoai nhitng phuong trinh ciAn bing tinh hoc ta phai thist lap thém céc
phuong trinh phy dam bao cho s6 phuong trinh bing 28 4n s6. Cdc phuong trinh phu
nay dugc xac dinh td cdc diéu kién thuc vé chuy€n vi - bién dang.

Néu tdt c& cdc thanh cta hé siéu tinh chi chiu xodn, chuyén vi dan héi duge xdc
dinh bing gdc xodn. N&u trong hé chi cd m6t s6 thanh chiu xodn, cdn cdc thanh khéc
chiu kéo hodc nén thl d6i véi cde thanh chiu xo04n chuyén vi dugc xdc dinh bing gdc
x04n, cdc thanh kia xd4c dinh bang bidn dang
doc. N&u cd chi ti6t bang 10 xo thi ta tinh 5
bang bi€n dang cia 1d xo0 v.v...

Y

Vi du. 6-10

* X4c dinh gi4 tri moémen xodn [J%] bi&t
[t] = 4500 N/em? (H. 6-9)
Bai gigi

Phuong trinh c4n bing

Aq6, + Ny = o Hink 6-9

FAAN \\\\I\\\\\

1_\
NS \!\\\\

T
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Phuong trinh bién dang khi bé ngam B : 2
i s S ) o e
B = Gjt T 7
GJP GJP GJ,o 2
hay w4 - & (@
J J J.
' P P P Hink 6%
Né&u goi dudng kinh doan I 1a d, thi dudng kinh
doan II bang 1,5d1 :
P 4
a4 = 0,1a}
I _ 4 _ 4 _ 1
g = 014} = 0,1(1,5d)* = 5,06 .
Thay vao (a) ta ¢6 :
1 a6
(1 * 508 = 5.06
o6
hay ¥, = o5 = H165
Thay vao phuong trinh can bing, ta duge :
WGA = 00,8356
. M 3
Ta — < [1] rit ra M = 0,2d7[7].
W
Mémen cho phép tinh theo 6y, -
0,2.4%. 4500 o
[3]61] = W = 850000Ncm = 3,5kNm.
" Mo6men cho phép tinh theo 6, :
10,2.6%.4500
De) = 083 - 116000Ncm = 1,16 kNm
Vay tai trong cho phép :
(6] = [16,] = 1,16 kNm.
Vi du 6-11

ARMAREELRES SRERNY

Mot 6ng dura vd moét truc
thép duge lién k&t va chiu luc
nhu trén hinh 6-10. Xac dinh
mémen xodn cho phép M6 cd thé

tac dung lén &ng. Ij'ng sudt cho
phép cita 6ng Ja [7), = 9000 N/em?,
cia dura la [7], = 6000 N/cm?,
G, = 3G, = 81.10° Njem?-
Dudng kinh truc thép d = 2 em.
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Bai gidi _ _
Khi bi xodn tai dia A s& xuft hién mémen xodn phan luc 316A. Diéu kién d€ =xidc
dinh mémen nay la : ‘ ' 7,

Parwr = 5oA(‘Jng

NARW
N
)

hay
fHGA.Za . a DTGA.2a

- &5 A WLHTLTIHLTTETD 5 e

GLJPlr - GdJP‘(Sng d"P.ong
Ta c6 : Vs /I v

xd? j J/ﬁ J//l
Yo = 33 l

: 010878
5 omedte (18 175 HINDR
p.ong — 32 [ 2 ] ~ 512

4§85z g
Hinh 6-10a
JP.ISng _ 1_75
Io i 16

Thay vao phuong trinh trén ta duge : X%, = 0,108

Dya vao bifu thic mémen xpﬁn cﬁa. &ng va tryc ta tinh dugc mémen cho phép :

[F1,W  9000.0,2. 23

DKl = o108 = o108 = L33-10'Nem
[z, W 3
_ tHe-Weng  6000.0,2.4%1 -0,75% s
DNl = 0862 - 6,893 = 5,89. 10°Nem

Nhu vay, d€ bao dadm diéu kién bén, chon :
M6 = 5,89.10° Nem.

Vi du 6-12. .

Mot truc thép cd mdt ddu duge ngam chat va
ddu kia gin moét thanh cing ndéi v6i hai 12 xo.
True chiu mdmen xodn M6 dit § gita. Ki€m tra
dd bén cha o xo va true (H. 6-11). Bi&t :

M = 2000 Nm ; {z], = 1.10* N/em?

M, = 2,510° Njem® ; d_ = 5 em.

Kich thudéc 16 xo : D = 6em ; d = 1 cm ;
n = 8.

Bai gidl Hinh 6-11

Phuong trinh cén badng cta tryc : '

2cP + M, =)

L7 |.w\3l
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trong dé P 1a lue tdc dung cia ld xo va

MB la mémen phan luc & ngam. D& xac
dinh dugc hai £n s6 niay, phai lap thém
phuong trinh bign dang cla truc, dd la
phuong trinh goc xoay & ddu A :

o Nca 2cP . 2a
- Ya= G, T T GJ
£ . P
3 Thay A 8PD’n
Pa = o Gdte
va J, = 0,1d* ,
| P L cale
' 185,10 Wem 0,1d*
® , C
A ta rit ra : P = ﬁ
L__@___ f?fﬁJ/Vfﬂ? 8D'n + 4da
d* 0,1d}
Thay bang 88 ta rit ra :
Hink 6-11la
P = 287 N.
Ung suft trong 1o xo :
8PD 8.287.6 5
T s = k:rd_3 = 1,25m = 5480 N/em” < [T]]x
Bi€u d6 mémen xodn clia tryc vé trén hinh (6-11a).
Ung sudt ti€p cuc dai trén truc :
M
Zmax 183000
T = = = 7320 Nfem® < [7]
max WP 0’2 i 53 t

5. Lo xo hinh try ¢6 budéc ngdn chiu kéo nén

5-1. Céc théng s6 co bdn cia 1o xo hink tru (H.6-12)
- s6 vong cua 1o xo ;

- dudng kinh trung binh cta 1o xo ;
dudng kinh day I xo ;

-

- budc cua 1d xo ;
a - goéc nghigng cita cic vong day 1o xo
6-2. Céng thitc tng sudt tiép

Trén mat cit ngang cla day 1o xo.(khi bd qua anh hudng
clia momen ufn va lyc doc la bé) ¢6 cdc thanh phén noi
lyc 14 mémen xodn va lyc cdt cd cac tri s6

D

M = 2

2

P
Q=P

Hinh 6-12
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Ung sufit tiép tai di€m nguy him cd trj 6
8.P.D d

T = (1 *2D) (616)
D .
néu E>5 thi gin ding :
8.P.D
T o= & (6-17)

Trong tinh todn d€ k& dén cdc anh hudng cia luc cdt, d6 cong clha vdng day, ngudi
ta thudng sd dung céng thic :

8PD

T = k—-?- (6-18)
fax nd
trong dd :
D
r + 0,25
k = N (6-19)
i 1

Néu mat cit ngang cia day lb xo la hinh vuOng hosic chit nhat ta ding cOng
thdic sau : :

M : :
r = 2 _ P.D . (6-20)
max ., a2% 2aa’h

{a > b), cAc canh cia hinh chit nhat ; ¢ - tri s8 tra bang tly tri s6 a/b.

5-3. D¢ co hay d¢ gidn cta b xo
D6 co hay d6 gian cla 16 xo 1 duge tinh theo cong thic :

P  8PD’n
A= T = o (6-21)
trong dd C goi 1& d6 cing clia 1d xo va ¢6 gid tri :
) .
- = (6-22)
8Dn
Cé thu éL d thudng ding N/m ; N/
. nguyén ——- dm,dn\n udng dung N/m ; N/em

H

5-4 Lo xo siéu tinh
Phuong phép giai tuong tu bai toin kéo nén siéu tinh
Vi du 6-13. | .

Van bao hiém A cd gin 1 dia dudng kinh D = 6 cm. Van duge md khi dp suft hoi
p = 10 atm, hanh trinh cda van 1a h = 1 em, d6 co cho phép 18n nh4t cia 1o xo CE
- bang 10 em. Tinh dudng kinh day 1o xo ‘va s§ vong. (H. 6-13)
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Bigt : D = 6ecm, AB = 10cm, BC = 50cm,
[f]1 = 4.10° N/em?, G = 8.10° N/em?.

Bii gidi |
Khi van md, ap luc tdc dung lén dia 1a :
#D? 3,14. 6%

P = 2 P = 1 100 = 2826N.

Luc chuyén vao 1o xo :
AB )

P, 2826@ 2826-56 = H65N. | |

Khi van di hét hanh trinh h = lem thi 16 xo - Hink 6-13
bi co lai moét doan 1a :
50
A= I.E = Scm

D6 co cta 1d xo khi dat vao k&t cdu (van chua md) :
=[] -4 =10 -5 = 5cm
Nhu vay luc 16n nhét tdc dung vao 1d xo khi van mé hét :
A 10
Pmax = Pll_l = 565.? = 113GN.

Ta tinh duge dm‘mg kinh cta 10 xo v6i gid thiét k = 1,2.

8_D |
1' \112 8.1130.6 _ gg3.n
e 3,14, 40000 '

Véi d = 0,83cm tinh lai duge gid tri coa k = 1,2.

‘ 8PD?
Ti Ml = 4“
_ Gd
rit ra s6 vong 1o xo :
‘I q
A1Ga*  10.8.10°.0,83 :
8PD’? 8.1130.6° - U
a] —
N
Vi du 6-14. | ==~
Hai 10 xo cd dudng kinh sgi day bing nhau d = 8mm, 7
cung 6 vong n = 10, duong kinh trung binh khdc nhau . 7 11 =
= 80 mm : D, = 100mm. Téng chiéu dai cda hai b xo a—
h, +h, = 400 (H. 6-14) 2
1. Tinh n6i lye, dng sudt va bign dang cha mébi 1o xo Uy :
khi l4p. _ g S
2. Tinh tai trong Q dat vao d€ 16 xo 2 & trang thai S 5-\@
tu do. C————1
3. Tinh tai trgng cho phép. ik 614
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Cho : ! = 210mm, a = 10mm, G = 8.10° N/em?, [z] = 50000 Njcm?
Bai gidi

Dat néi lue cta 1o x0 1 va 2 1a Pl va P2’ ta lap duge phuong trinh can bang (cha
thanh thép) :

P1 - P2 -Q@ =20 (a)
Dat. 4 va 4, 1a d6 co cla hai 10 xo, ta dugc phuong trinh bign dang :

£=_h1—11+h2—12+a, g
hay 21 =41 -4, -4, ‘L/
hay | A+, = 20 <>ﬁ <
< N
Thay A bing bi€u thic tinh theo ndi luc, ta cd : <> o
8PDin  8P.Dln m@ TR
yandia — = 20, <
Gd Gd <>
g
8.8%.10 8.10°.10 < =
hay 3 i + 3 P2 = 20, > lﬂq
8.10%. 0,8° 8.10%.0,8 <] 3
hay 0,0125 P, + 0,0244 P, = 20. (b) <>1§
. -
Gidi (a) va (b) rit ra : P

P = 542 + 0,661 Q.
P, = 542 - 0,339 Q.
Khi id4p Q@ = 0 :
P =P, = 542 N.
Ung sudt khi l4p :

8P\D, 8.542.8 )
T =k = 1,14——="" — 24600 N/cm?,
1 1 ad® 3,14.0,8 -
i 8P,D, 8.542.10 000 Niew?
= = 1Lll— = cm”.
_ 2 = K nd> 3,14.0,8
Bién dang (co) : '
3
R 8P DIn g 540 @3 10 678
= = = 3 CI
1 Gad* 8.10°. 0,8
3
) 8P,Don g 542.10°. 10 182
= = = 4 (44 149
* Dpd 8.10%. 0,8

Muén 16 xo0 2 & trang thai ty do thi P, =0, tic la :

Q= O,T39 = 1600N.
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Thi trong cho phép tinh ti difu kién bén cia 15 xo 1 (khi dit Q 15 xo 2 gidm dng
sudt)

8P.D,

T =k < 50000
1 er3

8(542 + 0,661Q8
314.0,8
hay |Qf = 847TN.

hay 1,14 < 50000

‘Bai tap

6*1. Ve bi€u d6 momen xo#n, tinh ing sust ti6p 16n nhdt va géc xodn giita hai diu.
thanh. Cho G = 8.10% N/em?

SIGNm  SANm  1ASONT 4220 Nm Serem 6 718
/ /l ) 6*2. Xdc dinh m d& truc
4,(”,/ £ L ‘, / !/ /‘f/" j@r caAn bing. Vé bifu dé
- T~ - ¥ - j/ /;7/_, T " moémen xoan, tinh dng
s0c? a0 o P P e suét ti&€p l6n nhdt va gdc
. . x08n gitta hai dfu truc
Hinh 6-15 (H. 6-16).
~ Cho : G = 8.10° N/em?.
2000Nm . 8000Nm 300N 19 0m
e Ld o~ o~ A s A 7 2
. 1 | Y f 7 0 ]
LI N = I
7777 < : 7777
88 i sfcmr ggqem | 48 37 | o = ;/ =406
1 Z
Hinh 6-16
6*3 Ki€m tra d¢ bén va d¢ cdng '
clatryctronbist(z] = 3000 N/em?, oarhim 900N 2000Nm
[6] = 0,5°%m, G = 8.10° N/em? Z 7T o~ /
’ _?___ : A s f' . i(
(H. 6-17). pz R| ) : <
Tinh gdc xoén tai B va C. - Z 5 |
S k¥/) . 57 57
6*4 Kiém tra do bén va d8 cing

truc tron cd dudng kinh d = 6cm, _ Hink 617
[f] = 2000 N/em?, [6] = 0,4%m,
G = 8.10° N/em?. Banh.A 13 banh cha dong (H. 6-18).

6*5. B4 phan ham cia cdn truc ¢é cdu tao nhu trén hinh (6-19).
D = 300 mm, d = 30 mm, | = 400mm. '

Xé4c dinh dng sudt tiép 16n nhit va gdc xodn cha truc khi luc ép lén ma phanh 1a
800 N, h¢ s& ma sit giia m4a phanh va binh hdm 12 f = 0,4.

6%6. Ngudi ta diat mot tenxomét theo phuong xién géc 45° véi dudng sinh cia mot
truc tron bi xodn. Khi moémen xoén tang AM = 9000Nm thi d¢ gidn cla tenx6mét
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I_ T
&

L

Hinh 6-18 Hinh 6-19
ting thém As = 12mm. Biét
hé ¢ khuéch dai cda tenxdomét

" Xde dinh moduyn dan héi trugt
G va gia s6 gde xoén ¢ cia truc
: (H. 6-20).
| : 7 _ y 8*7. Xac dinh gid tri modmen
| xoén )6 tic dung vdo truc, ndu bing
tdm dién trd ta do duge bién dang
. tuong d&i theo phuong xién géec 45°
P ) ) dei v61 dudng sm.h (H.6-21)

V(3
/ vl |
s | : k = 1000, chugn do s = 20mm,
/'/ a1445° ( 0 1 =1m, D = 12cm, d = 8cm.
e /
L

AN

—————— = = 30.107°
" -} -
NS i 3-S A 34.10°5
L A ] N wh % ¢g =
e — Ch

o:E = 2107Nz'cm ;
a =03
Hink 6-21 6*8. Hai truc cd cung chiéu
' dai, cung trong lu‘cng va cung
vat liéu. Trye dac cd dudng kinh D_ va truc réng cd ti 6 :

d
G—B—OG

Tim ti s6 mémen xoén dé Ung sudt tiSp ldn nhdt trén cdc mit cit ngang cia ching
bang nhau. So sdnh d) cing gitta hai truc.

D& dé bén cha truc réng béng d6 bén cta truc dac, e thé gidm trong lugng cla
nd xufng bao nhiéu?

6*9. Mot truc dac va mot truc réng cd trong lugng bing nhau va chiu cung mét
moémen xodn. Truc réng cd dudng kinh trong 75% dudng kinh ngoai.

S0 sAnh dng sudt tiép lén nhdt trén hai truc.

6*10. Dé giam trong lugng mét truc ddc xufng 25%, ngudi ta dem gia cong thanh
réng cé dudng kinh ngoai bing 2 ldn dudng kinh t.rong Héi truc cd di bén khong

néu dng sudt tlé’% 16n nh4t trén truc diac bang 5600 N/em? va dng suft ti&€p cho phép
[tr] = 6000 N/cm“.

6*11. Ngudi ta dem mét truc dic dudng kinh 20cm gia cong thanh réng cd dubng

.kinh trong bang 0,6 14n dudng kinh ngoai.

Xac dinh dudng kinh ngoai cia truc réng sao cho dng suft tiép 16n nhét cua chung
bing nhau.

So sanh trong lugng gilta hai truc.
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6*12. Mot bé phan tién trong cd cfu tao nhu hinh (6 - 22). Tinh dutng kinh d
cia truc ldp dao tién néu céng suft cta déng ca dlén bang 10kW, hé s6 hiéu suit
7 = 0,8, n = 60vg/ph, 1 = 1600mm, [1] = 4000 Nj'cm

Tinh gdc xodn cta true, hi6t G = 8.10° N/em?2.

» V TV 22 < é
— | o N7, Mz
77 77X 2
| - l
Hinh 6-22

6%13. Hal doan truc dac va réng dudgec néi voi nhau béng khép li hop. Truc nhin
duge cong sudt N = 7,5kW s8 vdng quay n = 100vg/ph. Tinh kich thu6c mat cht
ngang cia hai truc, bigt {7] = 2000 Niem®. Ti s6 gita dudng kinh trong va ngoai cua

truc réng béng — (H.6 - 23),

8*14, Mot truc dac ¢ dudng kinh bé.ng
10cm chju tdc dung cia mémen xoén JI&
X4c dinh kich thuée mat cAt ngang cua |

mét truc réng cd cung chidu dai, cang
d¢ bén va d§ cing bing 1,5 lan dd cing
cla truc dic trén.

So sanh trong lugng giita hai true.

6*15. X4c dinh dudng kinh cia hai truc (H. 6 - 24) bigt [1] = 4000 Nfcmz, [6) = 0,3%m,
N = 22 kW, n, = 1200 vg/ph, D, = 150mm, D, = 200mm, N, = 06N, N, = 0,4N. .

6*16. Truc AB mang 4 puli. Puli 1 nhan duge céng sudt bing 118kW va truyén cho
cdac puli 2, 3, 4, cdc cOng sudt la N2 = 51,6 kW ; N3 = 40,5 kW ; N4 = 26kW. Xic
dinh dudng kinh ctia truc nsu n = 720 vgiph, [7] = 3000 N/cm? (H. 6-25)
' Néu sip x8p céc puli mot cach hop I theo
hinh b thi dudng kinh ctta tryc sé giam xuéng
bao nhigu 14n?

6*17. Hai truc dudng kinh bing 7,5em
N _ va 10cm duge n6i véi nhau bdng 6 bu long

o, ¢é dudng kinh bing 20mm. Xéc dinh coéng

h suit co the truyén dén hé truc néu vit lidu
— 7% lam dinh ¢6 [7], = 2500 Njem?, va tryc cd
[z],, = 6000 N/cmz. Truc quay 120 vg/ph.
Tam dinh ndm trén dudng tron dudng kinh
25cm (H. 6-26). .

6*18. Hai'truc dudng kinh bang 10cm duge
1y ' n6i voi nhau bang mit bich. Cac buléng néi
cé dudng kinh d = 2em. Xdc dinh s6 bulong
clin thi€t néu ching duge b6 tri trén mbt

| JHIH Il

Hinh 6-23

=

B
MENA
st

| X
N X {2
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dudng tron dudng kinh 20cm. 7 z_ 3 4
Ung suét tisp cho phép cia 4 3 = - 3 Vo)
bulong bing 4000 N/em? va ciia &« g <+ o —
truc bing 6000 N/em?. (H. 6-27) "} 1l —
8*19. Mot thanh thép chit 2) El‘ = = =5 7
o = El . =] = R ¥
[ N” 22a chiu m6émen xodn =720 /M
M = 240 Nm. Tinh vdng suft
ti&€p 16n nhit trén mat cdt ngang. 2 7 3 £
6*20. Bién chi dudng gém o6 4 [ = F] =, 1
mot cot réng dudng kinh trung < — - |«
binh D, = l5cm vA mot bin ot 1 =1
kich thuée nhu trén hinh (6-28). | E = =5
Ap lyc 1on nhét cda gid théi 4) " — = —
. Hinh 6-25
l —_—(::a:}' -(_.I;_ —— e
1 } SHI:
DU - 3 3
. LY :1 ?& B 8.
i. b .
T B Sy rrth—1b /
- _ Hinh 6-26 Hink 6-27
vubng gdc 1én bién, gid thist phan b6 déu bang 2000 N/m?. Il"l
Xdac dinh chi€u day t cia &ng sao cho iing suit tiép | /
lgn nhit trén mat cit ngang khéng duge vugt qué B
3000 N/cm?. / *
Tinh gdc xodn tudng dbi cua cot. ' C / !

6*21. Mot thanh hinh hop duge cuén bing la thép
day t = 2mm chiu mémen xo0én M6 = 20000 Nm. Ki€m
tra d0 bén cia thanh néu [7] = 1.10* N/cm?. Chon
dudng kinh dinh tin va tinh budc dinh. Biét vit lidu

1777

lam dinh cd [7] = 9000 Niem? va [o] = 2,1.10* Njem®.
Né&u b8 trli dinh trén mét dudsng h‘c_rp voi truc thanh

- Hinh 6-30
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- mot géc o b4t ki thi budc dinh thay d6i th& nao ? (H. 6 — 29).

8*22, MOt thanh moéng, mit cdt ngang hinh hép, chin mémen xoén M6 =

2,5.10° Nm,

I = 1,6m, a = 40cm, b = 20cm, t = 0,3cm. Mot phia thank b théing mét 16 ndm trong

vong tron dudng kinh 4 =

12em. Cdn phai v4 vac 86 moét miéng day 3mm. Tim dang

clia miéng va d€ 46 bén cia né bing d6 bén cia thanh ma t8n it dinh tdn nhit (hinh
trdn, vudng, hoic tam gidc déu). Chon dudng kinh tinh buée dmh va xéc dinh s dinh

tén cén thigdt. Cho: [t = 6000 N/cm?2

mot &ng bi xé mét ranh doc truec (H. 6-31).

6*24, Tinh du?:mg kinh cda thanh AB bist 1] =

G = 8.10° Njem? (H. 6-32).

“‘?f\\ WA
YL RNVA

, [0}, = 2,6.10° Nfem? (H. 6-30)
6*23. So sdnh d0 bén va do cing cha hai 6ng méng chiu xoén

: mét dng lidn va

4000 N/cm? [6] = 0,25°m

P EOONm  8OONm .
/ A AL Vo]
I v v — _@‘*E
f ] l =
. Hink 6—32

- 6*25. Ve bi€u d6 moémen xoén va tinh ung su&t ti&p 1dn nh&t trén cdic mat cét

ngang nguy hi€m cia truc trdn nhu trén hinh (6-33).

WA AR

A e
3.7?'6/ /JfG/ 2 >’ [ A - E
= Q . - \/l ) = ﬁ

' F . 1

[ Z / Z g = , ll?

. / B i
HT = faNT e
Hinh 6-33 Hinh 6-34

6*26. Mot truc thép mét nita ¢ mat c4t ngang
hinh vuéng, nta cdn lai 1a hinh trdn. X4c dinh
khodng cdch Z d€ momen phian lyc tai hal
ngam bing nhau. Néu 0% = 600 Nm, d =
[¥] = 4500 N/em?,

8*27. Truc AB, dudng kinh bding D, cd khoan
mét 16 doc v6i dudng kinh d = 0,5 D tit ddu
bén treil Xéc dinh gia tri cka D bi&t [7v] = 6000
N/em?. Truc chiu nhitng ngiu luc xoAn nhu trén

_ hinh 6-35.

thi trong truang hop dg, truc '
o6 di do bén khong ? (H. 6-34).

msmrwvm e - 50 kNm

4 4—v
z"f\sm--ﬂ v
Ag____ih_l__}/ 25
. _ - =
-+ 2 & |

Hinh 6-35

101



6*28. Hai dng déng va thép
' duge 16ng vao nhau va gén cing

hai ddu. Ong chiu tac dung cia
moémen xo0én J = 3000Nm. Xdc
dinh @ng suft ti€p l6n nhit
( trén mat cit ngang cta mdbi

NS

7 dng (H. 6-36).
F— = - - Do G, = 2G, = 8.10° Njem®.
- T#eD - 6*29. V& biéu d6 momen
23 dnilh xodn cta cde thanh chiu luc
' " nhu hinh 6-37.
2 . 4)
ks % | o, T NC 'El 2o [ §
b 9, Az 427% |2 w| [\ 21 A 8| A"
4 a7 | 116 . 447 z’_{/'ﬁ
T .l N7 T7
N| 2o W%, 2 @ | = N Z T
- fE 1__ 1 1 -7 B | = 2 - a
= . %‘?2 4 1 1
7 o = 10°Nm ; &= 47
: )
. 8 = (2mm; G810 N/em?

Hinh 6-37
6*30-35. X4c clmh cac dai lu0ng theo diéu kién ghi trén hinh 6-38 + H. 6-43.

Cho E = 2.107 N/em? G = 8:10% N/em?
M 7730 Nz ' 03’”
(v s e p
3 5

=100

5 54-5 rmﬁ? 6' ‘!,'&
Hiuh G-41

64J
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o= 125407
= R = a_ ¢
46280, Tppp=? G2 g8 ?

Tty gae? V%) tn?
Hinh 6-42 Hinh 6-43 '

6*36. Phai ép trudc 1o xo trong moét thist . - - 7
bi bzo hifm mot doan bang bao nhiégu dé ' Ah}\\\\ N \
thanh kéo 1 tach khéi thanh 2 khi lue tdc AfARAA
dung P = 300 N. Tinh wng sufit ti€p lon nhat <_ 8 —_ - \—%
trong 16 xo (H. 6-44) f// AgepranpaPgi } \¥‘ >

Bit D = 32mm, d = 4mm, n = 6, vat ligu oo 2 =
13 thép. .. l‘\"\\\\\\\\\\\

Hink 6-44
6*37. B¢ phan giam chén trong cén truc

cflu o6 cu tao nhu hinh 6-45. Luc tdc dung vao I xo bing 14700N. Tinh dudng kinh va
86 vong cia day 10 xo0, néu dudng kinh trung binh D = 160mm, d6 co 2 = 290mm va
[1] = 510" Niem? - _

6*38. Tinh dng sufit trong 10 x0 1 va 2 khi néi 1 xo vdi thanh AB. Biét:

A = 0,5¢cm, D1 = bem,

[=H

= lem, n, = 10 ; D2 = Sem,

1
d2 0,8cm, n, = 8,

G, = G, = 8.10° N/em? (H. 6-46).

..MAAMAQ«E

VA AR AR L
™ .

@%Ma posasasl ) = /,@7 sa
N g;___ 27 ’l_ Z
SR\ \\\T;&\\\\tm\%fﬁ i

Hink 6—45 ' Hink 6-46

6%39. D€ digu chinh lyc cang trong day dai cua dong co dién ngudi ta dat dong
¢0 1&n mét b& cod clu tao nhu hinh 6-47. Trong lugng cia bé la Pb = 650N, trong
lugng déng co la PdC = 1600N. Luc cang t6ng hgp trong cdc day dai T = 1200N,
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géc § = 60°. Tinh dudng kinh trung binh cla 10 %o, dudng kinh day 16 xo va s6 vong

néu % = 6, 1] = 3.10° Nfem?, {A] = 1lmm, G = 8.10% Njem?.

6*40. Mot thanh cdng AB duge d4t trén
ba 16 xo0 cd cing s6 vong va chiuv mot luc
P dat & ddu B nhu trén hinh 6-48. Tinh
duong kinh cdc day 1& zo sao cho dng suft
ti€p 16n nh4t cta ching déu bang dng suft
cho phép. Dudng kinh trung binh cda 1o
xo bdng 5 l4n dudng kinh sgi 1o xo.

/ 2
a:o( - ]
A 8

SISy
X @ _j— a -

Hink 648 Hinh 647

6*41. Mot 10 xo0 dugc nén cho dén khi cac vdng sit vao nhau. Tinh
gid tri ltc P cén thist va Ung suft phat sinh T oo bigt D = 50mm,
buéc cia cic vong ¢ = 15mm, n = 10, canh cua mat cAt sgi 1o xo
hinh vuéng ¢ = Smm, G = 8.10°MN/m?.

6%42. Hai 10 xo dugc nén bing cung mdt lyc P (1& xo thd nhdt mat
cAt tron, 10 xo thi hai mat c4t hinh vudng canh bing a).

1 h:max2

— . = . 2 — nl . - 0
Dl—DZ'n1_“2’“d1/4_a *G1‘Gz'

Tinh ti 6 va A./4, bi€t rang:
max 2

l L =3200N

6*43. Mot van an toan phai git 4p sudt hoi
nyéc p = Satm. Tinh 7__, n va 1 cta 15 xo, bi&t
- D, = 80mm, D = 60mm, d = 10mm, t = 18mm ;

G = 8.10% kG/em? ; d6 lin cta 16 xo d& cho cdc 4 _g
vong cham nhau 13 40mm. Gia thi&t khi van md 4
cao nh&t (4p sudt tang trong qué trinh van bi md)
phai cdon 20mm du tri (H. 6-49).

6*44. Ki€m tra bén hai 1d xo 1 va 2 (H. 6-50).
Bigt : n, = 12, n, = 10, [], = [7]; = 5.10% ‘Njem?,

G, = G, = 8.10°Njem?*

6*45. So sianh tai trong cho phép va do cing cha
hai 16 x0 x04n 6c lam bing sgi thép ed cung dién tich

" - - = 7 ‘%--" ¥ |
mat cAt ngang, cing s6 vong va duge lam bing mot ». /ZEI
loai vat liéu (H. 6-51) cd : RUNNREZ22808AMN
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(7] = 4.10* N/em?, G = 8.10° N/em?
n = 8, Dl = D2 = D = 10cm, d = 1,2¢m.
4 | 4
e A A WAL 2
A . I\
zh B .
1=
2 7
N
. | . 7 IS 'G
TSNS Y
T
Hinh 6-51
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Chuong 7
UON PH?\NG

1. Luc cit, momen u6n, bi¢u do noi luc

Xét dim chju u6n phdng nhu (H. 7-1). oz truc cla thanh, oy tring v&i truc quan
tinh chinh trung tam, V,, Vy thanh phdn phan lyc & géi tya A va B duge xdc dinh
nhd cic phuong trinh can bﬁng tinh hoc.

jl, M/ ik,
5 . : /Aﬂ-‘ | )/fzr/yf
'E = ?’é f =ye I |
g — '

q |

q _ | |
A . 1 [ 4 11
, _ % ST |

— |- 7€ Fue yz/.;k Frts
& & - i -, >
‘JI'_ ; — . . _' | chrzh Furrg K

Hink 7-1 l
‘Lyc cdt Q va momen ufn M, tai mft mat cdt ngang bdt kI dugc xdc dinh nhd
phudng phap mat cAt. Gid tri cta né duge xdc dinh bdi cdc bigu thic sau :

Q@ = 2P . | (7-1)
M (z) = 2 m(P) S (7-2)
trong dd
> P, Téng dai s hinh chigu tft cA nhing ngoai lyc (lyc tap trung, luc phan

b8}, tac clung vao phin ddm & moét bén cia méat cht 1én truc y.

2 m (P) - Tong dai s6 mémen cua tdt ci cdc ngoai luc (lyc t4p trung, lyc phan
b, mémen tdp trung, mémen phin b§...) tac dung vio phﬁn ddm & mot bén cda mit
cdt d6i v8i trong tAm 0 cla mat cét.

Ddu ciia lye cdt Q va momen uén dude coi la duogng hosc am tiy theo chiéu cua
ching cho nhu trén (H. 7-2).

Biéu db noi luc.
Biu d6 nodi lyc 13 46 thi bi€u didn su bign thién noi luc theo truc thanmh.
Trinh ty vé bi€u dé noi luc nhu sau:

- Xae dinh cdc phan lyc tai cdc lién k&t (Trudng hgp thanh ddu ngam ddu tu do
thi khéng cdn thist)

- Phan doan - Trén co s0 lam sao cho tung doan bi€u thdc céa lve cit vd moémen
udn 13 lién tuc.

- Viét phuong trinh cho tliing doan - dya trén co SO phuong phdp mat cat, cat tai
moét toa d6 bat ki :
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~ Can cd vao phuong trinh vé bi€u d6 cho tirng doan
- Kiém tra két qua nhd céc nhan xét sau:

Trén biu d6 luc cdt Q, tai vi trf tuong Ung véi mét cit cd dat lyc tap trung, co
budc nhdy ma d6 1én bing gid tri cia lyc tap trung (H. 7-1)

Trén bi€u d6 momen uén M, tai vi trl tuong Ung véi mét cét cd da‘it nghu luc, cd
buéc nhfy ma d¢ lén bing gia tri cia ngdu hie (H. 7-1)

D6i v6i d&m khong cd nglu lyc ubn phan b6 tdc dung, giita tai trong phan b6 q{z) ;
luc cit Q (z) va mOmen ubn M (z) cd quan hé vi phan sau:

dQ dM d*M
- .0 = 7-3
G 9= g b= (7-3)

Cd nghla trén doan dim cd tdi trong phan b6 q(z) : Néu q(z) 12 ham dai s6 cd bac
n : q(z)% thi hic cit l1a ham dai s6 c6 bac cao hon mét, va m6émen uén cé bac cao
hon hai so v6i ham cda tai trong phan b6. Tai mat cit cd gia tri lue cit Q = 0 thi
mbémen udn cd gia tri cuc tri

—=7 Y == E——
| ( 1) | I I
— < ) - ===t
gy T M> 7 T ago MO
Hinh 7-2
Vi du 7-1 ; 7-2.
V& bi€u d6 ndi lyc cia dim cho trén hinh (7-3) ; (7-4)
F=ga
- 2
7 |57 M 24927 ' 7 C Mg

/
maEnnnlANN e T — % g
a;]ff=275 A ——

Hinh 7-3 " Hink 74

Bai gidi 7-1.
Do sy phan b6 cla tai trong, ta phan dim lam ba doan tinh toan AB, BC va CD.
Doan AB (0 < z, < a) Q, = P, = - 2qa
M = Pz = 2qaz.
< 2a). Qz = —Pl + q(z2 -a) = q(z2 - 3a),
C (2, — @)

M, =Pz, - q—5— - M.

Doan BC (a < z,

107



3

Doan CD (2a < z, < 3a). -ﬂ:_?‘? /ﬁ' M=4g2°

Q3 = —Pl + }?"’2 + q(z3 - a) = q(z3 - 2a), l 1 ‘1? i l/ v | A
A0 )
— - - - _ ﬂ _ 2 2 L _,tf:.z 7
M, = Piz; - Pylz; - 22) - M - 5 (z; - 2a)° ) | 12 F1 1427
Da vao céac bigu thic eia @ va M trong céac

L

35
doan d4 viét & trén ta vé duge bidu 46 Q@ va M l 2 & | &
nhu trén hinh vé. {(7-3a). _ '

Bai gidi 7-2. ' r@j'j;\m
Ta c6 cdc phuong trinh can bing : 8)
2M, = 0 hay B4a + Pa - M - q4aa = 0, g S
2M, = 0 hay A4a - P5a - q4a3a + M = 0. Y
T dd rat ra :
2
A = A4qa, » 4492
- *’M
Ta chia dim lam 3 doan : CA, AD, va DB. ¢) Ll
' giga? .
Doan CA (0 = Z1 < a) #
Q = -P -z, | PP
2 ) ’
zi Hinh 7-3a
My =Pz a5 F:9a 4 '
/ M= g2
Doan AD (0 < z, < 4a) y LML lq*
Q2 = -P - qz, + A, 2) 37 A 7 éﬁg
% 757" sa 5
—_ _ _< _ -4
M, = -Pz, - q — + Az, - a). 2 | |
Doan DB (0 < 2, < a)
Q, = ~B = -qa, - . 2qa

M., = Bz, = qaz,.
3 3 3
BiSu d6 Q'va M nhu trén hinh ve. (7-4) = H’Bﬁﬂm

Vi du 7-3. g2 S ”HI |”§f=?
V& bigu d6 luc cdt vA mdémen udn cia dim 2ga

g2
chiu tai trong 1a ngdu luc phan bé déu nhu hinh @
7-5. Trong trudng hop nay hay phat biéu vé lién
. . . . . 1 5gz¢
hé vi phén gilita néi luc va ngoai luc. c) 224
Bai gidi '

Tu hai phuong trinh c4n bing

77 .4759?&?2 ?‘d‘z @
A<i<‘<‘<4<*<*<*c<-*5 | Hinh 74
by o 2M, = ml - Bl = 0,
£ Z ¥ 2Y = -A+B =0,
Hinh 7-5
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SO, (JKH  713)
B 3 E ig)
=77 5‘—'/77
R— et | Y
m- o &_f/l Gy + Sy
@ .
Hinh 7=5q
ta rit ra :
A = B=m
Bi€u thdc mémen uén va luc cét :
Q=-m; M= -mz+mz = 0.

Xét sy cAn bing cla moét phan té& ddm chiu ngoai luc la téi trong thang ding q va
ngiu lyc phan b6 m, ta rat ra lién hé vi phén :

d dM
—i"—zq(z),-a?x=Qy+m. : 75
Vi du 7-4 -7
V& bi€u d8 luc cidt va mémen udn cta dim 557
cong xon chiu tai trong phan b& theo ham biac ]L 4 _! -
hai (H. 7-6), '
2 : Hink 7-6

q(z) = —q (1 - ZT)

g(%)
z “
& ' \ﬂ%\l\m o
( 2 ——— % Bang cdc phuong trinh can bing, ta tinh duge cac

A 7,
o w Hff’;-g phan lyc: i
37 2 2 3 ql
’ 2 y Va=gaMy=gd.gl="r
j_’?_f,/ Ta viét cdc bi€u thic cha luc cét :

2q1 | %
=—%+Iq(£)d§,

i : z 2
. R I ELIORE

8]

®

) a,

Hinh 7-6a
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2ql z

h = 2 _ _ =
ay . Q 3 q(z ; 312)
2ql B % |
vd mémen ubn : M = ?q z — %I— + I (z — E)q(E)dé,
. S
2ql gl z g2
M= 52 4—q£(z Ht - %),
hay
2qi ql2 z* 2
M=z q (2 128]
Khi z =0 _2 1, M = q_12
- Q - 3 L - 4 ' ] |
4
Bi€u d6 n6i luc v& trén hinh (7-6a). 2
| Z |
r 1 ’]
Vi du 7-5.
Ve bi€u d6 luc cdt vA mdmen ufn cua ddm Hinh 7-7
cbng xon chiu tai trong phén bl theo hinh tam i
gidc nhu trén hinh 7-7. q13)

Bai gidi: . aMV
Cudng d6 tai trong J mit clt cd toa do z: 2 & _

1 -z 7
qz) = 7T @
. g7
Bi€u thic luc cdt va mémen uén: v o

- zZ__393 ;2
Q - [q + q(z)]z - 21 Z + qz: 9123

e

M

2
—q(z).z% ~iq-g (z)]% =

-Hinh 7-7a

4,53 _ 952

e’ "2
Bigu d6 vé trén hinh 7-7a.

P RE
f. gsin 7 '

Vi dy 7-6. Jm

~ \1\%{)‘ &
Vé bi€u d6 nodi luc cia dim chiu tai trong phan bﬁ,?' z YA
q(z) = q.sin ? cho trén hinh 7-8. 1 d 1[ A < ‘IL
Hink 78
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Bai gidi
D€ xsc dinh phan lyc cta dém, trude

hét ta hay tinh hop lyc cia nda tai trong
P méi bén dém.

ql
T

P =

%dz=

q(z)cl_z 1

q sin

O | —
O b b | —

Ngoai Iyc tao thanh mot nglu luc cd

1
mémen bang % . % nén phan lye cing
tac thanh nglu luc nguge chibu, ed gia

qf

tri mémen ciing bing

Do dd phan lye tai A cd chiéu di 16n
va tai B o6 chiéu di xufng, va ca hai co

gid tri bing :

B gl ql
[Val =14l =27 l=5
Bi€u thdc cua. lyc cét va moémen Hink 7-8a
udn :
Lo 2mE q 2x
Q= VA - _c[qsm—l—— di = 9, 08T %
Z 27_:5
M= V,z -~ Iqsin—l—(z = &dg ,
L
2
q* . 2
M= _ZsmTZ
T bi€u thitc Q vA M ta cd :
. gl
—'Ib.lz:Ova;=I Q=Qmax=ﬁ'-M=0
. 1 31 ql?
—_’Ib.1z=zvaz_=z-Q=0, |MI =‘;4;r—2.
Bi€u d6 Q@ va M nhu hinh 7-8a (b, c).

111



Vi dy 77 7 P
Ve bi€u d6 néi luc clia ddm bifu thi trén hinh 7-9 “I—l—l
cho g = 10 kN/m ; P = 4kN, M = 2kN.m va a = 1lm /‘/J/ﬁ :;?g
Bai gidi < ‘fg ’
Bang céc phuong trinh can béng ta tinh duge cac al 1[ i ; el {
phan lue: i
a 3 Hinh 7-9
- Pa+q7.za+qa.za+M
v - 23 2
A 24 )
—41+10111+101§1+2
) : 53 1.3, L N
- 2 -3
a i 37 4
Vy = -—qE—qa+P+VA= —19'2;—10+4+~§ = gkN.
2)
Zs
:fﬂk/‘//ﬂ
Bigu thdc noi lue: l ‘ /T l/ M= 2kNT
Doqnl((}&zlslm) j ;,ql ll r75
Z J-;Jz A :T“’? Gk
Q, = - azp)o o7 g | tm |
, ) Iz j (]
2, 5 %
Ml = - q(zl).E . E- = —q(z)g,
. 5) o4
frong d¢: L1551
o —*NJQ TR 3
z [~
1 s .8 _
az) = > = 10 7, A7 @uw
5
3 2
Pogn 2 (lm < z, < 2m) c) 3
= a - 2
3 45
@
10 a7 Hinh 7-%a (A’/U’ﬂ")
== + 3 10(z, a) = 3~ 10(z, = 1)
. 2
ge 2 (z, — a)
M, = -?(zz—aa) +V, (z, -3 — 4 5
2
10 2, 37 (z, = D 52 )
=—?(z2—§) + @ - ) - 10— = -4+ 5z -5z
Doan 3 (0 < Z, € lm)
4
Q, =V, = 3 kN,
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4
M3=—B23+M —"3—23+2

Bi€u d6° Q va M vé& trén hinh 7-9a (b, ¢).

£a1
Vi du.7-
Vé d thi bi&n thién dudng anh hudng cia moémen 4
ubn va luc cit ctia mat c4i C & giita ddm AB Lkhi cd m;m
Ite P = 1 di dong doc ddm (H.7 - 10) L
z ]
Bai gidi : Z.

7=10
Gid sit luc di dong P = 1 & bén trdi mat cht C Hink 71

1 ' : d2AM,
(Oézsg),phénlucégﬁiBbéng: ; R
Pz | ' ' ®4_
V., = —

_ Z
B 1~ F
Khi d6 momen u6n va luc cdt & mat c&t C -
bing: ! Tt el ) dzh G,
1 Iz . [ —
MO<r<g) =Wz =z | T——aly !
) 1 Z - e |
Q0sz=< ) = -V, = -2,
°( 2) B i Hinh 7-10a
Néu . lyc di déng P = 1 & bén phai mat cAt
C[% < z £ 1f, phan lyc & g6i A bing :
Pl — z) 1 ~2
Va = 1+ = 1 ,7,44:573"‘ g
Khi dé moémen ufn va luc cét & mat y: l I ] ] I[
cht C bing : dh, i%,
Mc(Eszsl)—VA2~T. " 1| —
1 -z
Qlg=esh=Vy =41 =
Tren hinh v6 1a d6 thi bién thien cia M_va 92° b ga?
Q_ & hai doan tuong ung véi cé.c bi6u thic ] _ 4 @
(a) va (b). | A 8
Vi du 7-9 | 2 :‘%\m
?illllllilllfl]"lllll‘lé_ll @
Khong cfin tinh ra phan lyc, vé bi6u d6 néi 7 i b ’
luce M va Q cia ddm cho trén hinh 7-11. .
Hink 7-11
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Bai gidi
Trén so d6 ddm ta théy:

M,

D€ ¥ doan cong xon BC, ta cd:
MB

Q

Tit d¢ ta vé duae bidu d8 M v6i doan

AB 1A doan thing (vi Qup = O) va doan |

BC 14 doan parabdn cé bé 16m hudng
lén trén (vl g < 0) va dinh & diém
C (vi Qc = 0).

Bi€u d6 Q cd doan b’C la doan thang
vii tung 460 Q_ = 0, QB = qga, v& doan
thdng nim ngang a’b” c¢é tung d¢ bang
dd dfc cia dudng ab trén bigu dé M:

e
, 2 qa
Aa’ = tga = 5~ = g
Vi du 7-10.

V& bifu d6 n6i lyc cta dfm tinh dinh
hai nhip chju lyc nhu trén hinh 7-12 cho
g = 30 kN/m, P = 36 kN va M = 48 kN.m

Bai gidi

Dé giai nhitng ddm nhidu nhip tinh
dinh, ta phai phan tich ddm thanh nhiing
dim thanh phén goi 12 nhiing ddm chinh

= -qal.
_ 9
M, =0,
Q, = o
10
M M q
9 AL d7 A e s unsnxnld
A A A
C2m | 2m 2t 4m "
I IF I T !
5);7 ¢’M C 7
i S N v R R EY
M,b/‘q ¢M- TC i Pa
y c
) Pl
1 [TTSTTT
< 1] ll.fa"‘”
8)46 12
Jé C=18kN 7
Kwm ~ SEERRERY!
) o b AhE
61\%\“\
g TET]
/ # - :\Lilﬂkﬂf
Pl
4) |

vA dim phu (hodc ddm d5 va ddm gic).
Nhitng ddm thanh phdn phai tinh dinh va
8n dinh vi trl.

O bai toén nay, dim AC 13 ddm phuy,
'ddm CE la ddm chinh. D&m AC cd mot
28 tuya 1én miat C cia ddm CE.

Khi tinh, ngudi ta giai 18n lugt tit ddm
phu dén dém chinh. & cac difm tua, ddm
phu chuyén luc xufng ddm chinh ; khi

tinh d&m chinh lye nay duge coi nhu
ngoai lyc.
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( day, ta tinh va va dugc bifu d8 ndi luc cia ddm phu AC. Khi tinh ddm chinh CE,
ngoai tai trong phén b6 q, ta phai thém luc C = 18 kN do ddm phu chuyén xuéng.

Biéu d6 ndi luc ciia toan ddm tinh dinh nhi€u nhip vé bing cdch ghép lién bidu d6
ngi Iye cia cdc ddm thanh phdn (H. 7-12 ik).

2. Ung sudt phap trén mit cfit ngang

Ung su4t phdp trén mit cAt ngang cia ddm bj uén phéng thufn tdy va ufn ngang
'phing déu tinh theo cong thic.

Mx
o, = 5 .y | (7-4)
X
. trong do M - momen ufn tai mat cdt ngang dang xét ;

y - toa d¢ cia diém dang xét tinh t& dudng trung hoa ;'.
J, - moémen qudn tinh cia mat cit ngang d6i vdi truc trung hoa.

Trén mat cit ngang ung sufit kéo 16n nh&t vA nén co tri s6 lén nhét & nhing diém
xa dudng trung hoa nhdt, va tinh theo cong thic :

My
Gmax = J y |max
x
M| (7-5)
min J max

X

trong d6 |y*| _ i |y°|__ 1a khoang cach ti dutng trung hda dén cac tho bi kéo
va bi nén xa nhdt (H.7-13).

Céng thdec. (7-5) thudng duge viét ¢ dang :

6 = — (7-6) A
max Wk . ﬁf’é [ "T] l -
X A | x
MX ) /4’1 e
o . = w (7-7) /[U/ Truc Yranyg kdz
X yﬂ
J, - 3
trong d¢ : W: = ; WD o= — (7-8) 4
|yk|m_ax |y Irmn( ¥

goi la moéduyn chéng udn, Hinh 713

3. Ung sudt ti€p trén mit cit ngang

Tai mét di€m bat ki trén mit cidt ngang hinh chit nhat cta ddm (H. 7-14). Gia tri
ung suét tiép Ty tinh theo céng thie D.I. Giurapxki :

Q .8 '
X
T = . —
zy b.Jx (7-9)
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trong do : Qy — lue cht tai mat cét ;
' w2 .
S;: = % hI - moémen tinh d6i v8i truc trung hoa x cia phén
mat cAt nim vé mot phid ctia dddng cd toa d6 y, 1a dudng ma ta dang xét dng
suflt tiép ;

b — bé rfng cla mat cit

3
d, = % - mbémen quén tinh cta mat cit ngang d6i v6i truc trung hoa.

Ung sudt tigp cuc dai ¢ tai dudng trung hoa. Ung suft nay cd gid tri ;
3%

max 2 F

trong dé : F = b.h - dién tich mat cit ngang cia ddm.

(7-10)

D&i voi dim mat cAt ngang khong phai 12 hinh chit nhat céng thic (7-9) o5 thé
ding d€ tinh gAn ding thanh phdn T _. vudng gdc vdi dudng trung hda. Trong cdng
thitc nay b 13 bé réng cia mat cét ck:% tinh dng sudt ti6p. Ung suft tidp toan phdn
trén chu vi cia mat cit hudéng theo dudng ti€p xdc vdi chu vi cdn & cdc difm khéc
thi nghiéng so v6i mat phdng tai trong.

Tim cho ding dng suft ti€p cia nhiing ddm cd hinh dang mat cat b&t ki la rdt
phic tap.

Dyua trén co sd m6t s6 gia thuyst ty chon vé& hudng cia Ung suft ti€p bé&n trong
mat cdt ma x4c dinh ching mot cdch gin ding.

D6i v6i ddm cd mét cdt ngang'la méit cit thanh mong (H.7-14), dng sufit ti€p hudng
theo ti€p tuy&én cia dudng trung binh ctia m#t cit va phan b8 déu trén bé diy t. Cong
thie tinh Wng sudt tiép trong trudng hgp nay cd dang.

Q.Sx
t.J

(7-11)

Trong dé S 14
— 4 — moémen tinh d6i véi
] truc trung hda x cta
mit cit d vé mbt

phla cia dudng ve

vudng goc véi dudng

‘trung binh tai didm

‘)‘ !
A
dang xét.

. _ }f
\ T | / Tamuss ~ Néu mat cht cia
l /ﬁ% ¥ o L~ / dém khéng d6i xing
Y

/e fryzgy/fvdg

qua truc chinh trung
tam y (truc nay
Hinh 7-14 Hink 7-15 vudng goec vOi truc

116



trung hoa x) thi trén mit cit ngang sé phdt sinh mdomen xofn. D€ triét titu moémen
xoép, luc cat khdng duge dat & trong tam ma dat & difm cd tén la tAm udn. Trong
chuong nay khdéng trinh bfy phuong phép xdc dinh vi tri clia tAm uén. (H, 7-15).

Vi dy 7-11

C6 ddm mit cét ngang 1a hinh chit nhAt thanh méng kin véi h = 33 cm, b = 30 em,
t =15cm, d = 2 cm, chju tai trong nhu trén hinh 7-16. V& bidu d6 dng sudt phdp
va bifu d8 dng suft ti&p & nhiing mit cit of ndi luc tuong dng lén nhit.

. Y |
= = /é pd
M= 4Tk Nir /9" 10 KA 7 otk N . j//f// ///;a/
ITvITTT)s /el s e
. ) . = ’/
I [=6m o &Em ; x
[ C f//' yos
Hinh 7-16 ‘6

Bai gidi
Luc cét 16n nhdt 6 mat cdt g6i B :
Q. = - 50 kN. _
Momen ubn 16n nhit 6 mat cdt cdch géi A 3m : M___ = 85 kNm.
1. Bi€u d6 dng sudt phdp cd dang hinh tam gidc véi 0 ax bing

M .Y
8500. 16,5 8500. 16,5
Omax = maxJ — = 1 = ~—al3s0 - 4,45kN/cm?
x 1330 33%-26.30%
S E— 7 Snrfem® 2. Bi6u d6 dng suft ti&p
v ] -
; ; _ Ung suit & dudng trung hoa:
- ) . 1 = _ 2
7 fé ® . ]Qm|sy= 500.5(30.16,6° — 26.15%)
T2 1 J2d 31350.4
. _ B 5
[Iﬂqus’k/tycmc’ = 0,416 kN/cm~“.
5 [ 3 ,gzazﬁ/%mz T.’fng sufit 6 mép ban bung:
2PEEE=R , 33 - 15
‘) ds 1Q, |8 50.30.15. (—5—=)
70 s GAI KN eyrr 2 _ o tmax Ty 3
T s ' 2 J2d 31350 . 4
%\ (] 4) X
//*_.. _._/I;_ _/_*K, : @ = 0,282 kN/cm?,
3 3 Vi I do d6i xting, dng suft ti€p doc theo thanh
1 um4535‘/€A75,773 méng ¢ giita ban ndp bang khong, dng suidt & hai bén
Hink 7—16a cla ban ndp bing nhau va bing :
33 - 1,5
Gl 8 50 (2559 20,15 2
= = = 0,326 .
ER T 31850.2.1,5 0,326 kN/em
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4.’ Ditu kién bén
4-1. Dam chiu uén phéng thuln tuy :

Céc di€m nguy hiém nim & mép trén va mép dudi cia chu vi, tic la cdc di€m xa
. truc trung hda nhét vé phia kéo v& nén. Trang thdi dng suit c1'1a di€ém nguy hi€m la
la trang thai dng sufit don, nén diéu kién bén la :

- D&i v6i vat lidu déo

vat lidu gidn :

(]

k.max

1 O

n.min

tﬂ s8

M
- =
|crz|mx = W, < [a].
M
X
max = @ < [o‘k]'
X
M
X
g . = — = 6]
n.mml wﬂ n

4-2. Dam chiu uén ngang phdng.
Trén mit cit ngang cha ddm ¢ cAd Ung sufit phap va ti€p phan b6 nhu (H =17,

i tit mép trén xudng mép dudi ta thdy

(7-12)

(7-13)

(7-14)

ﬁng sufit kéo, nén i6n nhédt trén toin dim.

Tai A, B trang thdi dng sudt la don.
Tai C trang thdi Ung sudt 13 trugt thudn tdy.

g

Tai D moét di€m bat ki trang

4 Bmax thai dng suft 12 phing.
£ ' Do dic difm trén muén tlm
- diém nguy hifm trén mat cat
/) ._H : H_.. ngang. Ta phéi tinh Ung suft tuong
' — duong theo mot thuyét bén nao do.
' 7 — Diém nguy hiém 12 di€m ed tri s
ﬂ" 2 max ’* ing sufit tuong duong lén nhit.
Trong thuc t& ta cd thé& tién
hanh nhu sau:
~ Ki€m tra bén cdc diém cd
trang thdai wWng sudt don. Cach
S —~ B}
5 - lam nhu & trudng hop ddm chiu
‘& Emrirr uén phang thudn tdy. Vi du véi
¥ : vat lidu déo didu kién bén 1a :
Hinh 7-17 M
X
16| ox = Wx's_ [6] .
- Kiém tra bén cdc di€m cd trang thai truot thuén tay :
maxTmax < [7l. (7-15)

Vi dy. Ddm cé m#t c4t ngang khong d8i, tri s6 maxTmax & trén mat cdt cd Q
Gia tri [7] cd thé duge tinh theo [6] tly theo loai thuyét bén.
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Vi du. Theo thuyét bén dng suét ti€p 16n nhdt : [7] = %

Theo thuy&t bén th€ nang bién déi hinh déng [z] = %.

- Kiém tra bén cdc difm & trang thii dng sudt phing (cdc di€m D). Vi du theo
thuyét bén ung suit ti€p 10n nhdt :

64 = Vo2 + 4 < (0. (7-16)
Theo thuyét bén thé€ nang bién d8i hinh déng :
6, = wlaf + 3z§y < [o] . (7-17)

Vdi cac mat cdt nhu chit I, di€m D dugc chon la difm tifp giap gida ldng va dé.
Va miat cAt duge chon 14 mat cdt ed Mx, Qy cung lon. Trong thuc t& ta thudng bé qua
viéc ki€m tra nay & cdc ddm cd mat cAt hinh dang it thay dfi dot ng6bt nhu mat cAt

ngang chi nhat, tron... T s
¢
Vi du 7-12 L 14
1 ]
Mot ddm don gidn mit cit hinh chit T han dai 1 = 12 m, chiu e T
tai trong phin b6 q = 160 kN/m. Kifm tra d¢ bén cha ddm
. _ )
(H.7-18). | |72 S
Cho : o] = 21 kNjem?, [7] = 10 kNem?, [z}, = 10 kN/em?,
chidu cao n6i han § = 0,8 cm. Khi tinh tai trong nhén thém hé !
‘s vugt t3i n = 1,3 vA trong ligng ban than véi hé s6 n, = 1,1. — I Ty
Bai gidi B
T4i trong tinh toan : Hink 7-18

q, = 1,3.160 = 208 kN/m.
Trong lugng dam : )
Ay, = 1,1 yF = 1,1.7,856(2.50.2 + 146.1) = 2980 N/m = 2,98 kN/m.

Mémen cuc dai cda didm :

2
(q + 94! (208 + 2,98) . 122

= = = 3 9 .
M__ 3 3 3798 kNm
Luc cit :
(q +q,)1 +
Q = { ; - (208 ;,98).12 _ 1966 kN.
Mémen quan tinh va ménmen chéng udn cta mat cit :
3
J, = 1‘11246 +2.742.50.2 = 1355000 cm”,
W,oo xol 19B000 oo
x 15 15 .
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U'ng suft phdp lén nhit :
Moax 379800

= = - 2 = .
6 W_ 18100 21kN/cm [o]
Ung sudt ti&p 16n nh4t :
1. 73
Qs;‘cét 1266(50.2.74 + —5—)
= = = 9,45 2 < [m.
fmax = Ty g 1355000 1 45 kNfem” < 1]
N8I luc tde dung trén 1 cm cda hai dudng han :
Q8" 1966.50.2.74
. = ity =
T = 5 = 1355006 6,92 kN/em.
Ung suft trén duting han :
T 692 2
T 1461 - 14.08.1 - OZENem® < [,
Vi dy 7-13
Chon kich thudc a cha mat cdt ngang d£m ) [.L.i
chiu lyc nhu hmh 7-19. Cho [6] K= 9 kN/em?, % 330 f N o
[6] = 12 kN/em? Kiém tra lai ing suft tigp, ]
bist ring [f) = 4,5 kN/em?. ‘A C/ 8 = 1
Bai gidi _ 7 [ Vi jgl’ s;g :
Biéu d6 noi luc v& trén hinh 7-19a (a,b) I 1 . |
Trong tdm mit cdt cdch mép trén: —t
o a
y - defal+2l0ande_ .. AN
4a.8a +2.10a.a _ Hinh 7-19
M6men quin tinh trung tam cia mit cit : ' : YN 2D
8a .(14a)> L - © ]
J,= —5 — + (239" .8a. 14a - @B 220N
6a . (10a)>
- 200 43P 6a10a = s126at . i 0RT
12 Hinh 7-19a
Mat cit hgp li cdn cd diéu kién:
Yx [o], 9 3
}_=BT=T2_=Zhayyk=Zyﬂ

n n

0 mat cdt bén phii difm C, mémen &m nén :

E _ 47a
vy, 93a

3
<7

thd bi nén dat gisi han nguy hi€m trude. Do d6 ta c6 diéu kién bén :
M
X
T Y, < [G]Ds
X
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hay 22000
812,64

9.3a < 12

a =z 2,75 em.

¥
3 mait cét bén trdi di€m C, mémen duong, * :,351 >
,51a

L

n

o] day thé kéo dat nguy hi€m trude. Vay :

J_ ¥y = _[O']k

x

hay 1100054, < o,
812,6a*

hay a = 2,4 cm.,

Ta chon kich thuée : a = 2,75 cm.
Ung suft ti€p ¢ dudng trung hoa:

9,30. 2,75)*
Qs 110.2‘2,75.(—2~—5)—
= = . = 0,775 kN/em? < [7].
max Jdb 812,6(2,75*.2.(2,75)

Vi dy 7-14

Mét ddm chiu lyc nhu trén hinh 7-20 véi P = 160 kN, a = 0,35 m. Chon mat cét
chit I, biét rang [6] = 16 kN/cm?, [7] = 10 kN/cm?.

. z \F |z
Tinh gid tri @Wng sufit phdp va Ung sudt ti€p trén mat : -
nghiéng gde 30° véi truc ddm tai diém c. . )
Bai gidi . : }b h;' -
) A 7
M, = 56 kNm, Q__ ‘= 160 kN, | o
bBé dam bao dugc ¢ ok < [O’], T . < [7] ta chon duge o~
mat cht cht 156 30 voi W, = 472°cm’, J = 7080 cm®, Hinh 7-20
X M
Sx_= 268 cm®, d = 6,56 cm.
Ung sudt pRdp va ung sudt tiép lon nhdt :
M
max 5600 5
O = Wx = 379 = 11,86 kN/cm* < [o],
' Qmaxsx 160. 268
= - : = 9,71 kN/em? < [7].
Fmax T Ty aT = 7080.0,65 1 Mem® < [
Ung sust 6, va rxy tai di€m C (bén trai): -
M
X 5600 )
= —y = = 5,93 kN )
% T Y = 7ogp S = %998 kNjem
d 0,65. 7,5
Q,(s -—yz) 160 (286 — ~o )
T = * 2/ 2 = 8,68 kN/cm?
Xy J d - 7080. 0,65 ’ '
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Ung sufit trén mat nghiéng :
o

x X -
o‘;o =3 + Ecos2.60° -7, 8in2.60° ,
5,93 5,83 ' 5
=3 T g - 0,5 ~ 8,68.0,866 = —6,034 kN/ecm
6, ' '
I‘g(} = Esmz.ﬁo + rxycos2-. 60°
5,93 )
= 70,866 — 8,68.0,5 = —1,77kN/cm’

5. Tinh d) véng va goc xoay cia dam chju udn

Truc cta thanh sau khi bién dang goi 13 dudng dan héi. D6 vong cla ddm 1a thanh
phén chuyén vi thing ddng, dd 1a thanh phén chuy&n vi chinh, thanh phdn chuyén vi
ngang thudng khong tinh dén vi rét bé cd thé bd qua.

5-1. Phuong trinh vi ph6n gan ding cia dubng dan hdi duge xdc dinh tit bifu
thiie sau :

M, ()
EJ_(z)

yn(z) = - (7_18)

, trong d6 qui w6c hé truc toa dd chon nhu
Z;',”C cie Hhank  (1.7-21) va M, duge truc cia thanh coi 13 duong
z theo qui uéc nhu da chon & trén (H.7-2).

5-2 Xdc dinh d¢ vong va géc xoay theo phuong

(\/\ P }0' phap tich phan khéng dinh han.
'z

— Phudng trinh gde xoay :

M :
Hinh 7-21 8(z) =y () = J-_EJidz-"' Cc (7-19)
X

- Phuong trinh dudng dan héi :
M
y(z) = J- dzJ’— E}dz +Cz +D (7-20)
X

Trong d6 C, D la cédc hing s6 tich phan duge xdc dinh nho cac digu kién bién va
lidn tuc,

Vi dy 7-15

X4c dinh géc quay tai hai ddu ddm va d¢ vong tai giita ddm bing phuong phéap
tich phan khéng dinh han (H.7-22).

Bai gidi
Phan luc & gbi A: 7
3 _ .
vV, = =l : i £
: A -‘éq . l 2 L, 2 ,73{71
Xem dém chiu tai trong nhu trén hinh 7-22a, ta sé duge’ - o |
c4c hing s6 tich phan bing nhauw : C = C, D, = D, Hink 7-22
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Momen ufn :

1
Doan 1 =V M, = — =
ogn (0 <z < 2) M, quz 95 ( l)z
1 3 22 T3
2 (= : = z :
Dogn (zszsl).Mz gqlz q2+q 3
Dudng dan héi va gdc quay:
Doan 1 1 3al
_ —¢_°4 2 93
% = EJx( 6% t5%) *Cp
1 gl 5 q 4
yl =E_Jx(_ﬁz +'§i2) + CIZ ‘I‘Dl .
1. 3ql, g q 1
D ) e — [9% 2 93 49y _ \3
oan 2 62 EJx[ 162 + 67. 6(2 2) ] + C2 ,
1 ql ;5 q 4 q 14 4
2 = EJxl:_lsz *53% ~34(773) ) *CZ+D,.
Digu kién bién : 7
Khi z = 0, yl = 0; /q T T T ]5
1 ’);‘:;7 c |
Z = - = 8 = 8_; .
2! y] yz’ I 2! é ?
Lz | z_|
z = 1], y, = 0. i L
Th& vao nhiing phuong trinh trén, ta rdt ra : Hinh 7-22a
-9 g
C,=C =—23 . D =D, =0
1= % " geaEs P = P
Gdc quay ddu didm :
6 —c -« o _g¥f 8 1 1 9} 7 qf
- 1A T "1 7 384 EJ T 2B T EJ | 16 0 6 48 384) 384 EJ
D¢ vong gita ddm
ot (-6+249) 5 af
Ve T EJ_ 768 = 768 EJ_°
Vi du 7-16 :
M6t nhip 10 xo (F.7-23) gfm 10 14 réng b = 7,5mm,
ddy t = 10mm c¢d dng su&t cho phép 40000 Nfcmz, méduyn __L‘ﬂ
dan h6i E = 2.107 Nfom® Nhip rong | = 1000mm. Xac e
e
dinh tai trong cho phép cia nhip va dé vong tudng ing. _
Ve 7
Bai gidi 2 2z
Tinh nhip nhu mét ddm chéng udn déu, ta cd : W] =
Z Z
max W (z) W, ' o] !
Hink 7-23



trong dé M, va W, 12 momen uén v mémen chdng udn cta mat cAt gilta nhip :

Pl 10bt?
My =g W= g
Ti d6 tinh duge tai trong cho phép:
[Pl 10bt? 0]
1 g - b
hay
20bt* [6]  20.7,5.1%.40000
Tinh 46 véng, ta cd:
. M@ MG M @
T O Ed () t EWt = Et
X _ wa(z)_z_ 1]
T dé |
¥ -ZEE(:]Z +C,
a
y= -2 +Cz+D. ®)

V&i diéu kién bién:
Khiz =0,y =0,

. I
Khlz—i,y-o,

ta duge :
Chall el
= — = 0.
C o , D
Thay vao (b), 6 :
y ) _ e fon,
Ft Et

Thay z = % , ta duge d¢ vong cyc dai :

_ [el?  40000.100*
Yumex T 4Bt T 4 91071

Chit thich : Tt (a) ¢S thé thdy duding dan héi cia nhip 12 mdt cung tron, do d¢
‘¢6 thé tinh d6 vong bing dudng tén cla cung.

5-2. Xdc dinh dQ véng giéc xoay bdng phuong phdp db tfodn.

Phuong phdp dua trén co sd 13, néu dat lén mot ddn gia tao thich hop tai trong
gia tao cd tri s6 : '

M

X

__x 7-21
Ggt EJ g (1-21)

thi tri s6 gdc xoay tai mét mat cidt ndo dd sé bing luc cat gid tao Qgt = 8, va do
vong cd tri 36 bing mdomen ubén gia tao, Mgl = y.
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Bang (7-1) cho bidt ciach chon ddm gid tao tuong Ung voi ddm thuc da cho

Dam thuc Dém gia tao
vl B AN 5
Myl =0 Myt 0 5 47
dot#d gt 0 Yt L4
1
i }
Myt = o My # o =4 7
Ye=0 Gpt#a 7= y'#0
Myura M=o A 4£q A S
Goe 20 Goe20 My =0 F#0 Y=g =7
Ggs #0 YT Yo
1 o o 4
5 © © 1 Y20 b oy I
Myt=0 My =g #0 oy i S Fro
Mg oL, T My i 4 0 y:g
iy{#a f!‘t . @1#5 ﬂq{;a 5//¢£ y#‘?
. %":‘9 = =7 =7
Gyt =Y Ge=0 y=0 70
Vi du 7-17 l.fa
Tim d¢ véng y. tai mat cidt C, géc xoay & bén phai va béng ’34 <
trai khép A, gdc xoay tai g6i B cia ddm nhu hinh 7-24. | | - ;377
F4 P
Bui gidi - | — r—
Biéu d6 momen ufn ctia ddm v& trén hinh 7-24a (a). Dém gia tao va Hinh 7-24
tai trong gid tao v& trén hinh 7-24a (), ti¥ d6 tinh duge gdc xcay va do vong etia ddm thuc :
Pa’ 1 Pa 1 Fr @ ..
Vo = My = 3EJ* T 2°2EJ 3" < II\E?\[M
2)
_ 1 Pa Pa’ Pz
Pawsi = Uparsi = 2 TRy 2 = aEJ ’ Z
x x 7 %= L2
: 1 Pa P e A % 272 5
Papnai = Vpraphai = §'2EJx'a ~ 12EJ - Lz g W TP Pl
5 = iz = ~Var = ~3EJ b) o
. Hink 7-24a
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Vi du 7-18

Bang phuong phdp d6 todn tim do vbng tai mat cdt B va gdc xoay tai mat cat A
cia didm nhu hinh 7-25.

Bai gidi £
o o A Y] ;: O
O ngam trugt C khong cd lyc cAt ma chl ¢d mbémen oy 7
uén. Bi€u d6 moémen uén vé& trén hinh 7-25a(a). 2 ’ B
Dém gia tao va tai trong gia tao vé trén hinh 7-25a®t). G& — < — ‘?*"_
Ceinglanggim trugt va d déiy Q =6 =0 M =y = 0.
- L gt Hink 7-25
D¢ vong tai B: .
3 Pa’ Pa’ a 4Pa’ 2)
¥n = M = =, — — = . Az
B gtB 2 Ed 2EJ 3 3EJ
x X . /]‘?
A B Fry
. \ 3Pa? [E7x P,
Gdc xoay tai A : g, = VglA = 5By - 4 /ANE p(%
x ey |
Iz r e | 2 |
5-3. Xéc dinh dé véng va géc xoay bdng phuong phap | 0 h]7 25 '
théng sd ban déu. e

Trén co 86 phudng trinh dudng dan h61 3¢ doan thti‘ 1 va thd m co dang :
g2 1 & 1.7
EJ " 2! EJQ0'3!' EJ %31 T Ejfo 51

- i — a2
(—1'—) - 57 D @ = M, @1 5

™

Yo41® =y, + Ay, +AY,

1 - a)* -
L@ - e E52 - Ly @ - g C 5

— a
— ol @~ @ @) % . (7-22)

Trong dd : Ay = A y(a) ; & y'(a) = A y'(a) 1a budc nhay cta d¢ véng va gdc
xoay tai mat cit cd hoanh d§ z = a.

(2) 5 (z) 5 9", ,(z) 1a phuong trinh moémen udn, luc cit, cudng
ds luc phan b6m+dao ham cua cudng d6 lyc phan b8 trong doan thd m + 1.

Mm(z) : Qm(z) ; qm(z) ; ’m(z) Ia phuong trinh cda céc tri s6 dd ¢ doan thd m da
kéo dai sang doan thd m + 1.

~ tai hoanh d6 z = a, thay ki hi¢u z = a.

M Q Ay q 14 mémen t4p trung, luc tap trung, cudng d¢ luc phan bd va dao
hém cua lu’c phan bé tai ddu mit cla dim (tai z = 0). Con y;, ¥y’ la do vOng va goc
xo0ay tai dfu mat cla ddm. Cdc tri 6 trén duge goi 1a cac théng s§ ban diu.

Tit hai phuong trinh trén ta thdy khi bigt dugc phuong trinh dudng dan héi & doan

thd nh&t ta suy ra phuong trinh dudng dan héi ¢ doan thd hai r6i ldn lugt doan thu
a... thi n..
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Vi dy 7-19 : 7

|

Mot ddm thép chiju lgyc P = 4000 N dit tai gita 4 & A/ Dol |
dAm va mat cdt thay d8i nhu hinh 7-26. Xic dinh . 2 % 5 I N
goc xoay tai mit cAt A va'd6 vong tai gitta d&m bing

phuong phap théng sé ban déu. : 1l % | 7511 ffl 15 | ‘ﬂJF—
Cho E = 2.10’ N/em?2. - (em)
Bai gidi
Moémen quan tinh doan BD :

Hinh 7-26

3
] _b1h1_3.123_432c A
1T 12 T 12 T m

Liy db cing doan BD d& tinh, ta s & hai doan gita K, = 1, ¢ hai doan bén

h, 12
K=7 = (5) = (3) -8

Cac théng s6 ban ddu va gid tri ndi luc & ddu va & cufi cdc doan :

Doan AB Doan BC ’ Doan CD Doan DE

Yo =0 4y, =0 _ Ay = Ay, =0

0, = ? AB, = AB, =0 A8, =0

M. = 0 M;, = 30000 N cm M,, = 60000 Ncm M,. = 30000 Ncm
0 M, - = 30000 N cm M, = 60000 Nem M, = 30000 Ncm
o 3 IEEN | GTEAL | @i

Phuong trinh dudng dan hdi cha cac doan:
y, (@) =6,z ‘—K2Q03. ;

=0z -13.10723.
[+

_ 1 (z — 15 1 (z ~ 15)
(@ =y, - _ETl(Kl Mye — KoM 37 a EJIKKl Qs ~ K QT

= y,(2) + 41,283.1077 (z - 157 + 0,916.1077 (z - 15,

1 (z — 30)° 1 (z — 30)
y3(@) = y,(2) - EJ_I(KI My, — K M) - EJlLKl Qy — K Q)

= y,(& + 0,771.1077 (z - 30)>.

1 (z —45° 1 (z — 45)
¥,(2) =y, (@) — E_JI(KZMM - K M) 5 ” EJlsz Qs — K Q3C) ’

= y,(2) - 41,233.1077 (z - 45)% + 0,916.1077 (z ~ 45)°.
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Diéu kién xdc dinh 60 : Khi z = 60 cm, Yy = 0.
Tit d6 rit ra | 6, = 1653.1077 (rad)

o
D6 vong & gida nhip : = 0,06027 cm.

Yoz = 30)

6. Dam siéu tinh

DAm siéu tinh la d4m khéng thé xdc dinh duge cdc thanh phin phan lyc & cdc chd
lian k&t bang céc didu kién tinh hoc. Trong chuong nay ta giéi han cach dinh nghla
vé bac siéu tinh cia dim béng s6 &n s6 thita ma cdc didu kién tinh hoc khéng xac
dinh dugc. Cé nhidu phuong phép gidi, & day chl trinh bdy phuong phép so sdnh chuyén
vi. Theo phuong ph4p nay ngudi ta bé bot cac lién k&t cia ddm siéu tinh cho trube
dé€ duge ddm tinh dinh khong bigén dang hinh hoc. Ddm nay goi 12 ddm co ban.

Trudc h&t ngudi ta chl dat vao ddm co ban nhing tai trong cho truc va tinh
chuy8n vi tuong ung v6i £n s6 thita bd di & mit cdt di gidm lién k6t (n&u bd luc
thita thi tinh d¢ véng, bd moOmen thia thi tinh gdc quay). Sau d¢ cing trén dim co
ban &y, ngudi ta chi diat cdc &n s8 thira lam tdi trong va tinh chuyén vi & cdc mat
cAt da gidm lién k&t nhu & trén. Gi4 tri clia 4n 58 thita xdc dinh tu diéu kién : Téng
chuyén vi clia ddm co ban do tdi trong cho truéc tac dung va do &n s6 thia tdc dung
& mit cAt d4 gidm lién k&t bAng chuyén vi ciing cia mit cit Ly cta ddm siéu tinh.

| Vi du 7-20 |
. s Vé& bifu d6 lyc cdt vA moOmen ubn cla dém siéu tinh
4 A 15 By chiu lyc nhu hinh (7-27). V& dudng dan héi néu dam
4 77 7 ¢é mit cidt ngang 1a hinh vanh khan D = 1,2 cm,
L2 1. Z & | d = 0,8 cm, dWng sufit cho phép [ 6 1 = 16000 N/cm?
a ! L va a = 1 m. Hiay zdc dinh tai trong cho phép.
Hinh 7-27
Bai gidi

Truéc h&t ta tinh tdc dung cla luc P dat tai C. B ngam A, thay vao dé nhiung

phan luc VAl va Mm’ ta ¢ diu kién hi&n dang:

0 =0 _+6. +6. =0,

A ap 7 Pav, T Yam, :

o = fp t iy Ty =0
A A

Céc bi&n dang trén cd thé tinh bing phuong phdp dé todn. Ta cd:
—Pg? 3M, . a QVMa2

6, = +—2 =0
A~ EJ " EJ 2EJ !
x X X
| 9M. a2 9V, a3
P o= _14Pza.3 + Al + Al _ 0
A _ 3EJx ZEJx EJx -

(Giai hé nay ta dugce :

20 4
VAl = EP, MAl = §Pa.
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Bang cac phuong trinh can bing, rit ra : 4 ‘ A

g
A BEN\Eps
Va1 = %PM zpa' ?-‘?f ¢ ng
&) &7 7
Dya vao k&t qua trén, ta ¢S thé suy ra dé& dang % p g.;?;
gid tri cdc phan luc sinh ra do tac dung clia 2P dat qg BE g
tai D (hinh b) suy ra ti (hinh a): Y I?/’ ¥ )5‘” d
. 2pz
A" 14PM —‘iP A’/ -EPM —§—P Pf id
Az = 27 Va2 T 9r® Vg = o7b My, = gPa . 4, p 157
Phan lvc do ci hai luc P va 2P sinh ra (hinh b): B t g
f;:‘.f 2 4
V,=2pM, =0V, = dpy -2 “ >
A‘§’MA_"’1&3_?’1\}[13*._3El V-9 —
. . ,
Bi€u d6 momen uén va luc c4t v& trén (hinh e). <% @ }"a
2 pz
M = 2p | 5 <
max . 8 o _ &) \J’/ 3,0‘?
Tinh P d€ diam bao diéu kién bén : @ \I
max : ' - ’ _?7:'..7
w_ < [, DA . F
x 4 : - 17
L2t
ETET
2
§Pa Hinkh 7—57{1
P el (1
0,1D3(1 ~ 4%
hay P < [6).0,1D°(1 - q4)2 16000.0,1. 123(1 - 0664) T
it ra P = 33 N.
Phuong trinh dudng dan héi : _
Doan 1 (0 £ z < a) . 2
. = pz’
9
¥, (z) = - 6EJ
X
Doan 2 (a € z < 2a) 2z3
_ §P + Pz — a)3
(& = GEg 3
X X
Doan 3_ (2a € z € 8a) 2,
_ Gl L PG -8 2P@ - 20)°
y3(2) = 6EJ_ 6EJ, 6EJ
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Vi du 7-21

Mot dim thép mat cit hlnh chi I
(EJ_= 1,5 MN/m?, W_ = 102 ecm?) dai
1, = 2m dat trén hai g6i gidan don va-
chiu mot lue P dat & gita (H.7-28)

o) phia duéi giita ddm cd dat vubng gdc . 7‘1’ £ g |
mot ddm thi hai dai L= lm cang mat cit, [ ‘
dat trén g6i don gidn (hinh v&). Khi chua - N —]
chiu lye ddy ddm trén cdon cdch mit trén cla ’é};’ T 1
dim duéi 14 & = Zmm. w7

Xdc dinh quan hé giita lyc P véi 4o véng -

f & giita dim trén va Gng sudt cue dai cia Hinh 7-28
ddm nay. .
Bui gidi

Tai trong l6n nhit d€ ddm trén cham dim dugi tinh ti cong thdc :

3 3
BT e W _ Do
- T 48EJ ~ 48.15 9’
hay P, = 9.2.1072 MN = 18 kN.
Khi P < Po’ ta ¢d :
3
. Pll _ 93 P_};P
T 48EJ  48.15 T 9
o oM _Th_ 2 p-—>1 —p
max — W AW 4.102.107 204.1076

Khi P = P this__ = 88 MN/m?.
max

Khi f > 2 mm, hai ddm cling lam viée. Phén lyc téic dyng vAo ddm trén tinh bang
cach so sdnh bi&n dang cia hai ddm:

f, =t
hay 3 3
Pl 3 PL
48EJ ~ 48EJ '’
X . X N
hay

_ 3
B 1_ P1 12 13

|
=3 P +P. P . 134103 9
i YR B4 P42

[ W)

il
P2

[

bat P+ P2 = P’ 1a lue dst thém sau khi hai ddm cham nhau thi:
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D6 vong va dng sudt cia dim trén & giai doan nay :

o 5
£ = 48EJ T 48.15 0,0123 P,
L
S A 1,09.10° ' .

max - 102.1076

Dim trén dén gi6i han an toan khi 6°__ = 160 - 88 = 72 MN/m?.

Khi dg:
72

1,09.10°
Néu dfm duéi dén gigi han an toan thi :

5 L8 &P
max = 9W " 9 102,107 .

hay.

P* = 18,4 kN.
Vay

[Pl = 18 + 18,4 = 36,4 kN.

Khi d6 do véng cia ddm trén f = 2 + 0,0123.184.10°% = 2,23 mm.

PP = ——-—— = 66.100> MN = 66kN.

= 160 MN/m? ,
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Bai tap

7*1 + 11. V& bi€u d6 ndi luc cta ddm cho trén hinh_ (7-29) = (_'_7-39). _
=92 . 7 Mega? fe g
o g '
PR JIi 'V,
V2 22 L l 2 l 2a
1 B i ! — 1
Hink 7-29 ' Hinh 7-30
g M=2gal g -
aﬁ c A W‘g kf—‘-??'a"
p-ga r |27 ¢ It
' a
l_eql 22 _| &’J‘l ,}_ | 22 qL
Hink 7-31 _  Hink 7-32 '
F=692 39 M= AN f-‘fr"/i;?'zmk;/m
;5% ICH/HIJS Zgiclrlllﬂlég
el ez | | _em Lamy
i #
Hink 7-33 Hink 7-34
4 , 4hN Gz 2 KM _
=M= 2 _ M = Ié'/f’ﬂ/ﬂ?
SO S5 - —rrﬁ D
LP=5gx - . 2 lfm
2 L 2 L ’}'{—"— A '|L
_Hnk 7-35, 1 Hinh 7-36
i _ 5 /Mﬂ/rﬂ
/91 =92 M:Z?‘f/f {5/@\0‘?? y2 PUAN Y
P by =7 "5[ 1 T I
7 c B 7 A A 7 26 £
2z | 34 L“'L l, o | a7
Hink 7-37 . tﬁub_ 7-38
' M = €kx‘v’m
trrinid 1 j‘
i A T 3 43”5
g | 4577 (57| 1
| my | w57 | o)
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712 - 14 :
Khong cén tinh ra phan lyc, vé _biéu dd noi luc cla cdc ddm cho trén hinh 7-40, 41, 42.

4’7 Z Fﬁ—!—y | Pe2g2
A7 T~
_____ nink 7-40 | : Hink 7-41

F=9=2 /"{""7‘22 9?’

Q‘Hruuﬁ
£ A piS
& | 42 1

7*15-16.

Xéac dinh khoang cdch a dfiu ty do cia ddm ¢€ momen ubn tai g6i tua cd gid tri
bing moémen l6n nhdt cia ddm (H. 7- 43, 44).

7 /?
crrvrrrry, i vvaggd
¢ 3 A ’g}é’
f=1 ¢ 4 let 7 =]
7*17. Cho mot d&‘mmn:h:t:ﬁl@ phan bé déu, hai e 9’

ddu lién k&t khép. DE gidm gia tri cia modmen ubn: G Mo

lén nhdt trong ddm xudng cdn mdt nda, ngudi ta /qr I l r ‘ l l 1 \l
dit vac mit cit tai gbi tua B mot moémen tap trung

- (hinh 7-45). Hay xdc dinh gla trj cla momen tap .| Z _ j,
trung de¢. _ L Mk 7ess
/m ‘Vl\l\l\:\ .
— l U Iw
" - l 2-
: 1
Hink 7-46 Hinh 7-47
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F=8KN g, =2 Kt P=5kN
] E
Lrmo| 1 3m | ) = 5m | 2=fﬂ?[
T — 1 1 1 1
Hinh 7-49

Hink 7-48

m.g 71 |
R . S Pal e %

' Hink 7-51

| . Himh 7-50
7T*18-23. ' .
Vé bidu d6 néi lyc ciia ddm cho trén hinh (7-46, 47, 48, 49, 50, 51).
T*24-286.

V& bi€u d6 ndi lyc cia cdc ddm chiu lue phan bs khong déu q(z) nhu trén hinh
(7-52 + 7-54).

/f?fafi/} <é': Z ’ | - gL d&?fﬁ% j;c;t‘i | ?, g5t ” Jl' Z -

5 S .

I A B R L1 —t

| | — N

Hink 7-52 Hinh 7-53 Hink 7-54
P M-zar m= ‘L - m= f"

TS S gy o brws rrvs:

s LN e v A s %
D i G
1T L U B . i A 1 ] 1

Hinh 7-55 Hinh 7-56 . Hinh 7-57
T™*27-29.
V& bi€u d6 noéi Iuc cia ddm cho trén hinh (7—55 56 57)
7%30-32. _ va Y. 2 = gl
V& bifu d luc cit vi mémen ubn cua - ‘_I_FLI_I—]_l i—‘ C
nhitng ddm nhiéu nhjp tinh dinh trén hinh — '
(7-59, 60) (chi: thich : & (H-59), tai mat cét»g,v 3 L s
D cd khép trugt, § ddy luc cit Q bang khong).. 1|. 11 1!. | 2 1L
Pagl - Hink 7-58. -
7 F=5AN g = 1A7Y 7
TPy L e

i A 7 B B A |

1 4 | I [ Z L | 2m | 2m \1m Om | 37
T ] ! n 1 T 1 1

 Hink 7-59 “Hink 7-60



7*33-39. Trén hinh (7.61) + (7-67) la biu d6 mémen ubn cia cdc d&m dit trén hai
g6i tua A va B. Hay x4c dinh bi€u d6 luc cit Q va tdi trong tdc dong trén cdc dim dd.

Lo

bafa2

Hink 7-61-

A =g 8
L 2 ﬂl;f;l_/__,lh_ 2 —f-

Hink 7-85

(A W)

2

[

_ 7“"2

vel

A

Hinh 7-62

e | I. LuWﬂL

8

(i) o

92¢

_‘2_4,_5?

Hinh 7-64

2 _,Ir_gf:_l..

A
Loy - 2o

10

-1

H

Hink 7-66

Z2

4

¥ :
oLl ]

H_‘ink 7-67

-7*40-42. V& d6 thi bién thién ctia momen ubn va Ige cit
trén hinh (7-68, 69, 70) khi cé luc P =

U

s

55

25 |45,

1 di d6ng doc ddm.,

/:/ 5 .

y

¢

L f

i4 Max =576 AV
R

8

il

7

J mit cdt C cta dim vé

|
A ® A g ~ c _.
45 | 3 2 & g
| ‘%_J A 7 ‘ 7 -
A e R P
L |
Hink 7-68 Hirllh 769 Hinh 7—_70
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7*43. Mot xe vAn tai chay qua cdu dai

14 1 ¢hinh 7-71).- Tim vi tri nguy hiém ://E
nh4t cha xe nghia 14 vi trf sinh a momen

ufn lén nhét trong ddm. Khodng cdch hai

banh xe 1a C, tai trong do hai bdnh xe -7 5
truyén xudng 1a P va 5P. ,,8,,, : n%b
7%44-52. V& bi6u db dng sudt ti&p T 3 —V7 ¢ 7 l
vudng gde v6i duong trung hda (ndm [ - 4 o
ngang) trén cdc mat cit ngang cua dim, :

tinh theo gid tri 16n nhét v = 7_ I?n'-'h =7

(H. 7-72 + 7-80).

: 7
N \Q_E’/A 1 N <
/":Q . j* SR
griLA '
] 4 | | b,l )

Hnh 7-72;  Hink 7-73 Hink 7-74 Hinh 7-75  Hink 7-76 Hink 7-77

h=2b
4
I

= ]
Hink 7-78 Hink 7-79 Hinh 7-80
7*63. Cho d4m chju luc nhu hinh (7-81).
Big&t P = 160kN, a = 0,35m, 1 = 4m va :
[6] = 16 kN/om?. Ki€m tra diu kién bén - I!; - Jlx”
cia doan ddm AB trong hai trudng hop:

x
a) Hai dém chit I s8 hidu 18 dat song ,;;3»,; Z la?;r’ {

|
song vOi nhau. _ ) - o

“E

+ & 7*54. Gdu méc nube thép cd hinh dang nhu hinh (7-82).
: _ Khi ddy thép gfu nang 43 tdn. Xdc dinh dng suét phdp

lén nhét trong tay x4ch.

Hinh 7-81
" b) Hal ddm chit I s6 hiéu 18 dit ch6ng 1&n nhau vA han lién.

_ _ Mo
W— 7*55. X4c dinh vi tri _
. 397 _ mat cit nguy hiém nhat ~ P —— N i@
-,_’_. =t va tinh dng suft phép 73” _ =
: 16n nhét cia d€m hinh . . _ 7
— nén cut chiu Iuc nhu } ==
R hinh 7-83. n 783
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7*56. Mot ddm congxon dai 1 = 0,5m bing gang c6 méat cAt ngang 13 hink tam
gidc can. Chiéu cao h, b& rong d4y b = 0,6h. Congxon chiu luc P = 1kN téic dung &
ddu ty do hudng theo dudng cao mat cét ngang tit trén xuﬁng dudi. Bist gigi han bén
kéo va nén cia gang la Oy = 25 kN/em?; 6, = 100 kN/cm®, hé 6 an toan n = 5.

Héi nén dat ddy mat cét 18n phia trén hay phia dugi ? Tinh kich thudc mat cit.

7*57. Ddm bing thép ¢ mat cdt ngang la hinh vudbng 3 x Sem dai | = 12m. Ki€m
tra d6 bén cta ddm trong hai trudng hop:

1. Dim ké 4 hai d4u,

2. D&m k& trén hai g6i cich ddu ddm mot khodng a.

Tinh khoang céch a sao cho dng sudt phdp co gid tri nhd nhit.
Biét [6] = 21 kN/em?, y = 0,0785 N/cm?>.

4 l 18 ’14
7*58. Mot méng nufic cd mat cAt ngang nhu hinh 7-84. ‘_[ _ )

Miang dat lén hai co6t cdch nhau 6m. Mang lam bang vat lidu
c6 trong luong rieng y = 18 kN/m>. Héi khi chda dfiy nuée
thl dng sust phdp va dng suft ti€p cuc dai 1a bao nhiéu ? Vé
bi6u d6 dng sufit. -

>,/<{ Hinh 7-84
7*59. Tinh dng sudt
- phdp va dUng suft ti€p l6n nh4t, vé bidu d8
dng suft ti€p tai mat cit d ngadm chia ddm
dai 1 = lopcm chiu'luc & déu ty do P =
25180N dat tai di€ém A (H. 7-85). Xét hai
trudng hop

1. Lyc P theo phuong thdng ddng.
- 2. Lyc P theo phuong ndm ngang.
Hinh 7-85 Che : b = 200mm, t = 20mm, a = 45°

7*60. Mot ddm thép, m#t cidt ngang chir
— 7220 A¥/m 1, chiu tai trong nhu hinh (7-86). Chon sd
TP ITTT hiéu ctia mat cit. Ki€m tra d6 bén cta dém
B
c

theo thuyét bén thé€ ning bién ddi hinh dang
16n nhét. Biét [6) = 16 kN/em?.

7*61. Cho ddm thép chiu luc nhu hinh 7-87.

M, = 48 ANs77

IF:/J/('/V

,737/4
L2m| sm | sm |
T | E—

_ ] .
Y. 7 Hinh 7-86 Biét:
: ” q = 2,2 kN/m, P = 12kN, 1 = 0,5m,
S+ LI IT B (5] = 16 kN/em?. Xéc dinh kich thute mat cat hinh tron, hinh
g 57 vubng, hinh chit nhat (b = 2b) dat ndm va dat ding thép
hinh ehit I, hinh vanh khin (% = 0,75). S0 sanh trong lugng

Hinh 7-87
. cia cdc dém ndi trén.

N
7*62. M6t ddm d& ban cOng mat cit chit I chju tai trong phan b8 déu q = 20;

va lyc tip trung P = 2000N. Xéc dinh s8 hidu mit cdt, bigt ddm dai 1 = 1,5m va
tng suit cho phép [6] = 10000 N/em??

Xdc dinh phan luc tai A vA B, xem nhu dam ti lén hai diém A va B (hinh 7-88).
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£

B \HH/{THH% M”"’” |
= % 21T

J— L
§}5 | ”SL: 7210 4
| .

Hink 7-88 Hinh 7-89

7*63. M6t cén cdu di dong trén ddm cfu tao bdi hai thanh p
thép chit I dai 10m. Chon s6 hiéu mat cit dém. o max
Cho [6] = 14 kN/cm?® (hinh 7-89). | Ny

AT LA AT AT LT N k

7*64. Xac dinh dudng kinh ngoai va dudng kinh trong -
cia chft pittong ddng co mdy kéo, bi&t dp luc lén plttﬁng
P _.x = 22600N, d, = 0,75d,, [6] = 10000 N/cm?, chiéu &
dai tinh todn cla chdt 1 = 73mm, chiéu réng dédu thanh F—;ﬂ
truyén 11 = 48mm. Kiém tra cd didu kién bén theo dng
sufit ti€p cho phép [r] = 5800 N/em?. Gia thist ap luc
Poax phan b6 déu trén mat ti.

7*65. Xic dinh dudng kinh cia nim doan truc theo diéu kién bén dng sudt phép va
Uing sudt ti€p. Tryc chiu luc nhu hinh 7-91. Bigt : P = 20kN va thép lam truc od gidi han

Hink 7-90

chay 6, = 320 N/mm?2, hé s6 an todn n = 3 va ing sudt tiép cho phép (7] = lo] .

V3
855 45T _"i

NV
Uk _ Usedhesecd { 15
b= o | M

= : 1
L. AL A 142
Hinh 7-51 |

7*66. T didu kién bén cta dng sudt phép, xdc dinh kich thuSc a, h clta mit cat. Biét
q = 10 kN/m, P = 1kN, I = 24m va [6],_ = 3 KNjem?,

.
[o] = 9 KNjer? (H. 7-92). . |-£_|niL
%
7*6°7. Mot éng gang dung diy nudc cd dudng 7 M 3
kinh ngoai D = 200mm, thanh éng t = 10mm, 'ERSEREN E :/’ T
phai vugt qua mét hé rong. Hay xdc dinh bé | 2 ] 3‘; 1 -
rong hé d€ dat &ng khéng cln tru dd & gmta R # H
Bi&t dng sudt cho phép [6] = 2000 N/em?, . %
2z
trong lugng riéng cta gang y = 0,075 —E—j ok 792 I-_
. cm

7*68. X4c dinh kich thudc a cia mat cit ngang cia dim chju lgc nhu hinh (7-93)
cho hai trudng hop :
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a 1. Vat liéu lam didm la vat liéu déo cd
T 61, = 1o, = 17,5 kN/em?.

/7 ' ‘ 2. Vat lidu lam dim la vat lidu don cd
RERAERREEEN! ” [6], = 3 kN/cm? va [61, = 9 kN/em?.
3

0
q.
v “ i“r Bi6t ¢ = 100 N/em va 1 = im.
I'—*"l 7*89. Mot ddm don gian dai
Hinh 7-93 . .1 = 1m, chiju tai trong phan b6

déu q = 600 N/em. Ddm cd mat P o
cidt ngang la hinh chi nhat b X h, xé ti. mat cit tron dudng kinh d

cia mét cady gb (H. 7-94). Xdc dinh ti s6 % sa0 cho mat cAt hinh chi _ o

nhat ¢6 moémen chéng ufn l6n nh4t. Xdc dinh dubn% kinh d cua cay Hink 7-94
g0 d€ ddm dat didu kién bén, bist [6] = 1000 N/em?.

7*70. Nguvi ta dung dim g6 tron D = 26em va SATE TS TETEN
A

van g8 d€ do l6p d4t cac H = 2m d6 lén trén nap Vair 95" A |
hdm. Hom rgng 1 = 3m. Tinh khoang cach a giita cdc N 7
ddm g6 va bé day ctia van gb. Biét trong lugng r1éng

—
I_L )
cha dit y = 0,012 Nfcm Ung sudt cho phép caa g6 %:
|

12 [6] = 1000 N/em?. Khi tinh, xem v4dn g8 cé hai
déu ti ty do 1én hai g&i tya la hai dd&m gé (H. 7-95).

T*71. Mot dap chin nuéc lam
bing vdn gé tua vao nhing cot Hinh 7-95
chéng bang g6 vudng. Tinh bé day t cla véan g va canh a cha cot
chéng. Khodng cdch gita hai cft chéng d = 100cm ; chiéu cao
cia nudc H = 200cm. ['Tng suét cho phép cta gb [6] = 400 N/cm2
(H. 7-96).

Xem vdn nhu nhtmg didm don gian tua lén hai cét va xem c6t
chéng cd ngdm & d6'sdu h = 24cm dudi mat dit.

Hin 7_96' 7*72. V& bifu d6 noi lyc cia d8m tinh dinh hai nhip chiu tai

trong nhu trén hinh (7-97). Chon s6 hi¢u’ mat c4t gom hai hinh

chi [ co xét dén trong lugng ddm. V& hi€u dé ﬁ'ng sudt phdp, Ung su#t tiép va dng
sudt chinh tai mat cit B. 20N

Cho [6] = 160 MN/ecm?, [7] = 100 MN/m?. /Jfva/m 1O AN T ’M//m '
7*73. Tai mit cAt nguy hi€m nhdt cia mét

ddm chit nhat ¢ mémen M = 12kNm, luc cét #:b’
= 40kN. Tinh kich thuéc mat cit ddm biét

l
z
|

LT B A

2
)
114
]
X
A

ar
h)

i

4

.‘: fros B

B

1 : Fm
= 15 61 = 10 kN/em?, [1] = 5,78 kN/cm?. : 1 7
Hink 7-97

o O

Xac dinh giad tri va phuong ing sufit chinh

h 3h h h

:,2', + g, + —, b o E
7*74. Xac dinh kich thuéc hgp i cta ddm chdng udn déu chiu luc nhu hinh 7-98.

Dam ¢d mat cit ngang 12 hinh chit nhat.

1. Chi8u cao h khéng ddi, tinh b .

va Ung sufdt ti€p cyc tri tai cdc di€m cach dudng trung hoa la +
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2. Chidu rong b khong d8i tinh h . Cho biét P, 1,.
[6] va [z].

7*75. Tinh dng suit 16n nh#t cia nhip xe dang
congxon c6 chidu dai 1 = 55em, h = 0,5em, b = 4em.

v

_ 7 -
L dc d 4 da P 1250N. 8§ 1 hi 4 Z ”3” /% q_
Jyc tdc dung u miit = : 4 nhip Z .| Z 5 |
n =7 (H 7-99). - {— 4 =

| / £ : ' Hink 7-98
3 . = 7*76. Mot coOngxon cd  mit cit

\
a = === ngang la hink chit nhat bé réng b
‘khéng d6i, chiéu cao thay d6i h_va

o
~ T dém cd trong lugng bé nhit ma vin
Hink 7—99 dadm bao didu kidn bén (H. 7-100).

1. Trudng hgp o luc tap trung P tai déu ty do cha ddm.

2. Trudng hgp luc phan b8 déu q doc chidu dgii dém.

7¥7%. Xédc dinh tai trong ldn nh&t cd th€ tdc dung lén cbngxon
208m 4 cAy gb trom ghép lai. Cho d = 16em va [6] = 1000 N/em?.
DE xét dén bién dang cua thanh ghép ddm, khi tinh mémen chéng
uén chi lay 80% gia tri cua hinh nguyén ven (H. 7-101).

7*78. Mot thi&t bi gébm
tay kéo va déon khuyu ABC,

QQ x (H. 7-102) don khuju xoay
tu do xung quanh khép B.
Khi hadm vdi luc kéo la P

A _{_ h. Xde dinh tisﬁlvagsao cho
Zj\. \‘«,‘3\ Ty —I\ﬁ h 1

| Jm L 27 thi lyc ti 1&n banh xe tai C Bk 7-102
' T : la P,. Xéc dinh gis tri P
Hink 7—101 - va P,. Bi&t mit cat don khuyu tai B ¢ b = 2cm,

: ' h = 6em, dudng kinh d = 30mm va dng suéit cho
phép [6] = 14 kN/cm?. Cho a = 25cm.

7¢79. Cho dam thép nhu trén hinh (7-103). Tinh tai trong cho phép, biét [6] = 16 kN/cm?.

l J€ | . .
4w [ 5636 Y1

y‘gf 03 e L
l/f /i ez = <\ ./¢ Y ;T
—t PO 7
L 6tem | saemiae| W S g 1| £ e / /
o 1 ™ _ —J,— '|L R 1 I\/A?g-*—
QLT =
Hink 7-163 Hink 7-104

7*80. Co ddm thép chiu lyc nhu hinh (7-104). Mat cat ngang ddm gém hai thép
chit [ s6 36 va hai ban ndp ghép lai. Tinh tdi trong q cd thé dat vao dim. Sau dd
ki€m tra 40 bén theo Wng sudt tiép.
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Cho [6] = 16 kN/em?, [7] = 9 kN/cm®, '
7*81. Mot ddm don gidn gém hai {

manh biang gd dan theo dudng AB. Ddm g’ y i N
dai 1 = 2,6m va ¢d kich thudc nhu hinh S
7-105. Tinh tai trong phan b8 déu cho ! r l l til A . < 1
phép, bi6t dng sut cho phép cia gb -5 7 | }
IL ANSNE

[6] = 1200 Nfem?, dng suft trugt cho

phép cia keo dan [7] = 60 N/cm?.
7T*82. M6t ddm don gian bang g8 nhip _

I = 6m chju tai trong phén b6 déu Hinh 7-105

q = 4500 N/m. D4m ghép bang hai thanh

g6 cd mat cit ngang 1a hinh chi nhat (b X h = 12 x 20cm) lién k&t bang dinh buléng

(dudng kinh 18 dinh D = 20mm) vaA chém g6 kich thudc a X d = 8 x 6cm. Khodng

cich giita hai chém e = 28cm (H. 7-106). Tinh:

a. [Tng suit phdp lén nh4t tai mit cit gifa dfm (méat cdt ¢6 dinh buléng).
b. Ap lu¥c cta ddm tac duhg len mat chém.

Ung suft dap va cit chém. Ung sufit tiép cit dam (khi tinh bé qua tdc dung cla
dinh buléng). .

|3 6‘::‘/77

7*83. Mot ddm chit I ghép bing thép ban va
=1 thép géc cao h = 1020mm, gbm hai ban canh
™ 250 x 10mm, mot ban bung 1000 X 8mm va

—E: b6n thép gde 100 x 100 x 8mm. Dinh tén cd
:?- ' dudng kinh d = 20mm dat cich déu nhau doc
\t:L dém (H. 7-107).
. L 25 I
4 I . ISJJ_‘_
LI —
Hink 7-106 &T z@m&ﬁ__lm., R
Tai mat cit dang xét ddm cé \ N
moémen u6n M_ = 800kNm va luc 1001008 f S8
cht Q = 540kN. Tinh khoang céch —-l-i'"— SN
cdc dinh tdn va ki€m tra dng suét ‘
cia ddm. Cho :

[6] = 160 MN/m?, {7} = 100 MN/m?, _
7 4] =100 MN/m?, [0, o =280 MN/m?. - Hink 7-107
Khi kiém tra Ung suéit tinh ding li thuyét thé nang
bién dfi hinh dang. :

/77
7%84. M6t dim cdu gém hai thép chit I s6 36 |’ ad

|
dai 1 = 6m, chiu tac dung cia luc P = 125kN dat )

gitta nhip, ngudi ta 4it mot tenxémét A. Khi tai
trong & vi trl néi trén tenx6mét chi d6 gidn tuong
d6i &, = 4 . 10 So sénh ket qud do véi ket qua [
li thuy&t (H. 7-108).

cach g6i trai 2m. O ban cénh phia duéi mat cht g .

Hinh 7-108
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7 * 85, Xdc dinh dudng dan héi cia ddm AB bang phuong phép tich phan khong
dinh han, biét M = 20kNm (H. 7-109)

7 * 88. Tinh mOmen uén 16n nhidt, d¢ vong lén nhét va goc xoay tai mét cdt gi
tua bén trdi cia ddm chiu tii trong ph&n b6 theo dudng parabdén. Mat do 16n nhét
cia tai trong @& tai gilta nhip va

3

bing q (H. 7-110) 7
7 * 87. Tim d¢ véng tai mat 4 ‘7 : 8 4 5
cit C va B ctia ddm chiu luc nhu | j’ 7@, gw
hinh (7. 111) bang phuong phap |27 §7 ] 7 7 o
tich phan khong dinh han. o L A l
7 * 88. Xdc dinh gdc xoay tai 5
g6i A va B, d¢ vong tai C cia dfm Hink 77109 - Mk 710
nhu hinh (7-112). ,
li=y‘? = SRN rr
v
7= ; A | 4 Sl H ]
AT e s 1 A | A
4 £ Z '} g Ny 2 e | @
L £ | Z ~ _ ] 1 _+_
I ' &= 27
Hinh 7-111 Hinh 7-112

7 * 89 - 91. Tim d¢ vong tai mat cAt ngang giita nhip cia nhiing ddm chiu tai
trong tdc dung nhu hinh 7-113, 114, 115.

T - L
MTHTm 8 Jm\[\n\m
=

PR R R

Hink 7-113 ' Hink 7-114

T T y

FeY 4 S

= < —| - ARN——
Hinh 7-115 | " Hinh 7-1I6

7 * 92, M6t thanh ngam mét ddu va bi udn cong nhu trén hinh (7 - 116). H01
phai ufn thanh theo mdt dudng cong nhu th& ndo d€ khi dat lue phan bs déu q lén
thanh, thanh trd lai thanh thing.

7 - * 93. Bang phuong phdp d6 todn, tin_'_1_ goc xoay tai hai g6i tua va do6 vong l6n
nh&t cda ddm (H. 7-117).
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V;, Z B d6 toan, tim dd véng va gdc
7 &

2.2 xoay tai ddu tu do cta ddm.

< A ?M ‘ Mo 7 * 94. Bing phuong phép
|

A
g

2;?Ja?|
| |

Z Dim chju luc nhu hinh 7-118.
l Viét phuong trinh dudng dan
Hinhk 7-117 Hinh 7-118 héi cia ddm.

7 * 95. C6 ddm d¢6 cing khong d8i chju lyc nhu hinh (7-119). Xéc dinh :
- D& vong va gdc xoay tai mat cat C. -
-~ Gde xoay tai hai géi tua A va B.

D6 ving tai miat cidt D.

7 * 96. C6 ddm mat cét ngang thay d8i va chiu lyc nhu hinh 7-120. Tinh d6 véng
tai dau tu do va gdc xoay tai mat cit ngang gitta d&m.

£ A
L=4g= z | ! ¥
7 A7 T T8 Z v~
rﬁ—mﬂ 7z <% — %
! N
A A S . 2
| 272 | 27 - ¢ |
I~ | | . %
Hink 7-119 Hinh 7-120
7 * 97. Dim o6 d6 cdng khéng ddi chiu tai trong phar A s s 7 ¢
b8 déu doc ddm. Tinh d8 vong tai mat cdt D va mat cit 1IN AR NEEE
A, gdc xoay tai mit cit A (H. 7-121). ,,E, g /};:9
7 * 98 - 103. Xac dinh d6 vong va gde quay lén nhét ! i -_J—r 22 —-I
vé gia tri tuyét d6i cha ddm. P M, a, E va erlx coi nhu
da bi6t trong cac hinh 7-122 + 7-127. Hinh 7-121
M=Fz | F 2F
M=-2Fz VAV g T 2T
q 27 ™ 7 '
/ A
. T . & 4
|| 2 | & & 'r _'_I"I
| l
Hinh 7-122 Hinh 7-123
Vi Vad

Hinh 7-124 Hinh 7-125
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Hink 7-126 Hink 7-127

7 * 104. Bang phuong phap d8 todn xdc dinh d¢ vong
vl gdéc xoay & ddu C cia dém chiu lyc P = 40kN nhu y l
trén hinh (7-128). Hai doan ddm cé d¢ cing khéc nhau. 267 DLW C

7 * 1056 -~ 108. Xac dinh do vong fc cia méat cét ’%’ T ”8[”me
C va géc quay BD clla mat cdt D, P a, E, J max coi nhu 1

da bist trong cdc hinh 7-129 + 7-132. Hinh 7-128

t ad i ‘2 |/U
f ﬂl P
(— =

Hinh 7-129

Hinh 7-131 . Hink 7-132

7 * 109. Dém chiu tai trong nhu hinh 7-133.
Xac dinh d6 véng tai ngam trugt, tai mat echt
gita ddm va géc xoay tai mat cAt g6i tua B.
(Phuong phap thong s6 ban diu).

7 * 110. M6t ddm cé 46 cing khéng d8i chiu
tai trong nhu hinh 7-134. Tinh 46 véng & gitta
nhip va gdc xoay & gli A .

V& bi€u d6 luc cdt, mémen ubn, va do vong (Phuong phap ‘théng s6 ban dfu).

7 * 111. Ve dudng dan héi va d6 thi géc xoay cia ddm vé& trén hinh 7-135. Mat
cidt dim gém hai mat cAt chit [ s6 hieu 27 ghép lai. (Phuong phép théong s6 ban ddu).

Hink 7133
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& 2
! g ", 3 1‘. 2 ‘!. 2m+
Hink 7-135
. M 7134 f’ 4 ya
.7 112, X4c dinh tai trong P cho phép cla ddm 1 -
chiu lyc nhu hinh 7-136 theo diéu kién bén va ciing. 7y 5 -
Mat cdt cta ddm la thép dinh hinh chit T s§ hiéu 33, L7 Iz Fez l 2,
il 1

E = 210°Niem?, f6] = 16KN/em? [ 1] — 1 w3 _ 7
l6] kN;’cm,[l] g0p V2 & = 60cm,

7 * 113. C6 ddm mat cAt g6m hai hinh chit [ chiu Hink 7-136
lyc nhu hinh 7-137. Chon 6 hisu mat cit dé dém bdo dim do bén va do cing. Cho

P = 40kN, I = 3m, [6] = 16kN/em? B = 2.10°kN/em?, 1| = L.,
1 400
1/7

A

7 * 114. Chon kich thudc m4t cit ngang hinh

V4

_ZIZ”S’"ZJ ; B _ 5 Lia ddm chiu lue nhit hi
F; - __{__ 5 chit nhat (b = 3) cia ddm chiu lge nhu hinh
7-138. Biét : P = 800N, E = 1. 10°N/ecm? va

If 1
=1200N/ecm?, |- = ——
Ny [6:! fem?, llJ 300 -

5
r._:

Hinh 7-137

7 * 115. Mot ddm AC chiu luc tdp trung P dat & B (H. 7-139).

Dau C cta ddm tua trén gdi c6 dinh. Ddu B dugc treo vao 2'_
mét 10 x0 cd dudng kinh ngoai D = 25mm, dudng kinh day ir_ 2m L
thép d = 4,5mm, s6 vdng lam viéc n = 6. Tinh d6 véng tai !
mat cidt B, Cho h = 8mm,

4 F=I35N " E = 2.10°N/mm?,
g 2 ; K G = 8. 10*°N/mm?.
[
4 3
: Lnﬁé'mm[‘ 2057172 Z
! ] |

00N 800N
|  2m |

Hinh 7138

7 * 116. Mot dap chén nude gém

__; |.jr nhiing cot g8 c6 do cing EJ va vén
14t nhu & hinh 7-140. Cédc cot céch

nhau khoing cdch a. Lap cong thic

Hinh 7-139 : }tinh chuyén vi ddu cét.

7 * 117. Mgt day thép trdon dudng kinh d = 3mm, phii duge cubn
thanh cugén dudng kinh bao nhiéu dé khi d& ra day thép vin dugc théng nhu
cii. Cho gi6i han chay cta thép ; 6, = 240 MN/m?

E = 2,1.10°MN/m?,

7 * 118, Ba thanh thép mat cat hinh chit nhat c6 ciing bé rong
dat chong lén nhau va twa lén hai gdi don gidn. Tai trong q dat lén
;

Hinh 7-140
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ba thanh phan b8 déu. Tinh dng sudt cuc dai & rﬁéi o pai o :
thanh (H. 7-141). HITTTITIT) . =

1722 e
h, > &
cho hl =3 =7 7 % I__b__rgli
7 * 119. Mét d4m dai | = 2m bing g6 6 mat cit - .
5 x 6cm va E = 1,2.10°N/em?. Hai g6i bién A va B lIa Hinh 7-141
hai g6i cdng. Gé&i tya C 1a g6i 1o xo. X4c dinh d6 cing K4
C cha 10 xo0 d€ sao cho khi ddm chju tAi trong phan bs déu 4§ 1 \‘5#1}’4 11tig
q, mémen ubn tai C bing khong (H. 7-142). ’ ;}ﬁ, ”i" J,,
7 * 120. Vist phuong trinh dudng dan héi ciia ddm s:éu | 1 |
tinh chiju tai trong phan bé déu q nhu hinh 7-143. [ |
7 * 121. C6 hai ddm cing vat liéu dat do Hinh 7-143
ln nhau & gitla nhip nhu trén hinh v&. P=20#N
) 7 T trong tac dung len dim P = 20kN. L em)
: } + bt 4§t 1t Kich thuéc ddm ghi trén hinh 7-144.
£ 0,5’ Tinh dng suft 16n nh&t va d6 véng cla ‘;‘0 ! !,//
. 4 - méi dém. Cho E = 10°kNjcm? AR 20 ¢
Hinh 7—143 7 * 122, Mot thanh thép dai 1m, mat !} !

cit hinh chi nhit b X h = 20 x 6mm,

=,
ngam & ddu A, chiu mdt lye P = 30N dat & gita nhip. Ki€m. % ﬁ! zg
tra d¢ bén cia ddm bist rang [6] = 160MN/m% & ddu B co A 25 él_
khe h¢ & = 20mm. Cho E = 2.10°MN/m? (H. 7-145). AT . 23
7 * 123. Xac dinh phan lyc tai ngam cha didm sidu tinh. ik
chiu tai trong nhu hinh (7-146). Hinh 7-144
77
£ N 7
47 l 89 L  ERSASNGE
5 o B T
p5m | Gsm 20mm 1 L Z _z ]
— I v "'—/q | T L
Hink 7-145 ) Hinh 7-146

7 * 124. Xac dinh mOmen u6n M, va M tai ngdm A va B cia dim c6 hai ddu
ngam trong hai trudng hop sau :

1. Ngam B quay mot gdc Py (H. 7-147).
2. Ngam B thip xuéng mét doan nhd A (H. 7-148).

4 e W/ A £ g8l
2 —— ‘Eﬁ g ““*n-_ﬁ___é A
I 4 | L 4 f Bl
| ) i [ 5

Hinkh 7=147 Hinh 7--143
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_ q
7 * 125, Viét phuong trinh dudng dan héi, mémen uén va
lue cAt cha ddm siéu tinh chiu lue phan b8 bac nhdt (hinh M

7-149). AA

z
|
7 * 126 - 131. Tinh luc doc N trong cdc thanh treo trong I 1e9
céc hinh 7-150 + 7-155. Hink 7-148
. 2
v 2]
L2200 Nferm 2
il - Fetem®
N 7 7 b 10 er?
7@ 2 a | g7 xifam
|
f = 20007
24T %HHVHHHH
- Hinh 7-150 2a ! 22
' Mk 7-I5T
gyl '
F=Imm|I | FuzigWiemr € ,
E=240Wfeme[ ™ . 7| Z#om
AR 3Ox30¢ 7 RN
% z F 7Nz /
T (m —i | ”’?”fm 'f”’v%fm f’ﬁ”
I ) '. F=zT I_ 1r]={7.1 f |
Hink 7-152 B2 107 Wfert’s £ 100 o 2
Hink 7-153
2 -
E £ = 210 9ym?
g fefem?
Ny 3Gx3G¢crmr
I S S
1 2a _
N |z Geh b1
Sk
”74% &=t & Iﬂ
YV gkw
Hinh 7-154 Hink 7-155

7 * 132 - 135. Tinh & trong céc by phén cia hé hén hgp ddm - thanh :
1. Ung sudt do nhiét do (bai hinh 156 va 159) trong thanh treo.

2. Ung sudt do lap rap (bai hinh 157 va 158)
Trong bai hinh (157) tinh néi lhuc trong thanh treo.
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S LRANN

Hink 7-157

/E 2L 77 x 8 cor

|

v

T_CJ':?'/??”A” Z

£

!_. 7m _;_.* 77 ! 4’=2-M’;V/fmf- ,]‘-7:2(/;7?
£k 21y o Fom tem? L= 10N fem? 44 = 55
510 MK ¢ oy =12 5.197¢
Hink 7-158 . Hinh 7-159
==
: ! ' @D ;
7 * 136. Mgt hé théng gém ba congxon, ddu tu do -
duge lién k&t voi nhau bing nhitng thanh giding cing. - @ 27
Tinh dng sufit cuc dai & méi ddm khi ¢ lyc P treo G 3
6 dfu dém. Mat ekt dém cén thay d6i the nao d6 cic } 3

ddm cd cing d6 bén (H. 7-160),

7 * 137. Két cdu gém hai thanh thép tron cé ban
kinh dl va dz’ moét ddu ngdm chat, mét ddu gdn véi mot miéng cing AB. Khi lue P
tac dung & B, miéng cing vAn gitt vi trl thadng ding (H. 7-161).

Tinh mémen x0dn va mémen udn & ddu méi thanh.

7 * 138. Mot thanh thép AB dugc ubn cong trudc dé€ khi nén bang hai lyc P & hai
ddu, thanh thing lai va chju 4p ltc phén b6 déu do mit cing CD tac nén. Tinh luc
P va dng sudt 16n nh&t khi nén thanh thanh thing.

Cho ! = 50cm, f = 0,25cm va mét cit thanh a x a = 25 x 25m
(H. 7-162) ' -

Hink 7-169 ﬁ

F
Hinh 7-161 Hinh 7-162
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Chuong 8

TINH THANH CHIU LUC PHUC TAP

1. U6n xién
I-1. Ung suét phap trén mat cét ngang (H.8-1).

Mot thanh goi 14 udn xién khi trén cdc m#t c4t ngang ciia thanh cd hai thanh phin
ndi luc 1a moémen udn M va M hodc cd cd thanh phdn mdémen udn va lue cét. M
Q, M, Q.

'I‘al mot di€m bdt ki trén mit cit ngahg cd toa dé x, y, (Ox, Oy-la hé truc quan
tinh chinh trung tam). Ung sudt phép duoce tinh theo cong thic.

Mx I\f[y
6, 3 -¥ Ty ox (8-1) My
S (
hoac , _.JE
y.sine  x.cosax /
6 = M + {8-2) . A,
z Jx Jy . / -
8 y '
TI‘OIlg do : . Hinh g_j
MX = M sinca
My = Mcosa N tlzrry o by
M = dmi + M (8~3) /\< x
o
a - goc gla tryc x va dudng tai trong (H.8-2) do dd ' 5 Mf/’jégly
hé s6 gde cua dudng tai trong la : \// &7 oy
t s (8-4) 'Y ik 82
= — — " _
B =M _

¥

M, M_ dugc coi la duong khi lam cang cdc thd § phia chidu duong cta truc y va

8-1).

true x (

DéE khong cin chd y dén dfu clia toa dd x, y va M, M trong ki thuat s dung

ebng thidc sau :
IM_|

&8 9=
z

M|

J
y

=]

(8-5)

Trong d6 cdc gid tri déu 14y tri s6 tuyét d6i, con 14y ddu cong hay trir trudc méi

s6 hang thi tiy theo cdc mémen udn M, va M g4y ra dng sudt kéo hay nén & di€m
dang xét

1-2. Vi tri duéng trung hoa. :
Vi tri dudng trung hoa duge xdc dinh bdi phuong trinh.
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_X Y. _ _
Ty+Fx=0 (8-6)
X ¥
J M
ho#c y=-—= ——-)-rx=-tgﬁx
’ - J M
y X
viti
I M, J_
tgﬁ=J—-ﬁ=—tga.:I~ (8-7)
y X ¥

B - gdec nghiéng gitta dudng trung hoa vdi truec x.
1-3. Ung sudi phap cuc dei va cuc tidu,

Nhitng di€m c¢d dng suit phdp cuc tri 13 nhing di€ém =xa tryc trung hoa nh4t va
duge tinh theo cong thie :

i Mxl | My!
Omax = lyl +—5—ix/ (8-8)
x ¥
| Mxl | Myl
Opin = — |75 -1y} + 5 lx] (8-9)
X : ¥y
Trong dé X, ¥ 12 toa do cia di€m chiu kéo cdach xa dudng trung hda nhit.

X ¥, la toa d¢ clia di€m chiu nén cich xa duding trung hda nhét.

Né&u mat cdt ngang cd hai truc quan tinh chinh trung tadm déu la cdc tryc d6i xdng
thi do . |x | =|x_| ; |y | = |y,| ta cd:

) max | arninl
Trudng hgp mit cAt ngang cd hai tryc d6i xdng nhu (H. 8-1) tri 8§ ¢ng sufit phap .
cue tri duge viét dudi dang : '

MM
O mar = | Ol = (8-10)
X ¥
. Jx JY
trong dd W =+"—7; W = —— (8-11)
S C I T PR -

1-4. Ung sudt tiép trén mdt cdt ngang.

Ung sufit tidp téng hap c6 thé tinh gén dung bing téng hinh hoc cda céc dng sudt

tigp do Q va Q gy ra. Ung sudt nay thudng r&t bé, do dd cd thé khéng xét dén
trong tink todn thuc t&.

1-5. Didu kién bdn ctia dam chiu uén xién.

Khi da bd qua anh hudng cia dng sudt tiép. Difm nguy hi€m la di€m cd dng sudt
phdp cuc tri. Trang thai dng suit cia di€m nguy hi€m la trang thai dng sudt don.
Do d¢ diéu kién bén 13 : “

- DG vl vat lidu déo
| 6 1 <101 {§—12)
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- Déi véi vat ligu gion :
O o S [ak] (8-13)
Opin < [ 0] -(8-14)
Tt cde diéu kién bén, ta cing rit ra ba bai todn cd ban :
- Kiém tra bén thdéa man (8-12) hodc (8-13), (8-14).
- Tim tai trong cho phép

- Chon kich thuoc mat cit ngang. Riéng bai toan chon kich thu6c e phitc tap hon
vi theo (8- 8,9) ta ¢6 nhiéu dai lugng chua bi&t nhu J J ;X 3 ¥ s %X, 3 ¥, Do dd
phdi tién hanh theo phuong phép thit dan.

Vi dy : Theo (8-10) di&u kién bén (8-12) cd dang :

-

Mx + CM
: W < [6]
X
T dd ta cd H M + CM
' W o2 = Y
X (6]
trong do : :
Wx
C = -"i(—
Y

v0i mat cdt hinh chit nhat chiéu cao h, chiéu réng b thi C = % Dai voi thép cén -

dinh hinh I ¢6 th€ chon C = 8 l4n diu ;
Véi hinh chit U «chon C 6 lan diu.

1-6. Tinh chuyén vi.

D% véng f va géc xoay 8 cia mat cit nao dé cia ddm bi ufn xién bing tdng hinh
hoc d¢ v6ng va gdc xoay do cdc thanh phin mémen uén tac dung trong cic mit phing
quan tinh chinh trung tam cia dém tdc la:

= \’fi‘ + £ y 6= -\!ei_+9§ (8-15)
trong dd : fx, fy - dt‘} vong theo phuong truc x va truc yi
Gx, e y goc xoay cia mat cdt chung quanh truc x va truc y.

Phuong cia doé vong tai mat cét nao d¢ duge xdc dinh badi cﬁng thic.
' f

tg?=%
X

con gde quay téng hop cia mat cidt l1a géc ma mat cit quay chung quanh dudng
trung hoa.

Vi du 8-1

Cho P = 2400 N, q = 4000 N/m

1 =2m;a=230°;E =2 10’ N/em?
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(6] = 16.000 N/em? (H.8-8)

Xdc dinh 86 hidu mat cat ddm thép hinh chit I, vi tri
dutng trung hoa.

Bai gidi :
Mémen uén cuc dai & ngam
M = Plsinae = 240 . 2. L 240 N.m '
ymax . 2 Hinh 8-3
2
gl 4000 4 _
max = g + Pleosar = 3 + 240 . 2 . 0,866 = 12160 Nm

Thi 1l4n thd nhit, ta 18y C = 8.

Theo cong thie :
M +CM
X ¥ 1216 + 8. 240 3
= = = 196
W}c ol . 1600 100 em
Ta chon mat cit ddm thép chit I s6 20 cd gid tri mdémen chéng uén nhé hon va
gdn nhat.

W = 184 em® W, = 23,1 em>,

Tai difm A v2 B & m#t cdt ngam ta c6 0 = - 0O ., do dg
M M
_ xmax ymax 121600 24000 2
Tmae = W * w18 *531 ~ 17000 Niem
Vi )
O~ 101 1700 — 1600
max
5l 100-—-W 100 = 6,2 % > 3%

do d6 ta liy mat cit s6 20a voi W, = 208 em®, W, = 28,2cm?,

khi dg: 121600 24000 !
- - 2
mox = 203 + 58,2 14500N/ cm
Ung sufit nhdé hon :
1600 — 1450
- = 94%
1600 100 '

D61 v6i mat cat s6 20a, J = 155cm*, J = 2030cm?, N
do d¢ & mit cidt ngam : _ Hinh 8-3a
tgf = (J, M0 GM,_ ) = 2030 . 240 / ( 155. 1216) ~ 2,58 —~ § = 68° 50"

Trén hmh (8 Sa) cd vé dubng trung hda nn va bidu d8 dng sudt phdp 6 cha mat
cAt ngam.

Vi duy 8-2.

Mot congxon mé&t cat thay d8i chju luc nhu trén hinh (8-4). Biét P = 1,63P
va h = 2b. X4c dinh gia tri va phuong cia d6 véng & ddu ty do.

Bai gidi |

Dam cé mit cét t.hay d6i nén d¢ vong toan phén bing téng d¢ vong trong ting doan.
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Goi J;, J; la cdc mOémen quén tinh cia
phin ddm cé mat cAt hinh chit nhat,

L a
J:, J: 12 mdémen qudn tinh cGa phin ddm . '|
3 M 1)
gi_ b 2wt = AL v/
x 12 3 7 : _
| 7
J! = E‘f = b_4 | B
y 12 6 Hink 8—4
IR aD* =Iyr(bﬁ)4 _ 26m.p*
x y 64 64 64
Bang cdc phwong phdp tim do vong da biét, ta cd :
pa* 7P’
f = + o
Y 3EF  3EJ
X . X
Pa®  7Pad
f = +
x 3EJ1 3EJ2
3
-VE+E - \[ RIS Py 2
3EJ’ 3EJ2) (3EJ1 3EJ2

Thay cdc gia tri mébmen quan tinh vita tim duge & trén va P, = 1,68P vao bi€u
thic. Cuéi cing ta duge ":

3
£ =5, Pa’
max Eb4
rY
tgy = F
X
3 3
véi - 3912P—a,f=3,9?f:
y 1 Eb
ta duge y = 45°

2. U6n va kéo nén dong thdi

2-1. Ung sudt phGp trén mdit cdt ngang

Mot thanh goi 14 chiu uén va kéo - nén dng thoi khi trén cdc mat cdt ngang cia
thanh ¢d cac thanh phin néi lye 1a luc doc vA mémen uén hodc «d ca thanh phin hyc cAt.

Ung suit phap tai mét di€m bat ki trén mét cidt ngang cd toa do x, y duge xac
dinh theo céng thie.
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N, M_ M
. S 8-16
R IR A S (8-16)

X
hodc theo cong thic ki thuat

N M| M
AR
z- T F T g J,

x| _ (8-17)

Chon ddu tuong tu nhu trong ufn xién

2-2. Vi tri dudng trung hoa
Vi tri dudng trung hoa dugc xdc dinh bdi phuong trinh :

N3 Mx My o
F 7Y + T X 0
X ¥
Mx.y M .x
hoac 1+ +—2— =9 (8-19)
N .i¥* N .i%
2 x z'y
. . . N I3 . r : =2 J
trong do: Lo 1 ban kinh quan tinh chinh, i = F

F dién tich mat cit ngang ;

JX,Jy — mémen quan tinh chinh trung tim ctta mat cdt ngang.

2-3. Ung suét phap cuc dai va cuc tifu
Ung suat phép c6 gia tri cuc dai va cuc ti€u tai nhitng diém tiép xdc cta chu tuyén
mét cat véi cdc dudng thing song song véi dudng trung hoa.

Néu thanh cé mat cat ngang cd hai truc d8i xdng, tuong tu ki hiéu trong uén xién
ta co :

NI MM

Omx = % F + W + W (8—20)
X ¥
INJ M) M)
“wn T EF W W, (8-21)
X

2-4. Pidu kién bén

Bé qua anh huéng ciia ing suét tiép dugc tinh nhu trong uén xién. Trang thdi Ung
sult cua diém nguy hi€ém 13 trang thai dng sudt don. Do dd diéu kién bén la :

- Déi vai vat lisu déo

16 | < [6] (8-22)
max
- D&i v6i vat liéu gion
O'max < [O“k] {8-23)
6 . < [6] (8-24)
min n
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Vi du 8-3.

Choq=6kN!m;L=.6m;a = 30° ;
[6]1 = 140MN/m? (hinh 8-5). Chon s6 hiéu
mat cét dam thép chir I.

Bai gidi.

Hinh chiéu cda tai trong q lén truc z va \(

truc y (hinh 8 - 5). . . x}?
q, = gsing ; q, = qeosa

Thanh phén q, phan b8 déu trén chisu dai
]l tao ra bién dang nén. Thanh phan q, lam d4m bi udn ngang. Momen uén cuc dai d
mit cdt gita nhip dam.

Hinh 8 — 5

12 12
Mmax = qyl /8 = ql“/(8cosa). _
Ta 14y gia tri nay dé thi chon mat cit ldn thd nhit. Khi dd -
M 2 '
o _max _dl = 6000. 36 =223 . 107*m® = 223cm?
X | &t 8[slcosx 8.14.107. 0866 .

Mat cét chu I 88 22 c6 mﬁmen chéng uén lén hon va gin nhit v&i gia trj nay :
W = 232cm> ; F = 30,6em?.

8 mat cat cd M__. tdc dung lgc nén doc bang :

qzl 1

_ % _q

N2 g ~ gt&@

Ta ki€m tra mat cidt d& chon & trén khi ¢d xét thém luc doc :
s N Mo 60006 .\ 6000.36 -
max F W, 2.30,6.10°Y3  8.232.107%.0,866

. = 137,8.10° N/m? = 137,8MN/m?2.
Ung sust nhd hon

[6] = 1600 2,2
TIUO = E—OIOO = 1,6%

Thuc ra dng suft ldn nhdt & tai mét cdt bén trai mit cdt gi¥a nhip mét doan kha
bé (anh hudng khong déng ké). That vay, d6i véi mot mat cit bt ki ta cd :

_ qlz q22 q(l —z)
|6Imax = W["z—cosa - ——é—cosa] + —F s
d]a!max :
_a o 9E o q.
Vi a = WO W e Fsma 0,

. Z
nén mat cit nguy hiém & cich g6i trdi mot doan bing:
6.2 232.107¢

o = - = 3,420m,
23 306.1043

2 =

B | -
=] g
[l
0

{(mat cat gitta nhip 13 4,4cm).
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O mat cit nay (x = 3,420m) :
1 6000. 6 6000 Y3 6000 . 3,508
o = 3,420 - —— 34200 | + —~ T —
19l e 232.10“'[ 2 7 % ] 30,6.107%. 2
= 137,85 . 10°N/m? = 137,85MN/m?
tic 12 16n hon dng sufit 8 mat cAt gita nhip gdn 0,05%.

3. Kéo - nén léch tam

Kéo - nén léch tAm la trudng hop dac biét cda thanh chiu ubn cong kéo-nén. Ngoai
luc tdc dung trong trudng hop niy of phuong song song véi truc cia thaph, nhung diém
dat & ngodi trong tam cia cdc mit cit ngang khio sit. Vi du {H.B—G}.Khiddtaimat

cdt ngang b&t ki thanh phén n6i hic o6 céc gid tri : ZJ
M_= Py % l/ﬁ’
M =Px : ; .
¥ c ' - —-
= }
) N =P . /{. I A x
Ung sudt phép tai mot di€m b&t ki trén m3st cit ngang : I B ¢
N N .¥ N .x o I
T T2'vc z "¢ _
6, = ¥ + T T X {8 - 25) bt
N y.¥ xx I
o = (1 + =5 +3). 8 - 26) P
i‘x I? LJI.A_'
Trongdcix,y tqadﬁc&adxéméatwccachhjéuklmc :

nhu trong ubn c@ngt kfo — nén.

Duimg trung hés xéc dink t& phuong trinh :

YooY %%
— +
¢ i§

Vi kéo - nén léch t&m I3 trudng hop ddc bist cha udn cdmg kéo — nén, nén cich
tinh tri s6 dng sufit cyc dai vi cuc tréu, viée ki€ém tra bén lam tuong tu nhu uﬁn

cong kéo - mén,
Nhan xét. Trén mit cidt ngang ¢3¢ luc ta ed th€ tim duge mot dién tieh, néu h_xc
dat trong dién tich dd thi trén cdc mat cdt ngang chi _
cd mot loai @ng suft hosc kéo hodec nén. : £
Di¢n tich d6 ta goi Ia Joi ti6t dien (167 cha mat X
c4t). Chu tuyén cla Wi 13 quy tich nhimg di€m dat / 0//
Iyc 1¢ch tam, tuong dng véi cac didm nay, dudng trung :
hoa ti€p xic voi chy vi mit cit va khong c&t mat cit // x4
¢ chd nao, - 1
Vi du 8 - 4. | A
Mot cot mat cAt hinh vudng bi nén léch tam trén '_ 7
truc y. Ung suft tai diém A héfng +200N/em?, tai B
bang khéng. 1
Héi tal trong tdc dung 1én cot, d6 léch tAm va dng |
sufit nén 16n nhit & cot (H. 8 - 7). A, 4

1+ =0 (8 - 27) Hink 8 - ¢
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Bai gidi

P =20 % - 12 5
g, = -—{1 + : | = 2008 cem _ (a)
* i w
| p  -l0.x 12
O = - =51+ ) =0 (b)
| 40*" 40?
T« phuong trinkh (b) ta duge do lech tam %,
—lﬂ.xk, 12
I # ——e = p,
40~
hay = -——-——-—402 o a1
d B T I
Thay vac fa), duge : ..—P-.; 1 - w = 200
40 | 40 . 3
Rét ra | P =32.10° X
¥ o : i .
o, = -2V 2090120 oot
¢ 40° 40°. 3
Vi du 8-5.

Mot dung cu d€ kep cd dang nhu hink vé. Che : b = I5mm, b = 5mm, ¢ = 50mm.
Tinh mémen cta ngiu luc ¢5 thé dat vao tay van d€ cho dng suft 16n nhédt & than
gld khdng vuor qua dng suft cho phép (H.8 - &),

Cho [6] = 160MN.m* Budc cua rang 6c vit 2~ = lmm. Gid thist b qua cée anh
huéng ma 34t _ :

Bai gidi. _
Quan hé gita mémen ngiu luc dat vao tay van va luc nén tdc dung véc chi tigt :
' . 21
X = ‘:;_—M.
CUng suét & than chi tigt -
AV Ge .o N be:, :
me T BRI Y R) = R E) < fob
4+ bh
hay M < ‘*—-EE]—)-———-
27 (1 + 2
i\ h )

Thay bang sé :

A < 16000.0,1.0,::-.1_,5 - 91 Nem
6.3,

2.3,14{1 + —

. 1,5

Hinly 8-8
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4. Xoén va kéo - nén dong thoi

Mot thanh goi la xodn va kéo-nén dbng thdi khi trén mit cit ngang cda thanh cd
cdc thanh phén noi luc 14 mémen xodn vi luc doc.

Tai di€m nguy hi€m (x, y) cla miat cdt ngang dang xét cd Ung suit phap do lﬁc
doc N gay ra :

6 = — | (8 - 28)

Trong dd F dién tich mat cit ngang, va ing suft ti€p do mbémen xodn M gay ra
ed tri s6 :

MZ
T = W 8 - 29
xodn

Trong d¢ onén la momen chéng xo0dn cha mat cét.

Tai di€m nguy hiém, trang thdi dng sudt 14 phdng nén. D& viét didu kién bén ta
phai st dung mét thuyét bén nao dd phi hgp v6i vat ligu da cho. D& vai vat liéu déo
ta dung thuyét bén thd ba hoac thd tu :

6 -6 = V5 2 ' _
Oiqy = 01 — O 6, ? + 41'2m o < [6] (8 - 30)
Ougay = wlaf +02 - 0606, = wla§+3rfw < [o]. 8 - 31)
DEi voi vat lidu gion : diung thuyét bén cla M .
' 1- 1+
6 =6 —ab, = — 6= + a\’0'2+412 < [6] (8 - 32)
1d 1 3 g “Z
Vi du 8-6. e

Che P = 2T, M = 4Tem, d = 4cm, [O'] 3500N1’cm
[ 6. ] = 14000N/cm? hinh 8 - 9. T1nh xem thanh cd du
do bén khong?

Bai gidi.
Lyc do¢c N, = -~ P = -2, 10*N, mOmen xoén

MZ=M=4.104.N‘cm

Ung suft phap tai cac di€m clia mat cit ngang.
= NJF = -2104/(x . 4% =~ —1590N/em’

Ung suét tiép cuc dai trén chu tuyén mat cét ” Hinh 8 — 9
T = MW, = 4.10*.16/(x.4%) =~ 3180N/cm?

Do : a = [0,)/I6,] = 3850/1400 = 0,25

nén ing sudt tucng duong theo cong thic (8—32) cG gid tri bang :

1-0,25 1+025

= L4 A
Cav = — 5 189+ V159° +4. 318 ~ 3500N/cm’ = [6,]

Nhu vay, thanh d4 d$ bén.
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Vi du 8 - 7.
ChoP=160kN;M=4kNm;hz8(:m;
b = 4em ; 6, = 360MN/m? (hinh 8 - 10).
Xac dinh hé s6 an toan n,

h

\(’t:h
"y

Bai gidi.

VIN, =P =1610°N; M_ = M = 4.10°Nm va
h/b = 84 = 2 nén tai cac difm trén mit cit .
ngang 6 = N /F = 16.10%(0,04.0,08) = 50.10°N/m? = Hink &-10
= 50MN/m?, va Ung sudt ti€p l6n nh4t do xoédn tai trung di€m canh dai cia mat cit
hinh chit nhat trén doan thanh bén- trai.

_ _ 3 _ 3 106 ~ 6 2 _
Toax = Mz,fwmén- M, . /Pb’ = 4.10°.10%(0,493.64) 127.10.N/’m
127MN/m?,

Tai di€m nguy hi€m ciia thanh Ung sufit tuong duong tinh theo Ii thuyét thd ba cd

gia tri:
O\ = V602 +4. 127 = 259MN/m?.
= 0_/6 ., = 860/259 =~ 1,39.

Hé s8 an toan n,

h dl

5. Xodn va u6n dong thoi

Ta goi mot thanh chiu xoén va uén ddng thoi khi trén mat cit ngang cé cdc thanh
phén nodi lyc 1a mémen xodn, moémen udn hodc cd ca luc cit.

Néu mat cdt ngang la hinh tron, dudng kinh d thi #ng sudt tiép do Qx, Qy cd gia
tri rdt bé, khi tinh todn ta khéng xét dén. '

f]'ng sufit ti€ép do mémen xodn dat gid tri cuc dai & cdc di€m trén chu vi, ¢6 tri 54 :

M 16M
z z

rmax = th = erB
Ung sust phdp cd tri s6 16n nhét va be nh&t do mémen uén MX, My gay ra tai. haj
di€fm A va B trén chu vi, dd 13 hai giao di€ém cia dudng kinh vudng gdc v6i vecto
moémen uén t8ng hop tdc la giao di€m cta dudng tai trong voi che vi :
M= VM2 + M2

X

(8 ~ 33)

M 32M
&= =+ W = + — (8 - 34)
udn ad

Tai cdc di€ém nguy hi€m A va B, phén t6 & trang thai Ung sudt phing nhu trong
kéo - nén déng thoi vdi xodn. Nén diéu kién bén vi€t theo cdc bidu thic (8 -~ 30)
(8 - 31) va (8 - 32).

Chi y. Tri s6 W_ = 2W 4, do d6 cong thic tinh todn d6 bén thanh tron chju xodn
vd ufn déng thai tfmbng dua vé dang : '
6, = W< o (8 - 35_)
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trong dd : - Theo thuyft bén thd 3 :

M, = Y M? +M? (8 - 36)

- Theo thuy&t bén thi 4 : M = VMZ +0,75M> (8 - 37
. th | ' z
- +

- Theo thuyét bén M_ : M, = 12“M + 12“4M2+M§ (8 - 38)

- D&i vai thanh mat c4t ngang khong trdn bj xodn vA uén dbng thoi thi diém nguy
hiém ciing & trén chu vi mat cdt. VI diém cd ung sudt ti&p 16n nhat do xoén od thé
khong tring voi di€ém cd dng sust phap 16n nh&t do uén, cho nén difm nguy hidm cd
thé la dim c6 ing sudt phap l6n nh4t, hoac diém cd dng sult tiép 16n nhdt hosc
mét di€m trung gian nao d¢ trén chu vi. Diém nguy hiém cd toa db (x, y) 86 12 di€ém
ma Ung suft tuong duong tinh theo mot thuy&t bén ndo dd da chon ed gid tri lon

nhdt. D& vist Ung suft tuong duong, tri s6 dng sufit phdp 6, va ing sufit ti€p 7 tinh
theo cdc céng thic sau :

M, M M
O‘z = “:],""y + Tx VA T = yw (8 - 39
% y xohn

Trong d¢ y la mot hu s6 phy thu¢c vdo hinh déng, kich thuéc mat cAt ngang va
toa 46 (x, y) cha difm dang xét trén chu vi.

D& viéc tinh todn chinh xdc hon cé th& xét thém ca ing sudt ti€p. do udn.
Ty Tg- Khi d6 dng suft ti€p toan phan bing tdng hinh hoc cia 7, T, VA T,

Vi du 8 - 8. 7

Truc truyén (II) cd banh xe réang hinh try réing thdng truyén cong sudt N = 10 ma
lge tif déng co (D) quay voi tc do n = 100 vg/ph dén bénh xe (II). Phuong cdc lye tac
dung ghi trén hinh 8-11. Ung sufit cho phép cla vat liéu ché tao trye [6] = 10kN/em?.

X4c dinh kich thudc cfin thist cia tryc truyén theo thuy&t bén th& nidng bién dai
hinh dang va thuySt bén d@ng sufit ti6p 1on nhat. Xét hal trudng hgp : Cé dé j dén
thanh phén lyc hudng tAm va khong dé y d&n. Khi tinh bd qua trong ldgng truc va
sy mit méat luc truyén chuyén dong gifta cdc banh rang va 8 truc.

Bai gidi. :

Momen xoédn tdc dyng vao tryc :

N 10
Mz = 716200; = 716200 100 = 71620Ncm |
Truong hop 1 (khong d€ y dén lyc huéng tam). Tryc chiu ufdn bdi luc Pl va Pz:
M
1
P1=—’=M=7162N
r, 10
M
1 71620 :
P, = — = ~5o— = 358N

. 2
V& bifu d6 moOmen udn ta duge : M = 447Nm.
Xmax

Dudng kinh tinh theo thuy&t bén dng suft ti€p 16n nhat :
ﬂ VM 50,750 3
0,1[6] _ WJI=1'7()02 + 71620
0,1. 10000 = 4,lem.
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Tinh theo thuy&t bén thé nang bién déi hinh dang:

| _ _
43 V Moot M; 3y| V44700 +0,75. T1620°

0,1[6] = 0,1.10000 ~ 3,9cm
7162 Nerr 0 ()
& 70 =
l _,;7 = 7HEZN g = J580V Cp—
ZZINNN
© ,3, @ i o |
oy S
&1} 4472 5530. ,g:g.""'
llHHIéIIIIIIII 25?5”
Pl W
j @ Hinh 8-11

Trudng hop 2 : (c6 thé dé y dén lyc hubng

tam). Ngoai momen ufn M truc con bj uén do

L = 2610N 1 A
j

mOmen ufin My.
/',;f% FD 4 f’%r =/30% panh phén lge hudng tam :
AL | P, =P, tg20° = 7162 . 0,364 = 2610N,
325 ]III]II]]I[llILLéJ] . P2 =P tg 20° = 3581 . 0364= 1305N.

‘ 1317 Vé bi€u dﬁ mdmen uén M ta duge M = 229Nm
[ & clng mat cit vGi M

' @ Moémen tinh theo thuyét bén dng suit ti&p
JJMM\_U_LHV] lon nhat :
229N 130 Nrre - - _

M, = VM2 +MZ  +M2
Xmax ymax z

Hinh 8-11a =V44700% + 2290¢F + 716207 =76450Ncm.

Bubdng kinh truc :

3, M 76450
d = 011 ¥V o110000 = b3
Momen tinh theo thuyét bén th& ning bién déi hinh dang 16n nh4t :

M, = VM2 +M2_+ 0,75M?
xmax ymax z

V4470% + 22900 +0,75.71620 2
63750 Nem.
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Duting kinh true

4 31’ M, 3 63750 4
= —_— = _— = -
0,1[6] V 0,1. 10000 em

6. Tinh thanh chiu lyc phic tap, trudng hgp tdng quat
Trong trudng hgp tdng quéat khi hé luc khong gian tdc dung trén thanh cd dd sdu

thanh phén ndi lte, hue doe N

Qy (H. 8-12).

N

N

N

4

Hinh 8-12

X

, 3 momen xodn M, , m6men uén M, 1\*1[)r va lue cht Q,

Tai mot di€m bat ki c¢6 toa dd (x, y) trén mat cét
ngang, dng sufit phdp cd tri sd
N, M My
62. = ? + ‘3"')? + J_yx
Ung sufit ti€p t6ng hop bang téng hinh hoc cla
cdc 1ing suldt ti€p do xodn va luc cat.

Thudng ta khéng th€ xdc dinh ngay duge vi tri
di€ém nguy hi€m, do d6 cdn phai so sdnh mdc d6 nguy
hiém cia nhiéu difm trén chu vi mat cat. Diém nguy
hi€m nhdt 13 didm trén chu vi mat cit cd dWng suit
tuong duong tinh theo mét M thuyét bén da chon ¢é
gid tri 16n nhAt.

So sdnh dng suft ndy véi dng suft cho phép ta
tién hanh dude ba bal todn co ban vé tinh toan do

bén : kifm tra d¢ bén, tim tai trong cho phép va chon kich thudc mat cit ngang.

Vi du 8 - 9.

V& bifu d6 noi luc clia thanh gly khae khong gian, Xdc
dinh mat cdt nguy hiém, tit d6 tinh gi4 tri tai trong cho phép.
Canh a cia thanh dai 1m, mat cAt thanh hinh vusng 6 x 6em. #:42%
Cho biét [ 6 1 = 16kN/cm?. Khi tinh bd qua tédc dung cia lyc
cit va ding li thuyét bén dng sufit tiép cuc dai (H.8 - 13).

Bai gidi.

Bifu d6 noi lyc ctia thanh vé& trén hinh 8 - 13a. Mat cit

;—- =

?’ .

-—I .

i

| 1
nguy hi€m nhdt 1a mat c&t A (hosic B). Ta tinh ti trong cho /
7 -

phép tir diéu kién bén o diém 1 va di€m 2.

Tai di€m 1 :

=il +1a) +14a
al u

N

2

ga

2 Hinh 8-13

(]

Thay a = 100cm, F = 6 x 6 = 36cm?%, W = — = 36cm’,

ta dugc
Rit ra
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100q

6
10000q + 10000q <

36

2.36 36 16.

q = 0,0382 kN/cm.



2 |
. Hinh 8 _ 33,
Tai di€m 2 .
2
ga = ga 100q 10000q 10100q
= P = 22 [y = —= Tma = —— "2
d foy! +io, Ftw 36 ' a3 36
M, ot qa? 10000q
T = =-——___ _ MWlg
a6’ 0,208 63 45
Thay vao cdng thdc kiém tra bén : :
: Vol + 42 < [6],
ta rit g

4 < 0,0305 kN/om.

Vidy 8- 19 v Mz
Mit cat hgang cia mot mg truc ed cde néi Ive say day J f

tic dung (H. 8 - 14 . M5
Mx = 0,7«Nm, M = 1kNm,

ﬁ X 5 ‘ & . iV,
A -
Y A Ms

O,

Hink 8 - 14

y
M, = 0,5KkNm, Q =

Bigt kich thude mat of 5 — 10cm, b =
tra do bén theo i thuyét the
Cho [6] = 160MN/m?2

-8inh ra phan bg theo

25kN, N, = 40kN,

2,5cm. Ki€m
nang bién déi hinh dang.

(Khi tinh coj Wng suAt tiép dq Q
quy ludt hinh Parabén b4c hai).
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Bai gidi.

Ung sudt do cac thanh phén ndi lyc :

N _
z 40000 - 2z
oy = F = 1025 1600N /cm®,
M
x 6.70000
& = X 2 2T 6720 Niem?,
MA - ab? 10.2,5
6
o 2
Orpnr = 6720 N/em®,

M, 6.100000

o3 = 2 = 220 = 2400 Niem?,
MB - pe?  2,5.107
5 _
- - 2
Oy = = 2400 N/cm?,
Q, 25000
— - _ s 2
Toan = 1,5 + = 157525 = 1500N/cm?,
M
z 50000
Ty, o = = = 2850 Nfem?,
MA T gk 0,282.10.2,8
L 2
Tyua = - 2850 Njem?,
. _ _ ) _ 2
Ty = ¥ Tyga = 0:745:2850 = 2120 N/cm?.
Ki€dm tra 49 bén tai :
. . ' _ 3 7.
Diém A :  T,, = V(O +0,)° * 3Fys * Tgd)

I

V(1600 + 6720) + 3(~2850 + 1500)> = 8630 N/em? < [o),

. [ . —— 2 2
Difm A : 0, = VO +0pea)” + 3pea T Toa)

= V(16006720 + 3(2850 +1500)> = 9100 N/em?® < [6],

Diém B :
— 2 — 2 _ 2
6,45 = VO + Oy * Fyp = V(1600 + 2400 + 3.212¢ = 5400 Njem* < (0]
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Bai tap

8*1. Trén hinh (8-15) bi€u difn nhing mat cAt khac nhau va vi tri dudng tai
trong cia ddm chiu udn. Chi rd trudng hop ndo 1a uén phing, trudng hop nao la
udn xién. Giai thich.

8*2. Tim vj trl dudng wi
trung hoa trén mat cat . L
hinh chit nhat khi dudng N
thi trong triung v6i moti 2) 5 ) J

dudng chéo cia mat cit : > .
(H.8-16). g
()

L./
4

8*3-4. Xdc dinh gid tri . =
tuyét d6i i6n nhét cia dng " A i k)
suft phdp, vi tri duéng ) 7) W /
trung hda tai mat cit nguy Hink 3-15
hidm ctia ddm (H.8-17).

X4ac dinh d6 vong toan phén tai d8u ty do.

Zm Ly flemn |
_ 4 1
£=10 ’fﬁ"” ‘A 641’4_/1 AP

20em

RSN N

Hink 8-16 Hinh 8-17

8*5. V& bi€u d6 ung sufit tai mat cit nguy f—ikﬁz -%—m'
hi€m cda ddm va kim tra do bén. Cho bist - e e )
[o], = 6kNfem’, [6] = 18kN/em? (H.8-18). 4

8%6. Mot oot gach mat 4 N
1mr cdt vuong 1 X lm, cao 5m, Z=tm
~ chiu tdi trong ban than va 7 - 7|l’— 2l
+4—  4p luc gié ndm ngang phan Hink 8-18

|| b6 déu q = 800 N/em?’.

Trong lugng riéng cia c6t y = 16kN/m>. Xac dinh Ung suft nén
7. lén nhdt va nhé nhat tai chan cot (H.8-19).

Pl 13 8%7. Mot cot dién miat cét tron cd dudng kinh d = 20cm,
= “ chén chat vao dat. O d6 cac 5m, ngudi ta méAc hai nhém day
- nam ngang A vd B. Géc giita phuong ciia hai nhém day « = 120°,
] Cot chiu luc tdc dung ndm ngang do nhém day A sinh
|| ra P, = 1kN, nhoém day B sinh ra P, = 1,5 kN. Trong lugng

HALE777%  hai nhdm day truyén vao cot bang 2, 8kN trong 1u0ng cot bing

Hinh 8-19 0 9kN (H 8"‘20)
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X4c dinh dng sudt kéo va

‘nén lén nhé&t tai chan cot.

8*8. Trén hinh (8-21) mat
cAt ngang ctia hai phuong 4n
dap chidn nudc bing bétébng cao
Tm. Trong lugng riéng 20 kN/m>.

Xac dinh chiéu rdng cén thiét
cua chén dap sao cho dudi chan
dap khéng phdt sinh dng suft kéo.

8*9. Tinh dng suit cuc dai
va cuc ti€u &6 nhitng mat cAt
nguy hifm cua thanh giy khie
vé trén hinh (8-22).

o= 205"

|
|
I
r _
"
NI
\D
by
LY
ah
777

T e
Hink 8-29

|
U

H
-

-

§

Q
207

g=254
N T 1 1]
) NN L7 7
P I P 7 A, L P [alrrd
. k
E E 1
Hinh 8-21 Hinh 8-22

8*10. Xdc dinh dng suét phdp trong 6ng AB cla

coc yén xe dap, néu tai trgng P = 600N. Dudng
kinh ngoadi cha 6ng bing 24mm, dudng kinh trong

20mm. Pdu B clia Sng coi nhu

8*11. Trén hinh 8-24 cho Pl = 40 000N (trong mat

phdng yz).

2
M = 20000Nm ; 1

2m,

a = 15% 8 = 80°; [6] = 16.000N/cm?.

Chon mit cat chio [ (Q[)

\

P, = 10.000N ; P, = B800ON

ngam chat (H.8-23).

M b
- \.z X
fon 0 =/ - |
— g Hinh §-23
A\ 7 \ £
7 £ 8*12. Xé4c dinh 6__, 6 . va vi tr{ truc trung hoa
7 P o g]ax .min . _
\ & ’\{ 2 tai miat cét nguy hiém cba cdt hinh 8-25.
’\y 8*13. M6t cdt ¢ mat cht hinh chit nhat ¢d bé day
Hink 8-24
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. 7 :
:Mffy

chiu lgc & dinh nhu trén hinh 8-26. - R Y /4 %

X4c dinh quy luAt bién thién cua ing _ c

sufit kéo v nén 16n nhét va vi tri dudng

trung hda & cdc mat cit. i.@ .

N _ z
8*14-17. X4c dinh 6__, 6 . va vi aan
max mi —
tri dudng trung hoa tai mat cdt nguy / ‘-—-kyzzk%
‘hi€m cia cot (H.8-27, 28, 29, 30). ™
Hinh 8-26 L
L (=120 AN
Pz 120#N /8 cir ;& -
ot/ / -
% / v R 17¢m
) ?L_' _-‘— :‘ . (\‘
20 A3 .
&
W .
Z? —1 A
|/ i
_ ¢ N . Hinh 8-25
Sgem = 8*18. Hinh 8-31 cho mét cot
c6 mat cit phén trén 20 x 20cm,
mat cat phdn duéi 20 x 30cm.
/ < Xac dinh tng suit phap 16n
' nhdt tai chan cot, n&u lyc nén
bing 350kN. Ung sudt sé bing
Hink 8-27 Hink 8-28 : bao nhiéu néu mat cit ngang
L= 21 64N
78 crrr IFRRN 350 kN
} 47 / / P 1
§ Q'? | f Z )
N
s ' jeme —] 2o e
R : : ’
A 3 R 24cm ' i |
S 777, ////1/// 7 7
VR 27 77 @
_’-\“_-’ —+_ ‘L
. % - a
— 3 3
_+. 37 e + ke 2y
Hinh 8-29 Hinh 8-30 Hinh §-31

167



tai chn cHt cing bang 20 x 20cm.

8*19. Xsc dinh dudng kinh clia try mot gia ¢ép, khi tai di€m
A chiu lge ép bang 15kN (hinh 8- 32) Tru lam bing gang, ing
suft cho phép khi kéo 3,5 kN/em?.

8*20. Mot cot bing da, trong lugng riéng y = 20kN/m>, chiu
tai trong nhu hinh 8-33. Xdc dinh Ung sudt nén i6n nhﬁt va
nhd nhit tai mat cit chan cdt va chl vj tri cha cht’mg trén mat
cit 4y.

8*21, Mot cot thép chit I s4 hiéu 33, chiu nén ding tdm bdi
luc P = 2kN. Né&u doc chiéu cao cot, ngudti ta han thém mot
thanh chit [ 6 hiéu 14, vi trl va gia tri lyc P khong thay déi
thi dng suft nén cyc dai d6i voi trubng hop nao lon hon
{H.8-34). :

1500KN (25m
. o
o F=2kN Yy
7LK % | '
+— /‘ ' .

M we fff}ﬁ/ﬂx

Hinh §-33 Hink 8-34
8%22. Cd hai c6t kich thuéc ghi trén hinh 8-35 phai chiu
nén léch tdm bdi nhitng lyc khde nhau thé€ ndo d€ dng sudt tai
diém C & chan cot bing nhau. So sénh dng suft tai difm B

cta hal cdt.
: ! -

l, A | 14 8¢23. Kiém tra bén phén
‘ dusi cha cdt bétong mat cat

fol, = 700N/em® (H.8-36).

d

| rEe

o

—

4 |
T

=

Hink 8-32
P5em L= 8AN

Ay

W ////j{m

e

A

| sgem |

Hinh 8-36

ngang chit nhat 18 X 40cm. Cho biét [6] = 60 N/em?,

8‘24. Mot cfn cfu duge dit trén mdng béténg,
1 truc AB cia cin cfu di qua trong tdm mdng. Trong
TEHLRILIEE LN lugng cén cdu 180kN (khéng ké vat nang P va déi

A Y sL T 14| trong Q) dat tai di€ém C cach truc AB mét khoéng
r =< cich 0,6m (H.8-37).

Hinh 8-35
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A A/ Xdc dinh kich thuéc canh a cta mdng, sao cho &
ddy mdéng khong phat sinh ing sufit kéo. Xdc dinh



dp luec 16n nhét trén nén . £ L ey gm
44t v6i tri 86 a da chon. 1
Trong luong ridng bétong A s %
y = 22kN/m>. o= 1077 ! -

8*25. Mot mat xich cd T
kich thuéc va chiju lyc nhu | : ) : 7 F=80AN
trén doan thing cia mét oo N ; { .
xleh. N&u mot bén mat bi _I,_‘l_ _ . s
ddt chi con mét bén lam BIRN
viée thi dng sufit ting bao
nhiéu 14n? s

8*248, Cotv treo day dién Hink 5-38 ]2
g6m hai thép s6 hiéu 14a. g N Al S.—
(hinh 8-39). Trong lugng day 420N, trong lugng tay AN Q R
véi méc day 560N. Xac dinh dng suft kéo vA nén lén 1 \‘\\\\\4 N
nhit tai mat cit chén cft cd xét cad trong lugng cia Ry
cht. %‘:’_‘J A8l L

8#27. M6t thanh mat cit hinh chit nhat b x hbi g |
kéo ding tdm nhu hinh 8-40. Héi n&u cin khoét rdnh T _3'.' | £
sAu «h thi nén khoét & mot bén hay ca hai bén dé HZ_L
dam béao tft nhAt v& miat d§ bén.

Hinh 8-37
4 327 :
1ty
I IF-‘_—-‘ _-:Q B ‘F
<

40"'_' ! :ocﬁ 7

bk
—~—
A~ oA m—

Hinh 8-39 Hinh 8—40
8*28. Cho mit cét ngang ¢d kich thuée nhuy hinh (8-41). Xdc dinh trong tdm mat
cét, vé 16i mat cat. Cho bidt a = 3y2 cm.

8*29. Cd hinh sdu canh déu ABCDEF va 16i cia nd (H.8-42). Néu di€m dit Iuc
nén léch tam K tring voi giao diém cda hai canh 1-2 va 3-4 cia 16i, dudng trung
hoa 86 ¢ vi tri nao? o

8*30-32. X4ac dinh 16i cia cdc hinh dudi day (H.8-43, 44, 45).
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- Lyc tiép tuyéh : P, = 2700N ; P,

8*33-42. Vé bi€u d6 momen xoén M, biéu d6 momen e &
uén M va tinh dng su#it tuong duong theo l thuyét thu
ba v& 46 bén cho cic hinh 8-46 + 8-55. :

8*43. Xdc dinh dudng kinh truc cta hép
gidm t6c theo thuy&t bén dng sust tiép lon
nhdt (sg d6 lyc ciia truc hinh 8-56). Cho
hiét

9700N

3 a
Lyc hudng tam :13’r = 1000N ; Pr

3530N

3 4

Lyc doc trye : P = 460N. ' Hinh 8-42 Hinh 8-41

| 100 | 100

Hinh 8-43 ' Hinh 8-44 Hinh 8-45

BOON N = #0ml = 4013 Lore
77 = J6dvg ot
[6] = 10200 /e £

Hink 8-46 ' ' _ Hinh 8~47

l 40cm |, _‘rﬂ,r_ :
T WV
AN o
- 24
20¢car \2erm Nelm! = 20mE Lyr

n=J0eh
fe ]-/JMJ//L7MZ

Hink 8-48
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g ilenr

-/

e /V- §OKW_
A//wiym_ryémi/w,,y%] 10000N o7y 2

Md_y I—l\.\l [ = o

m

_|p28|

Hinh §-49
£
67 7
Iﬂ I AW s
[ | m /T
'ﬂfL/F s ? _,a, 200K Ry P .
I i a2 2 | @ /K £:4 6210 em
4_"_?: ¢ tes .- [5]=150008 cm?
2 Hinh 8-51 §
3 A U
o AL
W& o i
e Hink 8-52

g= 2000 Mt [61= 50000 fem*®
Hinh 8-53

Hnnuim .2;_,

g
2 22 7:?("
3? = - % mniwun /5]

o
Iy 6] &
Hinh 8-5¢ Hink 8-55
Dudng kinh 16n ctia banh rang D, = 299mm, f =
62mm, g = 72mm, h 52mm. Ung suﬁt cho phép caa vat
liéu (6] = 5000N/cm2. | Fay L7
8*44. Mot thanh mat c&t hinh chit nhat chiu luc kéo doc y, [‘r,’/ al‘\‘r_ '
truc P = 20kN va mot nglu luc xodn M_ = 10kNem. Chon e 4 « X N w'g
~ kich thudc mé&t cit theo ii thuyé’t. ing suﬁt ti€p lén nhdt, 277 N % el
: = 7.
- bigt [6] = 120 MN/m? va > = 2. 2 * [
b Ffl g T4
8*45~51. Tinh kich thuéc mit cit ngang céc thanh theo 1 1 1 1
i thuyét tht ba vé do6 bén cho cde hinh tit 8-57 + 8- -63.
852. P = 600N, d lem, a = 8em, | = 20cm; Hink 8-56
= 8G/2 = 2. 107N/ tim fﬁii tuyét di cing va luén ludn giit vi tri thdng ding. Tinh

trng suft chinh cye dai O' va cuc ti€u o4 min ¢ thanh I va thanh II va chuyén vi thing
ding cﬁp tai di€m dat h_rc P (H.8-64). )
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o
6] _7\%/ fs]
Hinh 8-57 Hirh 8-58 Hinh 3-59
P22 4K6¥ ﬁ;m&/v

&d et §
b+

Zgem

f;,?]

2F #
15m 17 Td-ff” ! o

- ;l[

-*r——il[

g5 3
:L/' [6]= 160MN/m? [6]:10000 ¥/ orm?
Hink 8-60 Hink 8-61
3lem. ﬂ /
‘ [
A ]
) : | ty
' Al
N 45 e
3 AT
| A 2 .
[6] = 15000 ferm? M| em P23 R
-y |

X . /,‘L _d L
’4("’?” ' i
D300~

Hink 8—62 Hinh 863

8*53. Truc thing chda cia mot mdy xay cé mat
cdt tron, Wng sust cho phép cia vat lisu [6] = 10kN/em?2.
Khi lam viée truc chiu tdc dong bdi cde thénh phén
ngoai luc nhu hinh 8-65.

ﬂ:.ww/ Ve F rd

o 1 1 s
’\ 77 Y
}/’, R 2 3 4 5 7
142 Izm 45" a3 23" ‘ZZMI
} A 1 1 s
%= teg N
Hink 8-65
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X4c dinh dudng kinh cia truc theo thuyst bén dng suAt ti&p. Biét ring mOmen xodn
MZ = 12000Ncm, trong lugng cua banh xe va day cua-roa G = 140N.

8*54. Dung thuy&t bén dng suit ti€p 1n nh4t,

xdc dinh duong kinh d caa tryc hop gidm t8c (hinh z A i ‘Qr.
. U oA 3
Luc ti€p tuyén P = 1100N l\ [ l"" I
\ Yy
= &
Luc huéng tAm P"; = 310N | [l ) ! JI' 4,
Hink B-66.

Lye doc true Pa = 380N
.
Dubng kinh trung binh cta bdnh rang hinh ndn D,, = 42mm, a = 25mm,
b = 50mm. Vat lieu ch& tao truc (o1 = 4500N/em?. '

8*656. Mgt binh méng hinh tru trdn dai va dudng kinh trung binh D = 10cm, ddy

= 5mm, chiu &p lyc phan b6 déu bén trong p = 500N/em?, dbng thdi chiu xoén va

ch1u ubn v6i mdémen xodn M = 3kNm va mOmen un M, = 2kNm. Kiém tra dé bén
cia binh theo li thuy&t bén thé’ nang bién 46i hinh dang. Cho {0] = 160MN/m?.
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: Ch:raﬁg 9

THANH CONG PHANG

1. Luc doc, lyc cdt va momen udn

Thanh cong la thanh cé truc hinh hoc 14 dudng cong. Khi tryuc hinh hoc la dubng
cong phéng ta goi 12 thanh cong phing. Trong chuong nady ta chi xét trudng hop,

mat phdng cua d6 cong 1a mat phing d6i xdng, céc lue tic dung ndm trong mit
phing dé&i xing. '

Noi lyc trong thanh cong phing gém luc doc N, luc
cit Q, va moémen ubn M. N@i luc duge xéc dinh nho
phuong phap mat cht voi quy w6c dfu luc doc N, lvc cit
Q nhu trong thanh thing riéng moémen ubn cd khéc ;
M > 0 khi lam tang d6 cong cua thanh.

Hinh 9-1bi€u dién cdc gis tri duong cia N, Q, M.
.. Quy udc dat vudéng gdéc v6i truc hinh hoc cda thanh tic
1a di qua tAm cong cua nd. V4i cdc thanh gém cdc doan
cong va thang thl bifu d6 N, Q duong va 4m trén doan
thanh thing dat vé phia ctia truc hinh hoc cing nhu
"trén cac doan cong. Con bifu d6 momen thi déu vé vé
thd bi cing.
Vi du 9-1.
Cho thanh cong chiu lde nhu (H. 9-2)
Vé bi€u d6 N, @, M.

Bai gidi.

Xét dogn 1 ; 0 < ¢, < {2
N"’: = Pcosp,.
Q(P1 = Psingp,.
M"o1 = Pr(l - cosp,)

Xét doan 2 ; #/2 = p, € X
N(P2 = — 2Psing,.
Qq)2 = 2Pcos ¢,
M‘o2 = Pr (1 + 2sinp,).

Bidu d6 N, Q, M vé trén (H. 9-2¢, d, e).
Vi du 9-2.
Cho thanh cong chiu lye nhu (H. 9-3a). Vé biéu d6

N, @, M biét q tai trong phan bd déu theo cung mot
phén tu dugng tron ban kinh r.




Bai gidi.
Noi lyc trén mat cit ngang hop véi phuong thing ding mét goc
¥ do luc nguyén t§ dP = qdS = qr.da (H. 9-3b) sinh ra l1a :
dN = - dPsinp = qrsinedp
dQ = dPcosp = qreosedp
dM

il

dP.r(sing - sina)
= qr? (sing — sina) de
Néi luc tai mat cit o la:

@ -
N‘P = —qrsinpfda = -~ (rpsing.
d .

"}
Q‘P = qmosgo_{[da = (.rpcosp. o
" ? . . — ai
M;o = qr’ -[0 (sinp — sina) de

= qrz.(gpsinp + cosp - 1).
Cac bi€u d6 N, Q, M v& trén hinh 9-3c, d, e.

g0

I3

&A‘/’}/a‘éf}?
2. Ung sufit trén mit cit ngang

2-1. Ung sufit phép do lyc doc goy ra phan b6 ddu trén
mat cdt ngang cé tri s6 :
N
2-2. Ung sudt phip do moémen ubn gGy ra phGn b theo quy
lugt hyperbon theo truc y, va dugc tinh theo cong thic (H. 9-4).
M Tin '
6y = = . (1-L) (9-2)

T

Hinh 9-4

Trén dudng thing song song véi tryc trung hoa Ung sust phdp phan bé la déu.
Trong d¢ :

F - dién tich mat cdt ngang ; .
3 - moémen tinh cia mat cAt ngang d6i v6i truc trung hoa.
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=fe-r)dF =Favéia=r -1, (9-3)
F

F
r, = —-E-F— bén kinh cong cia truc trung hoa. (9-4)

T
F

r - bén kinh cong cia diém tinh ing suft ;
r, - bén kinh cong cia truc thanh.

3. Ung sufit tiép Tzy gin ding tinh nhu ¢ thanh thing.

SC
TQy

zy ~ bd
X

(9-5)
Trong tinh todn thudng bd qua vl gid tri cia nd thudng bé so voi dUng suidt phép

4. Xac djnh vj tri cia tryc trung hoa
Ban kinh cong cia thé trung hoa dugc xdc dinh t¥ cong thic (9-4)

F I‘—— é
'm = g
[+ |
F 7 < 4
4-1. Mdt cét ngang chit nhat (H. 9-5) f %
3
o= 9-6) p |
r1 _ : itk 7 !
In— | f
) : . ) )
4-2. M@t cht ngang tron | [Zm cong
d2 : .Hiuh 9-5
= 9-7
U T e @
° é
4-3. Mgt cdt hinh thang (H. 9-6). T

b, +b, |

r, =1 ) (9-8)

th — b, ~b, T, ’z,
[b1+r1 - ].lnr—z-—(bz—bl)

4-4. Hinh tam gidc z

‘|1

bh . .
Y'm = b r, : (9-9) _ ﬁ?caﬂ_y
21'1 . E In— - 2b
2 : S . Hinh 9-6
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4-5. D6i v6i cde hinh phic tap ta c6 thé st dung cong thic gan ding (H. 9-7).

> AF
i=1 '
= ) - AF
rlhl n AF, (9-10) e
i=1 5 _

Vi du 9-3 7{'

Mot thanh cong cd m#t cAt ngang 1a hinh vudng réng |
(H. 9-8).

Bén kinh cong cia mép trong ]a 0,5 h. Thanh bj uén 7.../;7[‘7”
thuéin tdy. So sinh Ung sudt phdp cuc ti€u trén mat cAt “ 4
khi tinh theo U thuyét thanh cong va khi tinh gén ding - Hinh 9-7
theo li thuyét thanh thing. :

\ ~

Bai gidi, l §\_\\§\

Toa d0 dudng trung hoa : ' ' \ —l——% ;‘E -

2 ' i
fy = — 5h°’64h 35 = 088k . N
=t = Y 264
hln 050 0,6hin 0.7h a5 2 1
['Tng sufit cuc dai va cuc ti€u : Hink 9-8
M Tin M 0,88 M
6. = —{1-—) = ' -2\ = —
min Fa(l rz) 0,64%(1 — 0,33)1,( 0,5h 9375 3
M Tih M 0,88 M
O = 7o(1 = —} = - = 5,39 —.
max = Fa rl) 0,64h(1 -—0,88)h( 1,5h h?
Ung sufit tinh theo i thuyét thanh thing :
M M M
Opax = | Opin | = W= E—"—— = 6,89313-
5 - 0,6Y

Sai s6 v8 dng sufit nén :
9,375—- 6,893

9.375 = 26,5%.
Bai 88 vé dng sudt kéo :
' 6,893 — 5,390

Vi dy 9-4

Mot thanh cong mit cit ngang hinh trén cd bdn kinh cong cda truc thanh r, = 12cm
chiu mémen uén M = 432 Nm va ldc nén doc N = 8000 N.

Hay chon kich thudc mat cit bist [6] = 750 N/em? (chon so bo kich thuéc mat cit
bang céng thdc ubn thanh thing), sau dd ki€m tra d6 bén bing céng thic thanh cong.
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Bai gidi,
S0 bd tinh bén kinh bing eéng thidc thanh thing :

aR® M
“.“ T E

3
Y 4.43200
- 2V L 4 243200 2em.
R = \In[al \I 3,14.750 ~ °m

Chon R = 5cm hay d = 10cm.
Khi dd d2 : 102

T = - =
A N2 - 4212 -V C10h
Khoang cach dudng trung hoa :
: a=ro—rlh=12—11,45=055cm.
Ung sudt 16n nhé&t trén thanh cong : ‘

—8000 43200 1, 45) \
& t = +

hay

= 11,45 cm

min 3,14.5°  3,14.5%, 055
102 + 635 = 737 N/em? < |6|.

i

Vi du 9-5

Mot thanh cong cd m#t cdt ngang nhu hinh 9-9.
Tinh khoadng cdch ti tdm cong dén dudng trung hoa E
bing phuong phdp ding va phuong phép gin ding, W
{bing cdach chia mit cdt thanh nhing giai c6 bé day"*?‘
bang 4mm hoac 2mm).

by =fem

|
Bai gidi. A =2r 7 gz 2T |hyeroT R m 3

Khoang cach tit trong tAm mat cit ngang dén tam Ay =47

thanh cong : Kp= 657

L. +1.2. 3. : L =787
R=R, +y - g 4 2L35+122418056 o0 =7

21+12+13

Ban kinh cong thé trung héa r, cd thé xdc dinh Hink 9-9
bing hai phuong phédp : ;

a) Phuong phip ding :

I F =' bh +bh, + bh, -
th dF R’,1 R2 R3 ’
1£ b In R, +bIn 7, +b,ln R,
- 2+23+3 — = 444 om
21n€ + lnE + 31n§

b) Phuong phdp gin ding : _
Ta chia m#t c4t thanh 11 giai chit nhat ¢d eanh song song véi canh day, ¢d chifu
. ) o AF
day bidng 4mm va 2mm va lgp bang tinh céc tri s6 -
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Ta cd :

Zg = 1,5755

Vay :
~ F 7
T, = ZA_F = 15755 4,44cm.
r

Nhu vay tinh bing phuong phdp gin ding voi s6 gidi khéng nhé 14m ta cing dat
dd chinh xdc cao.

AF

N® AF (co) r (cm) = (em)
1 1,2 3,2 © 0375
2 1,2 3,6 0,333
’ ) + 3 0,6 3,9 0,154
4 0.4 ' 4,2 0,0952
5 0,4 4,6 0,0870
6 0,4 50 , 0,0800
7 0.4 _ 54 0,0742
8 0,4 58 1 0,0690
9 0,8 6,2 0,1290
10 0,8 ' 66 0,1211
11 0.4 6,9 0,0580

Bai tap

b

9* 1-3. V& bi€u d6 moémen ubn va luc doc true cla cdc thanh cong dudi day.
(H. 9-10, 11, 12).

" Hink 9-10 Hink 9-11 : © Hinh 9-12
9* 4-6. V& bi€u d6 noi lyc cha cdc thanh cong cho trén hinh (9-13, 14, 15).
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- _ .
1, ., O

7

 Jm &4
1 - _

¢

Hink 9-13 Hink 9-14 Hinh 9-15

9* 7-14. Tinh céc trj s8 lyc doc N, lye cét Q va mémen uén M 16n nhit trong céc
hlnh 9-16 + 9-23. .

F=9a

rLr

Hinh 9-20

Lt phiin §7 i fheo
Frsiihe ol gy

Hinh 9-22 " Hinh 9-23
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9*15. Mot doan thanh cong bi ubn thuéin tdy bdi mét nglu luc M = 60 kN.cm cd
khuynh hudng lam thanh gidm 49 cong. Tinh dng sudt & mép trong va mép ngoal mat
cdt ngang, bist ring mit c4t thanh hinh tron d = 4em, khodng céch tiw trong tam
mit c#t dén tAm cong r, = 18 em.

9*168. Mat cét ngang cﬁa thanh cong hinh tam gidc cln cd day bing C va chidu

cao bing day. Ban kinh trong ciia mép bing 2C. Thanh chju.mémen ufn M. So s4nh
6 . viiio min -

9"17 Mot chi tit may hinh mong ngya cd dién tich mat cit ngang hinh chi nhat
4.6 cm® Chju hai lyc P = 10 kN dat cdch trong thAm mot khodng cdch e = 12 cm. Khoang
cich tit trong tAm mit cit dén tAm cong r, = 7 cm. Tinh dng sult kéo, dng suit
nén 16n nhét, V& bifu d6 phan b ng sufit trén mat cdt (H.9-24).

9*18. Kiém tra bén mot mde cln tryc cd mit cét ngang hinh thang khi méc mang
mot vat nang P = 50 kN. Biét |6] = 10 kN/em? (H.9-25).

g ] . 12577
7 8 1
el o~
& _ N\ g al
- —t
Y-} I
A rpem _
| | .
Hinik 9-25 | o
9*19. Mat thanh cong m#t cdt ngang la hinh \\\\\\: 8 3
‘vubng (a = 10cm) bj kéo doc trye bdi lye \ \ *
N = 200 kN va ufn béi mémen M = 10 kNm. | 677
Khoﬁng cach tit tAm cong dén trong tm mat 5 J
cét r, = 20cm. ' s
Vé biu d86 dng sudt phap trén mat cidt. Tinh Hinh 9-23
dng suft phap cuc dai va cuc tiéu.
. _ 7?(\ 9*20. Mot thanh cong hinh parabon mat cét
¥ F _ ngang hinh chit T chiu mot lue tap trung & gila
hi
. 5{6‘(-.1') | nhip (H 9-26). -
< >, \(;;, _ Xdc dinh gia trj luc P cho phép dit vao thanh
bigt :
_ , , lol, = 5 kN/em?, 6] = 12 kNjem?
. ,;;;77 'rCho ¢ =50 cm, b = 20 cm.
' 9*21. Mot thanh cong mat cAt ngang hinh chir
3c 3 l ‘ nhat chju tai trong nhu hinh (9-27). X4c dinh céc

Hink 9-26 ’ kich thuéc h vd b cia mat cdt ngang, biét rdng :
6 kN, q = 12 kN/m, a = 16 cm,

it

ol

% va [6] = 20 kN/cm?.
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Hinh 9-27 Hinh 9-28

9*22, Mot két cHiu dang cong hinh parabbn- bac hai, mat cét
ngang la hinh thang (H. 9-28).

Xéc dinh tdi trong cho phép P, t4c dung tai dinh k&t c&u. Cho
bi&t : ]

[6] = 10 kN/em?, a = 1,2m, b

1= 3 ecm, b, = 8em, h = 12cm.
9*23. Mot khuyén bing gang ¢é mat cit ngang hinh trdn chiju
lye nhu trén hinh 9-29.

Xac dinh luc cd th€ dat vao, biét 1dng suft cho phép cha gang Hink 9-29
(6], = 8 kN/em?, {6] = 10 kN/em’. Cho R = 16 cm, d = 8 cm.



Chirong 10

ON DINH

1. Lyc tdi han cha mot thanh chin nén dang tam |
Xét mot thanh chiu nén ding tam, mat c&t ngang khong d6i, lien k&t theo céc
phuong vudng gdc véi truc thanh 13 nhu nhau. Khi vat liéu vin lam viée trong gisi
han tl 18, tri s8 luyc t6i han duge xéc dinh theo cong thic Ole :
2 N .
El .
P = ——00 (10-1)
th w , 1)2
Trong dd : '
E - méduyn dan h&i khi kéo-nén cia vat liéu thanh.
I in = moémen quédn tinh chinh. trung tAm nhé nh&t cia mat ckt ngang.
1 - chiéu dai cda thanh. : :
# — 12 mt hé s6 phu thudc vao cdich dat lién két.
Hinh 10-1 cho tri s6 cla u trong moét vai trudng hgp thudng gip.

2
Pth 7
o N
2. ﬂ'ng suiit téi han | m;w[_
i EWA
Tri s6 dng sudt t4i han tinh ! [
theo céng thic Cle : S -p 07 NI
: VE M4 J\
P ~ I
5, = — 7
th — F° 7) ) a)
K{ higu : A= %! gol la do& manh cia thanh : (10-2)
) J
i = \’ 7 bdan kinh quén tinh cla mat cdt ngang
Tri 88 Gng suft t6i han c¢ gia tri
2 ,
E .
ath = .TC2 5 A = .—!“l— ' (10"3)
1 : max
max min

Néu thanh lam viéc ngodi gi6i han ti 16 cda vat lisy, thi tri 86 Wng sudt t4i han
tinh theo cong thic thyc nghigém cia Iaxinxky :

6, = & - bt + ci? (10-4)

Trong d6 a, b, c 12 cic hing s6 phu thudc vao vat lidu va cd thi nguysn cia
ung suft. '
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Bang (10-1) cho tri s6 a, b, c cia mft vai loai vat li.éu‘

Bdng 10-1

v6i thép CT 3 a = 31000N/em? ; b= 114 Njem?> ; C=0

véi thép C'T5 a = 46400 - ; b = 361,7 - ; C=0

v3i gang a = 77600 - ; b = 1200 - ; C = 5,3 N/ecm?
a ; C=20

v6i gb = 2930 - ; b = 194 -

" Trudng hgp d6 manh bé, dng su#t t6i han tinh theo (10-4) vugt qud giéi han

chay 6Cb d8i v8i vat lieu déo hod#c gidéi han bén d8i véi vat lidu gion thi ta xem

G = O hoic G, = Op

Diéu kién ap dyng cdc cong thic (10-3), (10-4) 1a :
Khi 4 > 1, ding cong thic Ole

Khi 4, < 4 < A dung cdng thdc Laxinxky.

Khi i< A ta xem 6, = 0, (d hoaca)

Trong d¢ 4 )'l la cé.c do m&nh gigi han. Ung vOi gid tri 1 ta cd 6, = 0, (ing
sust ti 18), ﬁng voi gid tri A th cé 6, = 6_ (0, hay o))

th
Vi du 10-1.

*. M¢t thanh cd chidu dai [ = 3m, mot dfu ngam, mot ddu khép. Hay xdc dinh:
luc t6i han ciia thanh trong ba trudng hgp sau day :

a} Mat cét hinh trdon bdn kinh R = 4cm, vat liu 1 gang x4m cd 6:[ = 178MN!m2,
E = 11,5 . 10* MN/m*

b) Mat cAt hinh trdon r8ng, ban kinh ngoai R = 3cm, ban kinh trong r = 2cm, vt
litu 12 duara c6 6, = 180 MN/m% E = 7,1 . 10'MN/m?.

c) M4t cat hinh vudng canh 15 X 15cm, vat ligu bing g6 cd 5, = 17MN/m?,
E = 10* MN/m?

Bai gidi
a) Thanh bing gang mat cit trén :

D¢ manh gigi han 10 cia gang xdm :

' E 111,6.10
/10=J‘E 3; = 3,14 T_-—-SO.

Vi 4 > 4, ta ding cong thic Ole d& tinh lyc t6i han :

2 3 P -4
P =5 F=£nR2=3’14'11’5'104'4'10 =516 . 1073 MN = 516 kN.
th th AZ 1052
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b} Thanh bang duyra, mat cdt hinh vanh khan :

. .1’3); R
1x= F=_2_.JI__’ZT:

trong dd

D¢ manh gidi han A, cia duyra :

’ E 1.1
= = '""3_"___ = 3-
3.0 4 3; 3,14 180 62,

Viid> A, ta diung cong thic Ole d& tinh luc tdi han :

- = ! 2 — i) =
P =5 F= TR (1 -4? =

2
2
3,143.7,1.104.32.104[1——[5]]
= = 81.10 °MN
116,5 N 81.1 r
= 81kN.

¢} Thanh bing g8, méat c4t ngang hinh vuéng :

L L 0,29a.
X 6
1 0,7.3

), = = s
i 0,29.15. 10

= 48,3 .

D% manh gigi han Ao cia gb

i = \’E—314\’1—E = 76
o= T NS T 17~ "

Vi A < A, dng sudt t6i han 16n hon gigi han ti 16, C6 thé diung céng thic Iaxinxki,
@

;= 8- b A trong dé a = 29,3 MN/m2, b = 0,194 MN/m? d& tinh :

8, = 29,3 - 0,194.483 = 19,9 MN/m?.
Luc t6i han :

P, =6, F = 19915 . 107 = 0,4478MN = 447,8kN.

3. Tinh 6n dinh thanh chju nén ding tim

Khi tinh todn thanh chju nén ding tim, ngoai diéu kién bén con céAn phai dam bao
diéu kién 8n dinh. '
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Pth

o] (10-5)
P:h
hay & = T < [aod] (10-6)

Trong dd lue té6i han - Pth ; phu thudc vao d¢ manh va duge xdc dinh theo cong
thite Ole (10-3) hosc coéng thde laxinxky (10-4). Trong d¢ :
[6,,- dng suft cho phép vé &n dinh

[n,J ~ hé s6 an toan cho phép vé dn dinh. Hé¢ s6 nay ludn luén l6n hon hé s6 an
toan co ban vé db bén.

[0,

T! s6
® L

= ¢ dugc goi 1a hé s6 gidm idng suft cho phép khi udn doc hay hé

s6 udn doc

Su phu thudc cioa p vao A d6i v6i cdc loai vat liéu khdc nhau cho dusi dang dutng
cong tiéu chudn hodc dudi dang bang (bang 10-2). Tinh toan &n dinh thudng duge tién
hanh theo hai cach sau :

— Khi d& cho truéc hé s8 an toan vé én dinh [noa].
— 8t dung bang hé s& gidm dng sudt o(l).

Khé khan cha céch thi nhat 12 chon chinh xdc hé s6 an toan vé 6n dinh, vi nd
phu thudc viao d6 manh cda thanh. Ciach nay st dung khi kim tra so by hay thifu

bang ¢(1). Cach thd hai thudng duge st dung trong tinh todn ki thuat. D6 la phuong
phap co ban d€ tinh thanh chiu nén ding tdm vé mat én dinh. Trong trutng hgp nay
tinh todan xu#t phdt ti diéu kién.

6=z <p0) (10-7)

Khi tinh chi st dung bang hé s6 o, khong cin 4p dung cong thdic Ole hay laxinxky
nén riat thuan lgi.

Tu didu kién (10-5) (10-7) ta ciing suy ra ba bai todn co ban.
- Kifm tra diéu kién 6n dinh thee (10-7) hay (10-5), (10-6)
— Chon tai trong cho phép [Pl, cd hai céch :

P
Céch 1 - cho trude [ng,). thi [P, ) = ﬁ (10-8)
Céch 2 - sit dung bang p(), [P} = [6,]) = ¢ [6 ] F. (10-9)

- Chon mat cdt ngang.

Vi chua ed kich thu@ic mat cat ngang nén ta khong tinh duge tri s6 do6 manh 4. Do
dé cting khong thé tim duge [n hose tri s8 ¢. Viéc chon duoc ti€n hanh theo cach
chon thd lam cho ding dédn. Coﬂdhal céch.

Cach 1 - Dinh trudc hosc cho trude gia tri [n(m] khong lién quan dén gia tri cta
A chua bi&t. Sau dé gia dinh viéc tinh todn phi hgp véi céng thuc Gle (10-3).

Truéc hét tim momen quin tinh J, sau d¢ dén F, i, 4. Néu 1 16n hon A thi tinh
todn da hoén thanh, con né&u nho hcn A thi chuyén sang ding cong thuc Iaxmxky
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Cach 2 - S dung bang hoic d6 thi ¢(1), ti€n hanh theo trinh ty nhu sau :
1. Chon hé s6 ¢ b4t ki, thudng 14y ¢ = 0,6 + 0,8
2. Tinh [s i F = 2 , chon kich thuéc mat cit hay s6 hiéu thép can.

1
od [o-od]
3, Tim J, i, A.

4. Tinh gis tri mai #,- Néu p  khdc nhiéu so véi ¢ thi trong ldn thi thd hai ldy

1
P =5 (p + o) v tinh lai. Ngudi ta col mit cdt 13 théa min néu Ung suét tinh
todn & va [aod] khic nhau khéng lén hon 5%. '

Hé s8 uén dgc ¢ Bdng 10-2
Tri s4
D6 manh 4 CT4CT3 ]
Thép CTs Thép hgp kim Gang Go
CT2CTO

0 1,00 1,00 100 1,00 1,00
10 0,99 0,98 0,97 0,97 0,99
20 0,96 0,95 0,95 0,91 0,97
30 0,94 0,92 0,91 0,81 0,93
40 0,92 0,89 0,87 0,69 0,87
50 0,89 0,86 0,83 0,57 0,80
60 0,86 0,82 0,79 0,44 0,71
70 0,81 0,76 0,72 0,34 0,60
B0 0,75 0,70 0,65 0,26 0,48
90 0,69 0,62 0,55 0,20 0,38
100 0,60 0,51 0,43 0,16 0,31
110 0,52 0,43 0,35 - 0,25
120 0,45 0,36 0,30 - 0,22
130 0,40 0,33 0,26 - 0,18
140 . 0,36 0,29 0,23 - 0,16
150 0,32 0,26 0,21 - 0,14
te0 0,29 0,24 0,19 - 0,12
170 0,26 0,21 0,17 - 0,11
180 0,23 0,19 0,15 - 0,10
190 0,21 0,17 0,14 - 0,09
200 0,19 0,16 0,13 - 0,08

Vi du 10-2

* Cd mdt cn cdu so d6 don gidn nhu trén
hinh 10-2a. Thanh AB dugc ghép bdi 2 thanh
thép chit [ s6 12 sao cho momen quédn tinh d6i
v8i 2 truc chinh biang nhau.

Hay xdc dinh tai trong cho phép Q@ ma cén N

célu cé thé€ nang duge. Thanh AB bang thép co \\

[6]1 = 190MN/m?, AN A
Bui gidi. TR 7RI TE TR TRTTR,

Luye nén N trong thanh AB sinh ra do tai
trong Q duge xdc dinh t¥ phudng trinh can bing
tinh hee :

2M =Nd-@.4=0,




trong dd d = 4. vlg
T d6 ta duge : N=@Q.y3
Ti diéu kién 6n dinh cfla thanh AB :

—;I < [0, ] thay (a) vdo ta c6 : Q Fﬁ < plo ]

(a)

p.F.l0]
hay Q = T 4 (b}
Thanh AB cd cdc ddc trung hinh hec nhu sau : Npl
1 = 8m . q
- — 3 Jo
Jo=Jd, = 2, o
. . 2Jx . e
iy =i, = 3F =i = 4,78 cm

2F = 2 . 18,7 = 27,4 em?

60°
D8 manh cia thanh : tg
1 1.8 7
A= f—— = —— = 167 ca
Lin 4,78 . 10
Tra bang ¢ ta duge : ¢ = 0,176. Hinh 10-2b

Sau khi thay cdc gid tri ¢, F , l6,) vao bigu thic (b) ta cd gia tri clia tai trong
cho phép Q :

v Flol 6176, 27,4. 107 . 190 . 10°

_ _ 3
Q = T = {3‘ = 53. 10°N
Vi du 10-3 f=
Cho cot lam bing thép chit I, [6] = 16000N{cm2, P = 400kN,
1 = 2m (H. 10-3). 2
X#c dinh s higu thép.
Bai gidi. ™~
Cho ¢ = 0,6, khi d6 [5,,] = ¢l6] = 0,6 . 1600 = 9600 N/em®
v F = [O'P = 409.61]03 =~ 41,7cm?.
o] Hink 10-3
V6i loai thép chit I s6 27 gdn nhdt ¢d F = 40,2 em? va iy = 2,64cm.
8 ul 1.200
5 manh ciua cot a : 2.54 78,7

Theo bang, d6i v6i thép CT3 : 4 = 70; ¢ = 0,81 ;1 =80 ; ¢ = 0,75, v thé déi
v6i 2 = 78,7 thi ¢ = 0,75 + 0,006 . 1,3 = 0,758.

Ta 14y :
»*tP 06 + 0,758
P, = 5 = 2 = 0,679.
Khi dd : :
40.10°
s, = 0679 . = 2 = o 2
(6, , 1600 = 10860 N/em? va F To86 36,8cm
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V6i loai thép chit I s6 24 gin nhét ¢6 F = 34,8 cm? va i, = 2,37cm.
00 '
= e = 5.
D% manh cda cot i 2,37 84,
Theo bang d6i v6i thép CT3 : 1 =
thi ¢, = 0,69 + 0,006 . 55 = 0,723.

Ung suit cho phép

80, 9 = 0,75, 2 =90 ;¢ = 0,69 Vi A = 845

[6,,] = 0,723 . 1600 = 11570N/cm?
Ung suit thyc t€ trong ctt

40.10° 5
= = 11500
o 34.8 1 Niem
Ung suét it hon :
6 - o 7.100
o = 0,8%
by 1% =7 7%

He s an toan vé &n dinh cia cot :

Vii = 84,5 < 100 nén theo cdng thic (166) P
6, = 31000 - 114 . 84,5 = 21370 N/cm? 7%
2137 7)

= 2220 186
Yea = 1150 '

;S
4% % 5

4. On dinh cia dim chiu udn ngang phing

Mot ddm chiu ubn phang khi bi m&t 8o dinh s& bi 7
vénh, khi d6 d4m khong nhitng bi uén trong mat phing - l l l
chiu tai ban ddu, ma con bj udn trong mat phdng vudng 4 L

géc voi mat phing dd, déng thdi xudt hién ca sy xoén.

Tri 86 cia lyc t6i han ho#c mémen udn t6i han phu 1 7 }
thudc vao lién k&t dit ddm, hinh ddng mat cit ngang, i T
va cdch dat tai.

Tri s6 momen, t61 han hodc lue téi han cia mot s6 Py
tredng hgp sau P I

4-1. D&m c¢6 mat cat ngang la hinh chit nhat hep ¢/ E
(H.10-4)

_ ol _em VET G (10-10)
a)Mth_T=__l_'EJy'G_Jm&‘l ? |
@D, 1 354 oyg c 1 VT 11
= = — VyEJ .GJ . -11)
b) Mlh 3 1 EJ}‘r GJxoﬁq (10-11) Hinh 10-4
4,01 .
- 1= 2 VEJT GT . -
c) M, =p,-! ] EJy Gd, . (10-12)
@y -1 642
= = ? {____ —_
d) M, 2 i EJ)’ GJ . (10-13)
4-2. Ddm c6 mat cdt ngang hinh chit 1
_E _
P, = z VE Jy - Gd . (10-14)
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Trong dd § phu thudc vao thong sf «, lién két va dang tai trong

GI
xofn ;1,2
= A= 10-15)
“ EL (h) (
1 - chidu dai ddm
h - chiéu caoc mat cit ngang
lién hé « ~ B8 cho theo bang (10-3)
Tri s§ cua 8 dé tinh luc tdi han theo (10-14) Bdng 10-3
a B B2 B3 o H B2 s
0,1 31,60 86,40 1430 16 5,08 18,3 30,5
1,0 9,76 31,9 53,0 20 - 18,1 30,1
2,0 8,03 25,6 42,0 32 - 17,9 29,4
4,0 6,73 21,8 36,3 50 - 17,5 29,0
6,0 6,19 20,3 138 70 - 17,4 28,8
8,0 587 19,6 32,6 90 4,04 17,2 28,6
12 536 183 31,5 100 4,04 17,2 28,6

Trong bang (10-3) .

Cot 2 dng v6i ddm mot ddu ngdm, mét ddu ty do cd dit luc tap trung

Cot 3 dng v4i ddm hai ddu lién két khép chiu lyc tip trung & giita

Cot 4 dng v6i ddm hai d4u lién két khép chiu luc phan b6 déu

Chd ¥, d6i v6i ddm chju tai trong phan bé, thi cong thdc (10-14) cho ta tinh

Pth = (q'nth (10-16)
4~83. Didu kién 8n dinh khi ubn
M
< (10-17)
max n
od
hay Mm_ax < [M] (10-18)
hodc viét theo dng suét
6 = Minae < o Cw 1, ] (10-19)
max W, W Dy Dy, od '

Vi du 10-4

* M6t dam bang gd mat cdt hinh chit nhit mdéng b = 5em, h = 20cm, chidu dai
1 = 2¢m, hai dau lién k&t khop va chiv mét lyc tap trung P = 20kN dat giita nhip
(H.10-5). '

Xac dinh hé s6 an toan 6n dinh cia dém.
Cho bigt g6 ¢ E = 10'° N/m% G = 500MN/m?.

P
Bai gidi. l
Hs s8 an toan vé dn dinh bang : 2%[
M
th 7 ra
k, o= 5 N
od Mmax ’}' £ ’IL < '||' -~ L‘é
Pl 20.2
ta cd M =—=——=10 kNm
max 4 4 Hink 10-5
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M, tinh theo cong thue :
4,23

Mlh = T dEJy GJxoa’m
trong dd :
20.5° 625
dy="1g =3 om
J s = Bbc® = 0,281 . 20 . 5° =-702 cm?
Vay :
4,23 o 625 o 8
L e 1.10°. =10 .5.10%.702. 10 423 8’544'103-18
od 10.10° 2 7 10.10 ’
Vi du 10-5 '

Cho mét ddm mit cdt chit I s6 27, chiéu dai 1 = Sem. Ddm bi ngam chit mét dau,
& diu ty do cd dat moét luc tAp trung P = 20kN Kiém tra dléu klén bé&n va 8n dinh
cia ddm. Cho bist vat liéu c6 [6] = 190MN/m? ; E = 2.10''N/m? ; G = 8.10'°N/m?
vd hé 56 an toan 8n djnh k = 1,8 (H.10-6)

2
Bai gidi

Ki€m tra 46 8n dinh.

Dac trung hinh hoe cha mat cat :

h=17¢cm, b =125 cm, d = 0,6 cm,
= 0,98 cm, J, = 260 cm“

AR

T
b

75627

Hinh 10-6
Iroin = 3 quc = 12(2504 0,6° + 2.12,6.0,98%
= 11,59 em®.

G0t [1]2 _8.10".1159.1078 (300]2

a = =
EJ, " |k 2.10'" . 260.107®
Luc téi han

B,
P, = = VEI GJ 4

XO.

trong d¢ §, tra & bang theo a. Véi o = 2,2 thi B, = 7,901 Vay :

7,901 =
Py= g v2.10'" . 260.107°.8.10°. 11,75 = 61kN.

T&i trong cho phép vé miat 8n dinh :

[P] =%=-16,—18=33,9kN>P‘
Ddm bao dam vé 8n dinh.
Kigdm tra do bén :
Mox Pl 20 .3
amﬂsz=Wx=W_ 162. 10° kN/m? ,
hay . 6 .. = 162 MN/m? < [ol.

Dam bao dam vé do bén.
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Bai tap

10*1-3. Xéc dinh luc t6i han vA d@ng sufit t6i han bing cong thitc Ole d8i voi cde
thanh c¢ :

a) Mat céAt hinh chit nhat 9, 4cm, chiéu dai thanh [, = 2m. (H. 10 - 7a)
b) Mat cAt chit I s6 16, chiéu dai thanh Iz = 8m (H. 10 - 7b)

¢) Mit cdt hinh chit nhat rng cd cdc canh ngoai 20. 12cm, bé day vdch bing 2em
(H. 10 ~ Te).
2

ol

10*4. Mot thanh mat
cit hinh vudng chiu nén
ding tAm. Mudn tang luc
téi han ctda thanh lén n
14n thi phai tang kich
F _-,.OF thuéc canh cila m#t cét

ﬁlLv 1én bao nhiéu 14n v& khi

T dd dién tich mit cit tang

_—

(P
I
RN

N

2=27 5=37 lén bao nhiéu 1dn ? (xét
4 | ! thanh lam viée trong gidi
Vrririd 77 V72 o han dan héi).
 Hinh 10-7a Hink 10-7 Hink 10-7c 10*5. Cho bfn thanh

cd mit cdt ngang ging
nhau 1am bing cung mot loai vat liéu va lidn k&t nhu trén hinh 10-8.

Néu muén chju duge cing mot luc nén ding t4m thi chiéu dai cia méi thanh phai
bing bao nhiéu ?

10*8. Cd hai thanh déu 6 46 manh ' -v‘*\g be
l6n, l1am biing ciing mét loai vat liéu, T Hg
cung dién tich mat cit, cing chiéu e océ
dai, va lién k&t gi6ng nhau. Hdi
thanh nao chiu lyc nén ding tdm
16n hon néu :

N 3 ~N
a) Mot thanh mat cit hinh vubng,
mdt thanh miat cit hinh tron. 33‘
b) Mot thanh miat cét hinh tron +—5 —+— o /4
dic, mét thanh. mét ?ét hinh tron & 3 &) o)
rﬁng co ti 88 hai ban kinh bing 0,80 Hinh . 10-8

So sénh cac két qua tinh duge theo phdn tram.

10*7. Cho moét thanh d6ng chiu dai ! = 2m. Thanh ¢6 mat cdt hinh tron dudng
kinh d = 4em va lién k&t ngam chat hai ddu. Héi nhiét do tang lén bao nhiéu thi
thanh bj m&t 8n dinh.

Bi&t hé s6 giin nd vi nhiét cia déng la @ = 165. 107", _
Gia thist khi tang nhiét d9, cac dic trung vé& do bén cia thanh khéng thay déi.

10*8. Xac dinh luc t6i han cia thanh bi nén doc truc, méi déu ngam, mét ddu
khép bing phuong phap Ole.

10*9. Xdac dinh luc t6i han thanh bi nén doc truc trong trusng hop :
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a) Thanh ¢ mét ddu ngam, mot ddu tu do.
b) Thanh ¢ hai ddu ngam.

10*10-13. Xdc dinh luc toi han cila cdc thanh ch;a trén hinh 10-9a, b, ¢, d, e bang
phuong phép Ole. '

» JP |
[ . .
#—r T T
I
~ - l P
770 —— E /77% 77T —+
Hinh 16-9 Hinh 10-9 Hink 10-9¢
P P ‘

ke To_cé_g.

I
[ PR A

Hinh 10-9d Hinh 10-9¢
‘ | 10*14. CAn trugt cua pittdng
=1 I_ moét mday hoi nuée dai 2,4m, co
0 e r mat c&t hinh 10-10 trén dudng
+ ) kinh d = 7,5¢cm.

| 247 1 Hay kifm tra diéu kién 8n dinh

Hink 10-10 - cla cén.

Cho bis&t ap sudt trong xilanh cta may q = 0,8MN/m?, dudng kinh cua pittong
D = 40cm, hé s6 an toan vé& 8n dinh kad = 8. Cdn lam bing thép CTZ'

10*15. Mot cdt cao 7,5m lam bing thép CTS, mét cit chit I s6 24a. Cdét cd hai ddu
litn két ngam. Biét

6, = 240 MN/m? ; E = 2. 10! N/m? ; hé s6 an toan vé& &n dinh k,, = 3
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a. X4c dinh lyc nén cho phép cia codt thép.

b. N&u chiéu cao cda cOt gidm di mdt nia thi luc nén cho phép tang lén bao
nhiéu 18n ?

Chi thich : Cong thic Iaxinxki d6i vai thép CT,:
= 464 MN/m% b = 3,617 MN/m?.

10*16. Xdc dinh heé s6 an toan cfia cOt bing gang chiu mét lyc nén ding tAm
P = 60kN. COt cd chiéu dai 1,6m, m#t cAt hinh chi th4ap va bi ngam & hai dau
(H.10.11)

Cha thich : Ung su#t t6i han ngoai gigi han dan héi cia gang cd 'thé tinh theo
cong thic :
- 6, = 776 - 124 + 0,0531% (MN/m?).

10*17. Mot bang tin 16n c6 chiéu dai 4m, chiéu cao 2,6m, duge dung nhu hinh
10-12.

Hay ki€m tra d% 6n dinh cda thanh chrSng AB trong trudng hgp bang tin chiu ap
luc gid vudng gdc ¢d cudng 40 q = 1 kN/m?.

Cho biét thanh chéng AB biing g6 mit cit trdn dudng kinh d = 10cm, [6] . = _10MN;’m .
(Khi tinh coi lién k&t & hai ddu thanh AB va chan cOt déu la khdp).

ZIE
=t §
721 %
| I/ir‘/x'?
£677 (.
Hink 10-11
10*18. Ki€m tra 6n dinh cia c6t cao 5m, ghép P
bang hai thanh thép gdc khéng déu canh kich thudc ) ~ E
160 . 100 . 9. Biét luc nén P = 200 kN, cft bang thép

CT, ¢6 [6] = 140 MN/m? (H. 10-18).
10*19. Hai thanh thép (hinh a va hinh b) c6 cung

chiéu dai / = 4m, vA mat cAt hinh chit nhat : /= 47 |

b = 8em, h = 10em. Hai thanh lién k&t biang khép g |

tru. Chét tru cta khép dugc giit chat, khong cd chuyén r_‘ N

vi. Thanh lam bang thép CT, ¢ [6] = 160MN/m’ ;7 N

(H. 10-14), P I | | o
Hay xdc dinh gid tri clda luc nén cho phép diat & ) +t—

hai d4u thanh va so sdnh hai cach lién ké&t ?
_ _ . Hinh 10-13
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L

Litr-r
g)

-
1

10°20. Mot gis 48 chiu

tai trong phin bd déu nhu

hinh v&. Xdc dinh cudng 46

_/\/—
=

4)
Hinh 10-14

tadi trong cho phép gq tée
dung trén gis. Cho biét thanh
chdng AB mat cdt hinh
vudng canh 14 Sem va lam
bang g6 cd [6] = 10 MN/m?
(H. 10-15).

10*21. Hai hé thanh

chiu lve nhu hinh vé. Xdéc
dinh chiéu dai [ cia thanh

&7 2-2

ch6ng AB lam bing thép cd [6] = 140 MN/m? (H. 10-16).
Che bigt tai trong : P = 300 kN.

Hink 10-15

f’
X P
[ 2

haH
A
+ L
5/77
S‘l ) '/1/?':—!00,{/06?1;0
(57 r-7
Hinh 10-16

10*22. Xdc dinh chidu daj téi han cta thanh thép, m#t cAt hinh tron, dat thdng
ding cd dfu dudi bi ngdm chat va ddu trén tu do.

Thanh chiu trong lugn

P IP
- SEBCXxIOOXTO
N
4 - . o 4 .
§+ £ s
= ~J
-+ *=
Hinn 10-17 Hinh 10-18

ban thén c¢ y
d = 40 mm va E = 2.10'! N/mZ.

78 kN/m?. Biét dudng kinh cta thanh

e

10*23~-25. Xac dinh

N 0 gdc chiju tdi cda cdac coft
hinh 10-17, 18, 19. Vat
m—| lisu cot 1a thép.
§ i | CT 30 [o] = 16000 Niem?
N 10*26. Thanh AB cua
700X 100X 70 mét dan phdng duge ghép
s /A?T n2ps b6l 2 thanh thép goc
: khéng d8u canh sac cho
Hink 10-19 mbémen qudn tinh cia mat

195



cét d6i v6i hai truc chinh bang g V.4

nhau. _,r_.’_

Hai thanh dugc ghép cing ]
v6i nhau bing dinh tan ¢ = 20 |
va cdc ban gikng méi ban co —
hai hang dinh tdn (H.10-20).

a) Chon s Iiez}z thép gdc ed -
[6] = 160 MN/m?. =37 =37 37 | 37 | 97 | 3|

b) Xic dinh chidu ddy a cia : i 1 1 1 1 i ]
ban giang. H. 10-20 '

¢) Kiém tra lai m#t cdt theo diéu kién bén.

10*27. Mdt c6t chiu nén ding t&m duge ghép bing bén thép gée déu canh loai
80.80.6 (H.10-21).

Xéac dinh kich thuéc a cia mat cit. Bigt thanh dai ! = 6m hai dﬁu lien k&t khép
va chiu lvc nén & déu c6t P = 200 kN. Vat lisu o6 [6] = 200 MN/m? (CTy).

10*28. Mot cot g6 dai 3m, mat cit hinh chi nhat b.h. Déu duéi clia c6t duge chén
vio nén bétdng, dfu trén cd thé trugt theo mot khe nhé song song véi phudgng chiéu
dai h cia mat cdt (H.10-22).

Xac dijnh kich thuée cia mat cét b.h sao cho mat cAt 1a hgp li nhdt. Cho bi&t lyc
nén P = 100 kN ; [6] = 10 MN/m?.

_____ o | N
,Es:sv w —— \
} .

Lw/rﬂ/ lzaﬁ/v Y woty

m‘n
i
j"u

?ﬂ_-_
)

37

™

.

L3
1 s | . -
| i V7iiiig FTTTTTTTT
Hinh 18-21 Hink 10-22
7= 404N m P= 200 kN
P PEGAAN
‘ ke 27
[ A
o I7 &
1 | WL N
g}k ,
Hink 10-23 Hinh 16—24
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10*29-30. Cho hai hé¢ thanh chju lyc nhu hinh 10 - 23, 24.

a. Xdc dinh s6 hiéu mat cit chir I cia thanh chéng AB.
Biét [5] = 160 MN/m?.

b) Xéac dinh hé 86 an toan vé 8n dinh kod cia cde thank dé.

10*31-33. Xac dinh kich thudc b clia mat cét cot theo didu kien 86n dink déu d6i
v6i truc z vd y ciia ching. Cho trong céc hinh 10-25, 26, 27.

P
y-) ﬁ#ﬂﬁfi@f_%
¥ .-
& A/"’ 4 . 1 $ é_comé??

Z Wj Ny
7 - .
¥ -
£
7

Tl Ll Tl A

FitE i II!I‘. a ‘Q y i
Y )
I
e A

-

Hink 10-25 Hinh 10-26 Hinh 10-27

10*34-38. Chon kich thudc mat cdt ngang cha cft va céc thanh nén cia hé trong
hinh 10 - 28, 29, 30, 31, 32.

Liy : véi thép CT. 3 [6] = 16000 N/ecm?, v6i g6 [6] = 1000 N/cm?.
y-t¥ ' ¥4 P=40 - Ll

i R e 5

i Thep 3 &7
1 M¢ j k-
MHink 19-28 Hink 10-2% Hink [0-30

Hink 10-31
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10*39-42. Vai cac cot ghép hay xdc dinh (H. 10 - 33, 34, 35, 36).
1. 86 hiéu mit cit ctia nhénh cot ;
2. B rong m&t ct cot B ;

3. Khoang céch ! giita céc ban gléng
D6i véi vat litu cia nhénh cot 14y E =

Tz

/=

[N
-

l - 1000 AV
-—1|'—'

/’— 250 kY

Hink 10-34

|
R

.

4

2. 107 Nfem?, [6] =

=1
§ {.@ﬂ
N | g ]
E
MHinh 10-35
T w7 7
;g}l T T T T,
8
17
| R}
— y—_ /*_—if ®
-
- 2
- -Q vi;_l ;[_ Hinh 10-38

16000 N/cm?.

P=50044

-

=577

A

&
R
"
b
-

— L7 ‘—+—

o

A

-

_ Z

I | J":zﬂ?/)? .

Hink 10-37

10*43 Thanh thép chit I 88 10 c¢d chiéu
dai { = 7 m, mot ddu bj ngam, ddu kia
dat cach mot bde tudng thép mét doan

™ bing 2 mm (H. 10-37). Hay kifm tra diéu

kién 8n dinh cta thanh khi nhiét d6 cia
thanh ting lén 30°C.

Cho biét he 6 an todn vé& 6n dinh k , =

Thép o6 mdéduyn dan héi E = 2. 101! N/m?, hé s6 gian né vi nhist -« = 125. 1077,

10*44. Mot ddm cdu truc AD chiu lgc nhu hinh 10-88. Cot BC lam bing hai thép
chit I s8 14 ghép lai sao cho mdmen quén tinh d6i véi hai truc bing nhau.

Xac dinh chidu dai t8i da ciia mit thia a, biét rAng c6t 1am viée bt lgi nh&t khi xe

cfu truc mang mot trong lugng 100kN dat ¢ d8u muat D. Thi trong phan b6 q =
190 MN/m?,
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Chuwong 11

UON NGANG VA UON DOC DONG THOI

Trong trutdng hgp ddm cd bién dang udn tuong d6i 16n thi anh hudng cia luc nén
P dén bién dang uén cha ddm la ddng ké. Khi d6 mémen ubn trén mat cit ngang cia

ddm phai déng thdi do ca luc ngang va luc doc giy ra. Ta goi trudng hop nay la uén
ngang va udn doc déng thai.

1. Khi k€ dén anh hudng cia ubn doc cic phuong trinh d6 vong va ndi
Iyc c6 dang

¥
_ ..dﬁn; (11-1)
1= _
P
M
M = ‘“g (11-2)
1__
L
Q .
Q= —2 (11-~3)
1 —_——
th
M
max dim
Suy ra : M .= —p (11-4)
] - _
P
Qmax dim
Qw = — p (11-5)
1_._
th
trong dg :
2
p, = 2o (11-6)
@)

EJ d¢ cing cha ddm chiu ufn, do mémen udn giy nén. Con khi cdn ki€m tra vé
diéu kién On dinh thanh chiu nén thi ta ly d6 cing theo phuong cé d6 manh A lén nhét.

# hé s6 phy thudc vao loai lién két & hai ddu ddm xem phdn &n dinh.
Yasm Masmr @ dm la d¢ vong, mémen udn, luc cit cla ddm gy ra chi do tai trong ngang.

2. Ung sudt nén 16n nhat trong dam duge tinh theo cong thiic

IM |
%+ ‘;‘""" . (11-7)

X

o | =
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Trong dd : P - luc nén ;
F - dién tich mat cAt ngang ;
Wx - mémen chéng uén ;
M tinh theo (11-4).

3. Diéu kién bén

T cong thic (11-7) ta thfy dng suft khong ti 1& voi tai trong, do d6 & day ta
khéng 4p dung duge nguyén li doc lap tdc dung. Diéu dé ddi héi phai chuyén ti kifm
tra d6 bén theo dng suft cho phép sang tinh todn theo tdi trong cho phép.

. Goi n 1a heé s6 an todn chung cho ci tai trong ngang va dec thi diéu kién bén cia
dém la :

n.p . M

. max
O o = F + RSN € 0 . _ (11-8)
w(1-3)
th
trong dd : 0 - ung sudt nguy hiém khi nén. _
Vi dy 11-1. | Z
M6t dim chju lyc nhu (H. 11-1) biét 4~ : ? :E}
P, = 8kN ; P, = kN, | = 1m, h = 2cm, pa ; ,%7
b'= dem ; B = 2.10°%kN/cm?. Xdc dinh do vong L Yo 2 ™
~vA \ing sufit phdp 16n nh#t trong ddm. ! : *b+
Bai gidi ' Hinh 11-1

Néu khong k€ dén bi€n dang uén do lyc doc gay ra thi do vong lon nh&t do Ige
ngang P, ghy ra hhng

PP 10.23

= = = 2
Y faon 5T 2 43 0,781.10%m
X 48210& ——.10°%
Lyc P, tinh theo (11-6) :
¢ 22
7’BJ _ (314°2.16°. 5o 160,
th = 3 2 = 3 LN
(1) (1.2 )
Khi xét d&n anh hudng cia ubn doc, d6 vdng duge tinh theo (11-1) :
¥ ' 2
vy = “‘““;m - 0’781;31? = 0,92.10"2m
S R 71

. th
Ung suft nén 16n nh&t theo (11-7) :

_ Ik, Mk dttenl

max = F

o]
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-
o

-8 . = 117.10%kN/m?
12107 T38| es
5 - 197°(1 ~Te0)

Vi du 11-2

Tinh dng suft nén lén nhét cia d&m bj ubn ngang va ubn doc déng th¥i vé& trén
hinh 11-2, E = 2,1.10°%kN/ecm?.

g = IRy P5AN . 75020

3

) l /0:257/1"/‘/.
B

7 &7 |27

p//!'/g\

Hinkh 11-2
Bai gidi

Tra bang thép dinh hinh, ta cd :

F = 26,8cm’ ; J_ = 1840cm* ; W_ = 184cm’.
- Phuong trinh doan thd nh#t (0 € z = 400cm) :

o, q.
M, = M cosaz + —-sinaz — ?(1 — cosxz),

3 day M, (z=0 =M =0
) Qo q
Vay . M, = -—sinaz - — (1 = cosaz)
7 4

— Phuong trinh doan thd hai (400 = z £ 600cm) :

M, = M, + 4 11 - cosalz - 400)].
C€2

- Phuong trinh doan the ba : (600 < z € 800cm) :

5
M3 = ]!\*f[2 = gina(z — 600),
Q _
?Osimz -4 (1 ~ cosaz) +

a®

+ A [1 - cosa.(z - 400)] ~ é sina(z — 600)].
2 o

Khi z = 800cm, M, (z = 800) = 0, tic la :

5 _
o q _ q :
0 = —sin(800x) — 2 [1 — cos(800a) + > [1 - cos(400a)]

-~ —2* sin{200c). (a)
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Ta 6 q = = 0,03 kN/cm. '
. ' V 257 _ L 257
2,1.10°. 1840 10 V¥ 2,1.1840

~——V0,0665 = —\(6_65 = 258 . 103 1/em,
m2 10°

sin(800a) = sin(800 . 2,58 . 1073 = sin2,064 = 0,88,
cos(800a) = cos(800 . 2,58 . 107°)
cos(400a)
sin(200a)

Thay vao (a) ta duge :

Q, 0,03 0,0 5
—oss——(1+o47)+ (1-052)-——05 0.
a

0,03 0,03

— +0,47) +5.0,5 ~————(1 - 0,52
. (2,58.107) (2,58.10°)

Rit ra : Qo = 0.88

10
086 PPTH  nisees o
0,88 - o088  TUUTTT

Mémen uén l6n nh4t & mit cdt ngang thudc doan thd nhA4t.
M, (z) = @simz - 9—%3: (1 - cosaz) (b)
Cho dao ham bing khéng, ta tim duge vi tri miét cit ¢d mémen udn max :
dMl(Z) = 15,9cosxz  — 0.03 ginaz_ = 0.
dz ! o a o

cos2,064 = -0,47,
cos(400 . 2,58 . 1073 = c0s1,032 = +0,52,
sin(200 . 2,58 . 107%) = sin0,516 = 0,5.

-3
Rit ra : tgaz = 105'09; = 15’9'%502' 107 . 1,367,

) az = 0,937,
hay 0,937

z = ——— = 364cm.
° 958.1073

15,9 | 3 _
Thay vao (b) H Ml(rnax) = W sm(2,58 . 10 . 364)
0,03

- W . [1 - cos(2,58 . 1073 . 364)],

159.0,81  0,03.10°. (1 - 0,59)

2,58.107° 6,7 .

= 5000 - 1840 = 3160 kNcm.
Ung sufit nén 16n nhat bang :

257 3160 ' ' ' 2
— 4+ — = + 17,2 = 26,8 .
26.8 + 184 96 + 17, ,8 kN/cm

|maxa | =
- i
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Vi du 11-3,

' 7= 754N,
X4c dinh 49 vong 16n nhét £, hé &6 an toan
max’

~vé d0 bén (hé 58 vé tai trong) va hé s6 an todn A- wokvl 1V
8n dinh cia d4m chju Iyc nhu hinh 11-3. Cho o
E =2.10° kNfem® ; 6, = 24 kN/cm?.

s T~

%}

Tra béng s6 ligu 18 c6: F = 23,4cm? ; Hnh 11-3

J, = 1290cm® ; W = l43cm®
Do vong 16n nh4t do tii trong ngang :
4 4
e o5 al _ 5.015.(300)" _ 0,61cm.
max 384 T EJ,  384.2.10%.1290
Do vong 16n nhdt do tai trong ngang va doc :
f
max 061
fmax = , i = . 100 = 0,655cm,
| P 1420
) _
aBd 2 4
: 42.2.10%.1290
v6i - P, = -—— = 3,14, 102 = 1420 kN.
_ t 1 (300)
Tinh hé¢ s§ an toan bén ti quan hé :
: - (aM) P
{maxs | = (nP) + < . (nP)(nf") e
z F W nP ch
W (-5
Thay bing s8 trong do : th
2 . 2
M = ﬂ' = PM- = 1690chm,
x 8 - 8
ta duge n.100 n.1690 n.100 n.0,61
+ + X = 24,
23,4 143 143 | D100
1420
. 0,7n.0,61n
+ + Ll =
hay 427n + 11,8n 1-0,0705n 24
0,427r
+ 2= - 94
16,07 + 175 o708m = 2
Véi 1 - 0,0705n = 0 tdc 1a n = 14,2
ta duge _ :
16,In ~ 1,14n% + 0,427n% = 24 - 17n
hay 0,71n® - 17,8n + 24 = 0 .
' ' n% - 25n + 338 = 0
Rit ra : n = 1,45

n, = 23,65

Nghi¢m n, = 23,55 khong o6 nghla vi khi n = 14,2 thi |max 6,| =

| 7w
1 .
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| Vay hé s& an toan s& 1a : n=mn = 145
Tinh h& s6 an toan 6n dinh :

i =i = 1,88cim
¥ min
_pl1.800
A=i—= 1,88 =~ 160
mn

Tinh dng suft téi han theo cong thie Ole :
~°E  3,142.2.10°  3,14%.2

d(h = AZ = (160)2 = 2,56 = 775 kN/cm
Ung suft nén do lyc P = 100kN :
_ P 100 2
& = F =234 4,27 kN/em
Hé 36 an toan 8n dinh bang : :
' o3
. Y LS

Bai tap

11*1. Tinh dng suft nén 16n nh&t thec phuong ph:ip gin ding cia ddm hinh

v& 11-4. Cho E = 10% N/cm?.

11%2. Tinh hé s6 an todn vé | o G=200NIm
d6 bén (hé s6 tai trong) va he A= 44NV —
gd :an toan 4n dinh cia ddm bi — s\ R
ufn doc va ufn ngang vé trén ﬁ; _ . % 7
hinh 11-5. D4&m cd m#4t cit hinh | 27 # 27 | |7 o
chit nhat, E = 2 . 10* kN/eni? 1 g
va gi6i han chay O, = 24 kN/em?. Hinh 11-4
FAN AN
o | N
%
e A Ns
\z=ym | 24227 |g= ) i
A 1 1 o A
Hink 11-5
dung cta luc u6n ngang va yén 204/ 20kN N ~
doc nhu trén hinh 11-6. Ddm gém l , 1 5047 | _!L .
hai thanh thép chit [ s6 30 ghépw%_ ' E i| T } | -
v8i chiéu cao b = 100mm. o ' Ve
Cho E = 2,1 . 107 Niem?. 25 1L 7 2 ,IL £ 'y
Tinh ¥ng suft nén 16n nhat trén

dim bang phuong phép gén ding. finh 11-6

11*4, Tinh tii trong cho phép P tdc dung lén ddm AB, biét rldng : hé s6 an toan

cho phép vé dé bén (hé s6 tai trong) n = 1,6.
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Dém AB bang thép CT, cd gioi
han chégv 260 N/mm? ; i
E=210° Nimm?. Khi tinh b qua
.trong Idgng biAn thAn cia d4m (H.
11-7).

Kiém tra d¢ 6n dinh cta dém,
biét ring hé ad an toan v& 8n dinh
bang 2.

11*5. Mot cot bdng g8 dai 2m, Hink 11-7
mat cdt ngang hinh vudng canh a = 8cm, mit ddu ngam, mot ddu ty do, ch;u lyc
nén doc truc dat tai gée cla mit cAt ngang & diu ty do.

Xdc dinh gid tri cho phép cia lyc P. Bi6t ring g8 c¢d giéi han chay & 24 kN/cm?
va E = 103 kN/cm?. Liy hé 86 an toan vé& d¢ bén (hé s6 tii trong) b‘;lng 2.

11*8-7. X4c dinh f, max |0' | hé s6 an toan v& d§ bén n va hé s6 an toan vé On
dinh n,  cla céc dm trong hinh 11- 8, 9.

. : : o p /} ] 5:2&?&7”
— 10K P 4 p
C P g0 A y /’” ) N7E Az AN l I I " f,!
AP TR IR EE N IR ' A
L l=25m 7%; é'-lm l d [ g |4:4m
71 - 7 -, _ | | L 1 B=25
E=210" Niem E=2.70° N comr*
Hinh 11-F Hink 11-9
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Chuong 12
CHUYEN VI HE THANH

1. Cong thitc Mo (Mohr) d€ xac dinh chuyén vj

Trén co s cla phudng phdp ning lugng, Mo dua ra cbng thic téng quéat xéc dinh
chuy8n vi thing, géc xoay tai moét mat cit bat ki cia hé thanh nhu sau :

i — i — i

M, M M M, .M _
EI z+|§1.]- EJ dz+EJ'GJ—m—dz+
+§:IJ‘ 1:12-1-2‘]'(2xk medz+EJ'kaQym (12-1)

|—l i=1

Trong dd:

M ,M,M,N,Q,Q, Iacdc thanh phdn ndi lyc do lye don vi P =1 dat
tai dKém t}nh chuyén vi, theo phucng tinh chuyén vi gy nén, khi tinh chuyé&n vi thing.
Khi tinh gdc xoay thl cdc thanh phén ndi Ige do momen t4p trung bing don vi

Hk = 1 gAy nén.

M, . M o M, N me, o 18 céc thanh phén noi luec do tai trong gdy nén.

Bigu thﬁc dudi dfu tich phan 12 cde ham lién tuc cla toa 40, dfu 2 bi€u thi céc
- tich phan duge lfy trén tdt cd cdc doan clia hé thanh.

D6i véi bai todn phdng, vi du trong m#t phing Ozy trong d6 z 1a truc ctia thanh,
cong thic (12-1) cd dang
li
' N ka Qym
By = J‘ = dz + 2 J‘ "4z + 2 J‘ dz (12-2).
i=1

i=1 i=1
o

a
Trudng hop cd thé bd qua &nh hudng cia lye doc va luc cét nhu khi tinh khung
cong thic MO cdé dang : :

li_

M
i=1 o
Trutng hop hé thanh 1 dan, trong cdc thanh chi cé cdc thanh phén luc doc, cong
thi¢ Mo e¢ dang :
i —
NN |
= 2 J' =5 9= (12-4)

il

Kji higu : A chuyén vi théng hay (gdc xoay) theo phuong K do cdc nguyén nhéan
tai trong giy nén.

Khi tinh chuy&n vj tyong d6i hay gdéc xoay tmmg d6i gilta hai mit cét ngang A va B.
(H. 12-1), thl ta chi cAn thay trang thdi K (tru6c day do lyc P_ =1 hoc = 1) bing
hai Iyc don vi nguge chiéu L (H. 12-1) hay hai mémen don vi nguge chidu (H. 12-2), dé
vigt cdc bi€u thite ndi lyc M K Myk, M, N Qs ka trong cbng thdc (12-1).
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Ao =1 - )@m‘
/',’5/ A8
~ — P
// A;f(-_-/ | //

st 27 4
.K"/" _

Hink 12~1 Hish 12-2

Vi du 12-1.

Tinh chuy€n vi thdng ding, chuyén vi nAm ngang va gdc
xoay tai ddu ty do cia thanh cong cd mat cdt ngang khong d8i
(H. 12-3a).

Bai gidi®
1. D€ tinh chuy&n vj thing ding, dat lyc P, = 1 huéng lén.
Ta duoc :
M, = PR (1 - cosp). ’
Ml = Reing, ds = Rdyp.
Np = - P cosp
N, = sinp.
x
;2
il 3 - i -
Y, = 55 _[[PR (1 - cosp) sinp dp
z
2
R .
" EF _([P cosp sing de.
Hinh I12-3b
" ¢y _ PR _ PR

A 2EJ 2EF

2. D& tinh chuyén vi ngang, dat lyc P, = 1 cung chiéu vdi lyc P:
M, = R(1 - cosp) )
N

, = ~ cosp

S

i PR? PR
PRY(1 - tos p)? dga + 5% IPRcoszgodcp = 0356 =+ 3‘4— il

1
8A = BT EJ F

A EJ

c%. MR

3. D€ tinh gdc xoay-,'- dat M, = 1 nguge chidu kim dong h6*?'tai ‘mit cdt A.

M, =1, N"3- =0
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B

1
aA-—'EE

PR?
PR*(1 - cosp)dp = 0,571=—.

o S,

EJ

Vi dy 12-2.

Xdc dinh d§ véng l6n nhdt cha dadm chéng -
udn déu cé bé rong khong dbi. So sanh do vong 4, [~
dgé véi 46 vong clia ddm cd mat cit ngang khong
dédi b x ho. (H. 12-4a).

Bai gidi. .
Diéu kién cua dim chéng udn déu 13 :
o Mo _ Yo
max = Wzy T W C
[&]
hay q.22.6  qP%
2 - 2
2blh(z)] 2bh’
rit ra :
z 3 b b’
h(Z) = T . hO nén J(Z) = J01—3 ; Jo= 12

D€ xac dinh dé vong 16n nh#ét tai ddu tu do ta dat tai day luec P = 1.
Ta cd :

I M .M
= dz
¢ -!; Ed(z)
trong dd¢ 1
g Mp——z-q.zz,ﬂ-z
ERRNNSNN

3 1 g

1
1 qz
#(3) V&YYB=_[—2‘- 34z =95 51
0% gy Z °
013

D&i véi ddm mat cdt ngang khong déi

Yg = ar
Hink 12-4b B 8EJ,

D6 vong l6n nhét cia ddm chéng ufn déu gip 4 14n do véng 16n nhét cta dim
mat cdt ngang khong déi.

2. Tinh chuyén vi theo phuong phdp nhan biéu db cha Vérésaghin
Ta bist tri s6 cia tich phén :

1
I = [F(z).f(z)dz (12-5).
0
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Trong d¢ cd {t nhdt mot ham s6 12 bac nhat, thl bdng dién tich cia ham s8 bat ki
trong gi6i han t& 0 — |, nhan v6i tung d¢ cia ham s6 blic nhdt ing voi toa d0 trong
tam dién tich cia bifu d6 bat kI (H. 12-5),

¥ FE) V{ du F(z) 12 ham béac nh4t :
: I= QFQ) (12-8)
. =2 trong d6 : Q - dién tich cta biu d6 bat ki ;
AN | = z, - toa d0 trong tAm cua dién tich Q.
"‘—fc—“ \, 'I‘rongétrub}t:g h'?l.lpSt t:ancl; thaingéroac khu:ﬁo do Zédc
thanh thang ho nh cé mat cit ngan n i
Z;‘iﬁim‘? ho#ie chi thgay d%l tiing doan, 'thl khi gting chuyégn vi
theo céng thde MO ta thdy cde ham =8 noi lyc M
¥y l Fr2) N Q do lyc don vi hodic mémen don vi gy nén chi

la céc ham s6 bac nh4t. Do dd thay viéc 1€y cdc tich
phan trong cong thdc MO d€ tinh chuyén vi ta cd
th§ tinh céc tlch phan d6 bing cdch nhan dién tich

- Q cla cde bi€u d6 noéi luc gay ra do tai trong (M o
’i'-__ 7 _l‘ \ : N_, Q_ ..} v6i tung d6 cia bifu d6 noi luc gy ra do
d 'z, téu trong don vi (Mk, N Q ) tai vi trl tuong dng
Hiak 12_56 vli toa d¢ trong tAm cua d1en tich Q chia cho do
cung tuong dng. g 2
. ' 293 '
Cdch tinh chuyén vi theo phudng phép trén T—rf—r‘l/\
duge goi 1a phuong phap nhan bifu d6 cia y, yi gf
Vérésaghin. g
‘ 297 7 ']I 2z ,i
Vi du 12-3.

X4ac dinh gdc xoay tai A va do ving tai B
cia cdngxdn AC. Bist q = 1.10* Nfm, a = 1 m, 7‘?9
J = 3000 cm®, E = 2.10” N/em? (xem H. 12-6a). 15g5°%

Bai gidi.

Tinh géc xoay tai A, ta dat nghu
Iue M = 1 tai A.

Dién tich bifu dé Mp:

w1=%1,5qa2.a=0,75 qa?, (’ I:?
T - N § 7 v
2" 3" "g &7 g 1

1 () |
3=§2a(35+55)qa -9qa E

!
= (0,0165 rad. Hiwh I12-% 27
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Tinh d6 véng tai B ta.dat lgc P = 1 tai B. Dién tich biu dd M
w31=3,5qa?'.2 ’an,

1
w,, = 5 - 208 . 2a = 2qa’.

P9 vong tai B
1

2a 2 9,666
- - 3 Za 3 & _ % 4 _
yg = EJ['?qa -3 + 2qa” . 323] = g7 & 1,611 cm
Vi dy 12-4
Tinh d6 véng va gdc xoay tai Khép /WW//” 2000/
B ctia dim tinh dinh v& trén hinh > ! l
- / o
12-Ta. 47 & Y
Biét a 7 54%7
¥ J = 500 ecm®
SONI— 27— 7
E = 2.10" Njem?. -
Hink 12-7a
4OIG '
Bai gidi. : < 7 T

2000 N
Bi€u d6 mémen udn (M) dudc vé tach thanh

hai phdin dé dé& nhan (H. 12p7b) Nhan bi€u dé6 M. E9PN 17
voi M, ta duge d¢ vong & B :

.4 .10 + [DID]I iﬁ':f'
+18.105.4.102

M-7
3 L= . 4.109 ﬁ
: 7
y 1,067 cm. _
i ! ) My=/
Nhan bidu d6 M_ v6i M véi M va M, ta duge Hink 12-7b

géc xoay & bén phg.l va bén trai mat cgt B :

o bo

11
yg = gj(—34 100 .4.10°.

W | Qo

1 1 1
Pooh =T Bf 3 - S100 . 2. .3 -1 = - 00067 rad
11 1
V’mr=ﬁ(“§4-105-4- 102.1+§.8.105.4.102.1) = 0,00267 rad. -
Vi dy 12-5.

Cé hé thanh mat cAt ngang hinh tron bing thép (@ = 0,33),
cing dudng kinh nhu trén hinh 12-8a. Tinh quan hé gitta ngéu
lyc M6 va luc P dé thanh EC khéng c6 nodi luc. 2

Bai gidi.

D€ thanh CE khong cd ndi lue, chuyén vj thé.ng ding cua
diém C cia hé thanh ABCD phai bing khéng (5, = 0).

Hink 12-8a
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Bigu d8 ndi lyc mbémen udn va moOmen xodn
cia hé ABCD do ngoai luc 26 va P va do luc

don vi P = 1 dat tai C vé trén hinh.
Ta cd :

1 1 2
Ac_ﬁx'E'@a'%'g'%+

1

ﬁ [- Pa . 2a( %6 - Pa) . . al.
trong dd : EJx dé cing khi uén ;

GJp dd cing khi xodn

. _ _ B

nén v@i hinh trdn Jp = ZJx va G = 21 +7)
EJx

GJp:T_‘_—‘u,véchoAc=0

ta duge 6 = - 6Pa,

Nhu vay in@t trong hai ngoai luc )6 hoac P phai nguge chiéu véi hinh ve.

Vi duy 12-6.

[V g

6 —Fg

5@

0 S

Hinh 12-8b

Tinh va v& bi€u d6 chuyén vi & cdc mat dan vé trén hinh 12-9a. Cho EF =

1PN

Hink 12-%a
Bai gidi,

Dat lan lugt & A, B, C nhitng luc don vi P =

vé@ trén hinh 12-9b.

const

Hinh 12-%b

1 ta tinh duge néj luc cdc thanh va

= s = = EFds = EFén = EFéc =

Thanh . b Np Na Ns Ne Npﬁmi NPEBI:’ NrNoi
1 a -3p -3 1] (] 9Pa 0 0
2 a -3p -3 -2 1] 9Pa 6Pa 0
3 a -3p -3 -2 -1 IPa 6Pa 3Pa
4 3,16a 3,16P 3,16 0 1] 31,6Pa 0 0
5 2,23a 0 0 2,23 0 1) 0 \]
6 1.41a 1] 0 0 1,41 0 0 V]
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Ti dd6 ta oo :

58,6Pa 12Pa 3Pa
8a = “EF - 8 = EF Ac = FF -

Vi du 12-7.

Tinh chuyén vi ngang tai di€m dat luc P va gdc xoay tai g6i di déng cta khung
vé trén hinh 12-10. Bé qua Anh hudng cia htc cdt va lue doc.

| | . P
PPl Pr S ] 2FT
Pl
: v 7 &
=/
A
Hink 12-10b 20,_,-;7 _
Bai gidi l—-—/-—'—l
Chuyén vi ngang Ag Hink 12-10a
1 (1 2 1 2
A = il o
B EJ[zPh h . 3h+2l2Ph.13.h],
Ph® 1
= ash *3)
Go tai D 1a :
CEE __1{i, 1 \_-Pm
Yp =T ZEJi2 T -t 3| T 12ET

Vi du 12-8.

Xdc dinh chuyén vi thing ding & difm dit luc cia khung khéng gian phidng vé
trén hinh 12-11a.

K5ir¥| p(r-cose)

Hinh 12~11a Hinh 12-11b
Bai gidi.
Dat lvec don vi P = 1 tai B ta tinh dugc mémen uén M va mOmen xoén ﬁx. Ta cd :

' J’MMds+ _[MMds
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trong d6 : ¥ = Rsing, M, = PR sing, ds = Rdp.

M = R(l - cosp) ; M, = PR (1 - cosp)
Vay : : )

x x
2 2
¥g = : _[ PRsin%pdep + I PR} (1 - cosp) d:p.
B EJ
Q

EJ - d& cdng khi udn ;
GJp - d¢ cing khi xodn.

3. Dinh li Catxtigliand

Xudt phat ti th€ nang cha hé dan héi, ta c6 th& tinh chuy&n vi cta hé dan héi
theo phuong clia mot luc ndo dé gy nén bién dang cia hé. Can ci vao dd Catxtigliand
da phat bigu dinh I sau :

"Dgo ham riéng cia thé nang bién dang dan hdi tuong ung vdi mot lyc nao dé
bdng chuyén vi tuong ung theo phuong cua lyc dé" : :
aUu
§ = — 12-7
"= (12-7)

"hodc (trong bai todn phing) :

L .
U noi M, M, n Qy Qy N, @N,
6H_E=.§1 !:_I; P, E " GF “‘p“d Elﬁl P, G 02

Tu (12-8) ta cd th€ tinh duge chuyén vi tai mat cét cd dat 1yc nao dé theo phuong
cia lyc dd. Dd 12 néi dung co ban dng dung dinh li Catxtigliané d€ tinh chuyEn vi.

Né&u ta chi y rAng cdc ndi luc ia ham sé béc nhét cla tai trong thi cdc dao ham
oM aQy

X
) S EIP!1 BP
Nhu vay bigu thﬂc (12-8) chi la mot trudng hgp riéng cia (12-2).

‘12 mémen u6n luc cét va lyc doc gy ra do luc P = 1 (hodc Mn =

Vi du 12-9. ' E Nl
Mot congxon bing gb tron dudng kinh d, = 10cm, 4 3y
d, = 18cm chiu tdc dyng cia lyc P = kN Tinh d6 Z \!\, 8
vong talﬁdﬁu tu do bang dinh U Caxtigliand. B1é’t = 40cm, Z
E = 10° N/em? (H. 12-12). =
- _ g
Bai gidi Hinh 12-12
BMl
Ta cd : M = -PZ — = -
c ] ' 3P Z
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BMZ

M = - —_ = -
, PZ, — yA
J, = 490 em®, J, = 1400 cm“
yp = j' PZ4Z + o f PZ*dZ.
1 PP PP 4
“® 3 T 3EJ [@y® - P = 3EJ1(1 + 73;)
1000. 40° 490

3.10°. 490( 1400

4. Tinh chuyén vj do nhi¢t d6 giy ra

Goi trang thai chiu nhiét bay gid 1 trang thdi "m", chuyén vi theo phuong "k" gy
ra do nhiét 46 ki hidu A . Ta c6 céng thiuc sau : '

2 IM h 5 dz+§: aIN

i=1 i=1 o

t+t

(12-9)

Trong dd :
a - hé s8 dan nd vl nhiét ;
tl’ t2 - d6 tang nhiét do & mat trén va m4t dudéi cia thanh ;
- h - chiéu cao cha mat cAt ngang cua thanh.

M N, cic thanh phéin noi luc do lyc don vi P’k 1 dat tai di€m tinh chuyén

vi theo liurong tInh chuyén vi gay nén khi tinh chuyén vi thing (khi tinh chuyé€n
vi géc thi dat M 1).

o
Trudng hop khki t, = t, = t. Céng thic (12-9) dva vé dang : A 5 fp= 7_0
f T
b = 2 @ f N (12-10)
i=1 0 £ :-20° %
Vi du 12-10. M6t khung gly khic ¢ dang hinh vubng hé 7 '
canh a = 12cm, chidu cao mé#t cdt h = 0,8m. Tinh cdc chuyén
vi tuong d6i gita hai mat c&t A, B khi tédng nhiét d¢ & phia
trong 20°C va giam nhist do & phia ngoai 10°C Cho hé s6 dan N
nd vi nhigt @ = 107% (H. 12-13a). b—Z
Bai gidi. ' Hink 12-13a

Lén ludgt dat cédc cap luc suy réng P, =1P,=1vaM, =1, ta vé duge céc bi&u
a6 M, va N, (H. 12-13b).

=7 M=
1 L e e
®| p@P
-
/7 — ~7 A e

Hinh 12-13b
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Ta tinh duge cdc chuyén vi giita A va B do nhigt do :

20 + 10 20 - 10
— 105 2 -5
By, =107 == 2. 12 + 10 5

= 0,108 m = 10,8 em. -

12 (1-1)

' A, = 0 (v bidu 46 M, va N, phan déi xung).
+
8, =103 25101 4 12 = 0,018 Rad = 10%1°52",

5. Tinh chuyén vi do d) lin giy nén
Goi trang thai bj lin cta hé tinh dinh 1A trang thii "m", chuyén vi theo phuong
"K" g&y ra do dd lin ki hiéu Akm. Ta cd cdng thidc sau :
3 3 .
A= -2 R .A_ -3 M, .6, (12-11)

km im
i=1 i=1
Trong dd¢ :

Ri 1a cde phan luc & trang thai "K" ;
A. 12 nhitng chuyén vi cia cdc lién két & trang thai "m" theo phuong cla cédc phan

luc 3’3 ; . .
M, la cdc moémen phan lye & trang thai "K" ; : c,;,fp
6. 1a gdc xoay gy ra do chuy8n vi & trang thai "m” £ B
Vi du 12-11. 1
Xéc dinh d6 vong va gdc xoay tai ddu tu do cia khung ABC [
néu trong qué trinh chiu lyc, ngdm bji lin xuéng mot doan A va «| [
xoay mdt géc ¢ (H. 12-14a). - I!
Bai gidi. : =
L = kL
1. Do vong : f, = f; (q, P) + f; (4, o). . y
2 ey
'I‘{hf(P)—-ilP 2 + (P h+1311-h
oh fy (@ P) = gi[gPa.a.ga+ (Pa.h+ 5. h)al Hnh 12-14a
1 ( Pa’ 5 . qah?
= i,‘*j[—:s— + Pa“h + 5 ]
Tinh fy 4, o). . - R, =1, M, =a
f (A, p) = 1. A+ap = A+ ap.
1 (pa® 2 qah?
Vay : f., = ==|—— +Pah + “—| + A + ¢ . a
B EJ| 3 6 P » g
2. Gde xoay. 6, =65 @ P) +8; (4 ) \\ml {x i ]H”)’
1,1 — ]
6y @ P) = gr[gPa.a. 1+ = =
B = ® 5 ®
+(Pah+§—§—.h).1] | = —
' ' V - Y77
1 2 qh? o #,= =
= (= A , v T4z
B5(z tPR ) \T;;:__{
Hink 12-14b
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68, p) =0 +1l.p=9p.

1 ,Pa? qh* .

M g (T P e
Bai tip
12*1. X4c dinh géc xoay tai B va d§ vong : 210%
tai C cda dm AC. Bigt J = 3500cm* ; 10 Mm ,
E = 2107 N/cm? (xem H. 12-15)
NERENERERNErEET

g7

q
AI I % 1.5 /ﬁ’z JD £177 . ¢ fm_ll.

¢
B _L Hinh 13-15
ﬂ!f_ g —— 4 ——»‘t— 7+ 7 12*2. Tinh d¢ véng tai D va gdc xoay

tai A ctia dém cd hai ddu thia AD. D&m

=l

Hinh 12-16 céd do ciing khong d8i (H. 12-16).
' A _ M
i e g
.!' Z 41, g ~JL 1!' s 1L g —J‘
Hinh 12-17 Hinh 12-18

. 7 A
4 A4nny NN
A 'iz% %

L 1

4 4’—:?-—,]:— l — 1‘1 7 _p

l

)

Hinh 12-18 Mink 12-20 :
12*3-8. Xdc dinh do vong tai mat cAt C va gdc xoay tai g6 tya B cia didm vé
trén hinh 12-17, 18, 19, 20. Ddm c¢ 46 cing EJ = const.

PRI P R R
Lo A
T —L l—at TE_L +JAI-

Hink 12-21 Hink 12-22
12*7-10. Tinh do véng & gitta nhip vA gdc xoay O hai g6i tya cha ddm vé trén hinh
12-21, 22, 23, 24. D4m e¢d d6 cing khong déi.
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/41 4{\5 V4 V 4
”’Q’a\ﬂ fﬁ 2L A
T,

5
| R

Hinh [2-23 Hink 12-24

M
/ Pkd

12*11-14. Xdc dinh d6 véng va géc xomy tai dfu ty do cia cdngxon hinh 12-25,
26, 27, 28. '

¥J = const

p p|
J l M M

2— - A %7 ( A
Ry b s

. E Hink 12-25 Hink 12=-26

ITI’%T ' P
M
p—b—b o L s M.
Hink 12-27 Hink 12-20

12*15. Xdc dinh do véng va gdc xoé.y cia congxon chju
tai trong phan b8 theo hinh tam gidc. D¢ cing cta dim
khong d6i (H. 12-29). A

12*16. Tinh d¢ vong cta ddm tai csc di€m dat luc va
tai gitta nhip. Biét : P = 30000N, a = 2m (H. 12-30)

J, = 6000cm®, J, = 2J,, E = 2.107 N/jem®.

= 317 &5 P

% lefnglp w;”g ) l ol T,
Lo w10 ”j;j’
Z .

L

— A

Hinh 12-31

12*%17. Xéc dinh dé véng tai gida nhip va gdc xoay tai cdc g8i tua A vA B cia
ddm. Hai doan ddm AF va DB coi nhu tuyét d6i cdng (H. 12-31).
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12*18. Mot nhip xe gom 10 14 rong b = 7,5cm,

“‘!—

T, 7 A e \ \ A
day t = lecm, dal 1 =lm, dng sult cho phég <<_(c <_< <_\ 5,_;_)_3
bing 4.10° N/em?, moduyn dan héi E = 2.10 SN
N/em?. Xéc dinh tai trong cho phép téc dung lén i I_____ 00 I P
nhip va d¢ vong giita nhip (H. 12-32) 2 3

12*19. Tinh 40 véng tai mat cét B cia mot
dédm thép nhip | = 6m, J = 2370r:m chiu luc
P = 20kN. Ld xo thép & g6i C céd n = 10 vong,
D = 10em, d = 2cm (H. 12-33).

12*20. Tinh chuyén vi thdng ding tai dim
C cua dém treo. trén day nhu hinh 12-34.

. “@
r [FT

e

Hinh 12-32

A s 0 _ o
W.u | A

] ; T N —

1 2 1 2 + 4 ! d

Hinh 12-33

12*21. T1nh |£] e VB B o 16n hon bao nhiéu
l4n so-véi ddm mat cit khOng d8i (16n nhét) (hinh
12-35).

12*22.

X4e dinh d6 vong Hink 12-35
P tai du A vA gdc xoay tai mat p
0 4 cht B cia khung ADC, biét P :
—4 ? __?
P = 100kN, a = 2m,
4 J = 3000cm?, E = 2.10'N/em?
& (H. 12-36). n £ =const
el 12*23. X4c dinh chuyén vi
A -4 I ¥/
. thidng ding va chuyén vi ndm o
ngang tai di€m.dat luc cia ;,;}Sr —”JX:,,
- g
e khung ABCD (H. 12-37). 1 5+
AT .
12*24. Tinh cdc chuyén vi
Hinh 12-36 Hinh I2-37

_ tai g6i tua di dong clia khung
ABD hinh 12-38. D¢ cling EJ = const.
12*25. Tinh d6 dich gin giita hai mat cit A va B ctia khung vé trén hinh 12-39.

12*26. CS hai thanh gly khuc chiu tic dung cua tai trong nhu trén hinh 12-40.
Tinh d6 doi ché va gdc xoay tuong d&i gitta hai nidt cdt A va A
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| < | Y £E7 A’JA’ /q
T pe 2ET ' 25
" ,g_a_—+__a+a—ﬁ

¥

2

[ ; )
A + 7
Hink 12-38 Hink 12-39

12*27. Tinh chuyén vi thing ddng vd ndm ngang

tai difm A cda hé thanh vé trén hinh 12-41. D9 ciing
chdng kéo EF = const.

12*28. Co khung khéng gian nhu trén hinh 12-42.
Tinh d¢ vong tai mat cit C va gée xoay cia mit cdt dd
trong mat phing cia nd, biét khung lkm bang thép trbn
dudng kinh d = 8cm, E = 2.107 Nfem?, G = 8.10° N/em?

&
' _ 12*28. Co mo6t thanh gly khic
| e &7 . 3 _ khong gian vé trén hinh 12-43.
1 ' Xéc dinh chuyén vj theo phuong
2

9p° o m-n cia mat cit A. D¢ cing chéng
so0on A ny | w4 g ‘xo#n cla thanh bang GJ_, . D6
[]cm ,/’p | P cing chfng uén trong ﬁal mit
¢ k - phidng cda thanh bing nhau va
- /‘ bang Ed.
12*30. Tinh chuyén vi nim
Hink ]2-42 Hink 12-43

ngang tai A. Bi6t d¢ citng EF va
EJ cla thanh khong d6i (H. 12-44).

9

Hink 12-44 Hinh 12-45 . Hinh 12-46
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12*31. Tinh d¢ doi ché giita hai mat cit A va B theo phuong dat luc P(H. 12-45)
12*%32, Tinh chuyén vi thdng dding tai mat cat B va chuyén vi ngang tai gbi tua

di dong. EJ = const (H. 12-46).

12*33. Tinh chuyén vi
thdng ding tai di€m dat lye
- cua vom ba khép ABC. D) cing
mit cAt ngang cia vom khong
ddi (H. 12-47).

12*34, Tinh dd thay ddi
khoang céch gita hai di€ém A,
B clia vanh trdon cé hai khép
vé trén hinh 12-48. D6 cing
mat cdt vanh khéng déi.

12*35. Tinh d6 thay d8i ban kinh
clia mdt vanh tron ban kinh R, dién
tich mat cdt ngang khéng thay déi,
chiu 4p lyc phan bd8 d&u bén trong g
(H. 12-49).

12*36. Bang dinh 1li Caxtigliang,
tinh chuyfn vi thing dung va nim
ngang tai A. Khung cd d9 cing khong
déi (H. 12-50}.

12*37. Bang dinh l{ Caxtigliano, tinh gdc xodn d mat cAt
gita truc tron bi xo&n bdi ngiu lue I (H. 12-51). A, B
lien k&t ngam. |

Hink 12-49

12*38. Cd congzon chiu tai
. - q = const. Tinh d¢ vong va gdc
g xoay tai ddu B néu trong qua
trinh chiu luyc ngdm bi xoay mét
goe a (H. 12-52).-

 xoay tai diu C cia khung ABC
- - néu g6i tya A bj lin moét doan

A A va g6i tua B bi lin mét doan
c Ap (H. 12-53).

12*40. Tinh chuyén vi
-ngang tai géi tua di dong caa
khung ABCD khi khung chju
tai trong va nhiét do moi
trudng thay d6i. B8 cao mat
cht bang h (H. 12-54).

4 L .
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12*39. Tinh d¢ vong va gde />

,4

8

Hinh 1248
r?

L.

i I -

Hink 12-50
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7
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Hinh 12-54



Chuong 13

TINH. HE THANH SIEU TINH BANG PHUONG PHAP LUC

Nhu trén ta di bi6t, mét hé goi 14 siéu tinh khi ta khong thé xdc dinh duoe cic
phan luc lién k&t nhd cdc phuong trinh caAn bing tinh hoc, hodc xéc dinh duge cic
thanh phdn n¢i luc nhd phuong phdp mit cit. Ndi cdch khdc hé siéu tinh 12 hé co
cdc lisn k&t thita. N&u hé thia lién k&t ngoai thi ta goi 12 hé siéu tinh ngoai. Né&u

thita lién két noi thi goi 1a situ tinh noi. B4c siéu tinh cia hé blng s6 lién két thia
" ndi va ngoal.

1. Hé co ban la m6t hé tinh dinh, khong bién hinh dugc suy ra tit hé sidu tinh
bing chch bé bit cdc lien két thita. Mot hé siéu tinh cd th€ suy ra duge nhiéu hg co
ban tuong dng.

2. Hé tinh dinh tuong duwong. Mot hé goi 12 tinh dinh tuong duong (goi tit 1a
hé tuong duong) v4i hé siéu tinh da cho khi hé dJ cd bién dang va chuyén vi hoan
todn gi6ng v6i he siéu tinh da cho. D& x4c dinh hé¢ tuong duong, ta chon mot hé co -
ban tuong ¥ng véi ha siéu tinh da cho, thay nhitng lién két dd bd di bing nhing phan
luc lién k&t (ngoai hoic ndi). Tri s6 nhiing phan lyc lién két nay duge xdc dinh sao
cho dudi tac dung cha tai trong va cdec phén luc lién két thi bién dang va chuyén vi
ctia hé tinh dinh hoan toan gi6ng nhu hé siéu tinh.

3. Hé phuong trinh chinh tfc theo phuong phap lyc

D& xdc dinh cdc phan luc lién k&t trong hé tuong duong ta viét diéu kién chuyén
vi (thdng hodc gdc) tai cac chd lien két thita bd di ding nhu didu kién chuyén vi thuc
trong hé siéu tinh. Cdc phuong trinh nay viét dudi dang t6i gidn goi la cdc phuong
trinh chinh téc. S6 phuong trinh chinh tc bing s6 bac siéu tinh. Ha phuong trinh
_chinh tdc trén cho phép tim duge ¢ac phan luc lign két thita cén tim.

Vi du 13-1.

Cho he siéu tinh chiu lyc nhu (H.13-1a) chon hé co ban nhu (H-13.1b). Khi dd cdc
phan luc lién két thita 1a : Tai ngdm A, khi bé ngam c6 cac phan lye Xl’ Xz’ Xs. Tai

3 As, Ag
L1, Bi) X5
< X4 X, A LB
] 5 % % ™| g
. 1
2 : L. ]
-— £ |
i i MF* AZ;(Z
2 |l a -
,11/ + r T Vi A >
Hinh 13-1a Hinh 13-1b Ay
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mét cdt B. C6 nhitng lue lidn két. X X " X5 {luc doc, luc cit va moOmen). Hé phuong
trinh chinh téc la:

6 x+ax+5x+6x+5x +6X+A =0

12772 13773 14774 15775 1676
621}(1 + 622 .+ 623)(3 + 624X4 + 625x5 + 626}(6 + A =0
(13-1)
6 x + 552X2 + 553)(3 + 554X4 + JSSXS + 656)(6 + A =0
561x1 + 662)(2 + 563}(3 + 664X4 + 6 X + 6661(6 + A = 0

Phuong trinh thi nh&t bi€u thi didu kién la chuyén vi thing t:;u dlém A theo phuong
Xl, do cée lyc lien k&t va tai trong gAy ra la bing khong.

Phuong trinh thd hai bi€u thi diéu ki¢n la gdc xoay tai mit c4t ngam A do cdc luc
lién két va tai trong gay ra la bing khong.

Phuong trinh thd nam bi€u thi didu kién chuyén vi thing tuong d6i cla mat cét
B theo phuong X, do cdc lyc lién két va tai trong gay ra 1a bing khong.

Phuong trinh thli‘ sdu bi€u thi didu kién gdec xoay twong d6i cia mat c&t B do céce
luc lién k&t va tai trong gly ra la b&ng khong.

Trong dé ky hiéu 5, la chuy€n vi don vi theo phuong i do ldc hoic mémen bing
don vj dit theo phuong j gy ra trong hé co ban.

Tinh s6 & la chuyén vi theo phuong i do luc X giy nén trong hé co ban. Theo
dinh i v& chuyén vi tuong hé ta cd :

61] = le (13-2)

Aip 12 chuyén vi theo phuong i do tdt c4 ngoai luc gy ra trong hé co ban.
. Céc chi 86 cd dang :

3, dugc goi la cde hé 6 chinh ;
6ij goi la cdc hé s& phu ;
Aip goi 1a cédc s6 hang tu do.
Theo cong thic MO ta cd (Vi du viét véi thanh phén Mx) :

n li i N
5, =3 [ E;J Y dz +.. (13-3)
i=1 o X
n i M . :
A, = > ‘TMP dz +.. (13-4)
i=1 o x

Trong d6 : M M 1a bi€u théc mdOmen ubn cho cdc lyc hosc mémen don vi dat
theo phuong i va phucng j gy mén trén hé co ban. M 1& bi€u thic moémen udn do
tai trong gy ra cﬁng trén hé co ban dd.

Vi du 13-2,

Cho khung siéu tinh chiu lyc nhu (H.13-2a). V& bi€u d6 noéi lue, bist EJ = hing s3.

Bai gidi :

Dé giai khung siéu tinh bing phuong phép luc ta tién hanh theo trinh tu sau :

- Xdc dinh bac siéu tinh : bc siéu tinh 2 - ngoai.
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PR 1 X

Fi=corst | ,ﬁ/ :

)
Hinh 13-2a Hinh 13-2b

~ Chon mot hé co ban hgp li. Ta bi&t mé6t hé sidu tinh ¢ nhiéu hé co ban tuong
- dng. M6t hé co ban goi la hop li khi hé phuong trinh chinh téc 12 don gian, hé c6
nhiéu s6 hang phy va t¥ do bdng khéng. N&u khéng, hé s& duge chon sao cho vé cdc
bi€u d6 néi luc duge dé dang. '

Vi du

Hé co ban (13-2ba) hgp li hon (13-2b,b) vi khung ddu ngam ddu ty do ta khong
cin phai x4c dinh phan lyc lién k& nhu & hinh (13-2b,b).

' Ve
e gj
.4

rrriid

— Dat ding céc phan lye lién két tai nhitng chd lién két thia bo di, & day la Xl’ Xz',
chidu phan lyc ban dfu chua bist ta chon mét chidu tuy y d€ tinh toan.

- Thiét 14p phuong trinh chinh tée. T8ng quat s6 phuong trinh chinh tidc bing 26
bac sigu tinh : '

6HX1 + 6,2}{2 + alp =0

521X1 + 622}(2 + Azp =0

- Xéc dinh céc hé s6 chinh, phy, ty do hodc bidng céng thic MO hogc bing phuong
phdp nhan bi€u d6 Vérésaghin.

Né&u dung cong thic MO, ta viét cdc bi€u thdc ndi luc trong hé co ban r8i tinh
theo (13-3, 13-4). N&u diung phuong phdp nhan bidu dé Verésaghin thl ta vé& céc bidu
dé don vi va tai trong trong hé cd ban.

_Vi du chon hé co ban (H. 13-2ba) cdac bi€u d6 tai trong va don vi duge v& trén cdc
hinh 13-2b (c, d, e). Bé qua Anh hudng cia lye doc va luc cét.

7

7/2 . C') // 09 . ZI/ e)

Hinh 13-2b

h
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b=3 [l 1L
1p -~ EJ ¢ T "3973 EJ ~ T BEJ
i=1 o x X b S
A —22: TMP.Mzd R R O WL BN
2p = £ EJ 2="39%2 " 'EJ] T TBEJ
i=1 o X X
6.__2‘1;-M1'2d_11 _2_l 1 B
1 4 EJ “*~ 72 3" EJ T 3EJ
i=lo b4 b4 X
PN e R DUV U N O B Y O
22 T EJ =172 3w El ~ 3 EJ
:=19 X x x X
§ =26 _éﬁud'_.{_{_l_ P
12° %a T £ BJ 2% 9 "EJ T 2EJ
i=1 0 X X
Thay cac trj s6 d6 vao phuong trinh chinh tic cé dang
P ? gl*
shitgX g =0
P 45 _ar
X *3l X -9 =0
- Giai phudng trinh chinh tic d€ xic dinh cdc phan luc lién k&t chua biét :
as . 3ql . 4ql
Giai ra duge : Xi"'T’Xz"_zs

dfu (-) cida X, chi ring chiéu thyc cha phan lyc nguge vdi chiéu da chen :
bat céc phan lyc d6 1én hé co ban, ta duge mét hé goi 1a hé tuong duong.

2
3. 7
X’_=7—§i’] r/,_7’8
77
X, =L
2728
5)
q)
'~ : .wz"
) Hinh 13-2b 28

— V& bifu d8 noi luc ; st dung nguyén ly cong tdac dung ta vé bléu dé ndi e tuong
ing nhu sau :

M ="M, +—M— X +ﬁ2,x2.
bi€u d6 t8ng cong dugec vé& trén hinh 13-2bh.

- Ki€m tra két qud tinh todn, nhd cdac nhan xét da biét trong muc vé bifu d6
néi lue.
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Vi du 13-3. _

Cho khung siéu tinh nhu (H.13-3a). V& bidu d6 noéi lue bigt EJ = const.

Bai gidi

- Bic sidu tinh 3 - néi.

— Chon hé¢ cd ban hop li : H (13-3b) vl khung d6i xdng chiu tai trong d6i xdng

nén thanh phin luc cit phan déi xidng bing khong. Trudng hop nay ta cd thé xac
dinh duge ngay tri s6 X, = N2 (luc doc) nh& phudng trinh cin bing :

P
Nz=x2 2

vy chi con modt 4n s8 phai tim 1a X,

H
r

| N F
, | X = &
r < | ¥ P
Y= L
k Z
Hinh [3-3a ) Hinh 13-36

- Viét phuong trinh chinh tdc ; trong trudng hgp nay ta chi cdn viét mét phuong
trinh :

611X1 + Alp =0

trong dd ta xem X2 = E nhu ngoai lde d& bigt d€ vé bi€u d8 Mp.

2
w M. M, . d
- bp = 2 EJ
4] X
trong dd : tai mat cdt bdt 1-1 bi€u thie Mp = B; (1 = cosp) ; bidu thic
ﬁ1=—1 ; ds = ady
2 2
_ _P.a de _ _Pa’ (n
Al 2? g (1~ cosp) g5 ] (2 1)
2 i ﬁ ﬁ Ty
1 1 2a ad ¢ 2a L
=2 | mgrt2 g =g (043
i=1 o x X a X
- tinh :
i
A - =1
x=_3‘—"=33 (2—)-=0,11.Pa.

I

- Biu d6 mémen t8ng cong dugec vé trén (H.13-3c).
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{HIHITAIN

g 4)  Hinh 13-3¢ &
Vi du 13-4 —0 4,‘;
Vé bi€u d8 ndi luc mbémen udn, luc cit va luc doe cha
khung hai tdng vé trén hinh 13-4a. COt cé d6 cing 2EJ, ddm _—+ 2£T
ngang cd dd cing EJ. £7 g
Bai gidi
Khung ¢é 4 bac siéu tinh, h& co ban chon nhu hinh a o
(trong bé hinh 13-4b). — 2
Ta chia 4n s6 lam bai nhém : X, va X, d6i xing, X, va ¢ =7 & a
X, phan d6i xing, hé phuong trinh chinh tiec cd dang. :S',
8K, 8%, 3, X, +5 X, + Ap = 0, L+
621X + 622)(2 + 623){3 + 624}(4 + A 0, TITT 77
5 X + 632}(2 + 533)(3 + 634X4 + A = 0, e o
641X1+542X2+543X3+644X4+A = 0. a
Bidu d6 momen do céc luc don vi X1 =1, X =1X, = LX, =1va tai trong

2
ghy ra trong hé co ban vé trén hinh 13-4b (b, c, d, e).
Bi€u dé ﬁl va ﬁz d6i xdng con ﬁs va ﬁ4 phan d8i xding nén :

8 =05 =0,9, = 8y = 08y =85, =0, dyy = 94 = 0.
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L i Xf:'f l mﬁ‘l\l f 7
by — = 1 g
= e 2
|X4 47 Xz_?’ E g
* % Ay % ;
' = ® g
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' | 777 77 77777
Z) 77777 77
4 47 47 I A 23 &)
Lo 11,5 240 .
5 % 7 ;9\\ 737
7 1
|2—§q«? ?
25
7577 25 o2
Apez/ % £2 g7
Thg g 7 ?\9
= — 295 2
— X7 = g 365 77
— — 2
= = - 267 452
= = % 737 77
' 77 Verrrira 77T T
&) g) 894 4
17 174 R4
267 75 7 55 99
' o
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37 79 H = 7 E
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Do d6 hé phuong trinh chinh téc chia lam 2 hé :

va

trong dé :

11

521

522

633

S5,

O44

Alp

A

A3p

A4p

Zp

Giai ra ta dugce :

3, X, +6,X, + 4, =0,
5, X, + 6%, + 4, =0,
633X3+634X4+A3p =0
8Ky + 8,X, + Ay =0
1 4a.4a 2 64 a°
2, - . = . 4a = —
2EJ 2 3 3EJ
1 2a.2a 5 20 a°
%2 = 2. 3Ej 2 6= g
1 2a.2a 2 8a°
2 - 385 2 '3 2= 3Ey
of L 2w 2 1 _ 144
EJ - 2 "32 Togy? %828 = gy
1 933
543=2 Eﬁa.Za.a=—J—
2 _1_ a.a E 1 9 _ 8a°
EJ° 2 32T aRpg?-c22 = 3y
1 8qa® . 4a 3 4 16 ga?
2EJ 3 4" EJ
1 |[2a 2 2 qa’ 2 2a
~ 357 | (2. 2a. 8ga + 2a.2qa%) — 2 .32a 2
1 8qa’ . 4a _ 16 ga*
T 9EJ - 3 3EJ ’
1 (2qa® + 8qa’ e’ 2 ) l4ga’
= 2RJ 2 2 '3 “Y %= TRy
Thay vao nhing phuong trinh chinh tdc va rit gon ta ¢ 2 nhém :
64X1+20X2—48qa=0,
20X, +8X, - 17 qa = 0,
{14X3+6X4 + 16 ga = 0,
6X, +8X, + l4qa=0
11 8
X =359 X, = > aa;
11 25
L=-pawiX=-750
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Thay tdt cd cdc 4n s8 tim dugc vao hé co ban ta s& vé dugc bi€u d6 mémen ubn,
l¢c cdt, luc doc nhu trén hinh 13-4b i, k, 1. _ JP

Vi du 13-5 .

Tinh ndi hic & cic thanh dan siéu tinh v& trén hinh 13'—5a2p

Bai gidi

Chon hé co badn nhu trén hinh 13-5b va dat &n s6
la cac phan luc lién két.

Phuong trinh chinh tdc :  Hinh 13-5q
d. X, + 612X2 + Alp = 0,

8, X, +8,X, + 4, =0

Cén cd vio ndi luc cdc thanh ghi trén hinh
ta tinh duge :

EF 5 =2%a+4.1%a+2.1,41%1,41a = 13,64a,

EF 612 = EF:S21 =2. latl.la = 3a,

EF 5, =3.1%a = 3a,

EF A =-2Pa-141.1,41P14la = -4,82Pa,

EF AZp = -1.Pa = -Pa.

Thay vao hé phuong trinh va giai, ta duge:
X, = 0,358 P,

i
X2 = - 0,025 P.

Hinh 13-58

N6i ldc ciac thanh tinh theo céng thde :
N=N1X1+N2X2+NP-

257
A

Hinh 13-8a

Vi du 13-6

Mot gid chuyén huéng toa xe
chiu Iuc nhu trén hinh 13-6a. X4c
dinh néi luc cua gia.

Bai gidi.

Do tinh chdt ddi xing qua hai
trge m~m vA n-n va dac di€m
cla hé phidng khéng gian ta cit
¢ gilta hai ddm giita dé duge hé
cd ban va & ddy chi c6 4n 6 1a
mémen uén X .

Fi

Hinh 13-6b
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Trén hlnh 13-6b 1a bi€u d6 mdOmen uén vd xodn cla mét phdn tu khung dudi tic
dung cla tai trong va 8n sd X, =1L

Phuong trinh chinh tdc cida hé :
511X1 + alp = 0,

trong dé : .

6——~1-—1d1+i1d1+ 1.b.1

11_]5;!]l e EJ GJ.?. N B

Xxadan

A = L P d. 1 L —PE 1 Pab.1

= TR EJ 2 GJ ab. L

xodn
T d6 rit:
d ., .a B
EJ1 2EJ GJmﬁn
X = Pa
! d (L + L) + 2
EJ1 EJ GJxoén
—
i
) g
25T _ A il
NET E7 : @
0 ! X L X=7
A’ - - FiArr X :,
/7%7;[ A ! ' l ¢
Hinh 13-7a Hink 13-7b
Vi du 13-7.

Mot khung c6 dd cing thay d8i nhu trén hinh 13-7a. Tinh cdc phan luc & g6i khop
khi g6i nay lin theo phuong thdng dung mét doan A.
Bai gidi
Chon hé co ban cia khung nhu trén hinh 13-7b. Phuong trinh chinh tic cda heé :
5, X, + 3%, =0

3% T 0%, =4

.. 1 4 2 a’ 2 7a
trong d¢ : 511=Ea +E-E-§a=gﬁy
s _s - L & 1 & 8
2-% ToR] 2% TES 2?7 4E]
s . L& 2 1, T
29552 32TEI?® T 6RJ
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Thay vao phuong trinh trén, rit ra :

10° 7
A EJ AEJ P m
Xl=—4,1—5-'-,x2=6,4 3 ET
a a 2
Noi lye ctta khung xdc dinh theo cdng thtc : o 770 N
M=MZX +M,. X,
Vi du 13-8.

Es 2
Mot hé situ tinh chiu tai trong nhu trén hinh 13-8a. Giai %I
hé nay biét rdng trong qua trinh chiu lye, c6t khung cdn bji lin ’
thdng ddng moét doan A vA nhiét do cia méi truong cd thay
ddi. B& cao mat cit ngang khung bing h.

Bai gidi.

Hinh 13-8a

Chon hé co ban nhy trén hinh 13-8b, ta vé duge biu d6 ndi lyc M, M, va N,
Phuong trinh chinh tdc cia hé :

4, X + Alp +A, = A

a’ a®

| 1 9
trong d6 : tla o2 2
rong o W EIZ 32" 3EJ

_la® 1 8 ga
p- BJ 2 321 8EJ °
10—-50 a? 50+ 10 a
Ay=a—F -5 ta—y .a.l=aa(30—20h)
g’_gz
X /
Hinh 13-85
Thay vao phuong trinh trén ta dugc :
SAEJ 3 3aRJ a
X, = S (30—203)

Mémen uén cia hé xédc dinh theo cong thic chung :

M=MP+X1M1
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4. Dam lién tuc (H. 13-9)

Dam lién tuc 12 mét dim siéu tinh dugc dat trén cde g6i di déng trong dd co it
nhit 14 mot gdi c8 dinh.

R ,/7
Z‘—I[ !l 444
A S 3
1[ 2 bor '
M-y <4 Myrrs

b) { NS N f |
- 2;\ J I\ /,}57\ !

)

1
J.U' C"’H—;

e

Hinh 13-9
Trinh ty gidi mét ddm lién tue theo li thuy&t phuong trinh ba mémen nhu sau,
- Xac dinﬁ bic sidu tinh.

*

~ Dénh s6 cdac g6i theo thd tyu ti trai sang phai.

~ Hé co ban hgp li da chon, cdc phan luc lién k€t dugc xem ]a duong nhu
(H. 13-9b).

- Viét phudng trinh ba m6men tuong dng v6i cdc 4n s6 & cac gdi, s6 phuong trinh

ba moémen bang s bac sidu tinh. Hé phuong trinh ba mémen chinh 14 hé phuong trinh
chinh tdc cda phuong phap lue.

Phuong trinh ba moémen dng v6i diéu kién chuyén vi & gdi tua thd i cé dang

D6i véi ddm cac doan cd d6 edng khdc nhau :

L 1. 1 1l w.a. ., b

i—1 i i+l i+l il i+l
—_ —_— 4 —_ = (0 (13-5
emg Mot (sEr*tsEr) Mitemr Mt (0T B ) (13-5)

i i i+ itl | ] i+l itl
D6i véi dam cd d6 cing khong d6i :
.8, w.,. .b
i i+l i+l

liMi—i + 2(1i + li+1) M, + li+1 . Mi+1 +6 [— 4+ —-——| =0 ({13-6)

li li-i—l

Trong dd : Mi_l, Mi, Mi+1 - cdc 4n s0 mémen noéi luc chua bist tai g6i tua tha i-1, i, i+1.
li’ 1i+1 - chiéu dai doan trudc g6i tua vA sau g6i tua thy i
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w;, w; = dién tich bidu d6 mémen udn do tai trong gdy ra trong hé co
ban & doan trudc va sau g8i tua thi i.
a, b, a, ., b ; ~ khodng cdch il trong tAm cta dién tich w, @, toi cde gdi

i’ 1+

tua trai va phé.l

Chu 7, ©p Doy c6 tri 8 duong khi bi€u d6 mémen cd thé cang & phia dudi, néu
khéng phai dat 'vao trong bifu thde la ddu (-).

- Glél hé phuong trinh ba mémen d€ tim cdc &n s6 M (i =1. n)n - s8 bac siéu
tinh. An s6 & day nhu thay la cdc mémen ndi luc tai cé.c gai.
V& bi€u d6 mémen uén cia dam lién tuc. M = Mp + Ml .M o+ Nl'n M.
T¥ bi€u d6 moémen udn suy ra bifu d6 luc cit khi cén.
T bi€u d6 lvuc cit suy ra cdc phan ldc tai cdc g6i khi cén.
- Ki€m tra két qua vé bigu dé.

Ché y. Khi ddm c6 mét ddu ngam, ta thay ddu ngam bing mot géi c6 dinh va mét
26i di dﬁng cdch nhau mot doan l ta viét phuong trinh nhu trén sau dé cho l = 0,
va M_ = 0 (H. 13-10). '

2

4 3 o | 2 K
d p
s s A
1 ‘If i 1 _’[ _
Hinh 13-10 -

Vi du 13-9.

Vé bifu d6 mémen ubn, lyc cdt va tinh - 4
phan ?uc.gfii ctia ddm v& trén hinh 13-11a. 1= 705 Wm e 570 K 1,9_5,043,

Bai gidi. 47 2F7 \ P £ 7

Dédm siéu tinh bae 2.

4
Ta dua ddm v8 ddm lién tuc hai didu + ~3m —p— 377 A—2sm7 2,77 ;ﬁyl‘
khép. An s6 1a cdc momen tua M1 va M,

M, =0 M =-5.10'Nm (H. 13- -11b) H. 13-ila
He phuong trinh ba mémen la :
1M 1 12 1 w.a w. b
1o 1 2 1" 272
— +2{—=+ =M +—-M = ~6({— + —=
Jl (Jl Jz) 1 J2 2 ( 11 ) lsz)
LM ] 1 w.a @b
2%2 373
TG (G i)
2 2 3 3 272 373
Voi ]1=0’ 1, = 6ém, 13=4m,w1=0,
. 5.3
R A R
. 5.3
w2a2=—573- 2+T 4=15,
3.4 3 2
w3b3=T.2+§.2.§.3=18’
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M : g lp

J,= 20,4, =4, o 7 N2y | S ]

Phuong trinh ba mémen rit )g, ;37 J 7§7 ;7
gon thanh : ,r_[} JI‘ [2 - é —
4M1 + 2M2 = 5,
: #

6M, + 28M, = - 29, - mﬂ&fm Hﬁf"’ N

Giai ra ta duge : '

M, = 1,98 . 10°Nm,

M, = - 1,46 . 10*Nm.

570 Nom 15 0%m  ME N

. : 2208/
Bifu d6 momen trong cic phip : @ %74 70 . "“f' 1_ S0t
Nhip 1 (0 < z < 3m). . 196. 047
4 5 b= . 42370
M(z) = 1,98 . 10* - 3 .10% L 2 q72.70 Nirr
—1.98 - 146 198.10°Nm  5.26. 70 Wir
+ —27 - 2 10% ‘ '
= 1,98 . 10* - 2,24 . 10%. 2615 W0 | _s o'y
tai :
z =0, M= 198 . 10“1~:m; ALK EIR 2 70524
z=3m M =198 . 10° - 224.10%0 . 1205 m
-224.3.10° = - 474 . 10°Nm. _ —-~J-—’
(3m < z < 6m) Hinh 13-11b

M(z) = 10 . 10* —g 10%z + 1,98 . 10* + :—119—5# . 10%2

= 11,98 . 10* - 2,24 . 10%,

tai z=8m M= 11,98 . 10* - 224 . 3 = 526 . 10'Nm,
z=6m M=11,98 . 10* - 2,24 .6 = - 1,46 . 10*°Nm.
Nhip 2 (0 £ z € 2m)
M(z) = 4,5 . 10%2 - % . 104 - 1,46 . 10° - 5_#@ 10%z,
= (- 1,46 + 3,615z - 1,52%) . 10°
tai z=2m M =~ 146 . 10 + 3615 . 10* . 2 - 15 .22 = - 0,23 . 10°Nm,

Z2m = z € 4m)

M(z) = 4,5 .10% -3 .2 . 104 - 1) - 1,46 . 10* _5-146 10%z

4
= (4,54 - 2,385z) 10%,

Tai z =2m, M = 4,54 , 10* - 2,385 . 10* . 2 = - 0,23 . 10*Nm,
z = 4m M = 4,54 . 10 - 2385 . 10 . 4 = - 5.10°Nm.

Bi€u thdc lyc cat : .

Nhip 1 Q = - 2,24 . 10°N,

Nhip 2 Q = 3,615 . 10* - 3 . 10%z.

Tai Z -

= Om, Q = 3,615 . 10°N,
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z=2m, Q= 3615.10* -3 .10*. 2 = - 2,385 . 10°N.
Phan Iic & cac g6i :

GSi 1 : M = 19,8kNm,

- R, = - 22,4kN.

Gsi 2 : R, = 22,4 + 361,56 = 383,9kN.
GSi 3 : R, = 23,85 + 50 = 73,85kN.

3

5. Tinh chuyén vi trong hé siéu tinh
Vi du 13-10.
Tim chuyén vi thing ddng tai diém D trung diém doan AB (H. 13-12A) & i du (13-2).
Bai gidi.
Nhu da biét d€ tim chuyén vi thing ddng tai diém D ta tao nén trang thai "k” do
lue Pk = 1, dat tai D, theo phuong cén tinh chuy&n vi tri sé.
LM, .M
k m

n
yD = Akm =.El'£ ] dz + ...
=

Trong d6 bi€u thic ndi luc M_ do tai trong ghy ra trong hé siéu tinh hoac mot hé tinh
dinh tuong duong nao dd. Vi v6i bat ki hé tinh dinh tuong duong nao thl tri s6 M, cing
khong thay d8i, do d6 bi€u thic Mk do lye P, = 1 o6 thé dat & bdt ki hé co ban nio suy
ra tit hé siéu tinh da cho, mifn sao phép tinh cta ta 1a don gidn nhat. Vi du : d6i véi he
co ban (13-2a) (13-2b) tuong dng ta cd bi€u d6 Hk = 1 (13-12a) (13-12b)

u? | 1 |
m #hw\_le i l@ ~
: — P
— 4
M - — 4
] M, _
- Me
3922 =
3) b)
Hinh 13-12b

So sdnh ta thdy néu ldy biu d6 M, 6 H. 13-12b dé tinh chuyén vi, cic phép tinh
sé don gidn hon. Ta ¢ :

- 1.1 1 @ ___q
p = El "2°4 ' 2 28 T148E]

ddu trit (-) ching t6 chuyén vi nguge véi chiéu cia P, da chen.
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A B P
13*1. V& biéu d6 momen udn, luc cédt va luc doc cia /7/§7
khung ABC (H. 13-13). | 7
13*2. V& bi€u d6 noi luc cha khung ABC (H. 13-14). ] '
13*3. V& bi€u d6 moémen udn cia khung ABCD cho trén N
hinh 13-15.
13*4. V& bi€u d6 mémen ubn cla khung siéu tinh ddi bz ;
xing cho trén hinh 13-16. Khung cd d6 cing khéng déi. Hinh 13-13
7 g = 8000N/m
pd [~
el RN | .
. B 2 £
£7 4 |
® b Er ‘L -
4 P-4 A
A Hy Z#V A
7777 1 '7’7"_’ i 7 t
Hinh 13-14 Hink 13-16
&l
Vi Fa CTTR
T
&1
790
pad N
FINEREREREEY; |
A 2 :
7 7 ;/7" - 1" =14 |
F— 23_4
Hink 1315 Hinh 13-17 Hink 13-18
POKA s
KN fm SOAN
e T=oonsl ez
AT I Pridiicadl s w w2 tite
2 24 1.ﬁ"‘:c&:' &
lzmv § L s N
3 ol . %
E7 :
3.
7 1L z 7 ém % 5/” T L f/” Lf"” |
1 1 1
Hink 13-19 Hinh 13-20 . Hink 13-21

Bai tap
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& g
I Z L 2
7 ad o1
/'akm/,,, £y £F: 5 o 0 L T N
HHH/Hi’ Q £ e g N
2 y e =1 Er=comr |
’—jff 2 ?25/-‘ ’ Sy . =
4. 4/77 —+— : A Z
m | #m | & |
Hinh 13-22° Hink 13-23 Hink 13-24
20kN 204N By Atf’ 4
Jzr R Jm EJ P’ = v _____;‘é'
. = 05 -4
41—5 2 4IMET Il P |2
T n g o ———t
N4 - AT 2
NIy A 7 {2
ﬂ‘—ar ,%f . Z 7
1 2 1 Hinkr 13-26 Hink 13-27
FOAN//M  Hink 13-25 ;wfv%r;
A 0
EER S > STIYIIY , |sn'n
/. FET 267 y Er-cons? gy
' 12
N 677
S |7 & 27 £7 N [T N —
~
noo B S A
7 . /Wé”

4 [ 67 45 10 8777 .
i 7 )
Hink 13-28 Hink 13-29 Hinh 13-30

13*5. Gia mOt mdy cin ngudi bén truc of cfiu tao nhu trén hinh 13-17. V& bi€u db ndi lyc
ciia gid bigt P = 17,5 . 10°kN.

13*6-18. Xsic dinh ndi luc cta cdc khung siéu tinh v& trén hinh 13-18 + (13-30).

13*19. MOt. dim thép ¢ mdmen quan tinh 4
J = 17310cm*, hai dfu tua lén gdi cing, & giia g=210°K/m
tl.ra trén mot cOt gang tron cac h = 4m, dudng
kinh ngoai bang 20cm, dudng kinh trong bang
15ecm (H. 13- 31) Ki€m tra do bén cta cOt bist
61 = 10 ‘kN/cm?.

R
P
/77, . Y4
44 ey g N P .
4 -
Z 1[
=
/ ” D
T
Hinh 13-32 Hink 13-31
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13*20. V& bi€u d6 mémen udn cia ddm mot ddu ngdm mdt ddu ti trén gdi 1o xo
(H. 13-32). Bi6t mémen quén tinh cia ddm J = 1660cm*, chiéu dai ddm 1 = 4m,

dudng kinh 16 xo0 D = 10cm, dudng kinh day 16 xo d = 2cm, 86 vong lam viec n = 10,
E =2.10N/em? G = 8 . 10°N/cm?, P = 20kN.

13*21. M4t ddAm bang thép chit I s8 20a, mdt ddu chdn vao tudng, cdn dfu kia treo
béing mot thanh thép. X4c dinh néi luc trong thanh va dng su&t phdp 16n nhat trong
~ ddm. Néu chidu dai ctia thanh 16n hon chiéu dai thi6t k& 2,5mm thi ndi luc vi ing
suft trén thay d6i th& nao ? (H. 13-33)

13*22. V& bi€u d6 ndi lyc ctia khung néu thanh EG bé hon chidu dai thigt k& mot
doan A (H. 13-34).

—
0’:2!/»/»_____ (A 0

- &

Ts

¥
£ 6

=20 W P— 9
7
1 L
s %’
4% i L ‘

Hink 13-313 Hinh 13-34
13*23. X4ac dinh gia tri lyc doc trong cdc thanh dan vé trén hinh (13-85).
Bigt P = 60kN, a = 1m, « = 30° 8 = 60°
Cdc thanh cd d8 cing _Phu nhau.
13*24. Mot ddm cd thanh giding ting cudng

chiu Ivc phén b6 déu nhu trén hinh (13-36).
Tinh mémen uén cia mit cit giita ddm.

N
{ + ¥+ ¢+ ¥+ 1 ¢+ 111
¢ ,5 F 4 j‘; F‘; ’L; 6 ty
2
6 J!L b ‘II‘ 5
Z
Hinh 13-36 ' Hinh 13-35

13*25. V& bi€u d6 mdémen udn va mémen xodn cia khung bang thép tron ABC chiu
luc P vudng gde véi mit phdng khung (H. 13-37).

Bist b = 2a, 4 = 0,25.

13*26-28. Xac dinh cac thanh phdn phan lyc & mat cidt A cta hé. Bist mat cit
ngang la trén, G = 0,4E. X4c dinh chuyén vi thdng ddng cia mat cdt C (H. 13-38,
39, 40). '
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TR

I TIEEA AR NS
&

Hinh 13-37 Hink 13-38 Hink 13-39 Hinb 13—40
Z_ 13*29-33. X4c dinh dng suft
phép 16n nhdt xu&t hién trong
» cdc thanh ciia hé khi tang nhiét
L dd 1én At°C (H. 13-41 = 45).
-4 @ " v | & Chi tinh bi&n dang u6n. Mat
v . ' cit déi xing v6i chibu cao h,
Hink 1341 Hink 1342 tdt cd cdc thanh cla méi hé cd
Y E va a nhu nhau. _
7
| +_—.L " - N L & N .ll - sz ‘!
N ——— TR
27 . - ¥ o o 4;0
U]
> £7
Y ,é; v J
Hinh 13-43 Hink 13-44 Hinh 13-45 Hink 13-46

13*34. X4ac dinh mdmen uén 1n nhit cﬁé. hé khung siéu tinh vé& trén hinh 13-46

khi nhi¢t d6 & phia trong khung ting 40°

dgdi. Chiéu cao mat cit bang h.

, con & phia ngoai nhiét d6 khoéng thay

13*35~37. Xac dinh céc thanh phan phan lyc trong cdc lien k&t & ddu trdi cia hé

(H. 13-47, 48, 49). !

Hinh 13-47 Hinh 13-48

Hink 1349

13*38. V& bi€u d6 m6émen
ubn cla thanh cong dé cing EJ’
ban kinh R c¢d thanh gidng dé
cing EF chiu luc P tac dung &
dinh (xem d6 cong cta thanh la
hé} (H. 13-50).

13*39. V& bi€u d6 moémen
ubn cia thanh cong (d6 cong
bé) chiu tic dung cta ngiu lue
M dat ¢ toa do gdc @ = 45° ké
‘ti ngam (H. 13-51).
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13*40. Mot thanh cong tron kin
dudng kinh trung binh 2R ¢é d¢ cong
nhd, chju kéo bdi hai lyc xuyén tdm P
d6i P. Do cing ctia thanh khong déi.
Xde dinh MA, M, (. 13-52).
13*41., Mot vanh mong chiu ba
lyc huéng tam P cha vAu mam cdp
mdy tién.
Vé bifu d6 moémen udn cla vanh
(H. 13-53).

Hink 13-50 Hinh 13-51

Y

Hinh 13-52 Hinh 13-53 Hinh 13-54

13*42. V& biu d6 mémen ubn ciua vanh tron dat 1én nén cing va chiu trong lugng
cta ban than cda né. Vanh cd 46 cing miat cdt ngang bang EJ (H. 13-54).

13*43. Viét phuong trinh mémen ufn, luc cidt v luc doc cta nia khung trdon ngam
hai ddu. Khung cd d6 cong nhdé va dé cing EJ khong déi (H. 13-55).

.  "Hink 13-58

13*44-48. Xic dinh phén
lyc & g6i khép bén phai va
chuy&n vi thdng ddng J clia
méat cat C trong cdc hé
(H. 13-56 + 13-60),

Hink [3-57

Trong bai hinh 13-58 tai
trong q phan b6 déu theo
dudng ndm ngang.

Hink 13-5% Hink 13—60
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13*49. V& bi€u d6 momen ufn cia dim cho trén hinh 13-61.
13*50. V& bi€u do mémen uén cia dam cho trén hinh 13-62.

gl | /
P 4
I—+ 4 4 -1 Z }

Hink 13-61 Hink 13-62
Q’ =4 77 4/1///7; :

=
7

2
i
+

I P 4 L Z

.13‘51. Vé biéu d4 mbémen usn, tinh
7] ] ! ] l ] l 1 phan lue & g8i cta ddm lién tuc hai nhip

E; c¢d dfu thira cho trén hinh 13-63.
2

677 L 5 i - 13*62-57. Tinh mémen & gdi (hoic
1 1 77 ngam) cla cdac ddm lién tuc cho trén
Hink 13-63 . hinh 13-64 + 69.
2OKN m P
z o [_Fﬁ_' 2
BT Gy (o) Ly
] il - 2
7 ) ém e L }Z/ZNL}ZAL}LALZ“L
M= dOAN ' 204N e 2D AN AN S04 N
7 . 7 2 7 (H<f3-65j (H,Tj_ 58) [2d :gy# IREEE {ﬁérzry”l J
15, 25| 277, H.13.686 7, £ 6477 72
e oen lmﬂv iy A +i2 &4
R ey ak Ry e PR
L 4m 2m . 3m  Im . Sm PN 27 7
1 i ki A m " i Gl A L |

Hinh 13-64 +~ 69
13*58. Tinh mémen ufn & ngadm cia ddm cho trén hinh 13-70.
13*59. Tinh mémen ufn ¢ ngam va & mit cit dat lyc cia ddm vé trén hinh 13-71.

y-
//9' 1 4 4 y
A % _ Eé’ Ag - 1< 55
1’ / . '|L_ i ! Z '%‘
Hinh 13-70 Hink 13-71
/D_{ 7 3/: o pl ra
| L _< 3 J 2
—] J R : 1 .
A B A BT A
g| 22 , 27, @ 2 v 7 ]
i) l k| A +f | i
Hinh 13-72 Hinh 13-73
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13*80-61. Tinh d0 vong & mit A cia ddm hinh bgc (H. 13-72, 73).

13*62-85. Chon kich thuéc mat cit ngang cla céc ddm lién tue sau (H. 13-74, 75,
76, 77).

Bai 13*86. Tinh d6 véng tai C (H. 13-77).

M=go? lp pl 5

o %
p— TSk I B
AN PSR N g 22 jel 20 o'y
1 : 1 t

1. ' I
Lt el

(6= 16000 N/ cm? , _
. E= 210 N/er?’ L6 = 16000 Nicm?

Hink 13-76 Hinh 13-77
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Chuwang 14

TAI TRONG DONG

1. Tinh hé chuyén dong thing c6 gia toc khong déi

St dung nguyén I Dalimbe "tai thoi di€m t, hé dang xét & trang thai cidn bing
néu ta dat thém lén hé cde luc quan tinh tuong dng".

Néu vat mang khéi lugng tap trung P, lyc quan tinh ec6 tri s6 :

— P_.
Pqt = -m.a = ——g-a )
g - gia tdc trong trudng ; a — gia t8c chuyén doéng
Né&u ké dé&n trong lugng ban than cta cdc thanh, goi g l1a trong lugng phan b6 trén
mot don vi chiu dai, thi lue qudn tinh phan b8 cd tri =8 :
N
qql g .
a>0 ; vat chuyén doéng nhanh dén déu, luc qudan tinh c¢d chiéu ngudge voi chiéu
chuyén déng.

a < 0, vat chuyén dong cham din déu, luc quén tinh cung chidu véi chiéu chuyén
dong.

Chu yj. Khi phuong gia t6c a cta chuyfn dong da cho trung v6i dudng tde dung
clia gia t6c trong truong g ; thi viéc tinh todn cd thé€ ti&n hanh nhu tinh todn do tai

trong tinh (khéng c¢d luc qudn tinh) sau dd nhén thém k&t qua vdi mét hé sd dong
¢d tri sd : '

(14 - 1)

Vi du 14 - 1 Ql\’ A

Mot tréng quén diy cap dudng kinh D = 120cm, trong wx 7| i
lugng Q = 4kN, ban kinh qudn tinh i = 60cm, duge gén vao it 1// g

Vo

truc mot mo to d€ nang vat nang P = 40kN (H.14 - 1), /T4gml s00m |

Tinh dién tich mat cdt ngang ctia day cdp va dudng kinh =
truc moéto. Bigt gia t8c chuyfn déng cha vat ning a = I% d=57/a*

5m/s?, dng sudt cho phép cla day cip [6] = SkN!cmz, cha
truc moéto [6] = 16kN/cm? Khi tinh truc ding so d6 dim
don gidn chiu luc tap trung.

P = 408N

Hinh 14-1
Bui gidi

Day cap chiu luc cang déng :

Dién tich mat cit ngang day cdp :
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P
d 60,4 2
F = E = 3 = 7,55 cm
Cac thanh phén lyc tdc dung vao truc quay :

- mdémen udn Mu do vét niing P va trong lugng truc ;

- mémen xodn M; do mémen quén tinh cia trSng cép ;

- moémen xodn Mi_ do lyc qudn tinh cia tr6ng cap.

Py + Q80 (604 + 4)80

u = 2 2 = 1288 kN cm,
D 120
1 _ - _ B,
Mx—Pd2—60,4. 3 = 3623 kN cm,
2 _ . Q2 8 4 500
MX—JE-—g.l .2—9,81.602.60.——122ch111
2
Th 6 :
mémen xodn : M = M: +M: = 2623 + 122 = 3745 kN cm.

Tu diéu kién bén :

6 = 1 M2 + M2 = 32 V12882 + 3745 = [6] = 16kN/cm?2.
1 Wx u x ;-'rd3

ta rat ra :

3 32
d = 'dm412882+37452 .

d = 13,6 cm.

2. Vit quay xung quanh mdt trgc ¢6 vin tfc goc khong ddi

Trong trudng hgp vAt quay xung quanh mét tryc ¢é van tdc gde khong d6i, khi tinh
todn ngoai ngoai Iuc tdc dung ta diat thdm lén hé cdc lyc li tAm tuong dng.

D6i v6i khéi lugng t4p trung m dit cdch truc quay mot doan e lyuc li tam cd
tri s8.

| P, = me w? (14-2)
trong dd¢ : w - vén t6c gde ;
@ =g 2.
30 °

n - la s6 vong quay trong mot phit.

Néu k&€ dén trong lugng ban than ciia cdc thanh, goi q 12 trong lugng phan b& trén
moét don vi chiéu dai, cudng d9 luc li tAm phan b8 cd gia tri :

q
ql{ = E . e(Z) N w2

(14 - 3)
trong do : e(z) 12 khodng cach tif trong tam mat cht c6 toa do z téi truc quay.
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Chiéu cta cdc lyc li t4m cd phuong vudng gde vdi truc quay
vA huéng ra ngoai.

w

: 4 Vidu 14 -2

of
{_'/,\ Mot thanh dai 1, dit nghiéng gdec @, mang vat ning Q d déu
7 ty do, quay quanh tryc ding OO véi téc d6 gdc khéng d6i w
- (H.14 -2a).

Hinh 1424 Tinh dng sudt dong 16n nhét tai mat ct nguy hiém.
& Bi&t trong lugng don vi dai cta thanh la g, dién

£ 2
7Y (€05 tich m#t cdt ngang F, mémen chéng uén cla mit

cit W.
Bai gidi
9 0¥ cose
7 Dat luc quan tinh li tAm vao hé (xem hinh 14 - 2b).

Céc luc gy ra mémen ubn tai mat cit nguy hi€m (ngam).

Hinh 14-2b
- Trong lugng ban than ql :
qf |
M = 5 cosa
- Trong lugng vat ndng Q
M, = Ql cosa
2 2
~ Lyc li tAm tap trung : Rat cosa M3 =% Psin2a
g 2g
g’
- Lyc li tAm phan b6 theo lugt bac nhdt : M, = o Psin2a

Vat nang Q va trong lugng ban than g cdn giy ra luc nén :

N, = =ql sina - Qsing;

Cac Iyc quan tinh gay ra lyc kéo :

. 2
N2 = nglcosza + “ 2o a
g 2g
Noi lue tdc dung tai mat cit nguy hiém:
M, =M +M +M ! Lo ¥
¢ = M +M + 3+M4=(Q+q§)lcosa+(Q+q§) %8 sin2a

1, w2l

Nd = Nl + N2 = (Q + qa)?cosza - (Q + gh)sine
Ung sudt 1on nh4t :

N

=

maxs = —F(-j- + _\ifg = %[(Q + q%)%cosza - (Q + ql) sina] +
+ %[(Q + q%)lcosa + (Q + q%)gsinZa]
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3. Dao dfng cia hé dan hdi mét bic tu do

3-1. Béc tu do la s6 thong 58 doc 1ap cén thist d€ xdc dinh vi tri cia hé.

3-2. Phuong trinh vi phan dao dong tuyén tinh ciia hé mot bac ty do khi khéng
xét dén kh&i luong ban than.

a) D6i vdi dao dong thdng
Chuyén déng thing qua lai ; phuong trinh vi phan chuyén déng cé dang:

¥+ Z2ay + aly = % = f(t). (14-4)

Trong do :
y (t) - chuyén vi thing ;

¥, ¥ — dac ham hang mot vA hang hai cia chuyfn vi theo thdi gian ;
m - khéi lugng cia vat dao dong ;
a — hé s6 can. '

k N
w = ‘\} o tin sd dao dong riéng cia hé. (14-5)

k - d6 cing cia hé tai di€ém dat khdi lugng dao déng

Goi & 1a chuy&n vi do ldc don vi, dat tai di€m cta kh6i lugng dao déng theo phuong
dao dong thi tri s6 k la.

1
k=3 (14-6y .
Do 46 : ' :
w = \’ 1 hotc w = \’ £ (14-7)
m.d yfm)

g — gia tc trong truing ;

yfm) - chuyén vi tinh tai di€m dat khéi lugng dao ddng theo phuong dao déng do
m giy nén.

. . w 1 k
i i . = - = — —_ 4-
Theo dinh nghia, tdn &6 dac dong la : f '\’ (14-8)
va chu ki dao dong 13 :

1 m
= = = = 4-9
T F 2r . M (14-9)

F(t) luc kich thich.

Dao dong cd luc kich thich goi 1a dao dong cuéing bic. Dao déng sau khi bd luc

kich thich goi 14 dao déng tu do hay dao ddng riéng ¢ luc cin (a # 0) hodac dao dong
tu do khéng ¢d lue can (o = 0)

Néu dao déng cudng bidc cua hé c¢d mdt bice tu do duge gay ra do mét lue suy rong
kich thich diéu hoa, (ta hi€u luc suy réng 12 luc kich thich c6 thé dat & ngoai difm
dat cta khéi lugng dao dong) cd dang

F{t) = Fo.sinrt.
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Trong dé :
FO - bién d6 cha luc kich thich ;
r — tin sd cua lyc kich thich ;
t — thdi gian.
Thi bién d¢ cia dao déng cuding bdc binh n A duoc xdc dinh theo cong thuc :
A=k, . y& (14-10)
Trong d¢ :

yfFo) - chuyén vi tinh tai di€m d4t khéi lugng dao déng giy nén do luc c¢d tri s6
bang F_, dat tai di€m dat lyc kich thich, theo phuong dao dong
kd - hé s& dong cd trj s8

1
k, = (14-11)
’ '\l 1 ﬁ 24 —4a2 .
khi bé qua anh hudng cia ldec can, tri s6 kd co gid tri :
' 1
kd = .(14—I12)

-5

Hién tugng cong hudng xdy ra khi tri s6 tdn sf lyc kich thich va tdn s6 dao dong riéng
tring nhau ho#dc gin tring nhau (r = w). Khi d6 bién d6 chuyén vi tang r4t nhanh.

Trong viing cong hudng (khi 0,7 < r/w < 1,3). Lue kich thich khéng 16n c6 th€ gay
ra bién dang l6n trong cdc b6 ph4én ctia hé dan héi.

Khi xét d&€n &nh hudng trong lugng ban than cla cdc lién két dan héi thi ta phai
thém vao khéi lugng daoc déng mét tri s6 bang kh6i lugng ctia ban than lién k&t dan
héi nhan v6i mét hé s6 goi 13 hé s6 thu gon khdi lugng.

Ki higu m, - khéi lugng cta vat dao déng ;

m, - kh8i lugng clia céc lign két dan héi ;
km - hé s6 thu gon khéi lugng.
ta ¢d khéi lugng dac déng m la :

m=m+km2 - (14-13)

Hé s4 thu gon khgi lugng k phu thufc vao quy luat thay d8i van t6c chuyén dong
cia khéi lugng m, K duge thist lap tt diéu kién cAn bing doéng nang cia mdt khéi
lugng tuong duong vai k m, va duge tinh theo bi€u thic :

1, (5
z
= m [ [_5] .dm,. | (14-14)
v
trong dé & va S 1a chuyén vi cia di€m treo vat va di€m bdt ki cia hé do téc

dung tinh cta mot 1110 suy rong. (luc hosic mémen) dit tai di€m treo vat theo phuong
dac dong.

DEi véi thanh i:héng cd mat cAt ngang khong d6i, cd th€ xdc dinh hé s6 thu gon
theo céng thiic

1 ! 62 2
Km = 7 J’, [3— . dz (14~15)

Q

trong d¢ : dz 1a phan t8 chiéu dai thanh, 1 chiéu dai thanh.
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Vi du 14 -3.

X4c dinh hé 86 thu gon cho thanh mang khéi lugng tai dfiu z
ty do chiu dao déng doc. (H. 14 - 3). Cho Q, P, F, 1. ]

Bai gidi. | F
Goi 6 - chuyén vi tinh (dan dai hay co) tai mat cAt treo khéi !

lugng : 62 chuy€n vj tinh tai mat cit cd toa d§ z cling do khéi Pt

lugng dao dong gay nén. Ta cd & = E . theo (14-15) he 86 thu 7

gon km s gia trj.

Hinh 14-3

1! 1
Kou1l ()7 2= 3

khéi lugng thanh m, = % 1
Vay khi k& dén trong lugng thanh, khéi lugng dao dong cta hé la :
Q 1P.F
—+-— .1,
g 3 g :
b) Dac d¢ng xobdn - Chuyén dong quay qua lai
Phuong trinh vi phan dao dfng cd dang

Mt
¢+2a¢+w2,tp=#=m(t). (14-16)

Trong dd :
: ¢ goc xoén - gdc quay.

@, ¢ - dao ham hgng mot v hang hai cilla géc xodn theo thdi gian
a hé s can.

w? = '\’ % tin s§ dao dong riéng cia heé (14-17)

k - db cing tai difm dat khéi lugng dao dong.
I - mémen quén tinh khdi lugng

Né&u goi & 1a géc xodn don vi do mOmen xodn don vi dat tai khéi lugng dao dfng
ghy nén thi

K = %.. (14-18)

M(t) - mdmen xoén kich thich.

Do tinh ch&t tuong tu todn hoc gilta hai phuong trinh (14 - 4) va (14 ~ 16) nén
cdc k8t qua thu duge & dao dong thdng cd thé suy tryc tiép sang dao dfng xoén.

3 - 3 Tinh toén chuyén vi va dng sult
Ky hiéu 6tf - chuyén vi toan phédn (chuyén vi thidng hay gdc)

& chuyén vi do tic dyng tinh clia khoi lugng dso dong, trong luong bén than cia he
5, =38FJ) .k, .sin (rt + ¢ ). Chuyén vi gy ra do lyc kich thich. F = F sinrt (hosic
momen kich thich M = M ginrt) tai mot thdi di€m t, trong trudng hop t8ng quit ta cd.
8, =™ + 5F) k. sin(rt + y). - (14-19)
tuong ty d61 véi dng suft. Ki hidu p. (ing sudt phdap hay ti€p)
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P; = pf“") + ngo) -k, .osin(rt +y) . (14-20)

Gid tri cyc tri cia chuy@n vi va ing sudt

R T Y (14-21)
min
max Py = P £ PF) k. (14-22)
min

Trong trudng hgp khéi lugng dao dong khong gay nén chuyén vj tinh, bé qua trong
lugng cia hé dan héi ta cd.

= — F -
8y = 8, = 5F) . k, (14-23)
= p = of _
P = Py = 20 .k, (14-24)
Diéu kién bén trong trudng hop téng quit cd thé viet
max Py S [P : (14-25)
va diéu kign cing la : max 6:{ < [4]. (14-28)
Vi dy 14 - 4
* Mot motg cd trong lugng Q = 48kN dat Q &=20kN
gita ddm chit I. N° = 40, d4m dai 4m. Téc 4
d6 quay clia méts 510 vong/phat(H.14 - 4). Do Y

khéi lugng léch tAm nén khi quay méto tao ra

luc quén tinh Po = 4,8kN. Tinh d6 véng va / L 7 i VALY
Ung sudt phap l6n nhat phat sinh trong ddm. 4—— 7 f P 1
Tim s8 vong quay trong mdt phit cia moto
d& phat sinh hién tugng cong hudng. Tinh véi Hinh 14-4
hai trudng hop :

a) Bd qua trong lugng ban than ciia dam va luc can.

b) C6 k€ trong lugng ban than dém va lyc can.

1
Cho bi6t méduyn dan héi E = 2.10° N/em? hé s6 tat dao dong o = 2 >

Bai gidi
Mat cat chit I s6 40 ¢ J = 18930 cm®, W = 947 cm’.

a) Trudng hgp bé qua trong lugng ban thin eda ddm va luc can. Tln s6 géc cla
giao ddng tu do :

48gEJ 7 '
o ’§=\{ gx=.\’48.981.2.10.18930 _ 7642 1ss.
Y, QP 48000 . 400°

Tén sd luc kich thich :

nr 510 . 3,14
r = .56 = T = 53,38 1/s.
Heé s6 dong :
1
k, = = = 1,96
d ? 58,38
1 - - 1 = ——
W 76,422
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Dé vong dong 16n nhdt :

Yoax = Y1 T ¥

a

P k, P 00 . 40 1,96 . 480
= q (1 + d 0) = 480 5 ¢ ( +*—-———-0) = 20lem
48EJ Q 48 . 2 . 10' . 18930 48000

Ung suit dong 16n nhit :

kP
d o 48000 . 400 1,96 . 480 2
= = e —— = 606 .
Omax = O (1 F Q ) i oxr 48000 2 Njem
C6 hién tugng cong hudng khi r = w hay :
nx
320 = 76,42
hay = 730 vg/ph

b) Trudng hop cd k& dén trong lugng da‘m va luc can.
Tén s6 gdc dao dong tu do

48gEJ 7
o \’ g _ Wj 48 . 981 . 2..107 . 18930 _ 755 1
J 1

7
13 '
) 1 | (48000 +35 4 561)4003
Hé s6 dong : .
i
kd = 1 = = 1,96
2.2 4a’r? 533&., 4.2 . 5338
(-0 " U
w w 75,5 75,5
Do vong 16n nhét :
<Q + EQ,) 13 deo
Ymx = Yo P Yo * ¥y = —ggmr (1Y 5 )
o X Q + g Q)

(48000 + “:‘ 4 . 561 ) 400°

48 . 2 .10 . 18930

6 . 4800
(1+ 1.9 = 0,207cm.

5
48000 + 3 4. 561

Ung sufit dong 16n nhét :

@+, &®
6 = 1+ - )
max 4W ( Q
Q+ 5
4 . 561
_ (18000 + —5—) ‘400(1 . 1,96.4800 ) = 6178 Nen?
- .9 4.561/ "~ '
4. 947 48000 + 5
Cd hién tugng coéng hudng khi r = w hay
nz
30 - 75,5
30. 755
n = —3’—14— = 721 vg/ph
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4. YVa cham

Hién tugng va cham xufit hién khi ¢S sy thay d8i dot ngot van téc chuyén doéng
cha cdc vat khi ching cham nhau. Trong phén nay ta chi nghién cdu hai trudng hgp
don gian la va cham ddng va va cham ngang ctia hd mdt béc tu do v&i cac gia thist:

- Hai vit va cham xem nhu tuyét déi cing.

- Va cham 12 khoéng dan héi, tic la trong qud trinh va cham vat va cham va vat
bi va cham khéng tdch rdi nhau.

D€ tinh @ng sudt, chuyén vi trong hé dan h6i khi chiu tai trong va cham, trong ki
thust don gidn ngudi ta xem nhu hé chiu mét tai trong dong cé tri s6 bang tai trong
clia vat va cham didt mo6t cach tinh tai di€m va cham, theo phuong va cham nhan véi
mot hé s8 dong k, :

Py =P .k
ti dé ta suy ra dng sufit dong 6, chuyén vi dong ¥4 cing cé dang :
6, = 0, . k; (14-27)

Yg = ¥, - kd (14-28)
Tri 56 clia hé s dong duge xac dinh nhu sau: '

4-1. D6 vdi truong hop va cham dung

i(z
k, = 1 +\{1 + Q (14-29)
g(l +—1—,—) .P.S

Trong dd
P - trong lugng cia vat va cham ;
Q - trong lugng cta vAt bi va cham ;
k - hé s6 tinh d4i khéi lugng cia hé dan héi bi va cham vé& di€m va cham (xdc dinh
nhu khi dao dong). N&u bé qua trong lugng ban than cia hé dan héi thi k =1;
v — van t6c tuong d6i trudc khi va cham ;
g - gia téc trong trudng ;
d - chuy&n vi dun vi - chuyén vi do luc bdng don vi dat tai di€m va cham theo
phuong va cham, do dd tri s6 Pd = y:’ la chuyén vi tinh do tai trong va cham dat
mot cdch tinh gay ra.

Khi vat va cham roi ty do tit d6 cao h, céng thdc tinh h¢ s6 déng dua vé dang :

2h
k, = -30
ct_1+\’1+ k Q (14-30)
(t+5)ps
h - d6 cac cia vat va cham roi ty do.
Khi dat dét ngdt ta xem h = 0, ta c6 k, = 2. ' . (14-31)

_ d
Khi khong tinh dén khéi lugng cta vAt bi va cham Q = 0. Céng thdc tinh he s6
déng cd dang :
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k.. =1+ 'd 1 + _—-—;2 (14—32)
hoac :

k. =1+ 1 +—— {14-33)

V2
ky = \r K Q (14-34)

[$4]
g(l + T) P.§
Trong dé & 1a chuyén vi don vi — chuy&n vi do lyc bing don vi dat tai di€ém va
cham theo phudgng va cham (phuong va cham ngang) gay nén.
Vi du 14-5. o
Mot vat ning 10 kN roi tit d¢ cao H = 10cm LD(?
B

va cham lén ddm cé mat cit ngang chit 1 s6 20
{xem hlnh 14-5a).

Tinh dd vong va tng suft déng tai mat cat C.
Tinh véi hai trudng heop :

& : 2
”;’ 2 );}7%
'! F= 7 1]_ b=2m )‘l, Y ’IL

1. G6i B va& D cing. Hinh 14-5a
2. G6i B va D tua trén 1o xo0 ¢6 df cing c; = 2000 N/em, va ¢, = 5000 N/cm.
Bai gidi.
e Dim I 6 20 c6 J = 1840 cm*

W, = 184 cm® | E 2 2,107 N/em?

7 g ) Tit cong thie YZ = yl': -k, va bang phuong
A 2 ;, phap da biét ta tinh duge d¢ vong tinh tai C va
i | | A (H. 14-5b).
@ AN
y$ = - 0,363 cem ; yf* = 0,454 cm.
2H
k. =1+%Y1+—
d ]
A
2.10
A 5 Fa D =1+ 1+0454-7,8
,37 ! Do d6 ta cd
yg = -0363 .78 = - 2,80 cm
MC
o‘dmax = imax l'g'cI = W kd =
X
rye vorg ,'é _Rilg+26) 184
vl dair 26 Truong hop g6i B va C tya trén 1o xo. Dat
Hink 14—5b Al AR, ALY, AIP 1a chuyén vi tai A, B, C, D
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clia ddm thang do do lin cta 10 xo & hai bén gdi B va D, ta cd:

\% 4

AR B _ 1.10 5,107 — 625 cm
¢ 4.100.2.10°
Vv .

AP - D _1.10°.1.10% 0.5 em
¢ 4.10%.5.10°

Tit hinh vé& suy ra :
Al* = 7,94 cm ; A = 2,875 em
Do vong thuc tai A, C (c6 k& d&n d6 lin hodc dan cta 1o xo) :

0,454 + 7,94 = 8,394 cm

=,
Il

yf = 2,876 - 0,364 = 2,512 cm

’ 2.10
kd—1+ 1+m-—2,84

Do d6 ta cd : S = 2,512.2,84 = 7,13 cm

Tinh :

_ 5.10° 2
dmax o.l.max - Ky = W 2,84 = 77256 Nfcm
Vi du 14-6.

Mot vat nang P d€ roi tu do tit df cao h xufng moét .
16 x0 ¢ dd cing c dat d ddu mot cdngxon cé do cing £ th_
& diu A bing 50—0(% = ;—O) Tinh d6 cao cdn thiét dé 37 EA ;
dng suit dong gdp 2,41 ldn Ung sudt tinh ; N&u mudn
Wng sufit dong gdp ba l4n dng suft tinh thi phai tha vat Hink 14-6
nidng & d6 cao h v8i van t8c ban ddu 13 bao nhiéu ? (H. 14-6).

Bai gidi.

Do vong tinh yf‘ =i+f =

h
Tit he s6 dong bing 2,41, k, = 2,41 = 1 + P+ 2B ) e e

A * 5P
1

. P
ta rit ra h = 25,5;
Né&u hé s8 déng bang 3, ta rit ra :

P
h' = 76,5
Néu d€ roi tu do tit d& cao h thi cdn van téc ban diu:

v=4‘2@—T)='\}102£c§
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Vi du 14-7.

Mot truc tron dac hai ddu ngam, & giita cd gin
mét thanh tron cung d6 cing chéng un nhu trén
hinh 14-7. Tai A ¢6 tdc dung mot vit nang P roi
ti dé cao h.

Lap c6ng thic tinh hé s6 déng va cong thic ki€m
tra d¢ bén cua truc theo li thuyét bé&n thd ba.

Bai gidi.
Chuyé€n vi tinh tai A gém ba thanh phén:
1. D$ vong tai B fl

B’
2. D§ vong tai A (so véi B) : ftA

3. Chuyén vi tai A do m#t c4t & B quay goc P ¢ P

- _ P@a®  Pa

Ta cd : 8 " 192EJ ~ SEJ’

f = Pa®

tA T 3EJ

X

Pa?

$p® = 72

P

= +
A= fip Tha T = 3p7 Y 3ET TG 12EJ
(& day Jp = 2Jx, G = 0,4EF)
Hé s8 dong :
. 24Eth
=1l1+3Y1+
d 23Ps3
Ung sudt tinh tinh cda truc :
M, VMi+MZ-
s =W = w
X X
) P
trong do : M = P84a = ?a
Pa
Mz = —2—
VZ2Pa
Vay : g, =
BT 2w
. V2Pa
Ung sudt dong : .. = k—.
13d 42w
Vi du 14-8.

Mot vat nang Q = 5kN bay vgi van t8c déu dé&n cham vao ddu mat thita A cuia

moét ddm chir [ N°= 18 (H. 14-8). X4c dinh van téc tdi da ctia vat nang Q. Cho
biét [6] = 16 kN/em?.

254



Bai gidi. ¢ 4 @=SkN

QD —
Mat cat [ s6 18 c6 : R A
J = 1080 cm® ; W = 120 em® ; 2107 Nfem? = sknm
= em’ ; W o= 120 em” ; E = 210" Nlem®. S p4—¢ 5 bk -
T diéu kién bén :
maxddmmaxa.k = [o], 3
maxMx v
h ) = [o],
ay W VAL [o] | A
5. 107 v ., € & r&g
hay 20 ' V98T 0,306 ~ 16 kN/em twess
1 © Hinh 14-8a Hink 14-8b
Ta rit ra : V4 v
16. 120, V981.0,306 oM ®
v = 7 . = 66,50 cm/s Mﬂi
Vi du 14-9. 51
Mot vat nang chuyén dong ngang véi van tc déu v va
cham vao dfu ty do mdt cdt ¢d dd cing khéng ddi nhu trén
hinh 14-9. D€ gidm tdc dung va cham, ngudi ta dém mot 1o
¥0 d dfiu cobngxon theo hai cich a va b. Nghién ctu trong P a Y
truding hop nao dng sudt § ngam duge nhd hon. 2 4)
Bé&i gidi. Hinh 14-%
Trubng hgp 1: (m#c néi ti&p) ' A = Q(l + l),
9 %
_ 9 v Q
%1 dex = '\IQ 1 1 -
gl = + —
T3
Trudng hgp 2 : (méc song song) A = Q )
! c, + Cy
_ le v ch 1.
O’d2 =k W
X

¢ W Qg ¢ tc,
c]+cd

So sanh dng sudt trong hai trudng hop, ta dude:

941 G
adZ <y
cl %4
Cd a2

Vay khi ¢ = 1 tidc la ¢, = ¢, hai trudng hop tuong duong.
Khi a > 1, ¢, > cy cdch thd hai lgi hon.

Khi ¢ < 1, ¢, < ¢, cdch thd nhét lgi hon.
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Bai tap

14*1. Mot vat nang P duge nang 1én cao bing rong roc di déng nhu trén
hinh 14-10. Néu kéo day cdp vdi gia tée déu a, héi luc cang trén day ?

14*2. M6t vat nang P dat trong mét hom kin véi IE'
cdc 1o xo ¢d dd cing c, va c, nhl{ tr:én hinh 14-11. L
Hom kin chuy&n dong lén cao véi gia t6c a. 37

Tinh lyc tdc dung vio céc 1d xo. P

13*3. Mdt co c&u van chuyén hang héa gém mot
than hinh tru c6 chifu cao h gén chat vac bé A
(H. 14-12).

Xéc dinh dng sust phap dong Iém nhét va bé nhit tai
m#t cit nguy hi€ém cta tru khi co cu mang vat ning Hink I14-11 Hink i4-10
Q duge kéo trén mit phing nghiéng géc a vai gia tée a. ]

Cho bigt dién tich mat cit ngang try 1a F, mdduyn chéng
udn W, trong luong trén mét don vi dai cia try 14 q.

14*4, Mot thanh hinh lang tru c¢d chiu dai | trec hai
viAt ning Q va Q2 duge kéo lén nhanh ddn déu, sau thdi
gian t giay d1 chuyén dugc doan dudng s (H. 14-13).

|

Tinh dién tich mat cdt ngang cia mbi doan thanh |
va dé gidn toan bd thanh. Cho trong lugng riéng y,
moéduyn dan héi E va dng sudt cho phép [o]. . E

14*3. Mot vat nang 0,3 t4n duge nang lén nhanh A -
ddn déu ti luc ding im, sau 2 gidy thi chuyén déng
déu, va 1én cao duge 3m. Tinh dién tich mit cit caa > z
day treo, néu ling sudt cho phép cta day la
[6]1 = 60MN/m?. Bé qua trong lugng day. Hinh 14-12

14*6-8. Xac dinh dng sudt phdp & cdc mé&t cAt ngang da chi din cta thanh trong
hé do tdc dung déng thdi cua trong lyc va lyc qudn tinh. Trén hinh 14-14,15,16 hudng
chuyén déng chi bing miii tén véi d4u hiéu a.

N

NSNARANN

223
222

AT

F=2gm /5
L4 .
6’_-4 l r
. ey
3 N 3:57”7/5'2
¥ gk ,
N -
] ‘ . £ =100 LLI
~ ‘ ~ &5
3% e [~ 1K,
N T ' 2m|  $ar | 2m [’V”
QA [4)] g g & =2 LI -
./ 4 7
Hinh i4-13 Hinh 14-14 Hinh 14-13 Hinh I4-16

14*9. Mot ddm cdu truc dai 5m ghép bing hai thanh thép chd I s6 30. Toi B dat
chinh gita ddm cJ trong lugng 20kN vA nang mét vat trong lugng P = 60 kN
(H. 14-11.
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Xéc dinh lyc cing trong day cap

cua tdi va dng sudt phdp ldn nhit ;:‘i:;
trong ddm. Biét P dugc nang lén 37 4 w
vGi gia t8c khong d8i va sau gisy ’%2557__~__45m_+
thi nh4t né di duge 2,6 m '
14*10. Lo x0 xodn 6c hinh tru I:j
butc nghn c6 chiéu dai | = 30 em, P -
ban kinh vong R = 2cm, ban kinh ik 1417
méat cit day r = 0,2 cm, s6 vdng n_ = 10, treo vat nang Q = 10N
vd quay trong mat phdng thing dUng quanh khdp ¢8 dinh véi - @
van téc gdéc n = 200vg/ph (H. 14-18). Hinh 14-18

Xdc dinh dng sudt tiép dong lon nhét max 7, 0 mat cat day cta 10 xo va chuyén

vi l6n nhdt Al cia vat @ néu moduyn dan héi trugt cia vat litu G = 8.10° Niem? va
trong lugng 16 xo rdt nho so vdi trong lugng Q clia vAt.

14*11. Mot bien AB dai 100cm mat cét hinh chit
nhat (b : h = 2 : 3) duge gdn véi tay quay dai

R = 30cm. Tay quay c¢d téc d6 500 vong/phit. O vi
tri bién vudbng gdc vdi tay quay ldc qudn tinh gia thiét
vudéng gdc vdi truc cia nd. Tinh kich thudc mat cat
bién, bigt rang [6] = 100MN/m?. Khi tinh bo qua trong
lugng cia ban than bién (H. 14-19)

14*12. Van t8c quay cia mdt voling bang gang thay d8i déu tit 300 dén 315
vong/phit trong thai gian 0,1 gidy. Vanh voling ning 1,2 tén, x
ban kinh qudn tinh bang 50cm. X4c dinh tri s6 clia mémen Pw
x0dn tac dyng trén truc mang voliang. y

14*13. Mot vanh trdn moéng hd ban kinh R va khéi lugng
riéng ¥ quay chung quanh truec x vdi van téc gde w (H. 14-20).

Hinh 14-19

Tinh mémen uén & mat cat A. Tinh van t6c géc cédn thiét : -
d€ mémen & dd biang khong.

14*14. Xac dinh van téc dai 16n nhat giy ra phd hong mot
vanh moéng lam bang thép cudng d6 cao cd o, = 1100MN/m?,
khi vinh quay chung gquanh truc ctia nd. Trong lugng riéng
cia thép

X
Hink 14-20

y = 7,85 . 10*N/m>.

14*15~-28. Xac dinh cdc dai lugng da chl dian trong diéu kién cta bai todn do tic
dung cta luc quan tinh khi hé quay. Trén cde hinh v&, truc quay cfia hé chi din bing
mij té&n vong vi ddu hiéu w hay n. DEi v6i truc quay n&u khéng cho kich thudc mat
cAt ngang va E thi xem nhu né cing tuyét déi. Cac bd phan cing tuyét déi cia hé
ngoai truc quay, déu vé bing hai nét. O t4t ca cac bai, trit Lai 14-26, xem nhu hé
quay déu. Khi xdc dinh luc qudn tinh khéng k€ dén bién dang cdc bdé phan cda hé.
Trong cde bai 14-21, 14-22 ngoai lyc quan tinh, cdn tinh ci trong luc.
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~ i)fé’:a( o=70 § /Z’il@: 2 ;
. 7= 3004ypp P
¢ 4)8=60 L max 6y =2
& o= 30° M
by =EMem? Hink 14-22 Hink 14-23
Fa
A‘}}Jgﬂ:/"ma é}'lﬁmﬂ
Hink 14-21.
. -\P_..
b f-5046 V4
VY- b~ | i
2% R J& C@m w“ | ™~ A ,
F Lecd A
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W s |00 | EFMT ' '
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Hink 14-24 Hinh 14-25 Hinh 14-26 ’
7= 1000 ¥9/04
L AN
g | Z A 1 I-’ d {’ | .Z-
ST z ozl
oA = I
&
LT &%l
¢ ¢ d_) =20V &
L 2
(6,2 £ =Ly /;;Jxé;l.:.
Hink 14-27 Hinh 14-28
R~ 7= 1200 13
] =20
Q J’:GG/(/?Z‘?
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Hinh 14-29 Hinh 14-30 Hink 14-31
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0_;);? o 6;/: z 07),0 Ma,réo-/: 7
Hinh 14-32 Hinh 14-33 Hink 14-34

. 13*29. Mgt 15 xo hinh tru bang thép cé 20
vong diy, dudng kinh trung binh D = 12cm,
dudng kinh s¢i 16 x0 d = lem. Ld xo treo mét
vat nang 250N. Trong lugng 16 xo 50N. Tinh
chu ki dao ddng doc truc 1d xo khi ¢ k& va khong

than cua truc c6 mat cdt khong d8i, mot ddu
ngam, mdt ddu tu do.

14*32. Véi gia thigt chuyén vi doc truc ctia
mat cdt bdt ki trén mét thanh treo thing ding Hink 14-35
do trong lugng ban than 14 ham bac nhdt cha toa d6 mat cét iy hiy tinh hé s§ thu
gon kh&i lugng (u) khi thu gon vé d4u tu do cta thanh.

£ & ¢ G £ 4

ké kh6i lugng cuia 1& xo. Cho G = 8.10°N/cm?2. 7 T 27 ‘

14*30. Tinh tdn sf goc va chu ki dao dong ¢ 4 V4

cia cdc hé vé trén hinh 14-35 ; C1 va 02 la - G P -

2

do cing ciia cac 1o xo. . 4

14*31. Tinh hé s6 thu gon khéi lugng trong _
trudng hop dao déng xodn do trong lugng ban . 4 o) 7 &)

) ﬁﬂfT 2) 4’.‘/_,.'_ L Ly
£:98.10" 2L I
2 bey
R MN7 R
IR e TS £
" ot
L 1
m=1£ C= 1225 M @
_ 3 -
l W= =15y &
; v’
Hink 14-36 Hinkh 14-37 Hinh 14-38 Hinh 14-39
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e z4’/1 II, Z//Z ]L

7
¥

7

i=?

Hinh 14-40 Hinh 14-41

E=2 10 Mem®
E=8.70 Wfemr?
&=-s504

=7

Hink 14-42 ' Hink 14-43

14*33. Tinh chu ki dao dong tu do ciia congxon bing thép mat cat hinh chit nhat
bh = 20 X 4 mm dai | = 500 mm bing phuong phap dang tai trong thu gon.

14*34, Mot ddm don gian mat cAt hinh chit T s6 30 dai 7m, chiu tai trong 2 tdn
dat & gita nhip. '

Tinh tdn s6 riéng f cia he khi c¢6 k& va khi khong k€ dén trong lugng dam.

14*35-42. Xdc dinh cac dai luong chi dén trong diéu kién bai toan cho cde hé dao
dong. Trén hinh vé tit 14-36 + 14-43 mdi tén gdn vat chi phuong dao déng. '

14*43. Tim chu ki vA tén s§ riéng cia dao dong xodn mét thanh thép cd dudng
kinh 10 cm, dai 1,2 cm, mot ddu ngam, cdon ddu kia mang mot volang ¢ momen quan
tinh I = 8.10* Nem?. Bé qua trong lugng thanh.

260



14*44. Mot truc tron dai I = 1 m gém hai doan dai bing nhau ed dudng kinh

d = 2 c¢m, cl2 = 4 cm. Dfu trén cta truc bi ngam chat. Ddu tu do cd gin mot

dia cing dudng kinh D = 3 cm trong lugng 1kN. Hay tinh tdn sé vong cia dao
déng xodn truc. Bé qua trong lugng truc va lay G = 8.10° Njem? (H. 14-44).

' 14*45. Tinh chu ki dao dong xodn clia mét dia cing dudng

kinh D = 40 em, trong lugng @ = 400 N gén chat viao mot

truc tron cd mit ciat thay d8i nhu hinh 14-45.
M“FT F~ Chod, = 30 mm, d, = 40 mm, 1 = 1000 mm, G = 8. 10° Njem?.
2
e
|
7 . g T
"‘“-'lm #‘h - : - R & vy
! é / =
A1 AR A |
2 ' o 77
Hinh 14-44 Hink 14-45 Hink 14-46

14*46. M6t dung cu ghi dao ddng ciia mét by ph4n cing A dat lén trén mat cong
trinh. Mot vat nang Q gin v6i bé bing moét 16 xo nhu trén hinh 14-46. D€ cho vat
nang ddng im khi cong trinh dao déng (theo phuong thing ding) tdn s6 dao dong tu
do cia vat nang phai nhd hon nhiéu so v8i t4n s6 dao dong ctia cdng trinh.

Hay tinh kh&i lugng cdn thit cia vit nang khi muén tdn s6 riéng clia nd la

1Hz. Cho bist dudng kinh 1o xo D = 60 mm sgi 16 xo d = 6 mm, n = 10,
8.10° N/em®. Bé qua kh6i lugng cda 15 xo.

14*47. Chom = 20kg ; b = 8&m ;1 = 40cm ; N = 20 dao déngls ; G = 7.10* MN/m®
(H. 14-47). Xdc dinh a.

f
G

;i & o
1 i
O TR 1
| 7 2 g 2d | i 7_|
Ixa | R 1 = ! T _‘T
~a ’--..} Hinh 14—48 Hink I4-49 Hink 14~50

N em ¢ Wem
4y Gy <K a
l % . A, ///A‘% t
| / X 2N
1 T =+ 4 4
Hinh 14-47 Hinh 14-51 Hinh 14-52
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muﬁ | {m%

FU::—-K = A -
4
= " L

a E T
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Hink 14-53 Hink 14-54 Hink 14-55

14*48-535. X4dc dinh hé s§ thu gon khéi lugng k cia thanh khi dua khdi lugng vé
mat cit K (H. 14-483 + H. 14-55).

14*56. Mot moto dién dat & ddu tu do caa :
mot congxon chit I s6 16. Khi lam viéc méta ° " @ [

tao ra luc li td&m bang 500 N (H. 14-56). 4 ,
Tinh chiéu dai cia ddm dé c6 thé gay ra 7 J ‘I-'W 4]

céng hudng. Tinh Wng suit phap l6n nh&t khi 4

cé cong hudng. Cho biét trong lugng cia méta ;L P lf’

la 2500 N, s8 vdong quay 600 vong/phit, #* L qL

E = 2 107 N/em?, hé s6 can cta dao dong
a = 2lsec. Bo qua trong lugng cta ddm.

14*57. Mot déng co nang P = 5000N dat & gita nhip hai ddm g dat song song.
Mat cdt méi ddm 12.12cm, dai | = 1,6m. Trong lugng méi dim @ = 138N. Khi dong
co lam viéc cd phdn léch tAm ning Q, = 50N quay véi bdn kinh r = 10cm. Déng co
quay vGi téc d¢ n = 1500vg/ph

Héi tée dé cha dong co cd gay ra nguy hi€m khéng va ki€m tra d6 bén cha dim.
Xét lai- vin dé khi chon mit cdt méi ddm la 15 x 24 cm. Cho E = 8.10° N/em?,
6] = 1000 N/cm?®. Bé qua lge can.

14*58. X4c dinh bién d¢ dao doéng A cia pitténg may hoi nuéc chuyén doéng khong
ma sdt trong xi lanh dutng kinh D (H. 14-57) néu 4p sudt trén piténg thay déi theo
quy luat :

Hink 14-56

P=P + P sin wt.
tb o o

7 = 1000 ¥y /ph
_ = 10w &= 70N
. ;rgﬂ" f 7 - L
@ ¢ Nem Coe= 57K go: so¥ E . Qp=s000 -7
— = 225@40/1" :1 y a7 )
s A gt
23 N Gssinty FEEY G T g soow
il 1L Z=68cm 4 . %’ 777 "fL - 2/}2
BBt BSirat Az2 L2007 Mem?  4-2 7 £:10 Wiem? =7

Hinh 14-57 Hinh 14-58 Hinh 14-59
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14*59-60. Xic dinh bién d6 dao dong cudng bic A cta hé. Trong cdc hinh 14-58,59
ed tinh khdi lugng d&m.

14*61-62. Xdc dinh ing sudt dong 16n nh4t trong hé dao dong cudng bic cla cde
hinh 14-60,61. Trong lugng Q_ bao gbm trong trong lugng Q.

72,2200 /04 0 &= 50K
Q=2000 K | p=10H7

i J'

C: 1500,

0o

im | P
1 fur ! L G105 ;M =20000Ncm
7N Gt = G=8.10° om®; max Ty=?

Hinh 14-80 Hinh 14-61

14*63. Mot khdi lugng 5 tén dat & dau tu 1"’
do cua mdt congxon giy ra d6 vong 2cm & du 2
nay. Mot khéi lugng khic 500kg roi xudng ddu
tu do cing gy ra d6 véng 2cm. Tinh chiéu cao
H cta trong lugng rdgi va vin tée v, khi né va #
cham vao ddm.

14*64. Mot dém g8 c6 mit thira, kich thude Hinh 14-62

mat cit la 10.20 cm, chiu tdec dung va cham uén do lyc P = 1000N & mat cit B. D8
véng 1dn nhét & mit et D khi va cham 13 5mm (H. 14-62).

Xac dinh chiéu cao cia trong lugng P khi va cham va dng suft phap lén nhédt trén
dam. Cho bigt E = 1.10° N/cm?. B& qua trong lugng cia dim.

L :

14*65. M6t trong lugng P = B5ON rdi ti mot do 4 P
cao H = 10mm xufng ddu A cia mdt ddm hinh chi _ Ei_ Q I
nh4t b.h = 50.10 mm? dai 1 = 500mm. Ddu A —3 y”
lai ¢d mét 16 xo d6 & dubi. Ld %o cd dutng kinh % g_}_
D = 100 mm, dudng kinh sgi thép d = 10mm, s&
vong lam viéc n = 10. Cho méduyn dan héi I 7
E = 210° MN/m?% G = 8.10* MN/m? (H. 14-63). 4@ Jf

Hinh 14-63
Ki€m tra d¢ bén cia ddm bi&t ring [6] = 100 MN/m?.

&= roon .
: A 200N N\ =700
&5 | 9l =
i £ Sg 5 ‘§ I )S‘{
[ ) 'Illlllllll'llllllllllla 2:;[, R
Sl e an | 25

o/ .
Ja7

MRV

&

B8 g 1030 L-Cr} ¥

q 1 L]
) = 2 r p 2 1
24 M’ff’r‘:}(f ca [67- ”MM’W/;"":“ZI‘? L AN =bpz P E= 10N b ?
d&: s ) . =
Hinh 14-64 Hink 14-65 Hinh 14-66
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14*86-77. Xdc dinh cac dai lugng chi trong d4u bai cho hé chiju tai trong va cham.
Khi tinh bé qua khéi lugng cia ban than hé dan héi & cdc hinh 14-64 + 14-75.

S

¢ § . g

E;&J/ﬂ b "*T L -

i i— a
a1 L ou e T e L

E-210m (8- 1 Wem® ET L6 A= ? 7] s
=72 i
Hinh 14— 67 Hinh 14-68 Hink 14-69

q &
@E.*.” . #1 A 24 ,}‘?Efé

7|7 i
t :g ‘§$
’ ™
N s A % 7
ﬁf)W . . -
PEX Gy ? £ T W (67 -2
B LT, max by

Hinh 14-70 Hinh i4-71 Hinh 14-72 Hink 14-73

CET W max Gz ?

Hinh 14-74 Hink i4-75

14*78. Tinh hé s6 doéng trong trudng hgp va cham ctia mét
vat cing cd trong lugng @ = 30N bay vai van téc v = 5 m/s 4

P

dén mot 15 xo dudng kinh D = 10 cm, dudng kinh sgi 1o xo VWW\E

d = 1 cm s6 vong lam viee n = 10. Cho G = 8.10° MN/m?
(H. 14-76). 7 &

Tinh hai trudng hgp:

Hinh 14-76
1. Khong k& dén trong lugng 1o xo.

2. C6 k€ dén trong lugng 1o xo (trong trudng hgp nay cf thé coi moét cach gin

1 .
ding nhu cd mot trong iugng bing 3 trong lugng 1o xo dit & ddu tu do eda nd).
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14*79. So sdnh hé s6 dong cla mét truc trdon bi mot vét

ndng cdé van tdc v va cham vao tay don 2 B
AB trong hai trudng hgp : Truc BC cd va fo) Y
khéng cd g6i 48 & d4u B \) /s_;i v -
(H. 14-77). G- §7
A

Xem tay ddon AB cdng tuyét d6i va khong N
ké dén trong lugng cta truc. ~
14*80. Mot vat nang Q ghn vao ddu mét A «
thanh dai 1 ¢d d¢ cing chéng uén EJ_ quay -+ a:ﬂ | _
chung quanh truc O véi vin t6c n vg/ph ~ ,]
(H. 14-78). D, |,
Thanh bj ham d6t ngét bdi ham A. Tinh 19 —
moémen uén cuc dai trong thanh khi ham. Hink 14-77 é:?
14*81. X4ac dinh chuy€n vi dong clia di€m B khi vat bi |
va cham ngang (H. 14-79). . Hinh 14-77

14%82. Mot vo lang hinh trdon dac dudng k{nl_: D = 20 cm,
nang M = 40 kg gén vio ddu mot truc thép dai 1 = 1 m, dudng

gy 4 kinhd = 2 ecm duqc quay vdai
-—R téc d0 n = 200 vg/ph. Tinh
\, dng sufi 10n nhit cia tryc khi

® iza — Q v06 ling bj ham dét ngdt

% S G (H. 14-80)

+_ A T 4 l l Cho G = 8.10° N/em?.
£7, 587 ’ T 14*83. X4c dinh max 7, trong
Hinh 14-79 Hink 14-80 truc do va cham xodn khi mic

vao khdp néi Mh . Khép n6i
d€ ghép phdn truc bér phai quay v6i phéin bén trai c6 dinh. (H. 14-81).

by
| = K
- =
A 646/om? e L
L e
7= to’ M, = A5 77
Hink I14-81
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Chuong 15

TINH DO BEN KHI UNG SUAT THAY DOI THEO THOI GIAN

1. Giéi han méi

Hién tugng vat liéu bi pha héng do dng suft thay d8i tufn hoan theo thdi gian ducgc
goi 14 hién tugng modi cia vAt lidu. Gi4 tri 16n nhdt clia dng suit bi¢n d6i tudn hoan ma
vat lidu cd thé chiu dung duge trong thdi gian khong han dinh duge goi 1a gidi han bén
méi cha vat ligu. Trong thuc t& thudng xdc dinh giéi han méi quy udc trén co sd mot s6
hitu han chu trinh ctha Wng suft bi&n d8i. Vi du d6i v6i kim loai den 1a (5 + 10).106 chu
trinh, d6i v6i kim loai mdu 1a (50 + 100)10° chu trinh v.v. (xem TC.VNN).

2. Cac dic trung co ban chia chu trinh dng su4it

’IYi 88 Ung sudt thay déi ti Poax dén Poin réi lai ti Prin dén duge goi la mot
chu trinh Ung suft.

Dai luon
& pmax+Pmin
Pp = — 5 (15-1)
dugc goi la dng suft trung binh cda chu trinh, con
P " P
Py = —‘“a"z - (15-2)
13 ing suft bién do ctia chu trinh. Ung sudt bién d6 ludn luén duong.
1 pmin
Ti s6 T = (15-3)
Pnax .
Goi 12 hé s8 khéng d6i xing, 1a mo6t dic trung quan trong ctta chu trinh.
r = -1 chu trinh 1a d6i xdng
r = 0 hodcr = * = goi 1a chu trinh mach dong
r = 1 xem nhu chu trinh tinh.
T hai cong thuc (15-1) va (15-2) ta suy ra
Poax = Py ¥ Pog
Puin © Pw ™ pbd ) (15-4)
chi ¥ 12 mét chu trinh khéng d6i xing xem nhu 14 sy céng tac dung cia mot chu
trinh d&i xdng v6i Prax = Ppq VA2 MOt chu trinh tinh véip = p_ . = p,

3. Cac yéu t6 anh hudng tdi gidi han méi

- H¢ s6 khong d6i xung. Ung v6i cac chu trinh cd hé s6 khéng d6i xing khac nhau ta
cd cac giéi han moéi khde nhau. Tri s6 ctia né duge xéc dinh nhd cdc dé thi gigi han méi.

(H. 15-1) vé bi€u d8 gidi han modi cha Colay.

~ Su tgp trung ung sudt. D€ danh gia muc d0 anh hudng cua sy tap trung iing
sufit d6i voi giéi han moi ta dua vdo médt hé 8 goi 14 he s8 tap trung ng suét.
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K=— ' (15-5)

Trong 46 p™ 12 gi6i han méi cia Yrtoo  pY |ls-v -0
chi tiét méy khong o6 nhan t6 tap h
trung Ung suft cdn p;‘; la giéi han FM‘ - —— £ — —
moi cta chi tiét may cung loai nhung ﬁ?’ i h=y

cd nhén t§ tdp trung dng sufdt. Néu _ A
Ia ng sudt phép thi ta ki higu K_ : Pis P

15-1
va néu ]a dng suét tiép ta ki higu K Hunk

Py

Hé 88 K duge xac dinh bing thuc nghidm vé6i hinh ddng cia chi tiét mdy cd nhung
nhdn t6 tip trung dng suit khic nhau vi loai vt ligu khdc nhau. Cdc hé 86 K s K

duge cho trong cdc bang (15~ 1) - bang (15-6).
— Trang thai bé mdgt

Anh hudng cia d¢ nhin béng bé mat duge dinh gisa bdi hé sd trang thai bé mat .

Trong ddé :Prnnl 12 gi¢i han mdi cla mét chi ti€t mdy duge mai nhln bdng theo
tiéu chuén. |
Pﬁ la giéi han moi cta chi tiét may ddé trong diéu kién gia cong thyc t& Hé s6 §

lubn ludn bé hon 1. (H.15-2) cho biét tri 86§ § phu thudc vao viéc gia cong va gibi
han bé&n ctia vat lidu.

70 € | /! 1. mai rit nhén.

vs —— o & 2. mai tho.

| --_-..___\§[3 3. phay hay bao véi

a6 4 budc ngin

a4 4. phay hay bao véi
bubc dai

22

a7

wo 600 800 woo 1200 & Vipm?
Hinh 15-2
— Kich thuéc . Qua nhiéu thi nghiém ching td rling véi cdc chi tiét may cung loai

bién dang. Chi tigt cd kich thudc 16n sé cd gigi han méi kém hon. DE dianh gia anh
hudng v& kich thudc ta dua vao hé s8 goi 12 hé s6 kich thudc £ :

m

p .

£ = 2 (15-7)
l:'rd

Trong dd P;"d 12 gi6i han mdi cha chi ti€t may cd kich thude bé, P‘r"]‘) 1a gi6i han

mol cha chi tit may c6 kich thudc 16n. Hé 6 £ ludn ludn bé hon 1 va duge tra trong
bang (15 - 7) tuy thudc kich thudc d va vat lidu.
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Ngoai cdc 4nh hudng trén gi6i han mdi cdn phy thuéc chdc y&u t6 khac nhu tén s6,
moéi trudng... ma ta khéng xét dén & day.

Trong nhiéu thi nghiém ngudi ta da tim duge quan hé giita gigi han bén va gidi
han mdi khi uén d6i véi chu trinh d8i xdng gin dang nhu sau :

- d6i véi thép cd gisi han bén tit 30 dén 120 kN/cm?>.
o4 | = 050,

- d6i v6i thép cd gisi han bén ti 120 dén 180 kN/cm?

i 2
61, =40 + 508 kN/em*®.

- d6i v&i thép dic va gang

0':'_1 = 0,40

B
~ d8i véi kim loai méu
6t = (0,25 + 0,5) o
Néu chi tiét chju kéo, nén hay xodn, thi giéi han mdi tuong dng sé 1a

01911 = (0,7 + 0,8) o‘f_l

t"_l = (0,4 + 0,7) a‘il
Trong dd¢

olﬂl gi6i han méi khi kéo, nén d6i v6i chu trinh d6i xding ;
z"_l giéi han méi khi xodn d6i v6i chu trlnh d6i xding ;

a‘il giéi han méi khi uén ddi v6i chu trinh d6i xding ;

oy giéi han bén khi kéo cua vat litu.

4. Tinh di¢u kién bén khi @ng sudt thay ddi

4-1. D&i véi trang thdi dng sulit don v trugt thubn biy

Diéu kién bén an toan vé mdi la :

®)
Poax < ] (15-8)
Trong dd :
() = ﬁ—lf-PE‘ (15-9)

12 gi6i han mdi cia mot chu trinh dng sudt bat ki cd hé s§ khong ddi xdng r khi
da k€ dén cic yéu t6 anh hudng.
[n] - hé s8 an toan cho phép, duge xdc dinh trude theo cdc didu kién ki thuit yéu clu.
Ti&én hanh kiém tra bén theo (i5-8) kha phidc tap, vi phai xay dung duge biéu dé
gidi han moi va mdi 14n tinh phai tim duge tri s8 (p?’) Trong ki thuat dé thuan lgi

ngudi ta dua ra phuong phép tinh nhu sau :
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Goi n™ 1a hé s6 an toan thuc t& ctia chi ti€t mdy, dya vao d6 thi mdi ta thi6t lap
duge cong thitc cfia nd :

Py
n" = x (15-10)
trong dd :
2p_, - Py
b

8]

néu st dung dudng cong méi cia Xérangxen—Kynasopvili thi :
P
Py

P_, — gi6i han mdi dng v6i chu trinh d6i xdng ;

p.' - gi6i han méi vng v6i chu trinh mach dong ;
P, - gi6i han bén tinh.
D
Ta bigt n™ = (15-13)
pmax
. Vay diéu kién bén cla chi tiét mdy duge bidu dién nhu sau :
n™ > [n) ' (15-14)

Ki€m tra theo phuong phdp nay ré rang thudn lgi hon vi ing voi mot vat liéu ta
chi cdn x4c dinh gidi han mdi ing v6i chu trinh déi xung p_, va chu trinh mach dong

m

p, con theo (15-12) thi chi cdn bist p_, (cd thé tra trong cac s8 tay).

D61 véi vat lieu déo, tit d6 thi méi ta thdy cd hai mién. M6t mién gioi han mdi cd
tri s 16n hon giéi han chay, mét mién gidgi han méi cé tri s6 bé hon gidi han chay.
D6i vé6i mién tri s6 gi6i han mdi lon hon giéi han chay thi hé s6 an toan cda chu

trinh dng sudt dang xét d6i v6i gisi han chdy l6n hon hé s6 an toan vi mdi nén ta
phai cd diéu kién.

p
n, = — > [n] (15-15)

max

Trong tinh toan don gidn ta tim hé s8 an toAn vé mdi theo (15-10) va hé s6 an
todn so v6i gi6i han chay theo (15-15). Sau d6 ldy hé s6 an todn cd tri s6 bé hon dé
so sdnh vdi hé s6 an toan cho phép :

D8i véi trang thai dng sudt don ta viét :

n, < [na] {15-16)
Dé&i v6i trang thai trugt thudn tdy ta viét :
n_ < [nz] (16-17)

Tuong dng cac ki hidu ta thay P - (6, 7).
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Tri s6 kg va k- tai géc lugn Kkhi % = 125 + 2

)

S e,

NI
)

g
Hink 15-3
Bdng 15-1

TV 56 ko d6i vdi tryc thép b o ky d6i véi tryc thép

r (N/mm?) 6 ov (N/mm?)

d

< 500 600 700 800 900 1000 | = 700 800 900 = 1000

0 3,20 3,50 3,88 - - - 2,15 2,40 2,60 2,85
0,02 1 240 2,60 2,80 3.0 3,25 3,50 1,80 1,90 2,00 2,10
0,04 2,0 2,10 2,15 2,25 2,35 2,45 1,53 1,60 1,65 1,70
0,06 1,85 1,90 2,00 1,40 1,45 1,50 1,53
0,08 1,66 1,70 1,76 1,30 1,35 1,40 1,42
0,10 1,57 1,61 1,64 1,25 1,28 1,32 1,35
0,15 1,41 1,45 149 1,15 1,18 1,20 1,24
0,20 1,32 1,36 1,40 1,10 1,14 1,16 1,20
Chi thich :

D
Né&u

7 < 1,25 ; k_va k_duge tinh theo cdc ebng thic

-
1

-
|

4k . tra theo bang 15-1, (2 =

kabélng v Thiny
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, = (2,287 - 2,12)(

-

Thang

~ 1) +

d

D
.= (2287 — 190k, — 1) + 1

1

1,25 + z).




Bdng 15-2

A Tri s6 k_va k_ tgi 18 xuyén
do/ d
Gidi han bén - .

S o (Nimm®y | 905 ¥ 01 | 015+ 025 | 005 + 025

| Ko &t

|. < 700 2,00 1,8 1,75

I 200 2,15 19 1,90

» 1000 2,35 2,1 2,00
Hinh 15-4
Bdng 15-3a

Tri 86 k_tai chd ranh vong ota tryc

Ti s6 ko d6i véi tryc thép <6 ov (N/mm?)
t r
- 3 < 650 700 800 900 = 1000
{ i i ) 0 1,96 2,11 2,26 2,40 2,50
f- o, } © . 0,02 1,82 1,92 2,06 2,21 2,30
- 0,04 1,77 1,82 1,96 2,06 2,16
7 i " 0,06 1,72 1,77 1,87 1,92 1,96
) * - 0,08 1,68 1,72 1,77 1,87 1,92
: o 0,10 1,63 1,68 1,72 1,77 1,82
0,15 1,53 1,55 1,58 1,63 1,68
Hink 15-5
0 2,00 2,15 2,30 2,45 2,55
0,02 1,85 1,95 2,10 2,25 2,35
v 0,04 1,80 1,85 2,00 2,10 2,20
-l 0,06 1,75 1,80 - 1,90 1,95 2,00
¥ 0,08 1,70 1,75 1,80 1,90 1,96
— 0,10 1,65 1,70 1,75 1,80 1,85
0,15 1,55 1,57 1,60 1,65 1,70
0 2,05 2,20 2,36 2,52 2,62
0,02 1,89 1,99 2,15 2,31 2,21
o 0,04 1,84 1,89 2,05 2,15 2,26
-1 0,06 1,78 1,84 1,94 1,99 2,05
W 0,08 1,73 1,78 1,84 1,94 1,99
Y 0,10 1,68 1,73 1,78 1,84 1,89
0,15 1,58 1,60 1,63 1,68 1,73
_ 0 2,09 2,25 2,43 2,58 2,69
2 0,02 1,93 2,04 2,20 2,37 2,47
v 0,04 1,87 1,93 2,09 2,20 2,31
—iv 0,06 1,82 1,87 1,98 2,04 2,09
w 0,08 1,76 1,82 1,87 1,98 2,04
T 0,10 1,71 1,76 1,82 1,87 1,93
i 0,15 1,60 1,62 1,66 1,71 1,76
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Trj s& k tai chd ranh vong chaa truc

Bing 15-3b

TV 56 kr d6i vdi truc thép c6 ov (N/mm°)
D r
< o < 650 700 800 . 900 > 1000 -
0,02 1,29 1,32 1,39 1,46 1,50
0,04 1,27 1,30 1,37 1,43 1,48
D 0,06 1,25 1,29 1,36 1,41 1,46
102 < 4 & 1.1 0,08 1,21 1,25 1,32 1,39 1,43
0,10 1,18 1,21 1,29 1,32 1,37
0,15 1,14 1,18 1,21 1,25 1,29
0,02 1,37 1,41 1,50 1,59 1,65
0,04 1,35 1,38 1,47 1,55 1,62
1P 0,06 1,32 1,37 1,46 1,52 1,59
A< g <12 0,08 1,27 1,32 1,41 1,50 1,55
0,10 1,23 1,27 1,37 1,41 1,47
0,15 1,18 1,23 1,27 1,37 1,37
0,02 1,40 1,45 1,55 1,65 1,70
0,04 1,38 1,42 1,52 1,60 1,68
D 0,06 1,35 1,40 1,50 1,57 1,65
L2<— & 14 0,08 1,30 1,35 1,45 1,55 1,60
0,10 1,25 1,30 1,40 1,43 1,52
0,15 1,20 1,25 1,30 1,33 1,40
. . Bing 15-4
Tri s6 ka vha k . tai ranh then g
He s8 up Gidi han bdn To N/mm?
trung ling
Ut 500 600 700 800 1000
ke 16 1,75 1,9 2,0 23
Kt 14 1,50 1,7 1,9 2,2
Hinh 15-6
Hé s6 kich thude £ .s Bding 15-5
Dudng kinh tryc d {mm)
Loai vau tigu 15 20 20 40 | 50 I 70 [ 100 | 200
Hé sd kich thude
&g cua thép 0,95 0,92 0,88 0,85 0,81 0,76 0,70 0,61
cAcbon "
£g cua thép
hop kim va 0,87 0,83 0,77 0,73 0,70 0,65 0,59 0,52
£r cua 14t ca
cac loai thép
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Vi du 15-1. Xé4c dinh hé s6 an toan moéi cda mot cot chiu lye doc true tap trung
P & ddu thay d68i tit ~150kN (nén) d&n +150kN (kéo), dudng kinh cot d = 40m,m.

Heé s6 an toan sé thay d8i 12 bac nhigdu néu tii trong P thay déi ti 0 dén +150kN.
Cot bang thép 45 : & = 360 N/mm?, o, = 200 N/mm?;

= 1,b

K

y = 0,11 ; a =

r
Khi tinh khéong xét dén sy méat 8n dinh.
Bai gidi
Truimg hop thit nhdt : Tal trong P thay d8i tit -150kN dén +150kN. Thanh chiu
ing sudt thay d8i theo chu trinh déi xdng :

= - 150.010 _ -119N/mm?.
min 3,1440°
4
0 . = 119 N/mm?;
a +o . & -0 .
__max min _max min _ 3
O\ =5 = 0; Opg = — = 119 N/mm~°.
Hé s8 an toan méi bing : 6_, 200
n = = = 1,12.
o~ yo, +tao,, 156.119
Hé s8 an toan tinh theo gidi han chay:
o
ch 360
n, = — = — = 272
ch max 119

Trong trudng hgp ndy : n_ < n.
Truong hop thu hai : Tai trong P thay d6i tit 0 dén +150kN. Thanh chju dng suft
thay déi theo chu trinh mach dong: _
=0, 6 = 119 N/mm?%
max

min
o
max 119 2
th = de = 2 = ‘2— = 59,5 N/mm
: 200
Hé s an toan modi blng : n = 2,09

o = 0,11.59,5+ 1,5.59.5
Vi du 15-2

Trén hlnh 15-7 bigu dién mot
dau truc cd ranh then, chiu mémen
xoén thay ddi tir 0 dé&n 110kNcm.

Xac dinh hé s6 an toAn mdi tai N —
mit cit ngang ¢d ranh then. Tryc e
N . ———— =

bing thép 60 e¢d cdc dic trung sau: =——— R
)
6, = 750 N/mm?, - 5
T, = 190N/mm?, 8 = 0
Khi tinh ldy o = 1. Hink 15-7
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Cho mdémen chéng xodn cia truc WP = 23,4 cm®

Bui gidi
Truc chiu dng su#it thay ddi theo chu trinh mach dong
rmin =0,
M .
_ 2(max) _ 110.103 _ 2 2
L wp =234 - 4700 N/fem® = 47TN/mm
T
max 47 2
rbd = rtb = T = "'§~ = 23,5 N/mm*.

Tra bang, cé : ktt = 180 ;¢ = 0,70
Vay h¢ s6 an toan méi bing

190
n = 1,8 23 5 =31
0,7 "7
4-2. Dd&i vbi trgng théi iung sudt phdng cé

dang (H.15-8)

Ta thia nhan céng thdc kinh nghidm sau : o
- Vat liéu thép T
n, .n E——
ot = (15-18)
n? +n? : Hink 15-8
a T
- Vat litu gang
m &_ m o_ n
G () + 5 (e o+ (327 - ao-19)
na -1 na -1 nr
D& tinh hé s6 an todn voi diu kién chay ta c6 bidu thic
ch
Ny, = 7 (15-20)

td

trong dd dng sufit tuong duong phan t6 duge tinh tiy theo mét thuyst bén nao d6.

Vi dy, theo thuyét bén dUng suft ti6p 16n nhst G4 = \'02 + 472

Vi du 15-3

Mgt tryc cé rinh vdng viia chju udn, vita chiu xodn (H.15-9),
mémen ubn v3 xoén thay d6i trong nhitng gi6i han sau :
M = 6 kNm ; = 1kNm ;

u(max)
= 2 kNm

K=5
Mu(min)
10 kNm ; M

z{max) z(min)

truc bdng thép 45 cd cdc dic trung sau :
o, = 650 N/mm? ; 6, = 430 N/mm? 6, =275 N/mm?.

= 2. = 2 =
T, = 220 N/mm* ; T, = 150 N/mm¥ vy, = 0,17
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kT = 0, lay ﬂm = 1, [n] = 1,8. Kiém tra bén.

Bai gidi
W = 01d* = 0,1.90° = 72,9.10°

W= 2W = 145,8.10° mm?.

t 2 T 5

T =5 =04 7=55= 0055
D 90+22 94

a7~ 90 —go = LM

Tra bang dugc :

"

= 1,75 ; k= 1,26
£ = 0,72; g = 0,61.

[+4

1. Tinh theo uén :

mms.

= 5.10°.10° = 68,6 N/mm?,
max - 72.9.10°
= M= 13,7 N/mm?,
me 799107 _
+
&, = 68,6+13,7 = 41,15 N/mm?
tb 2
68,6—13,7 _ 2
Oy = — = 27,45 N/mm
T dd
n_ = 2751 7 = 8,72.
0,17 % 41,15+m x 27,45
2 Tinh theo xoén -
_ 1210%10° ~ 82.4 Njmm?,
M 145,8.10°
i = —-—2'103'103 = 13,7 N/mm?
145,8.1¢°
82,4 + 13,7 2
b= g = 48,05 N/mm*,
82,4-13,7 _ 2
Ty = — = 34,35 N/mm~“.
TV dd nr=%—=2,12
5,6—1.34,35
v@i Y, = 0
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Hé s6 an toan mdi clha truc :

n.n
. o 3m212 o

\’n§+nf \I 3,72 +2,12
n = 1,85 > [n].

Bai tap

15*1 M6t thanh thép trdn, dudng kinh d = 40mm chiu kéo ding t4m hai ddu bdi
luc P thay d6i tit O dén P. Xdc dinh gid tri cho phép ctia lic P sac cho hé s an toan
mdi cho phép [n] = 2.

Thanh biang thép 60 co:
k
roo_ 2 - —
01_1 = 230 N/mm*, e = p
15*2, Xic dinh hé s6 an toan cta mot dinh &c, dudng kinh d = 20mm, chiu lyc
doc truc thay d8i tir 5kN dén 15kN. Dinh &c bang thép 25 cd cdc dic trung sau:

7, = 250 N/mm? ot = 135 N/mm?, y = 0,08

Khi tinh l&y k, =3 ¢, =083 B, =1
: 15*3. Tai trong P chay di chay lai trén ddm tuyét

d6i cing AB... Xdc dinh giad tri cho phép cua tai trong
i | [ P theo diéu kién bén ctha cdc thanh treo (H.15-10)
7 &
F

; 2\1 Céac thanh treo 1, 2, 3 ¢6 cung dudng kinh d = 40mm
- s,

=1,5;y = 0,12

cung chiéu dai va duge lam biang thép 25.

A Oy = 250 N/mm?, 6_, = 185 N/mm?. He s6 an toan
P cho phép [n] = 1,5
Khi tinh 18y k_ = 2,5 ; ¢ = 0,08,
Hink 15-10 r

_ 15%4. Mot truc cd hai bac, dudng kinh D = 120mm,
d = 60mm va bdn kinh lugn r = 3mm, chju mémen xodn thay d8i ti 1,2 kNm dén
4kNm. Tinh hé s6 an toan. Truc bing thép 60 cd cdc dic trung sau :

6, = 750 N/mm?, 7 = 260 N/mm?, 7 = 190 N/mm?
p = 0. Khi tinh 14y ﬁm = 1

15*5. Mét truc hinh bac ¢é so d6 nhu trén hinh 15-11. Khi truc quay, phuung va
d6é 16n caa luc P khéng déi.
Dusng kinh phdn giita D = 115mm, dudng kinh phédn
. bén d = 90mm. Ban kinh lugn gitta hai phdn r = 4mm, -
phén gidia cd ranh then réng b = 36mm, sdu t = 12mm.
V2% Z  Truc bang thép 60 c 6_; = 325 N/mm®, 6, = 750 N/mm’
Vg T L op | Tinh he s6 an toan & mat cat 1-I va II-IL Khi tinh

P=I0OAN 10

}
T

—t 20 lay ﬁm = 1.
7 15%6. Ki€ém tra d¢ bén moi cGa truc phanh don, vé
trén hinh 15-12. Tai trong tac dung vao truc la
Hinh 15-11
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P = 16kN. Truc bing thép 45 cd 6_, =275 N/mm?,
p = 0,17. So d6 tinh truc dugec bi€u thj trén hinh 15-12b. Truc chju dng sué&t thay
d8i theo chu trinh mach dong.

P 2 Khi tinh 14y :
20 P 20 } k. =1;¢g = 092;
) g | N \\ P 1t kt
| :L B = 085
| & . \ k v l Hé s8 an todn cho phép [n] = 2.
— | R
0 1) "%
% ] 1 ; /;_-zfxr/gl . P
=5 '”l i gfl
/% 9 S Y=
ORI AN NN NN N NN A I

NNNANY

|
J i
P A

A

|z 3 j Mjl - lzw 300
9 A& —
J/il qﬁy Hinh 15-13
Hinh 15-12

15*7. Kiém tra d0 bén mdi & cdc mat cit I-I, II-II va III-1II cda truc bing thép 45
(6_, = 2756 N/mm?, y = 0,17)

3 mat cdt I-1 ¢6 ranh vong va & II-II c¢6 16 xuyén dudng kinh ® = 8mm. Trong
diéu kién lam viéc binh thudng [p] = 1,5. Khi tinh 1dy 8 = 1 (H.15 - 13).

15*8. Mot true mang bénh réng truy nhén duge tit dfng co dién mét céng suét
N = 29,4 kW khi quay vdi t6c d6 n = 800 vg/ph. (H.15 - 14)
X4ac dinh hé s6 an toan mdi & mit cdt ngang gilta nhip ¢é rianh then véi kich

thuéc : rfng b = 14mm, s8u t = 4mm. Truc bing thép 45 (xem bai trén). Khi
tinh 14y ﬂm = 1.

15*9. Tinh hé s6 an toan cia :
16 xo hinh tru cé dusng kinh / £
D = 20cm, dudng kinh day b N7 -
. L/,
¥0d = 2m, s6 vong n = 10. Do //// RS
cao cia 1o xo thay d8i trong gidi . L7/, v %
—T—1.

hantitdA . =2em dénd ~ = 10em.
man max

=4836F

4 D= 158
0’:E £
|

Vat lidu cia 16 xo ¢d céc dac . )
trung % 7 /éééz Z \
o, = 1500 N/mm?, NN N
T, = 600 N/mm? 1 Ke=oin=g)
T_, = 800 N/mm?,
T = 450 N/mm? , 97 97
= 8,2.10° N/mm?,
Hé s8 bé mat § 14y bang 1. Hink 15-14
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156*10. Thanh hinh tru bing thép, mat c4t trdn, dudng kinh d = 30mm duge nganh &

cdc dfu, Trén phdn nhod ra cia thanh tdc dyng mot luc P thay d6i theo chu trinh ddi xing.
X4c dinh tri s6 luc 16n nhAt Pmax’ n&u bi&t méc cia thép la 40XH ; cd 6, = 900 MN/m~;

400 MN/m? ; 7_, = 240 MN/m® . Dudng kinh phéin gita cia thanh D = 60mm ;
0,1 ;1=232m;a= 10cm; [n] = 1,6 (H.15-15).

%y
Pl =

Hinh 15-15

15*11. Truc bac bing thép ma't" cit tron, dudng kinh D = 60mm, d = 60 mm va

ban kinh gdc lugn chuyén ti€p p = 5mm chju tdc dong cia u6n va xofn thay déi.
X4c dinh xem, né&u & tigt dién chuy&n ti€p nguy hi€m do udn M . = 8kNm ;
2kNm ; min an = —0,6kNm, truc sé& lam viéc

M ., = 1,6kNm ; do x0én max Mo =
véi he o6 an toan bing bao nhiéu ? Truc lam bang thép 40XH, c6 6, = 900MN/m® ;

64 = T50MN/m® ; 6., = 400MN/m® ; 7, = 890MN/m’ ; 7, = 240MN/m?.
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Chwong 16

DAY MEM

Day mém la loai k&t cfu c6 bign dang hinh hoc rit lén khong chju nén, kha néng
chéng udn va xoén rdt bé xem nhu khéng cd. Néu cd khd néng chéng uén va xodn

d6i chit ta goi 12 day cdng.

Goi : f 12 mai tén clia day - do vong & gitia nhip ;

1 - chiéu dai nhip.

Qui use : { = % =+ 210 goi diy cd d6 vong lén
f_1 1
1 S 107 20

- goi 1a day cd d0 vong nhé hay la day thoai.

Trong chuong nay chi nghién cdu loai diy mém va thoai, cd nghia trén mat cit

1

f
ngang day chi ¢é thanh phén luc kéo va 1<% *

1. Day treo trén hai g6i cing miic (H.16-1)

Hinh 16-1

1

20

Céc ki hiéu :
1 - chiéu dai nhip.
T - lyc cang.

H - thanh phé&n ngang cla
lyc cing day — gei la lyc cang
ngang clia day.

Dam citng tuong dng cia day
mém la ddm cing hai ddu khép
cd chiéu dai | (bang khodng cdch
hai gi tya) chiu tai trong thing
ding gidng nhu tdi trong da dat
1én day (H.16-1c).

Céc cong thdc co ban :

H

cosa

(16-1)

Luc cang ngang cua day
khéng ddi trén chidu dai day :
M(x) '

H

D6 vong cda day tai mét di€m
bing mémen uén ciia ddm cdng
tuong dng tai di€m tuong dng
chia cho lyc cing ngang.

y(x) = (16~2)
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Chiéu dai cla day chju tai trong thing ding b&t ki dugc tinh theo cong thie:

L= jds <1+ (16-3)

2H?
Trong d¢ : D = J‘ Q? (x).dx (16-4)
1

Q(x) 12 bi€u thic lyc cit cua dim cing tuong dng tai di€m cd hoanh dé x.
Vi du 16-1 :

Day chiu tai trong phan bs déu cé cudng d6 q (H.16-2).

Bai gigdi
Ta ¢6 : l /g .
QW = & - o RIS

¢ al P ”%’ ”’%’

dOddD:]!:(—E—-qx)dx=W 7 Y/ A
5 Hinh 16-2
_a
H = 8f °

f - d6 vong l6n nhdt tai gikta nhip.

L=1+ M=§ﬁ+1. (16-5)

12.2.¢%.14 81

2. Tinh lyc cing cia day khi tai trong va nhiét 46 thay d6i
Goi H L 13 siic cAng ngang va chidu dai cta day cd nhip la 1

H L lé. sﬂc cdng ngang va chiu dai cia day khi chiu thém tai trong va nhiét 46
thay dd1, gia tri ctia nd duge tinh theo cdac bifu thde:

Tinh H nhd gi4i phuong trinh bae 3:

, EFD,_ a(t, —t)L,EF . D ) D, EFD,
H1+[21H0—H0+ 1 —E]H +TH—T=0 (16-6)
Dl D, L,
Khi hiéu — H - i—}—f H2 nhdé ta ¢6 th€ bdé qua vd xem 1= 1.
Cong thic (16-6) dua vé dang :
R EFD EFDl
— _— = 6_7
H? + [21H2 H +a( —t) EF] H o1 0 (16-T)
D1 Do
D6 dan dai cta day : Al = Ll -L = — = s (16-8)
© 2H 2H
H D1 H0 D,
. 1l = — P S — St — 16-9
hoac A EF (HHf) =7 (1 + Hz) +a -t L (16-9)
Q
: _ 2
Trong dd : D, —Jl. Q dx
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D1=_!Q"lzdx

Qo, Q, la biu thic cia lyc cét cta dom cing tuong ung ;
a - hé s6 dan dai do nhiét do cla day ;

t, t, — nhiét do trong trudng hgp
EF - d6 cdng cia day.
Vi du 16-2.
Mot két cfu day cip cd khdu da 1 = 100mm,
dat trén hai g6i ngang nhau, ban ddu chiu tai

trong phan b8 déu q, = 0,1 % ; vA ¢ mii |

tén f = 1m. (H.16-3 b,c).
Sau d6 d4y chiu thém mot tai trong phu phan
b6 déu q, = 0,4 %, va mot tai trong tip trung

P = 10kN ¢ giita nhip. Tim sic cang va dé vong
cia day & giita nhip trong trudng hop chiu
théem tai phu. Néu nhiét do tang them +30°C

ddu va trudng hgp sau ;

S
&1

/ —
hay giam di -30°C, thi swc cang va d6 vong
thay d8i ra sao ? Day cdp cd dién tich mat cat
F = 4.10"% m® méduyn dan h6i E = 1.105kN/m?, Hinh 16-3
hé s6 dan dai nhiét 7 = 125.1077
" Bai gidi
- Trudng hgp nhiét dé6 khong ddi:
2
, - %I 01100
sdic cang ban dau H, = 8 = 81 = 125kN.
213
q-1 2 e
¢ - N . - 2 _ 0 _ (0,1) .10 _ 2
Tinh cic tri s§ : D = ! Q dx = - = T = 833 (kN)’m
2 3 2
+ N 2 + 1-.
b - _[dex= (a,+q,) L (q, +tq)1".p
1 | 1 12 4 4

_ (0.9 100 1¢?.100 L 0:5.10%. 10

12

= 2
1 7 = 35.825 (kN)“.m

- Viét phuong trinh tinh H véi EF = 1.10° . 4107 = 4.10° kN

thay vao (16-6) ta duge -

H3 + :
! 2.100(125)

4.10°.83 4.10° . 35825
[__lf__f_ _ 12] Hfll _ 2 - HYeay

2.100

hay H} ~ 18,4 HZ ~ 7165.10° = 0

Gidi phuong trinh trén bing phuong phap lap ta dudc
H, = 421,6 kN.
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Tinh d6 voéng gitta nhip, ding cong thic (16-2) ta dugc :
M

H,

trong d6 : M 14 momen ufn cia dim cing tuong dng & gida nhip.

2
1, @trap- ¥ o 05,1000  10.100
M(g) = ——F— +5 =5 —+—7 =8B km

vy :

1 875
y(3) = 116 = 2™

» Trudng hop nhiét do tang +30°C, tit (16-7) ta ¢d phuong trinh xdc dinh H,.

4.10°.833 _ 4.10° . 35825
H? + [———2 — 125 +125.10 7.30.4.105] HE - =
2.100. (125) 2.100
hay H? - 131,6H] - 7165.10° = ©
Giai ra ta dugce H1 = 375,6 kN
Do vong giua nhip la 1 875
y(ﬁ) = 3755 2,41m.

Ta thdy khi nhiét d6 tang, sic cang gidm xudng, dé vong ting lén.
‘Trudng hop nhiét d6 giam -30°C. Theo (16-7) phuong trinh xdc dinh H .

H3+[ 4.10°.833 . 4.10° 35825 _
PUPPa— 2.100

X - 125-125.1077 . 30.4.105] H

2.100. (125)°

hay : H? - 168,4H; — 7165. 10 = 0
Giai ra ta duge : I-I1 = 479, 7TkN
1 M 875
Do vong giita nhip : y(E) =3 = 1767 = 1™, 82

Ta thdy nhiét d6 gidm, sdc céng
tang lén, do vong giam di.

3. Day c6 goi khong cong mic
(H. 16-4)

Cac kl higu

¢ — g6c gita duong AB v8i dudng
nim ngang.

1 - khoang cich ngang gilia hai
gdi — chiéu dai nhip A= _
, . ) G Bz

q’ - cudng 4o tai trong phan b6
theo chidu dai day ; vi day
thodi ta xem q' cudng dd tai

trong ph&n bd theo phuong )
xién AB. Hinh 16-4
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q - cudng d0 tai trong phaAn b8 trén dam cing tuong dng ta cd:

q
cosy

¥, — khoang cach tit mot di€m xufng duéng AB.

y, — khodng cach theo phuong thing ddng tt mot diém xubng dudng thing AB
(H.16-5)

q = (16-10)

¥

ta co : yz (16-11)

cosp
Luc cang ngang tai mét di€m b&t ki duge xic dinh theo céng thiuc :
M(x)
ES
Trong dé M 12 mémen ufn ctia dam cing tugng
Ung tai di€m tinh toan, co khoang cdch y, (H.16-5)."
Phuong trinh day trong trudng hop chénh géi Ia

M
y=y, +xigp = 28 4 L, (16-12) ‘

H =

H

trong d6 tgyp = %

; h — d§ cao chénh léch giita ]
hai g6i 7

Vi dy : day chiu tai trong phan b6 déu q tacd : Hink 16-5

' _wxd-x) g
M) = 2 vai q cosp’
1 -
va ¥y = Si(zfﬂ + xtgep.

Hé s6 gdc cia ti€p tuyén ¥y = tga = % (1-2x) + tge.

tai x = % (gita nhip) thi tigp tuyén song song véi day cung AB vi y' = tgo = tgy.

1 Ht
Tea do dinh (x, y) 5 . %, =5 +--EF (16-13)
_a | lige L Hidy
Yo = 8H 2 2q
D¢ vong 16n nhdt theo phuong thdng ding.
1 gl?
- EANNI. ' 16-14
foax = %2 (2) = 3m (16-14)
- Phuong trinh tinh chigu dai day.
l .
L= [y1+y% ax (16-15)
O
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Sau khi tinh v6i d¢ chinh xac du dung :

4 . )
L - 1 + co?p . D _cos p.sing.D (16-16)
cos 2H? 25>

Trong dd :
1 1
D=[Q.dx;D =] @.dx : (16-17)
o] 4]

Khi ¢ bé ta bd qua s6 hang cudi cung ta cd :

L= —L 4 cos’ ¢ . D (16-18)
cos ¢ 2H? '

Tinh sic cang cia day khi tdi trong va nhiét do¢ thay déi

- Goi H, t, 1a lyc cang ngang va nhiét d6 & trang thii ddu
- Hl, t la htc cang ngang va nhidt do & trang thai sau.
Phuong trinh d€ x4c dinh H la:

EFcoss(p.D L .coszgp D cos’ g
H4+[———D—H+a(t-—t EF — - = -
1 2IH o 1 o) 1 IH
cosﬁtp sing EF D’ cos ¢ . D, cos’ ¢ .EFD, cos® p sing D)
- 3 ]H3+—-—H2-————H+ =0
210 L 1 1 21 1 21
P
(16-19)
Trudng hop ¢ nho, hay tai trong déi xing qua difm giita nhip, ta ¢ thé bd qua
L
86 hang chia D', D’ va néu thay == 1 thi (16-19) ¢ dang :
a 1 Cos ¢
EFcose D D cos o
H? + [———0- ~H +a( —t) EFcosp — 0———] H? +
1 21H2 [4] 1 IHO 1
8]
cr.mszgo.Dl COSS(p. EFD1
—_— Y H -— . -20
+ T H 20 0 (16-20)
coszle cosz(pDo
Trudng hgp cdc bai todn tinh cda day, hiéu 1 H1 T T Hf nhd ta cd
o]
th€ bé qua, khi dé (16-20) trd thanh :
s EF cos’® p.D, ’ , cos’ ¢ EF D,
H? + o~ Ho rE Y EFcosp] H - ———— =0
L&)

(16-21)
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Tink d¢ dén ddi cia d&y khki tdi trong vd nhi¢t do thay ddi

~ D6 dan do tai trong thay d6i :
(H1 - Ho)l 1 D D

1 o !
A'L = —EFCOSQD + ﬁ (Fl —- FD) (16-22)

- D6 dan do nhiét d¢ thay déi :
AL = E(t.l - t.o) L0 (16—23)

- D6 din toan phén :
#H, - H)! | 1, D D,
AL = AL + A L=—EW—+a(tl—to)Lo+ﬁ(-H—l—-H—) (16-24)

o]

Vi du 16-3.

Cho mét day cS d6 chénh gbi ¢ = 30° nhip dai ] = 100m, mii tén theo phuong
thAng ddng f = 5m. Chju tai trong ph&n b§ déu q’ = 0,5 kN/m. Tinh sic céng H
va céc phan ﬂrc chia gbi tya. Sau d6 day chju thém tai trong tap trung P = 10KN g
di€ém C cédch g&i cao 10m, theo chidu ngang, nhist d¢ lai gidm di 30°C. Tinh sdc cang
ngang H , d6 véng theo phuong thidng dding & di€m C, céc ?hﬁn‘ Igc & chc gdi tua
trong trulbng hop sau. Day c¢d dién tich mat cit F = 4.10 3m?, mdduyn dan héi
E = 1.10% kN/m?, he 6 dan dai nhist & = 12.167".

o £ 5 1
Ba&i gidi, vi 1= 106 = 20 nhd
o Tinh tai trong phan b8 déu trén dAm cing tudng dng :
' =% _ 952 _ 55 kNm.
cos30°

e Tinh lyc céang Ho :

Bo =3 = "85 - MM
e Tinh phan luc & céc gdi cao thép :
= ql 0,58.100 1
Va = Agm tHitep = 5 + Higp = ———— + 145 gz = 112,38 kN
= _ 4 0,58. 100 1
Vg = By ~ Hotep = 5 -~ Hitgp = =5 — - 145 gy = -54,3 kN

D&u am cd nghia la g6i nay cd khuynh huéng bi nh8 lén, dd 12 mét dac diém cla
day cd g8i chénh nhau, g6i thdp cd th€ bi nhé lén,

# Tinh Hl theo (16-21)

q . 2
'I‘r dd D = = —_— .
ong . D = 28,033 (kN)Z.m
23 2
gl P*.ab
D'1 Tz'— l -+ q . P . ab
_ (0,587.100°  10%7.10.90
= P * oo * 0:58.10.10.90
= 28033 + 900 + 5220 = 34.153 . (kN)2 . m
EF = 1.10%4.10° kN
b, -t = - 30°C
O
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Thay vao (16-21) ta dudc :
4.10° . (V3)° . 28033
[ 2.100. 2% . (145)°
_ (V8)°.4.10° . 34153

3
HT +

- 145 — 80 . 125.1077 . 4.10° . —‘@]H2 -

2 1

5 =0
2°.100.2
hay
H? + 1024,1H? ~ 33273,6 . 10° = 0
Gidi ta dugce H, = 167,1 kN
e Tinh phan lyc & g6i tya dim ciing :
-4 b _0,58.100 20
Adam—2+P.1— 2 +10.100-38kN
ql P.a 0,58. 100 10
B = = = _— =
hm = gt T 5 +10 . oo = 30N
e Tinh phan lyc tai cac g6i tua :
1
Vo = Ay, T Hitgp = 38 + 167,1 . 3 = 134,5kN.
1,
Vp = By ~ Hitep = 30 - 167,1. g '= - 66,48KkN.

e Tinh d6 vong cta day tai diém C:

- M
| Y=g,
Trong dé M la mémen ufn cia dim dng tai diém dat lyc tap trung (C).
a 107
M =Adﬁm.a—qa.§=38.10-—0,58.7=351 kNm.

Vay do véng tai di€m C la :
351

M
yc = ﬁl- = = 2,10111

167,1

Bai tap

16*1. Mot day mém nang 1 kg/m treo
trén hai gbi cung d¢ cao ; khoang cach hai

g6i 1a 40m va d6 vong cha day la lm.
Hay x4c dinh ldc cang trong day.
16*2. Mot day mém bing thép, dién tich

mat cit ngang F = 0,5 em?, budc vio gdi

A ¢8 dinh, va vat qua réong roc B. Trong

lugng cang day la Q@ = 3,6kN (xem hinh

16.6). Khodng cich AB = 80m. Hay xdc

dinh d¢ vong cua day (bd qua ma sét tai

rong roc).
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16*3. MOt diay cdp mém dat trén hal g61 cung do cao. Thép cd trong luang riéng
0,08 Nfcm va Ung suit cho phép 30 kN/em?.

Hay xzdc dinh gia tri gidi han cda nhip khi :

£ 1 1
1= 100 ™ 10

Khi tinh coi day bi cang déu bdi luc cing tai mat cdt thdp nhét,

16%4. Mot clu treo c¢d hai day cap nhip 1 = 120m va 46 vong f = 10m. TAi trong
rai déu trén cau la 60kN/m. Hay xdc dinh dién tich mai cAt ngang day cdp, cho bi&t
6] = 40kN/em?. _

16*5. Mot cu treo cd so d6 A .
tinh nhu trén hinh 16-7. Tai A<~~~ Yoom
trong tac dung lén day bang )
50kN/m. X4c dinh dién tich mét
cit ngang clha day gidng AB 8 (4s5° . 5° €
va CD, bist rdng dng sudt cho '
phép :

[61 = 80 kN/cm?

S 5077

7 4

i
oy - [

/
] [
Z 4
“ -~
A

Hinh 16-7

16%6. Mot day cdp neo tdu od
dien tich mat cit ngang F = 5 cm?. : A
Tai di€m tigp xic véi d&t day nim
ngang. Xac dinh khodng cach I, biét
lyc kéo ndm ngang tdc dung vaoc tau
la 1 kN (H. 16-8).

16*7. M)t diy cdap bén bang soi
nhém cod 16i thép, dat trén hai géi
cung d9 cao, nhip / vA mai tén f

Tinh ldec cang trong timg loai
vat liéu.

16*8. Mot day mém treo trén hai gdi
c6 d6 cao chénh léch la 30cm. Di€m thép
nhit cia day con thdp hon g6i thdp 1a 90cm. Kho:in% cich ndm ngang gida hai g61
l = 37m. Day cd dién tich mat cit ngang F = 1 cm® va khdi lugng riéng y = 8 g/cm‘

Tinh luc cang tai diém thdp nhit va hoanh d6 cha di€m nay.

18*9. Mot day neo tau cd trong lugng riéng
q = 30 kN/m (H 16-9). Tinh ldc cdng nadm ngang cta day thec ba trudng hop :

1. Difm th&p nhédt & bén trai diém B.

Hinh 16-8

A
2. Di€m thip nhét trung v6i didm Be P 7 <1
3. Diém thdp nhdt & bén phai diém B. N8 - 2 §
N . 2
16*10. Mot day dién dat trén hai g6i cdch nhau — _:@ ?
I = 75m. DO dbc cta dudng day i = 30%. Tai — Z
trong tdc dung lén day phén b8 déu q = 16 N/m \ ‘|___ 20m f

(H.16-10).
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Biét di€m thdp nhit cua day cach gdi cao f = 3m,
tinh thanh ph&n nim ngang cia lyc cang day.

16*11. Mot day chuyén tdi diat trén hai géi cach
nhau 20m vé& chiéu cao, nhip 80m, c¢ dién tich mat
ngang 0,8 em? va mii tén f = 4m. Trong lugng riéng
ciia day 8N/m, mdduyn dan héi E = 1,6.10° N/em?.

- Tinh lde cang ngang khi cé tai trong P = 2 kN
Hinh 16-10 dat tai di€ém C cach gdi thdp nh4t 20m theo phuong
: nim ngang.

16*12. Mot day déng cd dién tich mé#t cit ngang 80 mm? dat trén hai g6i ngang
muc nhau, nhip { = 120 m, va miii tén vong f = 6 m.

Tim d¢ tang Ung suit khi nhiét do giam 25° biét trong luong riéng cta day q = 8,62N/m,
h¢ s6 dan vl nhiét « = 167.1077 moduyn dan héi cta day E = 12.10° N/em?.

16*13. Mot day cap nhom c6 dién tich mat cidt ngang 95mm? dat trén hai g6i cung
do cao, nhip 100m, mdi tén 4 m. Tim d6 tAng hay gidm d¥ng sudt trong day khi nhiét
do thay d8i 40° (ting hay gidm). Cho trong 111(_111% riéng ctia day bing 2,6N/m, hé g8
dan né a = 23.10°° moduyn dan héi E = 6,3.10° Njem?.

16*14. M6t day cdp treo trén hai g6i cung d6 cao, nhip I = 30m. Nhiét dé khi treo
day 1a 37° Héi mdi tén vong lic ban ddu bé nhdt 1a bao nhidu, d& khi nhist do xudng

dén 7° thi dng sust trong diy khong vugt qua 30kN/ecm? DAy chi chiu trong luong
ban than. Cho :

E = 2107 N/em?, a = 125.1077, y = 7,8.10" 2 kg/em>.
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Chwong 17

‘DAM TREN NEN DAN HOI

1. Dam dit trygc ti€p trén nén duge goi 1a dam trén nén dan hdi. Do dém
dit trdc ti€p trén nén, nén phan luc ctia nén 12 luc phan bS theo chidu daj ddm, quy
luat phan b6 cia phan luc nén la chua bi&t. Trong phén nay ta chi néu phuong phap
tinh ddm trén nén dan héi theo gia thuyst cia Vincle vé quy luat phan b8 cta phan
lvc 1a : Cudng 46 phan lyc cia nén tai mot di€m tl e véi d6 hin cda nén tai difm
dd". Gia thuyét dwgc bifu thi bing cong thic

P, ky. ‘ 17-1)

trong dd :
P_ - cudng d6 phén lyc cia nén tinh bang Ez ;
m

y - d6 lun cia nén tinh bing mét ;

k - hé s6 - d6 12 mot dac trung co hoc cha nén, véi mbi loai nén, k_
ed tri s6 khac nhau, nén ngudti ta cdn goi k 12 hé s§ nén, gid tri cia “n6

ly
dugc xdc dinh bing thuyc nghiém. Thé nguyén cia k 13 — 2 don

[chiéu daiP
vj thudng dang 13 N/em? . Nfem?

Néu bé rong b cia ddm bé so v6i chiéu dai thi ta c¢6 th€ coi phan lyc cia nén
phan b8 déu theo bé rong. Lic d6 phan lgc cia nén phan b6 theo chiu dai cia ddm
va cd culing do la

p="bp =kby B _ . (17-2)
Dat k = kb ta cé : |
p = ky. : (17-8)

'I‘rong dé p tinh bédng —E, b, y tinh bing mét. Khi chiu rong b = 1 thi k = k.

2. Phuong trinh vi phan cia dudng dan hoi.
Phuong trinh vi phan cia dudng dan héi cia dim trén nén dan héi khi do cing
khéng d8i cd dang

y?"(@) + 4m* y(z) =_.3.E(-ZJ_) o (17-4)
Trong d¢ :

oz - truc cGa ddm ;
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oy - d& vong cia ddm (dd ldin ctha nén)

4 .
m = % la moét diac trung cia dAm trén nén dan héi, né phu thudc vao dd
cing cia ddm (EJ) va tinh dan héi cta nén k. Thi nguyén cia m 1a -

1 | - | L
m = Tchigu dai] ;___he 86 k tinh theo (17-3) (17-5)

q{z) - cudng do tdi trong phdn b8 tdc dung lén dim 13 ham cda toa d¢ z.

Trudng hgp m 12 hing s6, q(z) 12 hAm bac nhdt hoéc hang sf phuong trinh dudng
dan héi cé dang :

y = e™ (C, cosmz + C, sinmz) + e ™ (C; cosmz + C, sinmz) - % . (17-6)

Céc hing s6 tich phan C, C, Cy C4 duge x4c dinh theo chc di6u kién bién cia
mdi bai toan.

Biét do vong y(z), béng cich dao ham li¢én 'ti'ép ta dugec phuong trinh gdc xoay,
mdmen udn va luc cit.

D€ minh hoa viéc xdc dinh cac hang s6 tich phan, ta hiy nghién cdu ba bai
todn sau : . -

3. Dam dai v6 han

Vi du 17-1. _ . _
Xét trudng hop don gidn dAm dai vo : P
han dat trén nén dan héi, chiu mdt luc r . . 2
tap trung P (H. 17-1). e e 2
. _. | _ . 7
Bai gidi. ' _ _ :
Céac diéu kién bién 13 tai z = o, d0 véng N
cia ddm bang khéng. Suy ra C = C, =0 Y
tai z = 0 ; goc xoay cia mat cdt bing khong. Hin 171
. ©, _,=0 : _
va |uc cét 3
P
Q, _, = ) |
' P Pm
ti hai didu kién sau ta suy ra : C, = C, = = —
3 4 8EJm® 2k
Ki higu 7 = e ™ (cosmz + sinmz)
7, = e ™ (cosmz — sinmz)
n, = € ' cosmz
1, = e ™ ginmz

Sau khi tinh toan ta cd phuong trinh d6 vong y, gdc xoay £, moémen uén M va huc
cit Q la :
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P.m P.m?

y= o 1 6 =-—7— 1M
P N 4
M=dgms =3

Chi thich : bién 40 ciia cAc ham trén gidm rdt nhanh khi z ting. Thyc t& khi ddm
hitu han cd khodng céch tir hai ddu mat d&n di€m dat lyec P 16n hon % ta cé thé

xem 13 d&m dai v6 han d& tinh.

o Céc tri &6 7, Tp My s duge ghi & bang (17-1) phu lyc.

4. DAm dai nida vo han

Vi du 17-2.
Xét mdt dim trén nén dan héi chju tdc dung

clia mot Iye PO va mit mdOmen Mo 4 dfu trai,
cdn ddu kia dai vd0 han chon hé truc toa do

Oyz (H. 17-2). | £
_l/a - i L LE
Bai gidi : TP
Céc didu kién bién la :
tai z = o, d6 vong cia ddm bing khoéng, ¢
suyraCl=Cz=0
Hink 17-2
tai 2 = 0 ; ta ¢6 : (M)z=0=Mo; (Q)z=0=—Po'
Ti hai didu kién dd ta cd
P - rnll\él[0 MO
C3 = e C4 = .
2EJm® 2EJm?

Céc phuong trinh dudng dan héi, géc xoay, mémen ubn va lyc cét l1a :

0
|
R

y -1y~ mMypy)

k L8]

9m?

6 = T (" PO n + ZmMoqz)

1
M = — (- P, 7, + mM_7)
Q=-@F, 7+ 2mM 7n,).
Cdac ham 5 & day vé&n c6 ki hiéu nhu & ddm dai v0 han : -
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5. Dam dai hdu han

Vi du 17-3. | kacd Y _g= 10k,
Lap phuong trinh lye c#t, mémen uén, gdc é TIIINTIT
quay va d§ vong cia ddm thing dat trén nén '2(\\)’/,&)’/AV/W/A\\V/N/W/A SN
dan héi. V& bi€u d6 (H. 17 - 3a). Cho hé s6 o7 37 L 27
nén k = 0,21 1 | : " !
m Mk 17 - 3a

Bai gidi.

Theo li thuy&t phuong trinh dudng dan héi, géc xoay, mémen ubn va luc cit & doan
thd n + 1 ¢d dang :

Aq ABa Aq’a
Vo= Yo ¥ (8 + T heen * (k) B
AMa AQa 1
- EJm2 m(E—a) - B JmBDm(z—a) - E[Aqa t Aq a(z—a)]
Aq’al AMa
Bptt = Yar1 = 00 * (80, * 7)Aoy ~ EimProe-s
AQ, Aq, Aq’,
" Bmlmas ~ (87, * 50) Doy i
" AQa
Mm+1 = —BEdy . Mn + AMa.Am(z_a) + o Bm(z_a)
1 1 ,
+ ;(k.‘_\ya +Aq) . C oo ot ;l—s-(mea +Aq).D
{22 ] 1
Qmﬂ = —EJy 4 = Qn + AQa’Am(z—a) + ur-n_(kAyﬁ + Aqa)Bm(z_a)
- ,
+ ;fz(k‘“"a + A4’ )C ) — 4MAMD

Trong dé y , 8, M_, Q_ phuong trinh dudng dan héi, géc xoay, mémen uén, lyc cit
d doan thid n.

Ay,, A8, AM AQa 12 budc nhay cis bi€u dé do véng, géc xocay, mémen
uén, lue cét tai méat cAt z = a, dd 1A di€m déu cha doan thd n + 1 cdch ddu
mit trai cha dim.

Aq,, Aq'a 14 buée nhady cua cudng do tdi trong phdn b6 va dao ham bic nhit cua
ng tai z = a.

A = Chmz.cosmz
jrrA

B = -1— {cosmz.Shmz + sinmz.Chmz)
mz 2

C = l Shmz. sinmz
mz 2 .

D = l (sinmz.Chmz - cosmz.Shmz)
mz 4
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Ciac ham A | D goi 1& cde ham Crulép, tri s cdc ham CrulSp dugc
ghi & bang (l’fm— 2§nzphu luc

Céc dao ham cia cdc ham Crul6p cd tinh chét hodn vi vdng quanh theo so d6 duéi day.
A = -4m]D, D’ = mC
C' = mB. B’ = mA

T phuong trinh cla doan n + 1 b4t ki ta suy ra dugc phuong —4m %
trinh ctia doan thd nh&t ¥y /

Ki hiéu : Yo 0 M, Q, q, q' la tri s6 d6 vong, gdc xoay, 7 8
mémen ufn, ll.;c cét cubng do tal trong phén b8 vA dao ham \ /
bac nh4t cia nd tai dau mut trdi cia ddm ta cd cdc thong s6 > & 1
ban ddu.

Ay, =y, 48, =6 ; AM =M ; 4AQ = Q_; Aq, = q ; Aq’, = q’ thay vio
ta duge :

q’ M Q q,+tq z
O Q o o
R e e R D
q,O MO QO qO q,D
6= (% * %) Am ~ EfmBm ~ BT me tm{y, + )0 =

QD 1

M, = MO.AW+E.B +—(ky +qO)C +—(k9 +qo)D
1

Ql = QG.Am + ;(l-:y(J +qD)B + —(k9 + qD)C - 4mMDsz

Chiéu duong cia do véng, géc xoay, mémen ubn, luc cidt duge quy uéc nhu trong
chuong ufn.

Ap dung giai theo phuodng phap thong s¢ ban dfu theo trinh tu sau :
— chia doan : chia lam ba doan.

- lap bang cdc théng &6 ban d4u & méi doan :

Cée thong s6 & ddu mdi doan ghi & bang duéi :

Doan 1 Boan 2 Doan 3
Ay 0 0 _ 0
Al 0 0 0
Apm Mo( 7) 0 M = 3kNm
AQ Qe M) P = 30kN o
Aq go = q = 10kN/m 0 0

— Viét phuong trinh d6 véng, gdc quay, mémen ufn vad luc cét & cdc doan :
PDoan 1 (0 £ z € 2m)
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I _° G .
Edy, = 4m4Amz + I c mSsz 4’
Q
a ~° _°
BJS, = = D, + By, + —C
M, =--3C_ +MA +—B
m mz O mz m mz
. _
Ql = - mBmz 4mMDsz + QoAmz
Dogn 2 : 2m < z € 5m)
P
EJy2 = Edy, - EDrn(z—Z)
EJg, = EJg, - "*E*C
2 - i m? mz=2)
P
M, =M, - EBm(z—z)
Q =Q - PAm(z—z)

Dogn 3 : (bm <€ z € Tm)

M
EJy, = EJy, + mzcm(z—S)

EJo, = EJo, + —B_ o

=
I

M2 + MAm(z—S)

Q = Q, - 4mMD .
- Xdc dinh cic théng sd ban ddu chua bi&t nhd cdc di6u kién bién & d4u phai.

D€ xdc dinh hai thong s6 chua hist, c6 hai didu kién bién :

Khi x=Tm M, =Q, =0
hay Q
M@z=7=-"2c_+M g _Zp_+MA =0
3(2_7)‘_m2 m T MAn + B T mbsm Ap =0
q =
Q3(2=7) = __n;B?m “4m"MDD7m + QOA!m _PASm - 4mMD2m =0

Thay gid tri cia q, P, M va gid tri bdng s6 clia cdc ham A, B, C, D, ta dugc hai
phudng trinh :
0,2304M_ + 5,917Q = 37341,
-0,4349M  + 0,2304Q_ = 83,144
Giai hé nay duge :
Q = 69,113kN,

0
M -154,66kNm.

Q
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— Viét lai cdc phuong trinh trén khi da bigt day
dt cdc théng s6 ban diu

Th& vio bigu thﬂc &4 cac doan, duge :
Dogn 1:(0 < z £ 2m)
EJy1 1200 A -3505C + 7464 D - 1290,
mz mz 4 ¥
EJtB‘1 =-1080D -~ 736 B + 1567 C
mz mz
Ml = -226,8 sz - 1546 A + 329,2 B .
Q, = 47,62 B__ + 129,8 D + 69,12 A .
Pogn 2 : 2m < z € 5m)

™
EJy, = Edy, - 3239 D_ ), N D g
EJ6, = EJ6, - 6803 C, . &
M, = M, - 1438 B_ .

Q, = Q, - 30 Am(z_z).

Dogn 3 : (bm € z £ Tm)

EJy, = EJy2 + 68,02 Cm(z-S)’
Ejo, = EJ§, + 1429 B

3 2 ' m(z-5)
M, = M, + 34 o
Q; = Q, - 252 Dm(z - 5)
—-. V& cdc d6 thi (H. 17 - 3b)

Dua vao bang giad tri céchﬁmAmz,B , C

mz mz'’

D _, ta tinh duge d6 vong gée quay, mbémen uén va luc cit & nhitng di€m cdch nhau
mot mét moét va v& thanh bi€u d6 nhu trén hinh va.

- 11334
Hink 17.36

Bai tap

' OGN 120AN

17*1. Hai dam chi 1 s6 30 ROAY 120K
(J_ = 7080cm* b = 13,5cm) dat trén nén COAN
adt ¢ chat cd hé s6 nén k, = 100MN/cm®

chiu tdc dung ctia xe Bto. _Tai trong £y ¢ I
(17 - 4). &7 . 1367 ‘ﬁ*

Tinh 46 véng vA moémen uén cua dim
& cdc mat cit dudi truc banh. Ddm coi
nhu dai vo6 han. Hinh 17 - 4

17*2. Véi du dé nhu bai trén, tinh lyc c4t & mat cit B chua dim.
17*3. Ching minh rdng trong trudng hep tai trong phan bé déu tac dung lén dim

dai v6 t&n thi moémen uén tinh theo cong thie M = 4—(1—5 My

Ap dung céng thitc nay tinh moOmen uén cia ddm & di€m gita doan tai trong xe

x{ch phan b6 déu q = 60kN/m, dai 5m. Cho hé s6 m dac trung ctia dAm trén nén dan
h6i bang 1,0.
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17*4, Lap bidu thiic tinh momen ufn ciia dim dai
v6 han khi tai trong tdc dung lén ddm 14 mot ngiu

Iyc tap trung Mo. TN Ao
17*6. Viét ham chuyén vi va ndi luc cia mot ddm S 5
dai nlita v6 han dit trén nén dan héi va ddu mit

dat trén g6i tua cing chiu tdc dung cia momen M
(H. 17 - B). . Minh 17 -5

17*6. Viét phuong trinh d¢ vong cia ddm nia vo
han dat trén nén dan héi, chiu tdc dung cia luc P
dit cdch d&u mit A mét khodng cdch ¢ (H. 17 - 6).°

&P

TRIR, ;\VN/A\)'/N/MNM

FL2AN M= SANT? y:?f/y/’” Hink 17 - 6
3) l éi ] ! !

Lz7 | 37 | 37 | 17*7. Vit cc thong s6 ban dfu
] P= 10N clia cdc ddm dat trén nén dan héi
cho trén hinh 17 - 7. Viét cdc diéu
4) o Y | kidn bién dé xdc dinh cdc thong =8
| - ban ddu chua biét.
' = L= AN M= AN m

¢
DT A~
! Y
)
I 47 7|
| L i
Hinh 17 - 7 Hinh 17 - 8

17*8. Vit bi€u thdc d¢ véng vA mdOmen ubn ¢ diém gitta cia mot ddm cd gbi cing
& hai ddu, dat trén nén dan héi va chiu tadi trong phan bs déu (H. 17 - 8).

17*9, Mot thanh g8 cd mat cidt chit nh&t chiu mdt lde P duge thd néi trén mat
nudc. Tinh ¢ng suit va do vong tai mat cdt cd dat luc, bidt :

P=500N,1= 10m b = 20cm, h = 10cm.
G& cd méduyn dan héi E = 1. 10°N/em? (H. 17 - 9).

’ z g
) l N { ¥ 114 / r
=l =T ——— ey
e e e e e =
— e T FEeA om0 b=47
~ ! *
Hinh 17 - 9 Hink 17 — 10
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W 10, BAI TAP SUC BEN VAT LIEY

17*10 Mot he phao c6 b& rong b = 4m va b& dai | = 8m duqc ghép theo bé dai
bdi cdc dm chit I ¢c6 mémen quan tinh téng cong la 35400cm?. Phao mang mot gia
bia c¢d trong lugng P = 50kN nhu trén hinh 17 - 10.

Tinh d6i trong q cén thi6t d€ gia bda khong bi nghiéng.
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Chuong 18

XOAN - UON THANH THANH MONG MAT CAT HO

- Goi & : bé day cla thanh méng
a : kich thudc mdt canh nao dd
1 : chiéu dai cha thanh.
Thanh goi 1a thanh méng khi : 5— <01; % <01
- Xodn tu do la trudng hgp mat cé.t ngang cla thanh khi xoén cd th€ vénh ty do,

trén mit cAt ngang chi eé dng sudt tiép, khong cd dng suft phdp. Cdac cong thic tinh
ing sudt, va bién dang dugc tinh nhu da biét & chuong xofin thudn tiy.

- XoAn kiém ch& la trudng hgp cdc mit cit ngang canh nhau c¢d dé vénh khic
nhau, lam cho cdc miat cit nay khéng dugc vénh tu do nhu thanh bi ngam hai ddu,
trén thanh cd dat nhiéu nglu luc xodn, mat cidt ngang cha thanh thay déi.

Khi thanh thanh méng hd chiu xodn kiém ché& ngodi dng suft ti€p do xoin thudn
tiy trén mat cit ngang cdn xuit hién ding sudt phip goi 12 dng suit phap xoédn - ubn
va Ung sufit ti€p goi 13 dng sudt ti&p ubn - xodn.

1. Cac dic trung quat cia mit cit ngang thanh thanh moéng hd

I-1. Toa d6 quat (H. 18-1 ; 18-2).
Cuc A la mot difm bat ki trén mat phéﬁg ciia mat cdt ngang.

M - mot di€m trén dudng trung gian goi la diém gbec. Xét modt di€m M, cd toa do
12 x, y nAm trén dudng trung gian ta goi hai 14n dién tich cta hinh quat AMM, 1a toa
dé quat cia di€m M, voi cuc la A, gbc la M ki higu :

= 2dt, AMMI. : (18 - 1)
xem hinh (18 - 1).

Hoac toa d0 quat cta di€m M, duge xic dinh béi tich
phan sau (H., 18 - 2) :

g

5
o = [do (18 - 2)

Hink 18 - 1

. _
hay w = jhds ' (18 - 3)

Thi nguyén cﬁa toa db quat la [chléu dm], don vi
thudng dung 13 m? hay em?.

D4u ciia toa d6 quat duge quy udc nhu sau : A P
Toa d9 gquat duge coi 14 duong khi ta quay ban kinh Jhro 4
vectd AM tit di€ém géc dén AM, theo chiéu thuin kim 2
déng hs, nguge lai la am. Hinh 18 - 2
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- Bi6u d6 toa d0 quat bi€u difn tri 84 clia toa do quat cla timg diSm trén dudng trung gian.
1-2, Cae dge trung quat ' |

- Momen tinh quat 12 biu thitc duge xdc dinh bdi tich phan :
' s, = ‘[wdF th# nguyén [L4] (18-4)

- Mé6men tinh quat dudng :
d = ‘[wde thd nguyén [LS]

wx

J = 1[mdj? thd nguyén [L’] : (18-5)

wy
- Mémen quén tinh quat :
. J = ‘[wzdF tht nguyén [LY] (18-6)

Céc dac trung trén phu thude vio cdch chon cue va géc.

1-3. Cyc chinh va géc chinh.

Né&u Jwy =J =0 thl cuc A tuong dng duge goi 14 cuc chinh néu S, =0 thi gc
twong dng duge goi 1a g6c chinh hay goi 1a diém khéng clia mat cét.

Bi€u d6 toa d¢ quat vé& wng v6i cuc chinh va g6c chinh goi la bifu dé toa do quat
chink. Mdmen quén tinh quat tinh v6i toa d¢ quat chinh gei 12 mdmen quén tinh
quat chinh.

1 - 4. Cuc quagt chink va diém khéng chinh ctic mét s6 hinh ddc biét.

- Hinh ¢6 mét truc ddi xiung : di€m khong chinh, cyc chinh niAm trén truc dé6i
xing dd.

= Hinh cd hai truc d6i xing : Cyc chinh va dim khéng chinh trang véi trong tam
cia mat cAt (giao di€m ciia hai truc d6i xding)

- Hinh ecd tam déi
xng (Vi du mat cét

hinh chit Z) cue chinh = _'f_ ——] [T ]
vd di€m khong chinh | | l
tring v&i trong tam | | l
clia mat cét. | J =4 ——]
- D6i v6i mat cét | | |
hinh sao. (Vi du hinh {1 | |
chit T, thép gde...) : Cyc [ 1] L. ——— [ ]
chinh 1a giao difm cta
cac tia (H.18 - 3) Hinh 18-3 15
- Cuyc chinh la tdm ufn ctia mit cat. lq__"’ —
Vi du 18 - 1 T |y
X4c dinh céc didm khong chinh cha mat cidt hinh chi Z, B
tit d6 tinh moémen qudn tinh quat cia hinh (H. 18 ~ 4a).
Bai gidi
Vi If do d6i xdng, cuc chinh & trong tdm A cta mit L2
cdt. Chon moét di€m b4t ki trén ban bung, ta vé duge
bi€u d6 toa d¢ quat tam thdi (hinh 18-4b, a). Hinh 18—da
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Diém khéng chinh M xédc dinh bing cong thic :

‘[deF 30 M, & @45
M . . V ly
wy, = 00 01 M,
M,” F ,4 ©
Vay 5 15 10010 d
- 1,0. 700
2
M _ _ - - 2 My
“M T T 2.10.1,5+1.20 30cm?. @ b > Sl
2 g ) \7{9
@) cm?) 4
T dé v& dugc bidu d8 toa do quat d8i vai
di€m khéng chinh (hinh 18 - 4b). Mdémen quan Hinh 18-4b
tinh quat chinh :
70.7 2 303 2
J, = 2.1,5.T.§.70 + 2.1,5. 5 '3 .30 + 1.30.20.30 :
Vay : J = 55000cm®.
— N ®
Vi du 18-2. N ANS
X4c dinh tdm ufn va tinh momen quén tinh quat "] 55 —-:-‘-’
cta hinh ghép gém hai thanh chit [ v& mot ban thép N = ”s
hinh chi nhat (H. 18 - 5a). R
1 L N_ 1
L 200
Bai gidi. |
Chon A trén ban thép lam cuc tam thdi, ta v& duge Hink 18-3a
bi6u dé toa d¢ quat w,. Bidu d6 toa d0 y vé trén
hinh 18 ~ 5b. '
Nhan biéu d6, ta duge
162.30,45 162.5,32 133.4,36
J = 2[0,65.—'3-.5,32 + 1,1( 7,11 — .12,09)] = 16032%m°.
wx 2 2 2 _
M6men quan tinh d&i vdi truec x :
J_ = 2 ‘1303 + 2(327 + 7,62°.40,5 = 305%m".
ox 16032
a = j;' = 3057 5,23 cm.
Bifu d6 w vé& ¢ hinh d.
Mémen quin tinh quat chinh : :
: 27,9.9,68 78,5.9,68
J = 2(2.?—3’35—32.3.27,9 +31.——"— 34,2 + 3,1——F—— .70 +
® 2 3 2 2
27,9.523 2 134,1.25,22 2
+ H ¥ - ) ? L=, +
0,65 —3 '3 .27,9 + 0,65 — 5 '3 134,1
134,1.3,66 2 221,9.6,02 2 _ 6
kit hediint Rl fe -z 2 = = 662900 .
+ 1,1 3 531841 + 1,1, 5 .3.221,9) J, =6 cm
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2 -
t, = ., 5 C 552
* -— T
® E* @
w0
s y o\
) 70,45 L o 75 y 7
/33 2219 ® 785
@ V S - 70
k- - 74,2
- . 7 (2794
WF] A, 4
16571 |, 127 /\.\M oz
N o
3 \Qie | A
L om Y sz
4 )
Hink 18 -~ 5b

2. N§i lyc va iing sufit cia thanh chju xoén kitm ché mit cit ho

2-1. Ung sudt phép xodn - uén va Bimomen xodn ~ udn.
Ifl'ng suft phép xodn - ubn ki hisu 6 duge tinh theo cong thdc,

6 = — . w _ (18-7)

Trong dd.
J, — mOmen qudn tinh quat chinh.
@ - toa df quat chinh.
B - Bim6men xodn - uén.

Bimomen xodn - ufn la mot noi lue suy rong cé thd nguyén [lyc]. [chisu dai]®. &
mdi mat cit cia thanh bi xodn un bimodmen co mot gid trj xdc dinh, duge tinh theo
cong thde,

B=-E .J .6° : (18-8)

trong dd o

E =

. (18-9)
1 - u? -
E ~ moéduyn dan héi khi kéo - nén -
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# - hée s8 Paoat — xdng ;

6 - gdc quay cia mat cAt ngang quanh tdm xodn, § duge coi 1a duong khi miat cét
quay thufn chiéu kim déng hé ;

g’ - dao ham hai 14n cia 8 theo z. (oz - truc clia thanh di qua t4m xoén) theo
dinh nghia : '

B = jw.aw . dF ' (18-10)
F

D4u chia bimdémen B duge quy udc nhu sau :

Bimdémen xodn - udn duge coi la duong, khi trén mat c&t cd phdp tuy&n ngoai
duong (phap tuyén hudng theo chifu duong cia truc z). Bi mémen giy ra dng sudt
kéo tai nhitng di€m cd toa do quat duong.

2-2. Ung sudt tidp xobn — ubn va mémen xodn-uoén.

Ung sufit tidp xofn ubn ki hiéu 7 dugc phan b& déu theo bé ddy va dugce tinh béi
cong thic :

M . S:
T, = 33 (18-11)

Trong dd.

J - moémen quén tinh quat chinh ;
é — bé& ddy ctia thanh mdng ;

S¢ = [w.dF - momen tinh quat cia phén dién tich k& tir diém tinh
FeBl  $ng suft tisp dén mép ctia mat cAt (EL.18-6)

. (18-12)
M, = I 7 .5.dw - mOmen x04n uén
F
(18-13)
hodc vigt theo gdc xoay
M, = -El.Jw.G”' {18-14)

&’ - daoc ham ba ldn gdéc xoay theo bi€n 88 z (0z - truc cla
thanh di qua tam xo#n).

D&u ciia M_ dugc quy uéc 1a duong khi nhin vao mat cét

Frs? mémen nay quay thu@n chiéu kim déng hé.
Hink 18-6 Gita mOmen xodn ufn va bimdémen xodn ufn cd sy lien hé
vi phén sau :
dB
— 18-
7 = M, (18-15)

3. Tinh bién dang ciia thanh chju xofn kiém ché

3-1, Xac dinh géc xobn nhd tim nghiém cia phuong trinh vi phén géc xodn.,
Duya vao sy lién hé vi phan giita mOmen xodn téng quit va tai trong cd lién hé :
dM

—I = m(2).

dz (18-16)
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| Trong do :

m(z) : cudng do cia moOmen xodn ngoai lwc phan b trén thanh M, momen xodn

téng quét néi lyc cé gis trj :

=M +M o (18-17)
4] 3]

M __ - mémen xodn thufn tdy cd lien hé v6i gde xodn theo bi€u thdc :

M = GJ & (18-18)

M, - mdémen xodn ufin cd lién hé v6i gée xoén theo cOng thic (18- 14)
M, =-EJ, .o0"

/]
Ta cé phuong trinh vi phAn gde xodn sau :
-E .J, .60V +GJ .6 =mb)

m(z)

J

1w

hay : 6V - K g = -

=

Trong dd E

(18-19)

GJd ' 1
- Xa + ) ) i
k = \’ 535 goi 14 dac trung xodn ubn ctia mit cdt cd thd nguyén. [—chi ae d I

1 ew
don vi thudng dung 1 : L ..(18-20)
m’ cm
Nghiém tdng quat cda (18-19) la :
8 =6 +80, (18-21)
Trong d6 : 6, = C, + C,Z + C,e + Ce™ ‘ (18-22)
hay
6, = D, +DZ+DShkz+Dchkz (18-23)

la nghlém tdng quit cia phuong trinh thuan nhit, Dl D, D, D la cac hing s6
tich phan duge xfc dinh tit cac diéu kién bién va lién tuc cﬁa bm todn.

, - nghiém riéng cia phuong trinh khong thufin nhst.

Vi du. mémen xo0dn phan b8 déu, m = const ta cd nghiém rléng
g _ M 72
ey 2

Gdc xo&n dugc coi 12 duong nhu d& quy ude & muc (2-1).

Cac digéu kign bién :

a) PAu thanh tu do. Mz =0 ;B =0
=0 ;68 =90

b) DAu thanh ngam : 6g.=0 ;8 =290

c) Diu tya trén g6i khép: 6 =0 ;B = 0
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3-2. Xac dinh géc xobn @ bdng phuong phdp théng s6 ban déu.

Xu&t phat tl cic phuong trinh géc xodn, dao ham b4c nhft cda géc xodn moémen
xoén, bimdémen xodn ufn va mémen xodh uén cha doan thi n + 1 tinh theo doan thi
n, suy ra cdc phuong trinh & doan thd nhét tinh theo cdc thong s6 ban déu 8, 6’0,
B, M_la goe x0é4n, dao ham bac nhit cia gdc xodn, bimémen, mémen xoin tip trung
¢ dfiu trai cla thanh (tai z = 0). Ta ¢6 cdc phuong trinh sau d€ tinh todn : Tai doan
thi n + 1. Ta c6 : '

A9 AB
Gml = 9n+AGa+Tashk(z-a) -GJ—a[chk(z—a) - 1]+?}TN: [(z = a) -

X

Am Y —a) —
1 shk (z —a)] + a |(z —a)" chk(z—a)—-1{

k GI_| 2 2 '
| AB | AM,
6y = 6’y + A8 chk(z - 8) - == kshk(z —8) + g7~ [! - chk(z - a)]
Xo X0
Am '
a shk(x ~a);_
* e (-9 )

X0
MOl = MP + GJ A6 ch.k(z—a) — AB_.k.sh.k(z—a) +
. 0] Xa b L0 I a A

' shk(z —a),
+AM [1-chk(z-al+Aam [(z—a) .-—k_.] :
= B - El‘ J A 8 kshk(z — a) + AB ch.k(z - a) +

@ a a
T AM . shk(z—a) Am l:l—ch.k(z—a):‘;
a k a k?.

Mt — MM - GJ_ A & chk(z - a) + AB kshk(z - a) +
[+ [/ X0 a a

B]"H'l

shk(z —a)

+ AMa chk(z - a) + Am_ K ;

(18-24)

Tai doan thd nhét céc phuong trinh la :
&' B M

o o [2] 1
6, = 8, + <= shkz — ==— (chkz — 1) + 57 (z - shkz) +
xo XC
m (g2 chkz-—l]-
GJ |2 e ]
B M m
oo o o : 1 shkz )
¢ = 0 chkz - == kshkz + == (1 — chkz) + & (z = =)
xo X0 X0
e hkz + M _(1' - shkay |
M, = GJ, 6.chkz - B kshkz + M (1'- chkz) + m,(Z ~ 6 =) ;
1 ' , shkz 1 - chkz
B! = -E, J 0’kshkz + B chkz + M -m ——;
) o Lk 1 k2
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ghkz

M! = -GJ_ & chkz + B_ kshkz + M chkz + m (18-25)
w o] 4] ] [+] 1

Trong dd :

AG. = A @ (z - a)

a 7=
AG’ = A@’ (z - a) .
12 buéc nhay cla bi€u d6 géc xodn va dao ham bic nhit cla géc xodn tai ranh gifi
gita doan n va n + 1 (z = a). Bufc nhay A8, Aﬁ’a mang dfu duogng khi budc nhay
eGa no cd chibu thudn chi6u kim déng hé. N€u thanh la mot thanh lién tuc, vi diéu
kién lién tuc cta thanh tai z = a, cdc buSc nhiy ndy luén ludn bang khéng.

AM = AM + AMw,a = GJmAB' (z — a) gma Ele AF(z —a) i—a

a %0,8

vi AB = -EJw A8’ (z — a)
a 1 z

la budc nhay cha mdémen xodn t8ng quét va bimdmen tai mat cit z = a.

- Bube nhdy cia momen xoén téng quit AM, mang dfu duong khi nhin t¥ mdi tén

cia truc z doc theo truc thanh, ta thfy mémen tfp trung M quay ngugc chiéu kim
déng hs. :

- Buéc nhay cia bimémen AB, mang dfu duong khi nhin ti tAm xoin d&n nglu
lyc xa tAm xodn nh&t cta bim6men, ta thiy ngdu lyc quay nguge chidu kim déng hd
(hay vects mémen ciia nglu luc huéng vao tAm xodn).

1
doan tai z = a.

-~ Am_=m_ - m | s 12 gia s6 cia cudng d¢ moémen xodn phén b6 gita hai

Cudng d6 cia moémen xodn phan b m mang dfu dudng khi nhin tir mii tén cia
truc z doc theo truc thanh, thfy momen m quay nguge chiéu kim déng hé.

- m la cudng do ciia mOmen xodn phin bf ¢ doan thd nhidt chiéu duong cla Bo,
M‘_J vi m, cho trén hinh 18-7.

Khi tinh thanh thanh méng biAng phuong
phdp thong s8 ban diu trude tién vist phuong
trinh bién dang va néi luc & doan thd nhdt,
r8i tinh budc nhay & cac doan ti€p theo dé€
viét phuong trinh & dcan thd hai 1dn lugt dén
doan cubi. Nhitng théng s6 ban dfu chua biét g - =
duge xdc dinh bing diéu kién bién & diu mit
phai ctia thanh. 7y

Hinh 18-7

4, Ti;lh thanh thanh moéng mit cit hé chju lyc phic tap

4 -1 Ung sudt phép tai mot diém néo dé trén mdat cdt theo nguyén lf cOng téc
dung duge tinh theo cong thic :

| NI 1 M1 I M1

% ¥ it B
G e g P - 18-26
0, = t-5 % 5 Iyl £ Jy Ix £ 5 .l . ( )

@
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Dau (+) dng v6i Ung sudt kéo, ddu (-) dng vdi ung suit nén

4-2. Ung sudt tiép trén mat cét chia lam hai loai : dng suft ti6p lubng ki hieu T,
ing sudt nay do cdc thanh phdn ndi lyc Qx, Q_  va mdmen xoin udn M _ gay ra, phan
b6 déu trén bé didy cia mit cAt va ¢d hudng song song vdi dudng trung gian, dugc
tinh theo cdc cobng thie.

C L+
I_MX. r_-Q'Y'S".' r_Mw_'S:*
= J .8’ zy  J .8 ° w — J .6
y X w

Loai dng suft ti&p thit hai do mdmen xodn giy ra, ting suit nay phan b6 xem nhu
theo hinh tam gidc. Tri s6 cia nd duge tinh theo cong thdéc & chuong xodn thuéin tdy.

M

X0

T = .0

X0
X

4-3. Ung sudt tiép lon nhdt 6 mép cing chidu voi T, va T
4-4. Didu kién bin.

Vigéc kiém tra bén dugce ti€n hanh tuong tu nhu cdc chuong trén. TruSc hét ta hay
tim di€ém nguy hi€m trén mat cit nguy hi€ém. Vi phan b8 & trang thai dng sudt phing,
nén di€m nguy hi€m 1a di€m cd dng suft tinh todn theo mot thuy&t bén nao dé thich
hgp ¢d tri s6 16n nh&t. Diéu kién bén cd dang :

6,4 = o} (18-27)

5. Phuong phap phéan tich ngoai luc tac dung l1én thanh thanh moing

Khi tinh m¢t thanh thanh mdng chiu tdc dung cia tai trong, ta phai dui tai trong
dé vé truc z, 14 truc di qua tAm xo4n cia mat cit ngang cia thanh. Lic d¢ ta cd thé
gAp céc trutng hogp sau :

5-1. Tai mdt cdt ndo dd ¢b ddt mét luc tdp trung P vubng goéc véi truc thanh va
- cdeh tam xodn khodng cdch e. DU luc P dén tAm xoédn ta duge mét luc ¢ tri s6 bing

P vd mot ngdu lvc cd tri s6 M = Pe. Nhu vay thanh bj u6n do lyc P va bi xodn uén
do ngéu lyc M. '

N&u tai trong ngang la tai trong phin b8 cd cuding d6 la q. Phan tich tuong ty
nhu trén. Nhu vay thanh chju uén do tai trong q va chiu xodn ufn do mémen phan
b8 m =qe.

5-2. Ngbu luc M ddt trong mdt phdng song
song vdi truc z va céch tdm xodn khodng cdch a Tm xadr
e. Tai mat phang chda truc z ta dat hai nglu &
luc M cd chiéu nguge nhau. K&t qua ta duge gl M
mdt nglu lue M va mot bimémen B = Me.
(H.18-8) nhu vay thanh bi uén do M va bi
xodn ufn do B.

5-3. Tqi ddu thanh c6 téc dung moét luc
tdp trung P song song vdi truc thanh, dit tal
diém N ¢6 toa d6 quat khdc khéng. Ddi lyc P
vé di€m khéng chinh MU ta dugec mot luc va

Hinh 18-8
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mét nglu lyc M ndm trong mat phldng song song véi truc Z. Ngiu lvc M nay phan
tich tuong ty nhu trudng hgp (5-2) lam thanh chiu uén do M va x0dn ufn do B.
Tri s6 M = P.M_N.
Tri s6 B = P. wy 5 @y 14 toa do quat chinh cla di€m dat luc P. (H. 18-9)

Né&u P la luc kéo dat trén mat cdt ed phdp tuyén ngodi duong, Bimémen mang diu
duwong khi w > 0, v néu lyc P dat trén mat cit cd phdp tuyén ngodi am, bimbémen
mang déu dvong khi o, < 0.

M, P _AM
A O/MQ P/ ~7 8
/ / N % N A N
; _
Hinh 18-9

6. Trinh tu gidi bai toan trong trudng hgp téng quat

6-1. Xdc dinh cdc dge trung hinh hoc ctta mgt cdt gom cé :
- Vi trl trong tim cia mat cit.

Vi tri hé truc quén tinh chinh trung tam,

Tinh gia tri momen quédn tinh chinh trung tam I Jy.

Tinh gid tri mémen qudn tinh chdng xodn J

- Vi tri tAm xodn (cuc chinh), di€m khong chinh, v& bi€u d6 toa d6 quat chinh,
tinh gid tri momen quédn tinh quat chinh J .

6-2. Phén tich ngoai lyc téc dung lén thanh thanh mdng.
6-3. Chia thanh thanh titng doan theo tdi irong tac dung lén thanh.
6-4. Xdc dink phuong trinh géc xodn 8(z).

Néu dung phuong phdp théng s6 ban d4iu thi :

— Lap bang cdc thong sd ban dédu 8 9’0, MO, BO, m, va budc nhay Af, Aﬂ’a,
AMa, ABa, Am_.

-~ Vigt di€u kién bién cia thanh
- Xac dinh cde théng s6 ban ddu chua biét bang cdc diéu kién bién bén phai.
~ Viét phuong trinh bign dang va noi lue ¢ titng doan.

6-5. Vé cde biéu dd néi Iuc (luc doc N,), mémen udn M, M luc cit Q. Q
bimémen B, mémen xo0in ufn M , momen x0An thuan tiay M

6-6. Chon mdt cdt nguy hiém, hoac ngh; ngo nguy hiém.
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— Xéc dinh trj s6, chidu cia céc néi lue d¢ trén mat cdt nguy hiém.
- V& biéu d6 phan bé ung sudt trén mit cit nguy hi€m do titng noi luc gay ra.

-Ct‘mcﬁ'vénbie’uddph&nbdﬁngsmﬁt,chondiémnguyhiémvatié’nhanhkiémtrabén.
Vi du 18-3.

g
Lap bi€u thdc Bimémen xo&n - ufn, mbmen xo0dn A1 r/ S e |
thuén tiy va mod men xo8n — ufin cia ddm thanh ‘é’l S N T
méng hai ddu ngdm chju luc phan b8 déu dat cach /\e
truc qua tAm ufn mat cdt mot khoang 1a e(H.18-10a) :
Bai gidi. Hirh 18-10a

Dua tai trong v8 mat phing chda truc qua tAm uén cia mit cét, ta dugc hai bién
dang d6ng thoi : bign dang u6n phdng véi tdi trong phan b6 déu q va bi&n dang xodn -
ufn v6i moémen xofn phAn b6 m = ge (H.18-10B).

Vi céc noi lue xodn va xodn - ubn chi phu thufc m nén & day ta khong xét téi
thanh phdn tai trong q.

6_ ddu ngaim (géc toa d6) ta cd 90 = 6'0 = (. Céc phuong trinh cd dang:

B M 2
a o 1 m z chkz — 1
= - gy (chkz - 1) + &= (z—ishkz) e (2 -z )
XO X0 X0
B M
hkz
9 = - 2 Q _ _m _5 ,
Gy~ kshkz + == (1 — chkg) + a7 (z . )
X0 X0 X0
shk
M, = - B kshkz + M_ (1 - chkz) + m (z -
B = B chkz + M_S0KZ _ 1 —chkz 7 7
o o kz -
- Z
M = B kshkz + M_chkz + m SPKZ (
@ [} o] k m=ge
D€ xac dinh B va M_ ta cd cdc diéu ki¢n bién : Hink 18-105

z = |, 6 = 0, 9 = 0.
Thée diéu kién nay vao hai phuong trinh déu, ta duge:

1 1° chkl-1
= B, (chki - 1) + M_ (1 -  shil) +m(E—T) =0
shkl
= B kshkl + M_ (1 - chkl) + m (1 ”T) =0
Giai hai phuong trinh nay, rat ra:
m kl k
@ (Kb ~2hg)
B =
o kl
2sh >
ml
MO = - ?
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Thay vao bi€u thde cia B, Mm ta rit ra :

1
W -
B =5 |-1+—"r"
S ——
2sh 2
IV (z -7
w 2 ° n E
8 2
M= -m L
5 "7
Ishk l
1 shk(3 - z)
nén M =M-M =-m||lz-2|] - ———{,
. X0 . w 2 kl
2s8h -
2

Vi du 18 - 4.

V& bifu d8 bimémen xodn - ubn va bi€u d momen (— f 1
x04n t8ng quat cia thanh AB. D&u A cta thanh ngam vao Z LN 2
tudng nhung mat cit & diy cd thé vénh tu do (H 18-11a). g 4 Z_. ]

Bai gidi. Hinh 18~11a
- Chon truc z nhu trén hinh 18-11b ta viét duge phudng
trinh tinh bimémen va gdc xoén & hai doagn.
Doagn 1 B =0,8 =0
0 o]
s shkz
B, = -EJ, 0", kshha + M_ ==,
9’ m 1
6, = "11:_ shkz + a}— (z -  shkz) .
Doan 2 : B, = -EJ 0’ kshkz + M_ D2 shk(z—'%)
oan 2 : , = “EJ. 0 z 0k+MT’
@ M
1 m 1 1 1
6. = -° © (-1 Ll -1
) m shkz + GJxo(z - shkz) + GJm[z 5 kshk (z 2)]

Ta cé cédc diéu kién bién : _ :
khi z2=1,M,=0vB, =0 b ! {MZ -

Diéu kién th¢ nh4t cho b2

hay M = -M. zﬁk.t/:_’;_‘_
Diéu kién thd hai cho : ' '
o g @ e
-~ GJ_ ¢ shkl ~ M shkl + M sh— = 0, M
X o 2 Hink 18-Hb
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hay

kl
M(l - 2ch —)
, 2
EJ 9 = -
w 0 2 b E
2k“e 2
Thay vao cdc phuong trinh trén ta duge:
B, = Mlz:hk:1 ’
2 kch 5
M | shkz 1
B = —|— - - o
2= "5 g~ 2shk(z -5,
ch —
2
=M = -M,
3| (s} :
M,=M+M=-M+M=0
Bimémen max bing : 1 M Kkl
B (z=-—) =B = -2 th .
1 2 max 2k 2
Vi du 18-5. . il
Tinh dng sudt phdp trén mat cAt ngang cia thanh méng
hinh chit [ s6 14 v& trén hinh 18-12a. Cho P = 20 kN. (5674
Bai gidi. ' P
Cac s6 liéu vé& mat cit chit [ s6 14 (H. 18-12B).
F = 15,7 cm? J_= 489 cm*, W = 69,8 cm’,
Jy = 45,1(:1114, Wy = 10,90m3, zo = 1,6601'!1, Hinh 18-12a
J, = 1780cm®. (xem bai tap s6 20-4).
Noi luc gy nén dng sufit phdp trén mit cat: "7 649
N = P = 20 kN. ®
M = p% = 20.6,6 = 132kNcm. (MK /)
b ¢
My_p(2+:l—"z°) b
=20(§2§+9{45——1,66)=26,8kmn. & Y
Lyc phan b8 tdec dung lén ban canh : Hink 18-12)
q = P 3 = 2005_ = 3,47 kN/cm.
O BRI s

Bimémen trén mit cit :
2,37.15,656 3,40.22,6 :
B = [ quds = qf wds = 347(~ =, + ) = 69 kNem?.
F F

310



Ung sust phdp tai cédc difm cia mit cédt tinh theo cdng thic téng quat:

| M I M1 | Bl
O'=—:t'“_""_x Iyl ot Izt £ — o
F dJ J J '
X y @
Ung suéit & bon goe _
20 132 26,8 69
6A=-15_7+489 7+m 414+"i",'?'§6226-6490kN1'cm
= 64,9MN/m .
20 132 26,8 69
Oy = F,'?+ 489 7 -m 1,66 — 1780 15,656 = 1,670 kN/cm?.

. B
20 132 26,8 69

&, = 15,70 MN/cm?.

%= 157 180 T " 151 %Y 1780
20 132 26,8 69 _
% = " 155 289 7 * a51 Y1¢ ~ Tigo 228 1kN/em?,
6, = 10MN/m?
Nhu vay, max = O = 649 MN/m?,
o - 2
wn = Oc = —20MN/m?,
Bai tap.
ap | 206
18*1. Ching minh ring moémen quidn. tinh quat chinh | i3

cla mat cit chit I c4nh déu cd thé tinh bing céng thic Cz==-=%

J h?
I, = 1; trong dd J 12 mdémen quén tinh ctia ban cnh
déi voi truc y cia toan mat cAt va h la chiéu cao cua
mat cit. -

Tinh momen quén tinh quat cta hinh chit I s6 20.

27

15,65 = - 2 kN/em® = -20MN/m?.

| 3% :
Hudng ddn : Lap bifu thic téng quét cla d, r6i thu - -
gon lai thl duge két qua trén.

75
18%*2. X4c dinh vi tr{ tam un. V& bidu d6 toa do quat Iy

w, tinh mbmen quén tinh quat J_ cia mat cét hlnh chit .

18*3. Cho hlnh chit I thanh méng hai c4nh khéng béng
nhau (H.18 - 14). Ching minh rAng :

: ; 2
_ szh s leJSyh

y g R
y y

o

311



trong dé J, , J, 12 moémen quén tinh cla hinh thanh phén

1 va 3 d6i véi t){'uc v Jy mémen quén tinh cia todn hinh déi 74
vOi tryc y (Truc y 13 truc chinh trung tidm cia todn mit cét). - ?
18*4. X4c dinh tAm u6n va tinh m6men quén tinh quat cta <
hinh chu [ s8 14.
18* 5. Xdc dinh cuc quat chinh, vé bi€u dd toa d6 quat chinh ®
vad tinh mémen qudn tinh quat cia hinh vuéng méng hd
(H. 8 - 15). . 5
18*6. Tinh momen qudn tinh quat ctia hinh tron hé bdn
kink R. y
18*7. Tinh moémen quéan tinh quat ¢ia nam hinh c6 bé day Hink 18-14
nhu nhau va cing chiéu dai dudng trung gian. So sanh (11.18-16).
25 25 N
Fo .
A N
2
~ Q P
g 5 s) ™ ¢ 25 N | 25
- = i b2
&= 1cm T - dz e 4 “ '-\]

Hinh 18-15 Hinkh 18-16

18*8. Tinh mémen qudn tinh quat cGa nhitng mat cit vé & hinh 18-17.

18*9. Lap cong thic tinh dng sufit phdp trén mit cit ngang cla moét thanh tron
moéng hé chiu lye tap trung tdc dung léch tam (H.18-18). :

Thanh cd dudng kinh trung binh R va b8 day § (& << R).

g}

JOOx 5 Nt | — . <4
V- HL LGN A TLTTILL G PSS TTETTITT SIS
fo.o ? 60X 76 g g“ 4=3 |
% / 7 " st
| w0 | e |30 20 | 120 2
[ ] b '
P (e7) Y (o Y
Hinh 18-17 Hinh 18-18
5 -/
ﬁ - &, ] 274
7 ‘
. ory

Hinh 18-19 Hink 18-20
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18*10. C6 thanh phdng mat cdt hinh Z kich thuéc ghi trén hinh 18 - 19 chiu mét
lyc kéo P. Tinh dWng suft trén méat cédt ngang trong trudng h¢p luc P dat tdp trung &
trong tAdm mat cAt. Néu luc P dit ph&n b8 déu trén ban bung thi dWng suit cd thay
ddi gl khong ?

18*11. Mot doan thanh thanh méng dai | = 100mm mat cét cé dang nhu hinh
(18-20). Hai ddu dd lién k&t han ch€ khong cho mét cdt vénh bj xodn mot gdc bing

0,01 rad. Viét bidu gdc xodn va BimOmen. V& bi€u d8 dng suft phdap & mat cit ddu
thanh.

Cho G = 8.10* MN/m?, x = 0,3.

18*12. Mot thanh thanh mdéng hé dai )

bi ngam & ddu ty do cd ngAu lyc M nim M <
trong mat phing vubng gdc véi truc thanh % N - ~
tdac dung. Tinh gdc xodn & ddu tu do. 4 [~z
18*13. M6t congxdn mat cAt hinh chit <
I c4nh khong déu chiu mét ngiu lyc dat & 280 car
ddu phu ¢ hinh 18-21. V& bidu d6 Gng sudt Y= 10A N
phép & ddu ty do va & ngam. g X3
| FOx2
17 7
Hinh 18-21
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Chuwong 19

UNG SUAT TIEP XUC

Ung suéit tigp xuc 12 Wng suft phdt sinh tai mién ti€p xdc gitta hai vat th€ khi tiép
xdc nhau. Mién ti€p xic cd thé la di€m goi 1A ti6p xdc di€m, cd thé la duding hoiic

dién tich nhé goi 12 ti6p xic dudng hoac dién tich. Dac di€m chung 13 \ing sudt cd tri
s6 rdt 16n tai mién ti€p xie, nhung gidm di nhanh xa mién tidp xic.

1. P dich gan, hinh dang dién tich tiép xic, cudng d6 cia ap sust tai
mot diém trong dién tich ti€p xdc

I-1, Tiép xic diém

Hinh dang, dién tlch ti€p xtc la mét hinh enlip, phuong trinh dudng chu vi cia
dién tich ti€p xic 1a

a la dé dich gin tuong d8i gifia hai di€m cung nim trén dudng song song v6i phép
tuyén chung.

A, B la cdc hing s6 phu thudc vdo cdc d6 cong trong cadc mat phap tuyén chinh
cia hai mat va vi trl tuong d6i giita ching.

Luat phan b8 cia cudng d¢ ap sufit q 1A mét ban cdu elipxéit. Véi cudng 46 16n
nhét P, tai tm cla dién tich tiép xuic (H.19 - 1la).

_ _ i‘_ 2__ X 2 . .
P =p, 'd 1 (a) (b) , a, b 1a bdn tryc dai va ngén cta enlip.

1-2. Tiép xic dudng :

Dién tich ti€p xdc 12 moét giai hinh chit nhat, chu vi duge gi6i han bdi hai dudng
thing song song vé4i truc x. Phuong trinh clia cdc dudng d¢ ia

a - By = 0 (19-2)

a — do dich gin tuong d6i gita hai di€m cing ndm trén dudng song song véi phip
tuyén chung.

B - Hiang s& phu thudc vao cdc dé cong chinh.

Lu&t phan b6 caa '
cudng do d4p suft q theo I
phudng ngang cua dién T
tich ti€p xvc la mot nida
hinh enlip (}H.19 - 1b) va

f

doc theo chiéu dai 13 m6t
ban tru eliptic.
Ki hiéu :
va K, Kzz 1a

cdc éo cong chinh cua bé
mat cia mébi vat thé tai Hinh 19-1

gbc toa d¢, tri s6 cidc dé cong dugc coi la duong néu tAm cong tuong udng & bén trong
vat th& thi tri s6

A= b, K K+ Ky V(R Ky T (K, Ry + 2K,y K (K, Koo

Fi 4)
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1 —_
B = 4 ¥ K + (&, + K + "(Ku_Klz)z +(K21_K22)2 +2(K ) KKy Ky )c0s2w
Trong dd : (19-3)

Ox Y, hé truc toa d9 ndm trong vat 1 chon theo cac do cong chinh, Oxzy hé truc
toa dé ndm trong vit 2. Chon theo cdc do cong chinh Oxy hé truc toa do n%m trong
mét phing ti€p xdic chon d€ tinh toin. Khi d6 t6ng quat.

w = wl - wz.
Bang (19-1) cho bi€u thdc tinh dé dich gin « mét s8 trudng hop
w, % gdc gilta X, va X ;

w, — gic gila x, VA X

Z
2 Wy .
' w, 2
Z
Yy 4
Hirh 19-2
Bing 19-1
Hinh thifc ti€p xic Tri 86 cla «
3
Hai kh6i cdu ban kinh Ry, Rz 1iép xic vdi nhau 17y 2 g RitRe
2 2 " RjRz
. 3
Moi kh6i cu ban kinh R tiép xtc vdi mat phing N 2pl e
: 3 27 'R’
Mot khdi chu ban kink Ri 1iép xiic bén trong vdi mot mit 13 9 , Re—Ri ,
cdu khic ban kinh Ra.. 2 3 o°. RiRs .P
—
2P 1 —uf 2Ry
P [—E” (1., ~T+o,407)
Hai hinh try 1iép xic doc theo dudng sinh c6 chiéu dai I, . %1 -
_ u ,
—— {lo——= + 0,407
E; (ln 1 0,40 )J

Trong dd :
P - luc ép gilta cdc vat thé ;
2 _.2 '
1.y N 1 —p;
E E,
E, E, fiy #, 18 moduyn dan héi va h¢ s6 Poatxdng cua vat 1 va 2.

Bang (19-2) cho tri s6 A, B, a, b,  va p, khi hai vat thé€ tiép xdc cing cd moéduyn
dan héi E nhu nhau va c6 tri s6 4 = 0,3.

g =
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2. Pi¢u ki¢n bén

Trudc day ngudi ta cho.rhng di€m nguy hiém nidm trén mat phidng tigp xic Oxy ;
Ox huéng theo b4n truc l6n.

Tai tam elip trang thdi dng suft 1A kh6i : @ng sufit twong duong cé gia tri. Vi du
theo thuy&t bén iing sufi ti€p 16n nhét

(19-4}

ald= |Gz_o- =

o

1 + ﬁ po = ?II . l:)o

Tai cdc diém trén chu vi dién tich ti€p xic la trang thai trugt thudn tiy, di€m
nguy hi€m tai cudi bdn true 16n (x = a ; y = 0) d@ng suét tudng duong cd gid tri.
Vi du theo thuyét bén ng suft ti€p 16n nh4t :

(1 - 2u).28
13

4= 16, +0]| = (arthe — e)q_ = 7, p, (19-5)

trongdd:ﬁ=—b~
: a

e ~ tdm sai cua elip.

h¢ s8 5, n, c6 thé€ tra bang tuy thugc tl s8 %

Khi % > 0,3 thl tri s6 1, > 1, Nghia 1a diém nguy hi€m & cudi ban truc lén ;

A
B < 0,3 thi di€m nguy hi€m 12 tam elip. Diéu kién bén theo cach tinh nay la :

n,p, < (6] (19-6)
hay 1,p, < Lol .
Trong nhitng nam gdn day ngudi ta di chding minh dugc bﬁng H thuyst va thuc

_ nghiém la di€ém nguy hi€m khong phai la céc difm nidm trén mat ti€p xdc ma thy
hinh dédng dién tich ti€p xtc, né nAm ¢ mot dé sfu z nao dd.

Vi du : Dién tich ti€p xic 1a elip ¢6 E- = 0,5 th nd & 40 sau z = 0,319,
va o, =0 - o, = 0,65p,. (19-7)
dién tich ti€p xuc 12 hinh tron thi diém nguy hiém
tai z = 0,48a
va 6, = 6, - 06, = 0,62p (19-8)
dién tich ti€p xtc 1a dudng ; di€m nguy hifm ndm trén tryc z cd
do sau 0,78b va 6, = 0,608p (19-9).

Do dé digu kién bén cd thé viét la :

- Véi dién tich tigp xic la elip. 6, = 0,65 p, = [O] (19-10)
~ Véi dién tich ti€p xuc 12 dudng trom 6, = 062 p, < (6] (19-11)
- Dién tich ti6p xuc dai chit nh4t 5, = 0,608 p_ < [0] (19—12)

[6] - dng suft cho phép khi kéo nén.

Trong ki thu4t cdn st dung bi€u thdc sau dé klém tra bén theo diéu klén ti¢p xic :
p, < 0], . '

[6]. - dng sudt cho phép ti€p xic.

1x
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Vi du 19-1.

Trén hinh 19-3 bi€u dlén mot 8 bi chan vél nhitng
vong bi phdng khéng ranh. Xdc dinh:

1. Lyc nén cho phép Q theo. ch1éu truc.
2. Kich thudc cta dién tich tigp xuc.

3. D¢ dich géiri gitta hai vong bi.

Bi€t rédng : s6 bi i = 20, dudng kinh vién bi
d = lcm, Bi va vong bi duge !am bing thép-crom
chiu duge &p sudt 16n nhét cho phép [p] = 350kN/cm?
va E = 2,1.10 kN/em2.

Chii thich. Vi tai trong Q khéng truyén déu lén méi vien bi, nén lyc tdc dung lén

t{ P = r—
mdi vién bi tinh bing P = i

Hinh 19-3

Bai gzm

bay 1a bai todn t1ép xic gifta hinh cfu v mat phdng. Ap suﬁt 16n nhét tdc dyng
lén dién tich t1e’p xic bing : . :

3

P = 0,38807 P .Ez(-j—)z,
> [4PE
| = 0,3880 7
P la'll_Ic tdc dung ién méi vien bi:
5 Q.
P = - 0,81’

trong dd 0,8 1a he s6 quy dinh trong tinh toan khi xét dem av: phﬁn b6 khOng déu

cia tai trong lén- t.ung vién bi.
Vay : :
. 3 4Q
p. = 0,3880 “ _—
° 0,8id*
3id2

Rit ra:
Q=

Néu thay p, bang gid tri cho phép [p] thi ta s& duge gid tri cho phép cia tai trong Q:
' 3 2
[Q] = 3,42 Ml— = 6,53kN.
(2,1.109
Lyc tdc. dyng lén ting vién bi bing: _
P = 0.8 = 08 20 = 0,408kN.

Kich thuéc cia dxen tich ti€p xdc duge t.inh theo cong thUc sau :

3
. _ P d ’ 0,408
= = 1109 - =
b 1,1 £ 3 1109 1. o 2 0024cm
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D¢ dich ddn giita hai vdong bi va vién bi :

3 3
a = 1,23 (3) 2 _ 193 q ( 0’408)-2.3 = 0,001lem
E/ d 2,110 1
Vay, khi bi bi&n dang, hai vdng bi da xich gin lai : .

2z = 2.0,0011 = 0,0022 cm.

Thi du 19 - 2.

Mot 8 bi try, kich thudc ngoai 120 x 260 X 86mm, chiu lye @ = 4500N. Kich
thudc cha vién bi tru : d0 = 36mm, 1 = 58mm, 86 vién bi, i = 13. Rinh tra ddu
C = 4mm. Dudng kinh 16n nh4t céa vong bi trong D = 154mm.

Xdc dinh kich thudc cia dién tich ti&p xic giita vién bi va vdng bi trong va 4p suft
lén nhdt tde dung lén dién tich do.

Lay E = 2,12.10'N/em? ; » = 0,30 :
Chi thich :@ V1 tai trong Q khong chuyén déu xuéng mébi vién bi, nén vién bi & vi
tri b&t 1oi nhft s6 chiu mot luc la P = 4,6.%

Bai gidi
Lyvc tédc dung lén méi viéﬁ bi. P = 4,6.% = 4,6.%) = 15900N.
Chigu dai tiép xdic : 1 = L - 2C = B8 - 24 = BOmm.
Cutng d6 tai trong phdn bs: q = ? = @ = 3180N/cm,
Nia chiéu rong cia gidi dién tich ti€p xic:

SR (R

. 172
i B

Vay chiéu réng cla gidi dién tich ti€p xte : 2b = 0,45mm.

Ap suft : P 0418\‘ E 1
o ' q RR ?

1 2

%4,

I

1,8+17,7
0,418'\] 3180.2,12.107 ——+%- R= 77
1,8.7,7 g /

89900 N/em?.

Thi du 19 - 3.

X4c dinh cudng d9 cho phép trén don vi dai cia lyc phén bé 7
tdc dung lén dién tich ti€p xdc gita co cdu cam va con lan cia.
cdn ddy. Con lan va cfn ddy bing thép:

N p . _ 2 -
E = 2.10° N/mm® ; [6] = 150000 N/em® (H19-4). Hinh 19-4
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Bai gidi
Day 12 bai todn tifp xdc gita hai hinh tru c6 truc gong song :

p, = 0,418 4 < fol
1
RR 2
Tu day rit ra : [q]l = 1 Lz [[G]u]
E R +R, |0,418] °
2
1 08.1,1 {1500\
T 910 08+11 [0,418] = 30 N/mm.

Thi du 19 - 4,

G6i tua di dong cla mot két cdu gém 2 con lan hinh tru,
dudng kinh d = 100mm, dai 300mm va chiu Iue nén
Q = 1000 kN (H.19-5). -

Xac dinh kich thu6c ciia dign tich ti8p xdc gia con lan va

nén phéng. 1O

Bai gidi | | :
Ta coi cdc con lan chiu 4p lue nhu nhau, vy 4p lyc tdc dung 77

1én mbi con lan bing :

Hink 19-5
_Q 1000
P = 2 = 5 —.500kN.
Cudng d6 tai trong phan b§ : q = ? = —53?09 = 16,7 kN/em.

Day la bai toan ti€p xic giita hinh tru va mat phang, nén dién tich tiép xuc 12 mot
giai chir nh4t dai 300 mm va nia chiéu rong 1a :

’ q , 16,7
b =152y <.R =152y — .5 =0,098 cm.
E 2.1¢*

Chiéu rfng cia giai ti€p xGc : 2b = 2.0,098 = 0,196cm.
Ap sudt I6n nhat -

1 16,7.2.10%
p, = 0,418"’ qE. = = 0,418]} _@’7_521_ = 108 kN/em2

Bai tap

Hinh 19-6

19*1. Xac dinh luc cho phép P cla cd cfu cam téc dung vAo mit phéng clia cén
ddy. B& day cta cam | = 12mm.
Co cdu cam va cdn dfy déu bing thép cd E = 2.10° N/mm?
[6], = 1500 N/mm?
Véi luc P cho phép, tinh kich thude cua dién tich ti&p xic (H.19-6).
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19*2. X4c dinh kich thu6e cta dign tich tigp xdc va dp sufit lén nhdt giita dudng
ray vd bdnh xe héa (H.19-7). Toa xe ¢é 8 bdanh va ¢d trong lugng Q@ = 600kN. Dudng
kinh bsnh xe D = 900 mm va ban kinh nim ray r = 300mm. L&y E = 2.10' N/em?®;
# = 0,30, '

19*3. Trén hinh 19-8 bifu difn mot & bi don. X&c dinh:
1. Kich thuéc cia dién tich ti€p xic gitta vién bi v6i vdng bi.
2. Ap sufit 16n nhdt P, tdc dung lén cdc dién tich ti€p xic.

Hinh 19-7 Hink 19-8

Kich thuéc 6 bi : rong 28mm bédn kinh ngoai 75mm bén kinh trong42,5mm

Ban kinh ngodi nhdé nhét cia vong "Ibi trong : R, = 48,83mm

Ban kinh trong 16n nhét cta vong bi ngoai : R~ = 686Tmm

Bén kinh ranh cia vdng bi trong va ngoli : r = 10,23mm
DPudng kinh vién bi : d, = 19,84mm

S6 vien bi ,, i =10

Luc tac dung lén 8 bi Q = 3400N

Moduyn dan héi E = 21,210° N/ecm?
Hé s8 Poatxdng U = 0,30

Chii thich : Vi tdi trong Q khong chuyén déu xung méi vién bi, nén vién bi & vj

tri bat loi nh&t s& chiu mot lyc 1a P = 5.% |
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19*4. Mot t4m toan bing thép chiu luc Q@ = 7,5kN & .

tam va dugc dit trén ba cot thép cd ddu mit nida hinh I

cAu bén kinh R = 15mm. Ba cot ndy duge bs tri theo | _ |

hinh tam gidc déu, do dé lyc Q phan déu lén cdc cot I ' —,

(H.19-9). . L_J T
Tinh kich thuéc dign tich tigp xic, 4p suft 16n nhit LJ Lr-'

gita tdm va dfu cot va dé dich gén.
Néu t4m bing gang thl cdc dai lugng nay s& thay déi
nhu th& naoc ? Cho biét:
- D6i voi thép : B = 2,1.10°kN/em? ; 4, = 0,28
- D6i v6i gang : E, = 1,2.10* kN/em? ; #y = 0.25.

19*5. Xac dinh tai trong cho phép téc dung lén banh xe cia mét cu truc. Md ray
la phing. Bsnh xe vd ray déu bing thép c6 :

E = 2.10° N/mm?
[6], = 600 N/mmZ.
Sau dd tinh kich thudc cta dién tich tigp xuc (H.19-10).

Hinh 19-9

Hink 19-10
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Chuong 20

TINH ONG DAY

1. 6ng hinh tru

1-1. Ung sudt.

D6i v6i 6ng khong ddy, chju tdc dung cda 4p ldc huéng tAm phan b6 déu & bén
trong p, va & bén ngoai p_ (H.20-1). Ung sust phdp vong (ti€p tuyén) &6, va hudng
tAm o tal di€m b#t ki cia thanh 6ng o khodng cdch r dén tam duge xdc dinh
theo cong thic

b2 2

2 by 2 a
P a(1+r2) pb.b(1+r2)
o = 7 (20 - 1)
b? a?
2 i S 2 =
P . a (1 rz) p, - b (1 rz)
o = 7 10 - 2)
trong dé : a - ban kinh trong ;
b - b&n kinh ngoai cta 6ng. 5

Ung su4t 6, < 0 v6i céc gih trj
bat ki cia p_ va p,. Con 6, c6 thé
16n hon hay bé hon khOng tuy thute
vao tuang quan cla P, va Py

Py | b?

—Néupa:v——z— (;-Fl)
thi 6 > 0. Trong trudng hop nay cdc
bidu d5 6, 6, theo chiéu day thanh
6ng o dang ' nhu trén (H. 20-2).

Py  b?
= — (— i mino, = 0.

2 (a2 + 1) thi ming,

Néu p_

O céc digm nguy hifm tai mat trong &ng 7rEx S
(H. 20-3). Diéu kién bén duge viét nhu sau:

Véi vat lidu gidn, theo thuyét bén Mo :

max6, - amino_ < [o]] . (20-3)
ti d6 suy ra ti s6 :
b ag]l+(1—-a).
a -J [e] ]1:(1(+ a)p) +p23p (20-0
k a b
ol
trong d6 : a = — (20-5)

fo, )
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Ddi v6i vat lidu déo cd [Gk] = [an] = [6]; a = 1. Ti (20-4) ta suy ra :

by (20-6)
[l —2p_+2p,
2pb _
- Né&u P, < thi 6, < 0. Trong trudng hgp d¢ bi€u d6 6, 6, cf dang nhu
a?
1+=
bZ
trén (H. 20-4).
Zpb
Né&u P, = 3 thi maxo, = 0. (20-7)
1+
b?

0 céc di€m nguy hiém tai mat trong 6ng (H 20-5). Diéu kién bén dugc vist
nhu sau :

VGi vat lisu gidn - mmm:}'l < [o’k]. (20-8)
T d6 suy ra ti s6 :
b \I _ﬁ[.d"]_—% o (20-9)
a }

[Gn] + pa - 2pb
Khi ti s8 4p lyc trong pham vi :

N I N N
2 32 + < E; < 2 az +
thl theo chiéu d4y thanh
6ng cé ddu khdc nhau. Do g

dd mudn ki€m tra bén ta | _____
phai tim duge difm nguy
hiém. Do 1a diém cd 0,4
Ion nhat, Néu P, = P, =

= p thi 0, = 61 iy : | ’Uﬂ‘uﬂmaz@
Cha ¥ lé biéu thdc o, N

0, khong phu thuoc vao 81ty d6 &

truang hogp trong 8ng cé

thanh phén 6, hay khéng. it b

Nhung khi viét diéu kién Hink 20—4 Hinh 20-5

bén thi ta phai chd ¥ difm
nguy hi€m lic nay la trang thai Ung sufit khdi. Do d¢6 phai tinh chinh xdc tri s§ o,
6, dé viét diéu kién bén cho ding.

Trudng hdp 6ng chl chiu 4p luc bén trong (p,, = 0) hosc 6ng chi chiu 4p luc bén
ngoai (p, = 0). Khi tinh idng sudt 6, 6, ta vin su dung cbng thdc (20-1) (20-2) véi
cac tri 56 P, hodc p, cho bang khoéng.

2}

Trong cd hai trudng hgp nay khi 6, = 0 ; diém nguy hi€m déu ndm & mép trong
(tdc r = a).

Diéu kién bén déu cé dang (theo thuyé’t bén ing sudt ti€p lén nh4t) :

325



= -0, = 2 (20-10)
%ua = % az_P'bz_azs[G]

p - 4p suft bén trong hoic bén ngoii
1-2. Tinh chuyén vi

Chuyén vi huéng tdm U cia difm bdt ki trén thanh Sng duge xdc dinh theo

cong thie U= g .1 (20-11)
Khi 6, = 0.
1 —u P, 8’ —p, . b 1+pu a2.p> PR R
U = B R .r + E O r a2 (20-12) .
Khiasg = 0
1-u Pa-az'"l’bbz 1+u a2 -b2 P " P
U = B R e .bz_az—_E.crz.r(20—13)

Ta thfly dWng sudt phdp doc truc 6, cd dnh hudng téi chuyén vi U.

Vi du 20-1

Mot 6ng day bing thép, hai dfu bit kin, chju ap sust phan b déu bén trong bing 40MN/m?.
Kiém tra d6 bén cia O6ng theo thuyét bén th& nang bién d6i hinh dang, bist réng

[6] = 160MN/m?. Dudng kinh trong cta 6ng 2a = 150mm. Dudng kinh ngoai cia dng
2b = 200mm.
Bai gidi _
6ng day bj kéo doc truc bdi luc :
P = panaz.
Vay tdng sust phsp doc truc sé 13 :
. _ P _ p;staz ) paa2
z :J:(b2 - az) :rl:(h2 - a2) b2 ~ a?’
40 (00752 40 . 0,005625
- (0,1 — (0,075 ~ 0,01 — 0,005625
- 40 - 0,005625 0" 0%232225 = 51,5 MN/m?*
Tai mép trong cia 6ng day, cic Ung suft phap theo phuong ban kinh va ti6p tuyén s& 1a :
6, = -p, = - 40 MN/m? ,
40 (0,075° N (0,075?2 . (0,1)% 40
LT 0,12 = (0,07572 60,0752 " (0,1 ~ (60,0752

51,5 + 91,5 = 143MN/m? .
Do dd, cdc dng suft chinh ¢ mép trong la :
6, =06, = 143MN/m2,
6, = 6, = 51,5MN/m?,
6= 6, = - 40MN/m2.
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Ung sufit tinh theo thuy&t bén th& nang bién déi hinh dang :
q = \'021 to +ol —060,-606 —60

3"y

o

6, = V143 + 51,5% + (- 40> — 143 . 51,5 — 51,5— 40) — (- 40) . 143
= 159 MN/m? < [6] = 160MN/m?

2. Ong ghép
Céac ki hidu :
a~ ban kinh trong éng trong ;
b- ban kinh ngoai &ng ngoai ;
¢— ban kinh ti€p xdc giita hai 6ng ghép ;
P~ 4p lyc sinh ra do sy ghép ;
A- d6 d6i trude khi l4p ghép bang ban kinh trong 6ng ngoai trit di ban kinh
ngoai &ng trong ;
Ea — #, mbduyn dan héi khi kéo, hé s6 PodtxOng cla vat liéu Ong trong ;
: Eb,—,ub moéduyn dan hdi khi kéo, h¢ 86 Podtxdng cha vit liéu 6ng ngoai.
Bi€u thdc 4p lyc sinh ra do sy ghép dudc tinh theoc céng thic :

p. = ac (20-14)
S T L L e
E, ( JER) f“a) E, (bz & f“b)
Trudng hop ghép hai 6ng ghép cing vat liéu : E =E =E
By = By =¥
Bi€u thic (20 - 14) dua vé dang :
2 _ a2 _ a2
L RN W Gl 1 Uallall v (20-15)

¢ 2 .¢c? b2 — a?

D& tinh #ng sudt trong cdc 6ng sau khi ghép ta xem &ng ngoai chiu &p ldc bén
trong p_ va Ong trong chiu 4p lue bén ngoai Po dé¢ tinh todn theo (20-1) va (20-2).
Né&u sau khi ghép, éng ghép chju ap luc bén trong hoac c4 bén trong va bén ngoai thi
ta xem O6ng ghép di 14 mot 6ng nguyén cd bdn kinh trong la a, ban kinh ngoai 1a b

d€ tinh toan. Ung su4t tdng hgp bing dng sufit do ghép éng ban ddu va Ung suft
chiu 4p luc khi ghép 8ng.

Vi du 20-2

Trén mot truc thép, dudng kinh d = 60mm, cé gdn mot banh da bdng gang, dudng
kinh D = 140mm va day b = 60mm.

Tinh d6 déi khi ghép céing sao cho ché ghép chiu dugc moémen xodn M6 = 2kNm,
bigét riang hé s6 ma sat gilta thép va gang f = 0,1. '

D6i v6i thép : B = 2.10°kN/em® ; 4 = 0,28
D6i voi gang : E, = 1.10°kN/em? ; #y, = 0,25.
Bai gidi.
Day 12 mo6t bai toin ghép cang hai 6ng day bing vat liéu khac nhau, nén dp suft
ti€p xhc gita hai 8ng do ghép cd d6 déi sinh ra dugc tinh theo (20-14).
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d
6' =0‘ = — -
Véi a ;€ 2,b

4p sudt gilta truc vd banh da bing :
: A

a . 1-#, 1 D*+a

E[ Elh +E_S(D2_d2+‘u5)]

Momen xodn do luc ma sit giita truc va banh da :

d
M = f p.adb . 3

p=

c

Thay p_ vao day ta rit ra :

% [1_‘“th 1 ,D? + @2

A = + = + ,
fzdb | E_ E, (Dz & #e)]
ha A 210 1-028 1 142+£:'.’*+025
Y T 01.314.66 2 10" 1.100|142-62 ||
A = 0,00385cm.
Bai tap

20*1. Mot 6ng thép dubng. kinh ngoai bing 5em, thanh day 5mm, chiu 4p suft phan
b6 déu bén trong.

Dya vao thuyé&t bén iing sudt ti€p 16n nhat, tinh gia tri cho phép ldn nhit cua 4ap
sudt bist rang thép cd [6] = 160MN/m>.

20%2. Mot 6ng day bang thép, dudng kinh trong bing 20mm, chiu 4p suft bén trong
p, = 25kN/cm?.

X4c dinh bé& day 6ng theo thuyét bén th& nang bi€n ddi hinh dang, biét rang :
6, = 65kN,"cm2, hé 86 an toan n = 1,3 va 4 = 0,3.

20*3. Mot 6ng day chiu dp sudt bén trong p, va bén ngodi p, = 0,1kN/cm? (véi gia
thi¢t p_ > Py)-

Xdc dinh p_, d¢ bién dang dai cia ban kinh trong va ngoai. 6ng day c¢é ban kinh |

trong bAng 4cm, ban kinh ngoai bing 8Scm. 6ng lam bang vat liéu cd cdc dac trung
cd hoc sau day

- Ung sufit cho phép khi kéo [6], 3kN/em?
- Ung suét cho phép khi nén ol = 12kN/cm?
E = 1,2 . 10°%kN/em? ; u = 0,24.
20*4. Mot 6ng day bing bétdng dit vira khit trong long da (duge coi 1a tuyét d&i
cing). Ong chju 4p suit phan b6 déu p = 0,86MN/m? (H.20-6).

Tinh 4p sufit tiép xdc p’ gida 6ng va dd ; sau dd ki€m tra d6 bén cia 6ng theo
thuyé&t bén Mo,

lI
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~ Biét rang : % = 05 b&tdng c¢d cdc dac trung sau :

E = 2.10°MN/m? ;o= 0,16; [6], = 0,5 M/m? ; ol = 2MN/m?,
20*5. Mot 16i thép tuyét ddi cing dat via kh{t vao bén trong mot dng d&y bang

bétong (H.20-7)

Hink 20-6

Hinh 20-7

Dua vao thuyét bén Mo, xéc dinh cudng do lén nhé&t cia &p suft cd thé tdc dung
trén mat ngoai cha Sng va cudng do cha dp sudt tiép xic giita Sng va 16i.

Cho higt % = 0,6 ; bé téng c6 cdc dic trung sau:

E = 2.10°MN/m? ; 4 = 0,16;
{61, = 0,4MN/m” ; [6] = 2MN/m?.

20*8. Tinh gdée § (coi nhu rét nhd) sao cho khi ddng
ngdp ném hinh nén cut tuyét d6i cdng vao vanh trdn thi
ban kinh ngoai ctia vanh trdon s& tang lén mét lugng u
(Tinh & mit trung gian CD cua vanh) (H.20-8)

Vanh cd méduyn dan héi E va hé s6 podtxdng u.

20*7. Mot 6ng day ban kinh trong a, = 40mm, chju

Ap sudt phan bé déu bén trong p, = 17MN/m? va bén
ngodi p, = 1Mme

Neg /?/_;/a/
oW cmj

7

A 1

Hinh 20-8

A

Xac dinh ban kinh ngoai b clia 6ng vd d6 bién dang dai cia cédc ban kinh.

6ng bing vat lidu c¢d cdc dac trung co hoc nhu sau :

[0], = 30MN/m? ; [6] = 120MN/m’®

E = 12 . 10°N/m? ; x4 = 0,24.

20*8. Ngudi ta ghép céing mot &ng thép cd dudng kinh trong 2a = 20mm va dudng
kinh ngoai 2b = 30mm v6i mét 6ng thép khac cd dudng kinh ngoai 2¢ = 40mm. Ca

dng ghép chiu 4p sufit bén trong p = 26 kacmz.
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Tinh 46 doi A giita bdn kinh trong cia 6ng ngoai va ban kinh ngoai cia 6ng trdng
sao cho dng sufit 6, 6 mép trong cia &ng ghép khi ghép cing giam di 30% 80 véi dng
suft o, & mép trong cia &ng khdng ghép cd cung kich thudc.

Lﬁy méduyn dan héi E cia thép bing 2.10*kN/em?.

20*9. Ngudi ta ghép mdt vanh thép day 15mm vao . '
mot dia tron bing duyra cd dudng kinh D = 600mm
vl d6 doi A = 0,3mm.

Xic dinh ap sué#it ti&p xdc p’ giita vanh va dia khi
ghép, dng suft phdp trong vanh va dia. 4 2= 600 |+

Céac ung suft phdp trong vanh va dia s& thay déi : [ |
la bao nhidu n&u nhidt d6 cia toan bd vanh va dia

Duy ra

T

7= 75

\\\‘

tang lén 55°C (H.20-9) Hink 20~9
Cho biét : _
- D6i vfn6duyra :  E, = 0,710 kNjem? ; 4 ¢ = 0,32 hé s6 dan né& vi nhiét
= 22.10
- D?z \1"%1_ thép : E, = 2.10* kNjem? ; #y = 0,30 he s6 dan nd vi nhiét
a. =

th

20*10. Hai 6ng day lam béng nhiing vat lidu khdc nhau, duge 16ng vado nhau véi do
dsi A

Tinh ap suft ti€p xic gita hai 6ng, bigt ring ban kinh trong cia 6ng trong béng a, bin
kinh ngoai cia 6ng ngodi bing b va bén kinh ghép (ban kinh hépxuc gitta hai &ng) bing c.
Vat liéu cta hai 6ng cd dac trung sau :

| | 107
- Dé&i vdi 6ng trong : E vapu, ——-—I

~ D&i v8i 6ng ngoai E va p. —
20*11. M6t béinh rang duge ché tao bing cdch ghép § . -
cdng mot banh xe bdng gang vo6i mét vanh rang bing \\\ \\\

thép (H.20-10) / 7

Xac dinh gid tri 16n nh4t ctia mOmen xo#n cd thé
truyén dudc vao chi ti&t.

Cho biét : Hé s6 ma sat f 0,10, d6 dé&i

//

A = 0,lmm / _

D6i véi thép : E, = 2.10°kNfem? ; u, = 0,28 / /
1

J o
P4 40

# 100
|

banh rang khi 14p ghép, bi6t rang :
D8i v6i gang [0], = 30MN/m? ; [6] = 120MN/m?
D&i v6i thép [61 = 160MN/m?

20*12. Hai 6ng cung vat lieu dugc 16ng vio nhau véi d6 doi A = 0,12mm. Ong
ghép chiu 4p sudt bén trong phan b8 déu.

Tinh cudng d¢ 16n nh&t cia 4p sufit bén trong theo thuy&t bén dng sudt ticp lén
nh&t. V4t liéu ¢6 Wng suft cho phép :

6] = 160MN/m? ; E = 2.10°MN/m?.

D61 véi gang : E, = 1.10°%kN/em? ; py, = 025 ,
Sau dé ki€m tra d6 bén (theo li thuyé&t thd ba) cla T B .
Hinh 20-10
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Kich thuée cha ong :

- ban kinh trong a = 50mm
- bén kinh ghép ¢ = T0mm
~ ban kinh ngoai b = 100mm.

20*13. Tinh gid tri l6n nhét cia 4p suéit tiép xic khi ghép ciang theo difu kién &ng
ghép c6 d0 bén déu (dng suét tuong duong & mép trong bing dng sudt tuong duong
& chd tiép xic) va gid tri cho phép ciia 4p suft bén trong. '

Khi tinh dung thuyét bén th& nang bién ddi hinh dang. Ung sudt cho phép clia 6ng
[6] = 50kN/cm?.

Kinh thuéc cia 6ng : :
- dudng kinh trong 2a

= B0mm
— dudng kinh chf ghép : 2c = 114mm
- dudng kinh ngoai 2b = 146mm.

20*14. Mot 6ng dong ban kinh trong a = 10cm vA ban kinh ngodi ¢ = 20cm, duge
dat vao trong moét 6ng thép cd ban kinh ngodi b = 40cm (H.20-11).

Tinh Wng sufit phap tai cdc di€ém A, B, C theo ba-tru(’mg hgp sau :
1. Hai 8ng dugc 16ng via khit vao nhau va chju 4p sufit bén trong p = 20kN/em?.

2. Hai 8ng duge ghép vao nhau véi d¢ doi A = 0,2mm va ciung chiu dp suéit bén
trong p = 20kN/cm?.

3. Hai 6ng dugc ghép vao nhau véi d¢¢ d6i A = 0,2 mm nhung khéng chiu dp suﬁt
bén trong ma toan bd bi d6t néng léen At = 100°C.
D6i voi déng : B, = 1.10°kN/em? ; uy = 0,34 a, = 16,5.107°

D6i voi thép : E_ = 2.10*%kN/em® ; u = 0,3; e, = 1251078
P th th th

20*15. Mot thanh thép tron @ 60 da dugc ghép céing vao mét tdm thép rit l6n. DE .
18y thanh thép d6 ra khéi tm, ngudi ta phai ép vao thanh thép moét lye P = 75,3kN.
(H.20-12).

~ B60

.~
] .

Nl

t | P= 75 IOV

O

Hinh 20-11 Hink 20-12

Tinh d6 d6i A khi ghép thanh vao t&m, biét rdng tfm day h = 80mm v& hé sf ma
sat & chd tifp xie 1a f = 0,15.

= 2.10*%kN/em?.
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Chirong 21

TAM VA VO MONG

- V4 méng la mot vat thé lang tru giéi han bsi hai mat cong cdch nhau mét khoAng
goi 1a bé day cla vbé. Mat trung gian 13 mat chia déi-bé day cla vo. Mat dan héi 1a
mat trung gian bi ufn cong dubi tic dung cia ngoai luc.

— Tdm 1a trudng hgp dac biét khi mat trung gian 13 mét mat phing. Tuy theo hinh

ddng hinh hoc cia v6, tdm, b& day cia vé hodc tdm cd thay déi hosc khéng thay déi
ta cd cdc tén goi thich hgp nhu : V4 moéng thosi, hinh try, tron xoay, t&m trdn, t&m
chit nhat. Trong pham vi gido trinh nay ta chl nghién c@u hai l6p bai todn.

- Tém trdn méng cd bé day khong d8i chju tai trong déi xing.
~ V& moéng trdn xoay chiu tai trong d6i xing, tinh theo li thuyét kh6ng mémen.

1. TAm tron méng
Goi W 1a d¢ vong, h 1a bé day cia t&m.

Tdm tron duge goi 12 mdng khi né théa man didu kién % < %
Cac ki higu. 6 - gdc xoay (H.21-1) &) _
W- d9 véng. ' ’ﬁ
: r
ta od lien hé 6 = - %. @1-1) } —=

6, - Ung sudt phap theo hudng kinh

6, - Ung sufit phdp theo ti&p tuyén

Mr - mémen giy ra do o, phan bS trén
mot don vi chidu dai

M, - mémen giy ra do 6, phan bé

trén mot don vi chidu dai
Q - luc cit gy ra do dng suit tidp
T, phin b8 trén moét don vi chidu dai
(H. 21 - 2) '
Céc bi€u thde ¢6 lién quan dén tinh todn.
Xét trong hé toa d§ truc ozrp cac bidu
thic cia dng sudt lién hé voi géc quay 1 :

Ez dg 2]

O'r_ = L - #2 (-(i +u ;) (21-2) 4
Ez 9 d9 —F—
o= (;-i—,ua) (21-3)
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Cée bi€u thic cia mdmen phan b6 lien hé véi dng sudt

de 6 '
= 9% g -4
M D[;‘lr“‘r | (21-4)
_p(? d8 -
M, =D (r +u dr) (21-5)
Eh? . .
Trongdé : D = ——— | goi do cing tru (21-6)
121 ~ p?)

E - moduyn dan h6i khi kéo - nén
# -hé 86 Post - xong

Ung suéit phdp 1on nhét va bé nhfit nAm & mép trén vA mép dudi tom tai z = ig.
6M 6M,
gnax _ comin = _ T (21-7)
r h2 r hz
6M, 6M,
—_ . n _ __ ___° —
=N =T (21-8)
Phuang trinh vi phan d€ x4c dinh gde xoay cdé dang :
e 1 a8 ¢ Q
v, e_6_ _ 21-9
P Troa 2 D (21-9)
d 1 a Q
— = = = = — 91-
hay & lr 3@ 0l 5 (21-10)

Trong do tri s6 luc cit Qr phan b6 dugc xét tit didu kién cAn bing cia phin tdm
cé ban kinh r bé hon bén kinh cia tdm R (r < R). Khi xac dinh duge 0 tu (21-1) ta
xac dinh duge d¢ vong W, tuong ty tir (21-2) (21-8) x4c dinh dudc 6. 6, tt (21-4)
(21-5) x4c dinh duge Mr’ Mt.

Céc hang s6 tich phan khi gidi (21-10) duge xdc dinh td cac didu kign bién hoac
lién tue. : ’

Vi du 21-1. o ! P |
Tinh d9 vong & t4m cda moét t&m trdn chiu tai
trong phan b6 déu trén mét dién tich hinh trdn, -
ban kinh b, déng tdm v6i t&m (H.21-3a) 7 é 4’3 I
P g
1) D4i v6i viing chiu tai trong (0 € r < b) l
_pr " Hinh 21-3a
Qf(l) T2
Vay, phuong trinh cda gde xoay vad dao ham ciia nd :
C - :
2 P .
= + o - ——
R T @)
C
. 3pr*
§ =C -— —2PC (b)
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2) D6i v6i ving khong chju tdi trong (b € r < a) :
- 2
Qr(Z) 2nr = p.b5,
pb? 1

hay % =2 x
Vay : :
c 2
b
62=Cr+72—p—r(2lnr— 1), (c)
C. 2 _
C oo 2 & ’ d
6, = C, 2 "8 (@lnr + 1), : &)
. MO, . . 1
M,, =D (92 +T) =DC, (1 +4 ~DC, (1 = p) . 5 -
_ e A - wpd ©
4 8 '
3) X4c dinh cdc hang s8 tich phén :
— Khi r = 0 thi (61)1-:0 = 0 (do tinh chét d8i xing},
rit ra 02 =0
~Khi r=hbth @) _, =®)_,
(61)r=b = (6;2)r=b' *
3 C. 3 :
L 2 P b -
hay Cphb 16D Cb + - — gp (@nb 1) ()
C 2
3pb? : 2 pb
S S R .t h
C,-Tep=Ci~7z g @b+ LY
- Khir = a, [Mr(2)1r=a = 0
hay ' -
' , 1 (1 + ppb? (1 - wpb*
DCY(L +#) = DC(1 =) . 5 == — lna ———g—— = 0 ®
. pb*
Giai he ba phuong trinh (g), (h), (D), ta duge : C, = - 16D’ (k)
2 2 2
AU APWR M Sty S ®
C, =% ™ ~16p 1+,u(az 2) | |
2 2 _ 32 _
_pb a 1 -4 2a° -b
¢, = 16D (2+41 bt T . 2 ) (m)
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4) D6 vong :
W, = C3_I91dr"03 .[ (Cr_ﬁ) ar,
£ p
= 03 Cl > + 84D (n)
* L rz » py .
W, = C; ---Cl.E---C2 Il:kr-i-ﬁr2 (Inr = 1). (o)
Khi r = 0 thl (wl)r=o = Cg {dd véng ¢ thm cia tém);
Khi r = s, (Wz)rza = 0, hay
, , a2 , 2.2
Cs_Cl'E_Czln‘a+3D (lna — 1) = (P
Khi r = b, (W) _, = (W) _,
hay
b2 pb? : . b pb?

C, Cl'?”'ﬁ:Cs“Cl -—2-+Clnb+—(lnb )I (@
Giai hai phuong trinh (p) va (q), ta duge ?
b2 pb4 a2 « 2
C_CIE_G4D+C E+Czlna— a. 4

- D (lna—l)—C~2——C]nb+ (mb ~ 1) l ’(?m.)

Mang (k), (1), {m) vao day, ta dugc do
véng 4 tdm :

b° 3 +
c, = (wl)r=0=f'6_D[ ko2
LA SRR &
41 + w) b]

Hinh 21-3B

2. V6 méng tron xoay chju tai trong phan bd d6i xing tinh theo 1i thuyét

khdng mémen

Cac ki hiéu
£, — ban kinh cong cia dudng tron vudng géc voi
kinh tuyé&n

P, — bén kinh cong cia kinh tuyén
6, — ung sudt phip theo hudng kinh tuyén

6, — Ung sudt phap vdong - phan bd theo dudng
trdn song song. (H.21-4) va (H.21-5)
~ Tri s8 ang suft phap 6, duge tinh tit diéu kién

cAn bing cia mét phan td xudng phuong cia truc
quay (H.21-6)

it Yogdr

Ma?‘/ﬁﬁm .
W24 7‘4/‘-‘/7
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Hinh 21-5

Hinh 21-6

- Tri 86 Wng suft phdp 6, duge xdc dinh tt phuong trinh Laphaxo cd dang :

% , % _p@
AP, h
h - bé ddy cua vd.

3. Tinh toan d§ bén

Tinh todn d¢ bén duge tién hanh theo phuong phép chung .
- Xdc dinh di€m nguy hi€m, sau dé dya vao mft tt’luyé't bén thich dng d€ ki€ém

tra, didu kién bén 1a :
"m < [o]
Vi dy 21-2.

Mot n6i hoi, than hinh try trdn va nép 1a nia hinh
enlipxdit tron xoay, chiu 4p sufit khong d6i p (H.21-7a)

Xac dinh céc dng suft chinh trong than va ndp cia

néi hoi.
Bii gidi
1) 8 than vé méng :

Theo phuong trinkh Laplaxo : g— =2 =y

Ta rit ra : & =P
v h

Ti phuong trinh can bang d6i v6i mot phén
vé méng ; pataz = O'k2n:ah
Ta rit ra :

5 =P8

(21-11)

21-12)

Hink 2I1-7a

k ~ 2h
2) O nap vé méng (H.21-7b)
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2 .
Phucng trinh ciia kinh tuyén (elip) : x—2 g =1 (a)
T3
b x
Véy (v€ gid tri tuyét-déD) : tgp = 1y = - -
. . a y
Nhung x = p sing (b)
b? X b?
nén Yy=—.—=—pPcos (c)
a? tgp a? frosy
2
Mang (b) va (c) vao (a) ta dude : r — (@
_ . \lasinp+bco (4
32
. [1_+ &)’
Bén kinh p, duge tinh theo cdng thic : ' p, = Yy

trong dd y’ va y” 132 dac ham bac nhat va béac hai céa y theo x. Ta duge :
a’h? ' . ()
(azsinz(p + bzcoszfp)ﬁ

Py =

Gia st tinh ding sufit & difm A :

Ti phuong trinh can bing cta phdn vé ndp cht 3A:
6 _h.2xxsing = prx?;

it ra O'k=2h,—_—-+-=%.f9v,
2
: pa 1
hay : 5 = 2 _ ©
: 2h ﬂazsinztp + bzcosztp
T phuong trinh laplaxo, ta duge :
6, == p — 3 I - P j'i b — (a® - bA)sinp by

Bai tap

2171, V& bidu dd ndi lyc va doé vong trong t&m trbn bi ng&m & chu vi va chju tai
trong phan b6 déu doc theo chu vi dudng tron bin kinb b, déng tAm v6i t4&m. Tinh

d¢ véng & tam (H.21-8).

Bi&t : U = -é-; | E = 1,9.105N/cm?
bé day : §=12m; a = 140cm ; b = 70cm ; q = 200N/cm.

21*2. Mot t&m trdn bi ngdm & chu vi ngodi. O chu vi trong cé gin mét 156i tron
tuyét dé6i cdng  T&m chiu tai trong phan b6 déu doc theo chu vi trong ma hgp lye
bing P (H. 21-9). Tinh d6 vong 16n nhét.
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4 4 | 4
] Wl sl ol Vol . ol ool ool o ' f ? '
b 7 = paar :
b b -~ AT k\k\ . - ; AT LTI I [ ot
iy S ﬁ 4 | - | b
4 , A
. [ 4__ a _; ‘? i
| ' [
Hinh 21-8 Hink 21~9 Hink 21-10

21*3. Tinh dng suft phdp 16n nh4t & chu vi trong cta t4m hinh vanh khidn chiu
tai trong phan b8 déu trén mat (H.21-10).
21*4. Viét phuong trinh mémen uén va d¢ vong cla tdm cd gan déng tdm ¢ phén
gitta va chiu tAi trong ph&n bf déu p trén cd bé mit cia tim (H. 21-11).
.21*5. V& bi€u d6 clia d6 vong va ndi luc trong
t4m tron chiu tdi trong phan b8 bic nhit

| . (H.21-12).
| A « on
7 7 Tinh dng sufit phdp 16n nh4t.
4 i A28 Bist : Bé day cia tdm & = 3cm,
L.i_ Y |--| B4n kinh clia tdim : a = 80cm
L 7 | . Moduyn dan héi E = 2,1.10*kN/em?,

H& s8 podtxOng n o= %, p, = 20N/em?.

Hinh - 21-12
21%*6. Ddy cda moét thung chiu 4p suft
Hink 21-11 p = 2.105N/m? 1a mot t&m tron (H.21-13).

338



Xic dinh bé day cia -tfm ddéy vA d¢ vong 16n nhAt, bi&t ring dng sudt cho phép :
5 o

= 1510'N/m? ; a = 2 = 0.8
gh '

E = 210"N/m? ; 4 = 0,28 ; R = 0,20m

[0,

Bé qua sy ufn cida thanh.

21*7. Tinh chc momen uén & C
va d0 vong & A va B cla t€m trdn
vé trén hinh 21-14.

Bé day cia tfm 5 = 25cm ;

céc 8§ lidu khéc : a = 100cm ;
b = 50cm ; E = 2,1.10'N/fem?; j=——o _ 7

Hink 21-14 ' Hinh 21-13

TN |

i 2
m=§;p=4ON/cm.

21*8. Tinh b& day cén thist cia mét vé néi hoi hinh tru tron dudng kinh D = Im,
chju dp lyc hoi p = 400N!cm2, ing suft cho phép [6] = 90MN/m?. Tinh d6 bén theo
{ thuyét thi tu.

21*9. Mot binh chdéa nudc hinh ndn c6 kich thuéc nhu trén hinh 21-15 chda day
nudc. Tinh cdc Wng sust chinh ctia thanh binh.

21*10. Tinh bién dang 'em va g & diém A trén thanh thing chda chat 1éng hinh
tru tron (H.21-16). '

Trong lugng riéng ciia chat 1dng y = 10kN/m?, thanh bing vat liéu ¢6 E = 2.10*kN/cm?

vapu = 03
H—

i1
| 2/ [ i
1.1
S Emm 1F
EoT e
B e I
| /=
B
a1 —— i
D=5
Hinh 21-15 ' " Hinh 2I-16

21*11. M6t b€ chita nudc gébm mot than hinh tru trdn va day hinh ban cdu nhu
trén hinh 21-17. Bé day thanh binh t = 3mm. Tinh Ung sudt ¢ than binh va & day
binh theo-hai phuong 4n : :

1. Blnh dat trén g8i tua & phia duéi than hinh tru.
2. Binh dugc treo & phia trén th&n hinh tru.
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2 2 z N *
A7 i 77| .
P [ ; | | ! S
=] A==|F - N
198 i —
.} H -4
TITTI7 707 ¥ '
Hink 2017 Hink 21-18
21%12, M6t vdo méng hinh parabslsit tron xoay i
duge tha duéi nuéc & 40 sau H = Tm (H.21-18). Yo Bor
Vé bi€u d6 dng sufit chinh trong thanh vé. : SEERRRERS
Choa = lm ; b = 2m ; b& day cha thanh Q _
d = 3mm. -

=
\<<§

21*13. Xdc dinh bé day cda vd méng chiu &p \<<LJ /,o
suft p cha chdt khi theo thuy&t bén ung sudt \ i tid
tifp 16n nhét, bigt ring dng su&t cho phép cla
vt lidu 12 [6]. Tinh dién tich F caa dai. (H.21-19). Hinh 21-19

21*14. Ki€ém tra 40 bén mot b€ chda hinh clu chju 4p lyc hoi bén trong p = 15at,

Duding kinh trung binh cia b€ D = 1m, b8 day t = 5mm, dng suft cho phép
[6] = 100MN/m?.
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DAP 8O

Chuong 1 - Kéo nén déng tam

1.1.8. Xem hinh dap s6 1-1+ 1-6

3P *g; 150k 2 98ANSem?
—C— = 6P E - 298 4059677
_I Vad j ZEF | 20298
g \ 22 E _
P 7 35 : /501// 197 g o466
b/l ra L"
Y G r42P .MM 1ANfem®
5 1‘2— [ 7] E
' a8mm
| RCa Hgszs7 %z‘”f-’
] i ] 147-—-
Py 2847 £ f Mé‘M’ Mfﬁ/y/mr' 223mm

R
IAN/cmr?

'4)
25005 AN 255 hfer*®

1wt | |
| i A 20410 ¢

X

gt  a—
3
ﬂ 2
- 447 27270 "%m
5)
Hinh Ds. 1-1+6
1.7. 6 = 15,3 kN/em? Al = 0,054cm
- - 2 1, 2
1.8. Ot = 0,064ka_cm : Octp = K'N/em*®.
19. n,, = 157 n., = 1,58,
1.10. n = 5,42 ; hé 86 an toAn nhd nh&t : 3,35



1.11. Pftﬁ.[a])_; | PA2V3.[6)) ; P/2 [6).

1.12. P/l
1.13. 3P/2.[6) ; : Pilo]
1.14. 79a/2 [5] ; T29a/4 [6)
1.16.  5cm?
1.16.  4,9cm? ; ' 8cm?

7 P 7 P
1.17. F1=F2=g-—[g]~; F3=Z'Eﬁ

1.18a. L 90 .90 .9 hay L. 100 . 100 . 8 ; I s8 14

1.18b. thanh 1 : {86 12 ; thanh 2 : 1 25.25 .4 hay L. 32 .32 . 3;
thanh 3 :{ s6 8

5 P
1.19. F = 6l
1.20. d_ 80mm
1.21. P = 89kN
1.22. h = 2,8™m
1.23. P = 130kN
1.24. P = 1,765kN
1.25. 9 kN
1.26. 64kN
1.27. 8940 N/em?

5 - X P -4 s
1.28. N, = T ; N, =% = 0,968.10 *rad ~ 20

x = 3,46cm d6é thi biéu dién bién thién hic doc 1a dudng bac nhit.
1.29. x = 0,3m ;
1.30. V, = 0,144cm
1.31. V, = 0,246cm o :
1.32. 5y=§EF(1+3\f_), 5x=8%,(3-\l§);a ='E,%;a=2%,
1.33. 6 = 1,36mm ; & = 0,63mm ; 6, = 4400N.fcm . 6, = 4700N/cm?
1.34. (2P + V2 . qa) . a!EF ® +V2Z . qaN2 . F; Pl(\l_ F)
1.35. pcoszﬁ sin8 + 2) ; T . tgf ; P/F cosp).
1.36. 6x=%-%;6 2EF(2+F),PN‘F P/F ;
3 Pa 3 P

137. 4, =3 ﬁ ; ay = 3PafEF1 PR g o
1.38. 10 Pa/EF ; 2P/F ; 4PFF .
1.30. & =54mm; & —18mm o, = 9000N/cm?; 6, =18 000N/cm? JHI—IZOOON!sz
140. E. = 2105 N/mm? ; E, = 1105N!mm ; E = 0,7.10° N/mm?

th dma
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1.41.
1.42,
1.43.

E
7

d

= 1.10’N/em?.

= 0,32

Hinh dap s6 1-43

i g w 601057
AN
£r= 1c? l ' _
i L — = 200%m
Lo fN - A"/V '
f PEAN 2% 77z
T4 AL .
| % /y:@: (] ?
‘3(7 4 E_G) E ?ﬁ. Va2
3 T% : 4/('” 4* (‘/},?2
@ - ® ®
Hinh Ps. 1-43
1.44. Xem hinh d4p s&§ hinh 1-44
e )
2 17
0 9EF
Wl
18F
FFrFz
9FF
2
9F
® @
Hinh Ds.1-44
_ _ ) _ 2, - 2
1.485. Nc'um = Nth = 14kN ; O'dura = 4,67kN/cm*; ath. = 14kN/cm
Alth = 0,035cm.
1.48, = 84kN/m
1.47. M = 275kN.m
V2 -1 V2 2 —y2
148. N, = — "PiN, = TP N = =—p
1.49, P = 95kN
Pa
) = 1,12 . ==
1.50 Vv A EF
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1.51. .Nl _ N3 - P . coa30” N, = P
14 208.30°° 2 1 + 2c08.30°
1.52. Xem hinh ddp s6 1-52
B, Jé 2
G d 28~ 38 1%
|2 —— 26 ££
| =0 72 Z 4
2+ — 28 F 28 FF
— g ~
~+—F = = 88 Fs
b7 £p = 27 N —, | 28 EF
 x=Zp H 77 2% F 32 £z 5
i x - 28 £F P
o yrF — .2 £ 0t - 22
= - H 28 F 28 &7 id
*4/’ = — 05— '
VLA S EY ‘,’ﬁ e
Vad % F
Hink Ds.]-52
1.58. N = 0,1875.P ; N, = 0,125.P ; N, = 0,3125P ; N, = 0,375P.
1.54. 120 MN/m?.
1.65. 10MN/m? ; 7,1 MN/m?
1.68. d = 1,69cm
1.57. N_ = 1,12 [P] = 28kN
1.58. 0,074 cm
1.59. Xem H.DS. 1-59
A V.Y
gty 210kN % e
S
1
D
} |V
£ 30AN kN e m?
7 Vem 203 cm
® ® ®
Hinh Ds.1-59
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1.80. Xem H.DS. 1-60

U2 AN
A 724N 77 R
Y
§ - — S S m—
S 1 e |
N | @H. Q@
A :
8 AN
p V7 £ 44,
® 1)
Hink Ps.I-60
1.61. Xem hinh d4p s6 1-61 i
. 2 72 4hN 74, 98 em?
N ; & 8
% ‘ FOAN ——] —
R | ==
§, J 6otw T4t .,;4&%’2
N |
& .
L L »
r % 276 4N 3950
Hinh Ps.1-61
1.62; P = 80kN
— - _ 2
1.63. Oty = Opgy = 6(3)]—- 3,6kN/cm
1 +2 ajo
.84, = - —_—
1.6 (5] 5 3
9l
.85, = =
1.85. [4] 5
1.86. o, = 7930 ; 6, = 2610 N/em?,
1.67. 3000 ; 2000 N/em?.
1.88. 10910 ; 5450 Njem?.
AE _ 2AE
1.69. a sing g S
1.70. 164 ; 154 ; 6, = 164 MN/m?
1.71. 20 ; 40 ; 60 MN/m?.
33/3 -5 E.§
1.72. {al] = 5 o]

72 ~F
% ; 0 o
' % /) -gm

©)

v 6

G G198 77

482774

§a2792

o757

D)

345



1.73.

1.74. 0’(1) = g EaAt (nén) ; 6(2) = g EaAt (nén)
1.75. o6, = - 4,1kN/em® ; 6, = 82 kN/cm?
1.76. N, = -2525.10%; N, = 10,1.1072kN ;
1.77. N, = -1,6.107%; N, = 3,2107%kN ;
1.78. N, = 0,203EF ; N, = - 0,193EF kN
1.79. N, = 0,385 EF ; N, = - 0,285 EF kN
1.80. N, = 332107%; N, = -4,7.10"% kN ;

P.cosza+Q(co a—l) —é-.E . F. . cosa
18l. N, = o/ 1t

m + 2cosa
1 S
m.P - 2Qcosx (co o — E) + 2T E‘ Ft cos’a
N, =
m + Zeosa

Trong dé

Et . Fl a, - Atl

m = Ed'Fd,n..ad’Atd,Q—El‘Fl.al.Att,
'1.82. 6, = 11620 N/em® (kéo) ; 6, = 5100 Njem® (nén)
1.83. N_= 6000N; o = 13,7kN/om® < [6] = 16kN/em® dd bén.
Chuong 2 - Tinh moi ghép

2.1. 7T = 60MN/m® ; 6, = 91MNjfem® ; 6, = 43MN/m’
2.2. n =3 6, = 835MN/m’
2.3. n=4 Og = 182 MN/m?.
2.4, n=5 6, = 184 MN/m®,
2.5. T, = 52MN/m’ ; 6, = 238 MN/m%; 6, = 128 MN/m’
2.8. Phuong 4n a ia hop U ; [P] = 94,2. kN
27. o6 =196 MN/m?; h = 7,7 mm
28. 7 =278 MNm’; o, = 83,5 MN/m®
29. P =212 kN ; A% = 33,8%
2.10. 1 = 100mm
2.11. 1l = 260mm ; l2 = 110mm
2.12. a > 0,25mm ; c2 00MTm; 6 =925 MN/m?
2.13. o, = 494 MNm’; 6, = 2,06 MN/m* ; 7 = 0,79 MN/m’.
2.14. 6, = 2,36 MN/m* ; 7 = 0,354 MN/m®
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3.1,
3.2.
3.3.
3.4.
3.5.
3.8.
3.7.
3.8.
3.9,
T 3.10.

3.31.
3.32.

3.33.

3.34.
3.35.

3.38,

Chucng 3 ~ Trang

thai ing sudt, bién dang, dinh luat Hic

= . = = —1 - — . = = 2
a)al-z, 6, =0, = -1; b)61—4,0‘2—0’3—1kN/cm
6,=0,=0; 6,=237; kNem>* 1 =m =n = INS.
6, = 20 kN/em? ; 6, = 123 kN/em® ; 6, = 216 kN/cm®
6 = -70/9 kN/cm?
a = 14°; Oy = 6 kNfem? ; 7,0 = 3,46 kN/em®
o _ 2, = 2, — 2
6, = 2798 Nfem® ; 7,.0 = 1298 N/em” ; O . = 3278 Nfem
NAB = -4,8 ].;N;2 HAB = - 1,4kN , .
— . _— L4 LI — . — H
6. = 62 kNjem 2 a = 76°%64"; o = 16 kN/cxzn ; a, = 166°4
= . — o . _ . — AL
O = 22,24 kN/em” ; « 1= 30° ; 6 in = 6 kN/em” ; a, = 120
Oy = 24,9 kN/fem? 5 @ = - 19°30° ; 6 = -39,9 kN/em? ; a, = 70°30°
a ou(kN/cm®) Tw (kN/em®)
-1 30° -0,24 5,32
3- 12 30° 2,54 5,46
3-13 150° -4,03 6,33
3- 14 30° 4,33 -25
3-15 135° 6 -2
3-16 30° -6,25 -6,5
3~ 17 bét ki -7 0
3- 18 bat ki 8 o
3-19 150° 1 -1
3-20 135° 2 2
3- 21 150° -2 3,46
o1 (kKNfeo?) ?k;‘;f;zT a1 a2
3-22 4,4 1,6 -25° 65°
3-.23 5 1 45° -45°
3-24 2,82 -2,82 -65° 25°
3-25 0 -3 ~35°45° 54°45
3-26 1,12 -712 52° -38°
3-27 5,7 0,7 -19%3¢0* 70°30°
3-28 7,23 -1,23 -65° 25°
3-29 0,82 -4,82 -65° 25°
3-30 2 -2 45° —-45°
£ = 3,82.107%; g = 5,96.107% ; g, = 7,61.107*
6, = 8 kN/em? ; 6, =0
A = 0,093mm
mn
Av = 99mm°
Aa = 1,510 %m ; Ab = -55,4.10"%m ; A, = 11,2.10 %cm
P, = 300kN. 7 = 33,75kN/cm?.
max
p = -1,8 kN/em? ; Av= -33,3 mm’

Ah =-0,026mm ;
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3.37.

3.38.
3.39.

3.40.
3.41.

4.1.

4.2,

4.3.
4.4,

b.1.
5.2,
4.3.

348

6, = 46,5 kNfem? ; ¢ =
X ¥

34,2 kN/em? ;

-119,8 kN/cm?.

T =160 kNjem®?; 7 =7 _ =0
i 2. 2
6, = 200,5 kNfem” ; o, = 54,2 kN/em~ ; 6, =
P, = -0,36 kN/cm?® ; Av = -60mm?
a) g, = -4,64.1073 ; 9 = -4,64.1073,
b) £, = - 5121073 ; 6 = - 4,12.1073
¢) g, = - 589102, 6 = - 3,74.1073,
6, = - 160 kN/cm?.
N =06,ab = & (P.a — Q.b) véi diéu kien N < 0
g -2y A+ (P Q
ES b a
Chuong 4 - Thuyét bén
N Theo 1i thuyét
Trudng hop
3 4 Mo
a 140 125 132
b X0 855 110
c 145 132,3 181
d 70 67,6 102
d 190 173,4 250
e 230 204 258
" (don vi : MN/m*)
. Theo 1i thuyét
Truong hop
3 4
a 169 147
b 134 131
¢ 434,5 379
d 240 208
d 100 100
(don vi : MN/m<)
p = 10,5 N/mm?
6, = 120MN/m’ ; 6, = 113 MN/m?

Chuong 5 - Déc trung hinh hoc cila miit cdt ngang

= 0,366a ; y, = 0,424h.
=y, = 0,76R. . '
= 1,0a ; y. = da.

C



5.4
5.5.

5.6.

b.17.
5.8,

5.9.

5.10.

5.11.
5.12.
5.13.
5.14.

5.15.

5.18.
5.17.

- 5.18,

5.19.
5.20.
5.21.
5.22.

S0 sdnh :

5.23.
5.24.
5.25.
5.28.
5.217.
5.28.
5.29.
5.30.
5.31.
5.32.

x = 2a; y. = 39a.
. = 2a; y. = 37la
2 .
(# —a — zsinx)a
= 0,5a ; = 3
XC ¥ ] yc T -a
x = 0,5a ; y. = 0,6b.
c = 17,79cm ; y. = 11,88cm
_ 4 _ 13,
Ve = @b T = Tog®
3
J =
x 36
J_ = 10,67cm* ; J, = 5,33cm*
y, = 1,27cm ; J_ = 024 cm*; J, = 1,25cm*
y. = 1,86cm ; J, = 24,28cm* ; J, = 8,61cm?* |
a, = -30°28 ; a, = 59°32" ; Joex = 378 em® 5 J _ =385mm*
2
h = 2 : d = —pt
b ; = 3
J =J =J =J = 270cm?.
u v X ¥ _
J_= 35lem* ; J, = 108cm?
J_ = 1000cm* ; J, = 965 cm*
J_ = 1664 cm* ; J, = 6463 cm?
J, = 18048 cm* ; J, = 11100cm* ; y = 1lem
g = 1640000 em? ; J, = 1416300cm* ; A% = 13,7%
a) 320cm? | b) 213cm? ; ¢) 500cm? ; d) 306cm*
e) 1860cm* ; g 5060cm® ; h) 13380cm® ; i) 5800cm*
a) 1 ; b) 0,665 ; ¢) 1,56 ; d) 0,96
e) 5,8 ; g 15,8 ; h) 41,7 ; i) 18,1
C = 38,18cm
C = 28,26¢m
Ve = 2L7cm ; J_ = 107400cm* ; J, = 117800cm*.
Y. = 10,3cm ; J_= 3920cm* ; J, = 2340cm*
¥, = 104cm ; J_ = 182000cm* ; g, = 28260cm*
J_ = 144440cm* o
x = 787700cm*
J o = 1679em*; J = 257cm*; a, = 857 ; a, = 98°5T
: min 1 2
J_ = 7698m®; J = 3098cm? ; a, = -33°38' ; «, = 56°52'
max min 1 2
J_ = 3864.10%m* ; J = 104.10%m* ; o, = -28°;, & = 61°
max min 1 2
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Chucng 6 - Xo#n thanh thdng thuan tay

61. 7 =390l kNfem?®; ¢ = -0,0119 rad.
6.2. m = 5000Nm/m ; T __ = 2878N/cm?.
Bi6u d6 Mz trén hinh DS.6-3 Bi€u d6 Mz trén hinh DS.6-2
ﬂ'@'ﬂ’" 97oN 2000 $000 N7
7220 e
2688 Feeo
Hinh Ds. 6-3 Hinh Ds. 6-2
— 2. _ 2

6.3. TM(AB) = 2000 N/fecm* ; rmax(BC) = 293_03 Niem=. By

6__ = 21,1/m ; gy = 4,375.107% Rad ; ¢. = 5,9.107Rad.
6.4. T__ = 1655 N/em? ; 6 = 0,394 %m.

max max
6.5. T =-1775 Nfem? ; ¢ = 0,34° = 21’
8.6. G = 2,72.10% N/em? ; ¢ = 6.527
6.7. a) = 24900 Ncm ; b) M = 616000 Ncm
6.8. M;/Mg = 1,7 ; Truc rng gidm duge 29,6%
6.9. ? T =235

max max
6.10. T = 5970 Njem® |
6.11. D = 2lem; d=126em; Q, :Q = 1,42
6.12. d = 545 ; p = 1°39°
6.13. Dd = 5,7cm ; D = 58em ; d = 2,9%m
6.14. D = 15cm ; d = 13,7cm ; Qd Q = 2,68
6.16. d = 45cm; d, = 47cm
6.16. d = 64cm ; d. = 5,3cm ; Dudng kinh gidm 1,21 lan.
8.17. N = 63,56 kW '
6.18. n = 10 dinh
6.19. T __ = 3160 Nfem?.

max
7.20. t = 2,3mm ; 6 = 0,00453 Rad.

7.21. d = 4mm ; buéc dinh ¢ = 0,68cm chon hai hang khoadng cach giita hai
hang = 1,4cm ; budc dinh khéng thay d8i.

6.22. hinh tron, d = 0,6 cm, budc dinh tdn ¢ = 2,2 cm, 86 dinh n = 85 dinh.
6.23. ti s6 d0 bén = 39 ; tl s6 do cing = 507
624. d = 6,3cm

6.25. 7__ = 3460 N/cm’ (trén doan c¢ dudng kinh 16n) (H : DS.6-25)
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6.28. Z
T

= 0,675] (trén doan truc mat cit vudng)

o _
= 6380 N/em? truc khong di bén. LTI , 66675
S anuns!
6.27, D = 20cm A 23340 / )
6.28. 7, = 2600 Nfem” ; 7, = 1180 Njem?. . 9334 75

6.29. Xem hinh ddp s8 6-29

F) ) a5
[ ® ,
45 | @
. /
L5

8.30. 7 = 3060 Njem? ; o
ma
6.31. 7 __ = 7500 Nfcm? ; &
max
8.32. rm& = 10000 N/em? ;
M
633 7 = 0,052" el
M.Q
¢., = 057
AB Gnd4
6.34. 7__ = 4020 N/em? ;
max
6.35. 7 = 4680N/cm? ;
max
o] — .
Ppr = 25

6.36. 1 =23¢cm;

Il

11

Hinh Ds.6-25

4
Q@ 778 9N

@
/!
P ffxr\_ﬁé'

7080 Y
Hinh PDs.6-29
3180 N/cm?
2, o _ ]
370 Nfem® ;o2 = 1,14 .
&, = 1000 N/em?;
M
o, = 838 Mind®>; o, = 0,45 el
. I
2
0, = 1340 Njem® ; 2 = 0,218
T = T420N/cm? ; T = 8830N/cm?.
max, max,,
SOI%L- = 2,13

T = 45 kNjem?
max

6.37. d = 2,4cm chon d = 2,5cm, s6 vong n = 19 vong.

8.38. 7, = 1630 N/cm? ;

6.39. D =3cm ; d = 0,6cm ;

P

T, = 5240 N/em?

n=1"19

- P, P 3
A l. — A — 1 — —
8.40. di—'\’ o i Pi=igiP=giP=gP

0,74 ;/11/12 = 0,88

n =15 ; Jlo = 8,lem
7, = 52200 Njem® hon [ 7] 4,4%

8.41. P = 715N : 7 = 685 MN/m?
6.42, maxrlfmax tz =
6.43. 1__ = 47600 N/em? ;
inax
8.44. T, = 33300 N/em?
i:Pl:I cl
6.45. [P—z] = 1,34 ; E; = 1,17
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Chuong 7 - U6n ngang phing
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g
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Hinh Ps.7-39
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P.1,C
=3¢ (T°

12 °

max

6)° |

E 12
N é
B2 L 5AN 48
F:JA’/V 9’:‘ 2/(’”//?7
|l 113,

7.44.52. Xem cdc hinh d4p s6 tit (7-44) dén (7-52)

Bz _ 49387,
Lo 7
Hinh Ds.7-44 Hinh Ds.7-45

Hinh Ds.7—41
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48852, 55
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757. &) 6, = 28,26 kNicm® ; b) a = 249 em ; 6__ = 4,85 kNjem?
7.58. maxo = 334 N/em? ; ming, = - 556 N/em? ; max‘t’zy = 18,5 N/cm?
(H.DS5.7-58) ' o
o . : - &5s %/772
7 - : ) ' )
% ZN
by
N ZER A
iy 7, 2 ! ) S 185 M
o
T 77zzzed S | N
' N 234 M 157552
A 2 i
_ 44#— 76—t 4 & I e
: Hinh Ds.7-58
2, _ 2
7.69. a) O = 6650 Njcm” ; T oax o =0 = 666.N/ecm )
2. _ _
b) O o = 13660 N/cm“ ; T ax x=0) = 1080 N/em* (H.DS.7-59)
N

358

Hinh Ps.7-59

e

(28854

% . a892'.
) R =
BT SR 79199: Sl
9567, =ivf R[S
L0820 1 L2992t
S & A~ &
Hinh Ds.7~48 Hinh Ds.7-49 Hinh Ps.7-50 Hinkh Ps.7-51
7.53. a)o__ = 18 kNjem? ; b} 6, = 154 kNjem?.
7.54. o6 = 27 MN/m% |
M
40 o
756. z =12; maxo, = % P
. 7.68. dat ddy & phia trén ; h = 6cm ; b = 3,6em

z; -




7.60. I 56 36. O mat cAt o6 momen ubn lén nhat (MM = 110 kNm) ; O o = 148 kN/em?; -

3 diém st ban canh mat cit C ; &, = 9,11 =N
4 om?
7.81.
Hinh Tron Yuong Chil nh4t dilng Chit nhit ndm 1 Vanh khin
. . h = 87m = 10,96cm 88 D = 9,28cm -
Kich thude D = 8,18cm)| 2 = 69cm b = 4,35cm b = 548cm 12 | d = 69%cm
So sanh - '
dien tich 3,18 2,89 2,30 3,64 1 1,79
7.62, Is6 12 ; RA = 17,6 kN, RB'-- 22,5 kN
7.63. 2 1 s6 30a.
764. d, = 3Bmm; d, = 26mm; 7__ = 3500 Njem”.
765. d = 95mm ; dl=85mm; d2=50mm; d3=90mm;d4=45mm
7.66. a = lcm, h = 24cm :
7.87. 1= 7,92m '
7.68. a)a = 2,06ecm ; b) a = 3,1em
7.69. E =071 ; d = 22,7m
7.70. a = 6bcm h = 3em
7.71. a = 30cm ; t = 6,2cm
7.72. xem hinh vé ddp &8 (7-72) chon mat cét { s6 27.
' Y/ 30
| T
LI —
| 325 1977
@ 00
' e
UL
@ 5 (k)
' Bagy MY /_2
65~ @ |66 g 6kl o |65 44 "
\ 2N S 1z
® . 72 7 ® F
1934|2 18.4 %4
//@\ © (%6  \ly, PR l@
66" = 143/; 4% 547 ) o |
G~ 2 564 :
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7.73. b = Gem ; h = 12cm

Thay gid trj tung d9 y bdng + h + 3h + % + % ta dugc k&t qua trinh bay & bang

2 8
u;: (7~ 1793)

T
a [+ 4 T :::’ oy o3 2a
Diém y (cm) (kacmz) (kN fcmﬁ (kN!cmz) (kN j,cmz) (kN Jfcmz) tg oy ay
1 + 6,0 10,0 0,00 *+ 5,00 + 10,0 0 0,0 0° 90°0°
2 4+ 4.5 7.5 0,4375 + 7,525 + 7,528 - 0,025 - 0,117 | - 3°20"] R&°40’ .
3 + 30 5,0 0,75 + 511 + 5,11 - Q11 | - 0300 | - 8°21'{ 81%9
4 + 15 2.5 0,9375 + 2,812 + 2812 - 0312 - 0,750 | - 18°26’] 71934
5 + 0,0 0 1,00 * 1,00 + 1,00 - 1,00 o - 45°0 | 45%
6 - 15 - 2,5 0,9375 + 2,812 + 0312 - 2,812 0,750 | — 71°34'| 18°2¢
7 - 30 - 50 0,75 + §,11 + 0,11 - 511 0,300 | - B1°39'| g%1°
8 - 45 ~ 15 0,4375 t 7,525 + 0,025 ~ 7,525 0,117 | - 86°30'| 3%20
9 - 6,0 - 10,0 0,00 = 5,00 0,00 - 10,5 0,0 - 90° o°
ap - . e i
774, a) b = — -Z (0 <z < ) ; bé rong d ddu dém.
Z 2 2
k* . (6]
3P h [6]
b = bé rOng kéo dai médt doan — —
o [] g 2 4 [f}
ar
b) hz= b[l Z(OéZs—) bé cao "3 ddu ddm.
3p N [
h = —— : bé cao kéo dai médt doan u
o bl 16.b. [z]?
bh2 Pl
trong dé b, h la kich thudc mat cat gita dfm tinh theo quan hé¢ — = ]
775. 6 = 59kN/em? '
max
h 2 a 4 h 1 a 1
7.78. —_ == = = = —_— = -t - = =
a)ho 3°1°8' Py “2/1732

747. P = 16,1. kN
7.78. P, = 1470N ; P, = 5880N
7.79. [P] = 530N

7.80. [q] = 346 . kNfem, T__ = 6,85 kN/em®
7.81. [q] = 2,42 kN/cm.

7.82. o __ = 759 N/em®’ ; T = 14176N ; 6, = 394 N/em? ; T, = 147 N/em? ;
T, = 59 N/em? _

7.83. a € 10,2cm. Ly a = 10cm ; G, = 156,56 MN/m? ; di bén.

784. ¢, = 42107 ; Ar = -5%.

7.85. y, = 0 (18,42 + 0,417 Z° (0 < Z < 2m)

X
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7.88.

7.87.

7.88.

7.89.

7.90.

7.91.

7.92.

7.93.

7.94.

7.95.

7.96.

7.97.

7.98.

7.99.

Yg

<

Dudng cong phai uln trudc clia thanh 1a 1 ham bac 4. B9 vong ¢ dédu

1
EJ

4
thanh f = -3

8. =

max

~ 96 . EJ
" X

S8EdJ
x

4Ma .
5EJx ! B

7 pP
L

R =

61

5760 °

__G.Ma
= SEJ ’

X
_Mo‘a.l_E
T EJ ( 2)

X
4
- 5 @
24 " EJ
X
-—p.lz
16EJ
X
qa4-e _qas
8EJ ' AT 6ERJ
X X
=2Pa2
max EJ
max
_ 14 pa?
*“max = 3 EJ
max

(40 - 58,4.Z + 10Z> - 0,417 Z>. 2m < Z < 8m)

_ g9
A max 30EJx

_ ﬁ Ma? '
T 25 EJ
x
qa’
3EJ

(J_ - momen quén tinh mat cdt ngang)

361



7.100,

7.101.

7.102.

7.103.

7.104,

7.105.

7.108.

7107,

7.108,
7.109.

7.110.

7.111,
7.112,
7.113.
7.114.
7.118.

7.116.
7.117.

7.118,

7.119,

362

C = 2592 N/em.

f _205 P4l P
max 108 *max ~ 18 © EJ
max max
PR ) S S U SO
max ~ 576 ' “max ~ 24 EJ
max max

26 M_ - a’ 5 Ma
f = ° .8 —_— - 0
max 72 EJ * “max 6 EJ

X max
( _9% Pl 14 P
max 81 EKEJ ' max 9 EJ

Max max

33,4 9—ﬂRad
C_:E}J(m)’ C_EJ( )

_x X
f—H.Pas 8 _E‘Paz
c 6 EJ__'D 2 EJ

max m§x

Pa® 9 Pa’
f=10g57—36,=3 1

max max
_4 P2 o _ 1 Pa
83 EJ ''D 3K
max max

¢ o1, P _2 Pa
c = EJ ' D 3 EJ

max . max

8 g’ . _ 187 g
A~ 45 EJ ’'B 120, EJ
. 3qa4 .qa3
Xem hinh dap s§ 7-110
P < 18 kN
[ s6 18a
b = l4cm ; h = 24cem
yb=2,20m
_yhs.a
" 30EJ

X

D = 2,62m
2 2
o ~12. _24. 9"
max(1) b3’max(2) b3

7 z
294
gz
@ 0T x
Hink Ps.7~-110
Y
RN
]
o
T Ny
R
C_ 1T
@/ﬁa’ra@’)
w\
g W
NEELY NN
T I ° 3
= =
@ o \
o,
“\
Q
o
x
\S

Hirh Ds.7-111



7.120.

7.121.
7.122.

7.123,
7.124a.

7.124b.

7.125.

7.126.

7.127.

7.128.
7.129,

7.130.

7.131.
7.132.
7.133.
7.134.
7.135.

7.136,

7.137.

7.138,

]

2 .
S L S - LI S S
Y@ = BET, z 8EJ. Z+ 24E_ z
_ 2. _ 2. ¢
cmax(t) = 1570N/c12n ; anmx(d) = 784N/em“ ; f = 0,7 cm
& = 254MN/m>
g 3m qg? m gl 3m g? m
V, = = - .M = -=—. = 2 4 — = S 4 —
ATy T M= T e =t M =5 vy
2EJ_ 4EJ,
M, = — 65 My =6 (
6EJ
MA = MB = 1—2 A
L4y gdc truc z tai B.
g _1gqg , I L
Q=10"21 F i M=32z"g *
s :
9 = 120EF " %ET % T 34ET °
X X X
4 1 9
y = 9 __ 9 7 2
120EJ 60EJ, 1205EJ_
7200 N
53
12 428
470 N
1720 N
12M
5a
2.56kN ; 3,2kN
o, = 109MN/m?.
N = 64AEJ/3a”.
- 7,5MN/m? ; 15MN/m*
2885N/em? ; 433N/cm?
1,5.P .1.h 1,5Ph, 1,5. Pl . h,

= ;o’: ;o’= .
1 E',Jxl+1,5Jx2+Jx3 2 3Jx1+1’5sz+Jx3 303 +t1580,+d

Néu h, = h, = h, thl 6, =0, =0,
Mxoﬁnl = Cxl : P;Cule + CuZ (@ +e) 3 Mxoénz = Cx?. ' P’(Culi + Cuz (a + e)
Ql Q1
Mm,jn1 =5 M .= o Trong dd : Cx = d cdng xoédn ;
C +C
x1 x2
e= " . Cu = dd cdng udn ;

ul”’
P = 5120N ; 6 = 24600N/cm?.
max ]
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8.1.

8.2,
8.3.

8.4.

8.5.

8.8.
8.7.
8.8,

8.9.
8.10.
8.11.
8.12.
. 8.13.
8.14.

8.15.

8.16.

- 8.17.

8.18.
8.19.
8.20.
8.21.

8.22,

8.23.
8.24.
8.25.
8.26.

364

Chuong 8 — Thanh chju luc phic tap

udn phdng : a, b, ¢, e, i, 1

ufn xién d, g, h, k, m.

6 =0;6_ = ~400 N/cm?
max min

a=1bcm ;b = o« _

6 = 650 Njem? ; 6 . = -2860 N/em?
max min :
a=®,;b=12506cm _

5 =.1760 Nfem? ; 6 . = —1440 N/em?

. max min

a = 0,63em ; b = —0,83cm

6 = 930 N/em? ; 6 . = -1130 N/em?.
max mn

a =-1,44cm ; b = ~4,67cm

dudng chéo thi hai cha mit céit
6 = 134 Njem?* ; 8 = 58°;
max
f =131 cm
6 = 950 N/em? ; § = 118°22 ;
max .
f = 4,72cm '
= 4 2 -
6 . = 474 kNjem 2< [o}, (H.DS.8-5)
6 . = -2,23 kN/em® < [6]_
6 = -20 kN/m? ; 6 = -140 kN/m?
max min
6 = 832 Nfem? ; 6 . = -856 N/cm?
max min Hink Ps.8-5
Phuong én 1 : a = 3,93 m ;
Phucng 8n 2 : a = 3,52m
_ 2, - — 2
6 nc = 2904 Nfem? ; 6 . = -2929 N/em
6_ = 4660 N/em? ; 6. = -5355 N/cm?
max min
chit [ s6 24a
& = 12850 Njem? ; 6 = -13550 N/em®? ; & = 1,44 cm ; b = 0,29cm

xem (H.DS.8-13).

=0;6_. = -1167 ; 6 = 875 N/cm?
mn

[}
max
d = 122mm
o, = 64,5 N/em? ; 6, = -9,5 N/cm?.
trudng hop 1 6 = -37,3 N/em?® ; o
trudng hop 2 6 = -40,3 N/em? Hink Ps.8-13
P, 5 |
Opiron = 24 . B OB enit nhat = 2. Bd dng sudt ¢ hinh tron 16n hon 20%.
6 = 58Njem? ; ¢ . = -92 kN/cm?
max min .
a=3Mm;o = -161 kN/em’
6 = 0,635P Njcm? ; 26 lan
6 = 1295 Njem? ; 6 . = -1439 N/cm?
max min



827. 0 < a < % Khoét ranh hai bén t6t hon ; o = % nhu nhau
8.28. Trong tAm trén dudng chéo DA va c4ch D lem
Toa dd dinh 6 (H.DS.8-28)
x 8 & Dinh x(cm) y(em)
\ 1 -1,5 -0,72
I 1,5 -0,72
7 D
_ £ 2 -1,07 0,52
_ < 7 2 1,07 0,59
3 2z : 0 0,9
A
\ F
Y Hiah Ds-8-28
8.29. dudng trung hda trung véi BD
8.30. Xem hinh DS.8-30, 31, 32,
Dinh x(cm) y{cm) binh x{cm) y(cm)
1 0 0,345 1 0 0,683a
2 -0,54 0 2 -0,722a 0
3 -0,44 -0,148 3 0 -0,310a
4 0 -0,186
Dinh X {cm) ¥ (cm)
1 0 0,13a
2 -0,75a 0
3 0 -1,02a
4 \y I8
7
7
7 £
2 £ — -
S Z: = Nz 1
N,
f 92m 3 285
%
Hink Ds.8~30 Hink Ds. 3-31 Hink Ds. 8-32 -
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8.33.
8.34.
8.35.
8.38.
8.37.

8.38.
8.39.
8.40.
8.41.
8.42.
8.43.
8.44.

8.45.
8.46.
8.47.
8.48.
8.49.
8.50.

© 8.51.
8.52.

8.53.
8.54.
8.55.

366

W

2,46 . {Pa/o]

50mm

38mm ; b = 22mm

= 54,0mm ; d.2 = 64mm
= T0mm

= 1,84 {Paial.

= 24,2 mm

=PI ~ VRN - PR~
U

= S0mm
< [6]d°/51a.
< 0,082 . [6] b/a®

= 5cm

3,7 Paiio]
3,35 VPa/[s]

= 40mm

W

= 60mm

= 856mm.

= 22mm ; d, = 36mm ; b = 22mm
= 3 V2P/lo]

d

d

d

d

P

q

d

b = §4mm ; a = 16,8mm
. _

b

a

d

d

d

a .
6 = 8270 Nfem? ; — -2230 N/em? ; ¢ = 17550 N/em?

max]]I

= -350 Nfcm?

[+]
a
d = 2em
6 = 9450 N/em? < [6] = 16000 N/cm® (bén)

Chudng 9 - Thanh cong phing

2Fr

Hink Ds. 9-1 Hink Ds. 9=2



15977
(4320 Nem)

87

20

Hinh Ds.9-3

q257R

q115gx

8.7.

9.8,
9.9,

9.10.
9.11.

9.12.

2 2 22 2 =z

-

=)
8

g
=

:

:

5

li

2r ;

= PY2 ;

Il

qay2 ;
qa/2 ;

I

20

@ (kNm)

QY27

1 . yﬁ
' 2
Hinh Ps.9-6
2P ; M _3
H max E Pa
3P ; = 3Pa
max
Py2 ; 'Mmax' = 2Pa )
qay2 ; M = 2,4214qa
qa/2 ; Mmax = qa“/3
‘3
-P; M = 2Pa
2 max

- 367



9 2

913. N .=2qa; Q  =238ga; M__ = 5 9@
9.14. N_=2q; Q _=qa; M__ = 2%
9.15. r, = 17,94cm ; 6, = 0,87 kN/em?; 6, = 0,94 kN/em?
]
9.16. — = 1,483
min *
9.17. o6 = 7,5kN/em? ; 6 . = -86 kN/em?.
max fin )
718. o =06, = 9390 Njem® ; 6 . = 6, = -4870 N/em?
min B
7.19. 6 = 7,12 kN/em? ; Opinz = ~5:19 kN/cm?
9.21. h = 4cm ; b = 3em
922, P = 20 kN '
9.23. P = 12 kN
Chuong 10 - On dinh
10.1. P, = 5916 kN; o, = 16,43 MN/m’
10.2. P, = 170 kN ; o, = 79 MN/m® .
10.3. P, = 1205 kN ; 6, = 108 MN/m®

th h

10.4.  dién tich tang yn ldn ; canh tang yn l4n.
10.5. lb=1,421;l=21;l=0,5l
a [ a d a
10.8. a) Hinh vudng chiu lyc nén 16n hon hinh tron (4,5%)

b) Hinh trdn r8ng chiu lyc nén 16n hon hinh tron dac (352,5%)
10.7. 59,7°

2
108 P, =22
M (X0
2 2

10.8. a) P, = F ; b) P = “”*?“‘_“'

42 . EJ
10.10. P = m

18,7 . EJ
10.11. P, = 2

m B
10.12. P, = e
10.13. Phuong trinh xdc dinh lyc téi han tgaa = ———-atg'az '_tiib

368



10.14.
10.15.

 10.18.
10.17.
10.18.
10.189.
10.20.
10.21.
10.22.
10.23.
10.24.
10.25.
10.26.
10.27.
10.28.
10.29.
10.30.
10.31.
10.32.
10.33.

10.34.

10.35.
10.386.
10.37.
10.38.

10.39.
10.40,
10.41.

10.42,

10.43.

10.44,

Pth

Trong d6 o’ = — ;
ong a B

vi dy khi a = b =

B | e

_ #%EJ
(0,431)%
P = 100kN < [P] (= 113 kN)
a) [P1 = 121,5 kN
b) [P = 257,5 kN (2,1 lan)
k, = 4,35
[6]od = 1,54 MN/m® ; 6, = 1,2 MN/m?
6 = 43,64 MN/m® < [6] , = 104 MN/m?
a) [P1 = 468 kN ; b) [P] = 323 kN
[q] = 4,1 kN/m.
l = 4,6m
= 12,61m
= 91.103.N
= 546kN
1776 kN
180 . 110 . 12
= 225 em
= 28cm ; b = Tcm
s6 22a ; k,, = 1,85
s0

th

=

oy

30 ; k,, =2
11,3cm

= 2,86a

= 2a

N°® = 30

N°® = 20 (16)

b = 10c¢m

T oo - ® NN g
|

= 20cm
= 8cm

d
d
N°=14;B=14cm;lo=40cm

"'N°=16; B = 22cm ; 1, = 70cm

N°=10;B=39cm;10=60cm

(mét trong phuong 4n cd thé 18y ¢ = 0,81)

N° =10 (7) ; B = 34cm ; 1, = 60cm (mdt trong phuong 4n cd thé cd khi
¢ = 0,81) |

R = 255 . 10°N (phan lye) ; P, = 29.10°N ; khéng théa mén diéu kién
8n dinh.
a £ 3,32m .
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11.1.
11.2,
11.3.
11.4,
11.5.
11.6.
11.7.

12.1.

12.2.

12.3.

12.4.

12.5.

12.8.

12.7.

12.8.

12.9.

12.10.

12.11,

12.12.

12.13.

12.14.

370

Chuong 11 - Udn ngang vi ubn doc dong thoi

Imax ¢ | = 1,43 kN/cm?

4

n = 2; n,, = 1,31
6 = 18,6 . kN/em?
a
R =238 kN;n, =65
P = 9,6 kN
f = 0,308cm ; max | 6 | = 12400 Njem? ; n_ = 2,52 ; n,
f = 0,229cm ; max | 6| = 12750 Njem® ; n_ = 2,27 ;
Chuong 12 - Chuyén vi hé thanh
9, = 0,0076 rad ; f = 0,667cm
¢ - Tw . _ Lbe
D~ 4 EJ’ A EJ
f _P@a+y . P.al
¢~ 3EJ 'B  3EJ
M.a M.l
fo = —m(3a+2l);98= ~ 3EJ
3 2
. C g - ol
fo = 54py 32 + 4D ; 6y = o035
4 - 2
_ ga qal 2 2 .o _ _asl 1%
fc = 857 * 34wy @ ~ )36 = gpy (2~ 3)

_ pa 2 a2 . o Pa
f=p GF —4a%;6, = -6, =521 -2
Pahb
f=0;6, =6, 6IE] (1 - 2a)
Mb M.b
f=gmg @+Di0,="0 =755
Mb (b h
f x£(2a3+4b3+6a2b+9ab2)'9 =l(b2+12)
A EJ ) ' - A 2EJ
P oo M2 Ma
A~ T 2EJ’°A”  EJ
PP Mb PP . M.b
= —— = — + 3 = = == =
=38y 2 B2 T D 0% = oy T Es
- 9.2 3 2 2 4 ogpd - _
fy = 5op; (o + 122 + 18ab” + 8b%) ; 8, = o=

=1,84

n,, = 1,78

= 38 22 4 3ab + 3b%)



12.15.

12.16.

12.17.

12.18,
12.18,

12.20.

12.21.
12.22.

12.23,
12.24,
12.25.

12.26.

12.27,

12.28.

12.29. .

12.30.
12.31.
- 12.32.
12.33.
12.34.

12.35.

¢ - q14 - _ ql3
B~ 30EJ' B 24EJ
fc'= 2,167cm ; f, = fD = 1,667cm ;
.%o
€ 762 EJ’' A B~ 48EJ
P = 20kN ; f = 5em
f = Hem
_5 a lgs
Yc = 384 EJ " 4 EF
|f]__ 16n hon 2,42 16n |#]__ 16n hon 3,251 lén
A, = 4,45cm ; 6, = 0,0133 rad.
Pa3
yA=0;XA=0’5ﬁ
A o3 o 13 pa
C  GEJ’ C 12 EJ’
A - N2z P
AB ~ T 24EJ
Pad Pa3
x = 2aE; & =gy A9 =0
a.P 3.a.p
Ad_ﬁ(7+4ﬁ);An=_ EF
f = 0,265cm ; 6. = 0,00224 rad.

x - 1 PR
A~ 2 EJ
_ =PR?
AAB T OEd
yg = 0,392
yg = 0,071
PR
AB BT
Z
AR %

1

-
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2
. Pla

h
12.38. Yo = —E?—J T+(P1.3—P2.b)h ;XA= 2—E],(P2.b—Pl.a)
. a '
12.37. ¢ =
2EJp

: 4 3

ql ql
.38. = — . _ — .
12.3 fy 8EJ+al’eB 6EJ+a

a 1
12.39. fc=AB+T(aB—AA);9C=T(aB—AA)
3 t, —t) t +t
ql” . H 1 2 1 2
12.40. X = _—
40 D 12EJ+aH1 5 +al. 2

~ (d4u duong tuong Ung v6i nhip AD rdng ra)

Chuong 13 - Tinh hé thanh siéu tinh bling phuong phap luc

3 3 3 3
Bl A=gPiBy-gPaiQ =Q=gP;Nyc=5P
2 2
13.2- = — = -— = —_— . _ e ——
M, = 5 My o1 Mc = 55 - a5 Q, 5
7
Na=-175-9:h
13.3. M, = -0,85qa° ; M, = 0,105 qa%; M_ = -0,233 qa’ ; M, = 0,318 qa’
13.4. M, =14 kN_m;ME=42kN.m;MG='28kN.m; M, =0

13.5. bi€u d8 moémen uwsn (H.DS.13-5)

2
_ - -
13.8. MA—MB_ -
13.7. MA = 60 kNm ; MB = -T5kNm
13.8. MA = MC = 0 ; MB = —-90kNm
13.9. MC = 20kNm
13.10. NAC = 39kN ; MD = 14kNm
13.11. Mc = 0. _
2
a
13.12. MC = 1—6 : Hinh Ds.13-5
13.13. MC = 15,8 kNm
' 3 3
13.14. HA—?.P;A=ﬁ.P
Pa
13.15. MA = - MB = ) |
13.16. MA = 15,8 kNm ; MB = 20,6 kNm ; MC = 38,6 kNm ;
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13.17.

13.18,

13.19.
13.20.
13.21.

13.22,

13.23.

13.24.

13.25.

M, = 33,8 kNm _
M, = 1,13 kNm ; M_ = 6,65kNm ; H, = 0,126 kN ; H_, = 0,74 kN ;
C = 27,1 kN

- 4 X — 4 i - 4 -.
ﬁAm = 6.10 y.m i My = 2410°N.m ; M, = 3,6.10° Nm
A@y = 36.10°N.m
O 0 = 0,719 kN/cm®.
M, = -24,2 kNm ; M_ = 7,88kNm
a) N = 82,4 kN ; 6 = 16kN/ecm® ; b) N = 31,1 kN ;
6 = 17,55 kN/cm?
max
3EJ . A
N_.=-"—-=
EC Sa3
Ney = Neg = Ny = 167 kN ; N, = N = 25 kN
'M_q_12 g5 — 122 . v* + 2b%) . a _
T8 , (EF, 2EF, EF, 2. EF,
64[a A+ 20) + 3B |~ +—— + 3 +_1,41a
Xem hinh ddp s6 13-25.
4z27¢ F
vorrs @
7 @ 4r12Fz
: 426?9/"0"
a73Pr

13.26.
13.27.
13.28.
13.29.
13.30.

13.31.

~J12F7

Hinh Ds. 13-25

' 68 Pa’
A= - _— —  —
44P/23 ;  f, 6
10 191 Pa®
A=mPi =% w5
19 Pa?
= 2 p. = 00722. %%
A=pmPs fe EJ
h
6 =07 .Ea. A .~ .
max a
3 h
o —E‘EaAt';'
o =o,3EaAt3-
max . a
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13.32. o =0,6EaAt.E.
max a
13.33. ¢ ==§LEMLE.
max 31 a
120 . aEJ 3a.
1334 M = "7 (1 + —1-1-).
13.35. RY = qa/2 ; Rx = 0,590 qa
13.36. R = P2 ; R = 0,786 P
13.37. R = 0; R = 4qa/n
13.38. M -'1 ; = (0,148 PR ; gid N—'P !
. . MHEPR’MdiSo-’ y gliang _E_T—I_
1 + T . %
13.39. B = 0,9%{— : MA =-01M; MC = -0,364 M va 0,636 M.
13.40. M, = 0,1817 PR; M_ = 0,3183 PR.

13.41. max M = 0,1888 . Pr. (H.DS.13-41)
13.42. Hinh H.DS.13-42

Hinh P 13-42 Hink Ds.13-41
- PR 4-x x—2
13.43. M = — singp + P.Reosy — 0 = = I1/2 )

2 ¢ a - 8 ¢ 7t -8 14
P 4 —

Q = = cosp — - Psine.
2 ¥ T 2 g 4

P 4 —=n
N=- E sing — 7 _ g Pcosep.
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13.44.

13.45.

13.486,

13.47.
13.48,

13.49.

13.50,

13.51.

13.52.
13.53.
13.54,

- 13.55.

13.56.
13.57%.

13.58.

13.59.

13.60,

13.61.

13.62.

13.63.

13.64,

13.65.

[

8 2 AR R

—

—

< 8 B R B =

ot

=
»

=
>

¥

C 3 EJ |
0,0372qa ; 5o = 0,1188 qa*/EJ
0,638 P ; 8. = 0,1052 Pa’/EJ
0,1867 ga ; 8. = 0,115 qa*/EJ

24 2" 12
__9f
8
188 kN
-54kNm
-3kN.m
-33,8 kNm ; M, = 43,8 kNm
Pl = B
6’ 2 120

__Pabz'M _ Pa®h

36,6 kNm ; M, = 80 kNm ; R_ = ~6,4kN ; R, = 98 kN ;

-33,4 kNm ; M, = -62 kNm
M, = 0

Y.

ql
M, = -—"
B 12

12 ? B .12
Pa’
" EJ
13 PP
768 EJ

N 32qa’/n[6]

|~

= 3J 6P?/ [6]

16

18a.
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Chuong 14 ~ Thi trong dong .

P P
41 P =2 (1 +§&E) 1P, =5 (1 +g§)
P.

14.2. P

1

c, (1+§){(Cl+202);P2=P.Cz (1 +§)/ (cl+2cz)

1
Q + -z-g.h) ah . cosx

14.3. G4 . mx = %

_Q+qh(1+ a)

in g.w P geinc
Fl.yl
14.4 F——i—-F-IQI+Q2+ 3
I 5 B e bl _ 2k
k‘j 3 kd 3
Al = ka . (.Ml + Alz) trong d¢
1
1 3EFl 18K * 2] - 3EF2 9E
2s
kd=1+E

14.5. F = 0,58 cm?

14.6. maxs, = 3yl ; max6,, = 66yl

147. o, = 216 MN/m’ ; 6, = 10,8 MN/m’
14.8. o = 1820 Njem? ; 6, = 8220 N/em?.
14.10. maxt, = 27200 Nfem® ; Al = 4,8 em
14.11, h = 2,6cm ; b = 1,8cm

14.12. Mxoén = 4,8 kNm

2
14.13. M, = Q.R (1 - %) trong 46 Q@ = 2zR8.5.g 1a trong lugng vanh tron

b
_ . 1’ g
M, = 0 khi 0 = B
14.14. V__ = D i
.14, max = Ponax 7= 3,7.10° cm/fs.
B 2
14.15. a) 6, = 6, = 6, . cosa = ~— - Qoos’e | (1 + 2 '1)
(1 + 2cos’ax)F g
& o] ' 2
b) & I 11 w* .1

Ill=ﬁ=1+\[§=(3+qﬁ '(1+_
)F

14.16. max6, = 66,8 . MN/m?.

14.17. maxs, = 82.Qu¥grd’

14.18. d = 14,3cm ; b = 12cm
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14.19,

14.20,

14.21.
14.22,
14.23.

14.24.

14.235,
14.28.
14.27.
14.28,
14.29,

14.30.

14.31.

14.32,
14.33.

14.34.
14.35.

14.38.

14.37.
14.38,

14.39.

14.40,
14.41,
14.42,

250 vg/ph

2
ﬂ . JEZ + w".
wd:i [} [+]

d =03 yQ.n’.r. Velo].
maxg, = 14200 Njem® ; maxo;, = 22200 Njem?.

maxs;, = 13500 N/cm?.

_ Q. w? . p*
S,p = ol (37 + 8).
n = 195 Vg/ph ; 6, 5 = 1,59 em.
maxo, = 16 Q.w? R*/(gnd®)
maxo, 480 R3/gd.
max6, = 4,9.Qu’R%(gnd®) ; &
T = 0,588 ; T" = 0,603s.

= 2 4 4
ap = 285 QuiRY(g E d%.

Do =iy ive =Y —E— 0w —E—
+

_1’ g : =y -8
d) w = Q ; e) w V A 1

Q + 5
2C, +C, (Cl 02)
hé s th K = &

e u gon m-—g.
hé s6 th ko= L

& 80 thu gon m =3
T = 0,076s.
f=5.-l—;f'=4,8 1

8 s

R U ’G.g

T 2.D .x 2QDn
a)N=50.1;b=5,6-1~.

8 8
w = Y2gEF/7Qa
T = 2ntga . \'Q/C.g
T = 2z 313148511 + (IJEF
g 1 11 (2/E22)

T = 0,106s.
w = 1,17 yElg/Qa®
T = 0,075 s.
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1443. T = 0,225 ; f = 4,54 . %
14.44. o = 4,65 i

14.45. T = 0,345 s.

14.46. M = 1,5 kg.

14.47. a = 1,95 cm

14.48. K _ = 61/35

14.49. K_ = 41/70

14.50. K_ = 333/2240

14.51. K_ = 1/3

14.52. K_ = 4/3

14.53. K_ = 13/35

14.54. K_ = 1/3

14.55. K_= 1/3

14.56. 1 = 178 cm ; 6__ = 1561 N/cm?.
14.67. 6 = 948 N/em? < [ 6]

Néu 14y mat cdt ddm la 15.24 cm thi tranh duge cong hudng lic md

va déng dong co. Khi déd Q = 345 N ; w, = 245 é.

P0 .F . q
C.g~ Qv
14.59. A = 1,65 mm.
14.60. A = 0,8 mm.
14.61. maxs, = 5500 Njcm?
14.62. maxs, = 5100 N/em®
14.63. H = 8cm ; V = 125cm/s
14.64. H = 0,97cm ; 6__ = 666 N/em®
14.65. & 92MN/m*?.

B ' 18 . Q . h
— - %
14.66. Jd = CI CH .

14.67. h = 12,8cm.

14.68. maxs, = 9,3 . MN/m’.
14.69. Q = 332N.

1470. h =[61%. @®. &/ (2 QEJ).

14.71. 53 = Y20Qha’/EJ

14.72. maxs, = E . \‘ Qh—EJ
d w a

378

14.58. A =



1,65 QhEJ
14.73. = = .
3 maxo, W .

14.74. h =[]’ . W2/ (6QEJ)

14.75. ag = Y20 2Qha3/3GJP
14.76. 8 = 2. \’Qha3/3GJP
1,88 QhEJ
14.77. = 2= .3 —.
ki maxo, W o
1478, kg = 291 ; K, = 285 |
k . k
14.79. P= -::,u ;#=0,3;ﬂ=1',8_2
4(2) B a(2)
_ nx EJql
1480. M, = ¢ %
14.81. 53 = a.v.VQa/(2gEJ))
14.82. 7 = 212 MN/m?
max
. 2 .G
14.83. maxt, = o tb
| JI_dZ l § + _Jb
7 (2

Chuong 15 - Tinh 46 bén khi dng suft thay ddi theo thdi gian

151. [P ] = 179 kN.
152. no = 224

15.3. [P} = 89 kN
154. n_= 2,78

T
155. n_=1,85:n = 1,75
a o
156. n = 2,37
15.7. mitcit I -~ 1 n, = 1,76.
mit cat I1 - 11 n = 1,63
mat cdt IIT - IIT ; n_ = 3,42,
158 n = 2,18
159. n_=3;n, =4
15.10 P = 9,2 kN
max
15.11. n = 1,47
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16.1.
16.2.
16.3.
16.4.
16.5.
16.6.

168.7.

16.8.
16.9.
16.10,

16.11.
16.12.

16.13.
16.14.

17.1.

17.2.

17.3.

17.4.

17.5.

17.8.

380

Chuong 16 - Diay mém

H = 2kN

f = 89%m

a)l £ 300m ; b))} = 3000m

F = 1425cm?

F = 294cm?

L = 18,8m

ch B qle'nFn ; Hn B ql;tthh
8(1 + EmFm) 8(1 + E_. Fn)

H = 1215N; | x, | = 19,1m.

H, = 252N ; H, =
H = 6667N

H = 4,223kN
A6 = 0,102kN/em?

a) gidm 112,5 N/em? ; b) tang 186N/cm?®
f = 3,9%m.

0

600N ; H, = 1430N

Chuong 17 - DAm trén nén dan hoi

Yo = 0,096cm Yg = 0,285cm ; Yo = 0,287cm.
M, = 11kNm ; m, = 18,3kNm ; M. = 18,3.kN.m.
QBph = ~51,23kN ; Q“_ = 68,77TkN
. b
q.dz q q b
d = - ni((z); M=-—}n(zd = —5n,z
M 4d.m i 4m; (2)4, 4m2 3(2) a
M = 1,4TkN.m
M
M= —
22
M M,
Y= gm0 TEmn s M Moty © = mMy
Pm mP 1
¥y = ﬁq(mz)+T —1,(mcyy, [m(z+c)] + qu(mc).ql[m(z-i-c)]

Fi



17.7.

a)
Doan 1 DPoan 2 Dogn 3
Ay Yo 7 G 0
Al 8,7 0 0
AM [{] 43 -M
AQ 0 -P 0
Aq 0 ¢ -q

KhiZ:Sm;M3=O;Q3=0

17.9.

17.10.

18.1.

18.2.
18.3.

Doan 1 Poan 2
Ay (i )
Ad 0 0
AM Mo ? 0
AQ Ro ? -q
Aq Y -q

1
2{:.]1.'El—w::t::s.-m—1
_ 9 1 2 2
Yo = m ( chml + cosml )
I
sh.%sin%!
M. = 9 :

C = 2 chmi + cosml
= . = 2
Vo = 3,28em ; 6_ = 103 Njem
q = 25,5 kN/m

b)

Doan 1 Doan 2
Ay 0 0
Af o 0
AM 0 0
AQ Ro ? ]
Aq -q tq

KniZ = 1m;M,=0;Q, =P

Chuong 18 - Xodn - udn thanh thanh méng mit cit ho

J = 13660 cm®

w

a, = 87cm ; J, = 820000 em® (H.DS.18-2)

Chon g6c ban ddu 0 A.

I w.x.d¥
0y _5 3y

Doan | Doan 2
Ay Yo 7 0
AB Qo ? AQz 7
AM 0 M
Khi Z = 4m. M, =10
Z = Tm. Qz = 0
Iy -
)
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18.4.
18.5.

18.6.

18.7.

18.8.

18.9,

18.10.

382

a = -2,3Tcm ; I = 1780cm®,
a, = -8,55 ; J = 28800cm® (H.DS.18-5).
Y45 55’51‘ 37
535 (@ 25 1cm?
o o
A
{ b
® X
o
~N
224 @ l
@l220
¥
Hinh Ds.18-2 Hinh 93.18-._5
a, = -2R (yc chon ban diu lam tam hinh trom)
2
= 5 = 2
J, = aR’4 37 —4].
= 20,6.10%m® ; J = 14,2.10%m® ; J = 11,9.10%m®.
WA wb we
J = 841.10%m® ; J = 3,74.10%m".
wd we
So sanh céc moOmen qudn tinh quat :
hinh (@) :(b) :() :(@ :( =1 :0869 :058 :041 : 0,18
) J = 9290.10%m® ; b) J = 2451.10%m".
M
N x B P
= 4 X Z . = —— (1 + 2,645 sinp - 0,3234).
o] F+ny+me Zn'RJ( , sing )
Trong d6 : N = P ; F = 27RS ; M_ = PR ; J_ = aR’4.
B = Pw, = PR® (2sin90° - 7 ) = 0,43.PR’.
Jo = aR>4 [% 72 - 4] i@ = R® (2sinp — ) ; y = R sing
c=L .8 .
TFTT°
o

Trudng hop 1 :

B = Pw_ = P30; Jo = 55000cm® ; F = 50cm?.
Trudng hop 2 :

=

B = ph.cu(J 3 P = ; h = b& cae ban bung

Két qua van gi6ng nhau.



18.11. Hinh dép s6 18-11.

1 kl kl
). 0,01 . [sh.k (E'Z) +kzch.E—sh.—2—:|
kich LI 2sh LS
cn . 9 B . 2
I
o 0,01 . GJ_ shk ( - E)
- kl kl
k.chE —2.8h.§
8.12. 5 Mklchkl — shk)
max k3E1 . J . chkl
w
18.13. Xem hinh ddp s§ 18-13. : 55698
d-g 2% : .
o= 8
@ﬂ’ ‘&’98
”g T NE
) 220 RQass

M 5
g7 2008
a028

&-%‘ é,‘é’&&‘@ 2. 008

® 2,878
: a2

@ M5 5 d5T
A fy ol 223 Lb

:‘ZZI%—T'425

© @ 2,23
® 4 295
0,995 T

Hinh Ds.18-11 Hinth Ps.18-13

Chuong 19 - Ung suft ti€p xic

19.1. [P} = 4680 N ; 2b = 0,33mm.
19.2. a = 0,65cm ; b = 0,50cm ; p, = 110 kN/cm?
19.3. a = 0,489 ; b = 0,057 cm ; p, = 291 kN/em?

19.4. 1) a = 0,063mm ; p_= 300 kN/em’ ; & = 0,026mm
2) a = 0,07mm ; p_ = 230 kN/em’ ; & = 0,033mm.
19.5. [P] = 108 kN ; 2b = 3,272mm
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20.1.
20.2,
20.3.
20.4.
20.5.

20.8.

20.7.
20. B’
20.9.

20.10.
20.11.
20.12.

20.13.
20.14.

20.15.

384

Chuong 20 - 6ng day

p, = 15,2 MN/m?

b =27 cm

P, = L7 kNjem? ; A = 0,001 mm ; A, = 0,0066 mm
P, = 0,38 MN/m® ; 5, = 0,506 MN/m® > [0] ; 1,2% bén
p =137 MN/m®>; p =2 MN/m?
2
b
P

a

a

_ B R ] 2
hab [(1 - w)a* + (1 + x)b?]

= 8cm ; Ab = W _, = 0,7.103m
A = 0,0016cm _
. = 091 Nfem® ; 6 = -0,5 kN/em? ; 6, = 10 kN/em?
Ung sudt tigp xic p.

A

1 ,b% + a? 1 ,c* + b?
bE (Foe %) *E (G0 * 4]
20,2 kN.m ; Tai mép trong cia vanh thép
6,5, = 9,2 kN/em? ; Tai mép trong cia bdnh gang
6,, = 0,43 kN/cm?
p = 146 MN/m?
P, = 3,65 kN/em? ; {[p] = 25,20 kN/em®

p =

]
!

or (kN/cmz) a (kN!cmz)
Trudng hgp Ong thép Ong déng Ong theép Ong ddng
diém ' diém
A B C A B C D
1 -20 ~577 0 18 371 9,62 385
2 -20 10,09 0 6,5 -3,49 16,82 6,73
3 0 -6,05 0 ~-16,10 -10,08 10,08 4,03

A < 10.10 %cm

Chuong 21 - TAm - Vé

3

= L ax -
Wo_o = 0,0252 - = (H.DS.21-1)
P | b b
W o= ——— .l a%2[] + .= 2] — 2b%In =
max = Tarnal — 55 {a b [1 4(in . -} 2b%In a}



21.3. & =60 =

max 1 2 g g
’ Aot ||
3p 8.4 b4 4 P Vi //3 o 2
amax=——2~—2-[3+,u+—3(1—,u)- 7 by 7 o
4d(a“ — b9 a Tl
2 2 qo252 727
a2 s 2 lnE] o) £ 2
21.4. %’Nﬂm‘ﬁyi 499398
Doan 1 _ c‘|+) '/
: 2 2
pa? 262D + (1 — FAE].

Myo=5r [@+m 26aD + (1 — fAEJ_ @) b 277797 4/”"?”4""’ '

| | I
~e+m (3)] @ cél 7 B

2 2paD + 2 (1 - f) EJ,

p
M. ==+ : - Hink Ds.21-1
w16 [+ 36aD + (1 — ) EJ. e

-+ 3 ()]
_opat - YR
L G | 262D + (1 — FEJ

2096aD + 51 - FHEI) | roa
- —_ + —_ .
2paD + (1 - pHEJ, ‘&) (a) ]

Doan 2
pa’ 28aD + (1 - BYEJ,
M, =22
2 =7 [AFm 2aD + (1 — fAEJ_ *

BX(1 — BHEJ,

a, 2 r, 2
raom 26aD + (1 — fHEJ, (7) -6+m (9]
2 28aD + (1 —;34)EJX

pa
M, = |1 +
T A 28aD + (1 + FHEJ

AP - pHES 2
28aD + (1 — ﬁz)EJx(;)
pa 26%(1 - OB,

2 TED U " pmp 4 (1 - BHES

(I —w)

2
- ()
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2[2,3aD + (1 — BHEJ

41 - HES,

_ x (Iy2
28aD + (1 — pHEJ_ \a
trong dé 8 = b/a
M__ ,
21.5. o6__ =6 —3— = 9566 N/em
(H.DS.21-5)
21.8. & = 0,02m
W__ = 0,000346m
max
21.7. M__ = -3120 Nem/cm;
Mtc = 5200 Nem/fem.,
W, = 0,42cm.
WB' = -0,44cm.
21.8. t = 1,Tcm
21.9. o, = 263 MN/m?
Oy = 1,99 MN/m
21.10. ¢ = 3,98.10°%
m a
£ = -0,625.10"%
min
21.11. Phuong 4n 1;6, = 6,66MN/m?;
. o, =0
_ 2
04y = SMN/m
Phuong 4n 2 ; 6, = 6,66 MN/m” ;
O = 44D MN/m?
max 2
04y = SMN/m
21.12. Xem hinh dap s6 21-12.
__p-D
21.13. [8) = Sioloom
‘dai vo
2
pD“ . tga
| F = 8
21.14. 6 = 75 MN/m® < [6]
max.
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CAC PE THI OLYMPIC CO HOQC

Bai 1. Mot
thanh tron AB
chiu momen xo#dn
M, cd kich thudc
va lién k&t nhu
trén hinh 1. Trén
mit ngodi cla cac
doan AC va CB

VE SUPCc BEN VAT LIEU

OLYMPIC CO HOQC 1989

theo phuang 45° ¢ T a
so v6i truc thanh i i ‘ |

ta do dugc bi&n ' 4, = 4,

dang dai ti déi

trén  AC 1a

g = |g| ; tréen Hinh 1

CBlaeg= - |Eo| . Bi&t cdc hang s6 vat lisu la E, G, va, hé s6 poatxéng u.

a) V& biu d6 nai lyc
trong AB va xdc dinh
gid tri MO.

b) Xac dinh ti s6
a

a—l dé€ thoéa min cac didu
2

kién trén.

Bai 2. Dam tuyét
ddi cdng AB, ddu B tya
trén cét bé téng BE cé
kich thuéc va lién k&t
nhu trén hinh 2. Cét
bé tong cd md dun dan
héi Ez’ dién tich mait
cdt ngang F,, chiéu dai
1, v momen quén tinh
déi vai truc x la Jz'
Thanh CD ¢d mé dun

{*) Chi chon trich mdt s8 bai

B { &¢
(l} > A
i
1. .
|
|3
,{("—'---.0/4
B
e
a
Hink 2

cin thi&t
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dan héi El, dién tich mit cdt ngang F1 va chifu dai 1,. Hay khao sét gid tri ing sudt
16n nhdt tai mat cdt ngang cua thanh BE khi lyc P dich chuy&n td A d&n B. Biét

1
1, = L, = 172, EZFZ = 2E1F1 = 2E2J2? .

OLYMPIC CO HQC 1990

Bai 1. Thanh OD tuyét d6i cing duge treo bai khép O va day kim loai ABCD di
qua cdac rong roc B va C, chiu Ivc nhu hinh 1. Bist day cd dién tich mat cdt ngang
la F, mé dun dan héi
12 E, bd qua ma sat &

cAc rong roc. : 'K ' :
1) Mit c4t nao ctla t?){
: B [4
day kim loai khéng bi 1 @ C/
chuy&n dich theo phuong i '
doc truc day ? Vi tri
dd cé phu thude vao vi __a&__|
tri cha di€m dat lyc P
trén thanh OD khéng ? P
2) Hay xac dinh
chuyén vi cda difm dat ' o : {
luc P. K "\ '
-3} Cho tri g6 luc 0
P = 15KN, hiy tim vi .
tri dat lyc P d€ day Hinh |
kim loai bdo dam diéu . :
kién bén. Cho.dién tich mat c4t ngang cuaa dayla F = lem?, fel = 10KN/ em?.

Bai 2. Cho mot he chju lyc nhu hlnh 2. D¢ cing chéng ubn cia ddm AB Ia EJ,
cta dém CD la 0,5EJ.

A - .
Y ‘ )

Hinh 2
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1) Hay x4c dinh khe hé J gilta ddm CD vA ddm AB sao cho duéi tac dung cta lyc
P, d&m CD viia cham vao ddm AB
tai K (K - di€ém chinh ana nhip dim
AB).

2} Né&u giam nhd khe hd & mot
lugng saoc cho momen uén lon nhit
phat sinh trong ddm CD gidm di

P
mot lugng la AM = _43 thi gis tri
" . cuta mOmen udn 16n nh&t phat sinh . V2
trong ddm AB trong trudng hop nay _ 0 .
i o - . 1

14 bao nhieu * - PIIIIOIgprIry,

A 1< ’;75

Bai 3. Hai ddm nim ngang o6 : ] 1
cung chiéu dai ! va cung d¢ cing i
chdng uén EJ, dat chéc nhau trong
khéng gian, ¢ach nhau theo phuong
thdng ddng mot khoing nhé & nhu 2 : ,"/2
hinh 3 (theo so 46 nhu hinh 3, ta '
eé : IK = 6, I ~ diém chinh gita
nhip ddm AB, K - di€m chinh giia Hinh 3
nhip ddm CD). Luc phan b6 déu g
theo phuong thing ding tic dung lén ddm AB.

1) Hay xéc dinh tri 6 cia luc phan b6 q, dé ddm AB vita cham vao ddm CD.

2) Hay xAc dinh d§ vong tai I cia ddm AB khi tri s6 cta lyc phan b6 q = 4q
trong d6 q_ xdc dinh theo cau héi 1.

OLYMPIC CO HQC 1991

Bai 1. Mot két cfu nhu hinh 1. Thanh AB o6 m#t c&ff chit nhat, kich thuée b x h
v6i h thdng ddng, thanh BC cd mat cat tron, dudng kinh d. Trén mat trén cling caa
thanh AB, g cdc tenxémet don hudng thdng ding véi chufin do 1a L (ecm) d€ do chuyén
vi theo phudng doc truc thanh. O bat ci tenxémet nao, nguvi ta ching doc duge do
dich chuyén cia kim nhu nhau va bing S khodng chia, gi4 tri clla m&i khoang chia
la 10> mm. Trén bé mat cta thanh BC, dan cac t&m dién trd theo hai phuong tao véi
phuong BC cde gdc 45° va 185° ; nh¥ may do bién dang, ngudi ta xdc dinh duge

0 —_ —_
£ 450 = 81350 = t%.
1) Hay x4c dinh tai trong t4p trung tac dung tal mat cAt A.

2) Cho b = 2h, hay xdc dinh ti 36 h/d d€ hai thanh AB va CD thdéa man didu kién
ddng bén.

3) Hay xéc dinh chuyén vi thdng ding tai difm A.
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| &2

Biét L, =5L,p =104

trong d6 L, . va L, bi6u _ ' // /
thi chiéu dai céia céc thanh ¢’
BC va AB ; d = 20mm ;

[ o=

& _ .,
5 = 045 [6] = 2ixl.

Bai 2. D&m thép DE
theo thiét k& s& chiu hie
phan b§ déu q_ nhu hinh _ /
2a. D€ ting kha nang chiu . ] A
Idc cia ddm, ngudi ta gia ' b
cudng nhu trén hinh 2b,
trong d¢ AAl va BB1 la

tuyét déi cing, cd chiéu ik 1
- % ] Z9 ]
DlilHiIlIHHJ”llLlllquJI,j;
| L .' 'o.za‘Jr_ _ O,Lﬁ. 80,21
a) | b)
Hinh 2

dai C. Day AB lam bing ciing modt vAt liéu véi ddm, cd dién tich mat cit ngang la
Fl va duge kéo trudc bdi mot lue X1 nao dd.

1) Xdc dinh tri s8 cta luc Xl, sao cho dng suft l16n nh4t tai cdc mit cit nguy
hiém cta ddm la nhu nhau, va khoéng vugt qué tri s6 19n nhét cla dng sudt cha dédm
khi chua gia cudng.

2) Sau khi gia cudng, ddm cd th€ chiju duq.c luc phan b6 q ting bao nhiéu ldn so
vai q  ? '

Cho méit cét ngang ctia dim cd dién tich F, mémen quén tinh J vA mé dun dan
héi cha vat lidu 1a E. :
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OLYMPIC CO HOC 1992

Bai 1. DAm AB lién k&t bdi hai gdi tya, chiu uén bdi cdc mdmen M = M va
M, = 2M & hai g6i (nhu hinh la). D&m dai 1, mét cdt ngang hinh chit nhat ed kich
thude b x h. Vat lidu cd mé dun dan hdi E, hé 56 Podt x6ng u. Tai mét di€m C trén
dudng trung gian clia mat ngodi, bing cdc phuong tién thi nghiém ngudi ta xéc
dinh dugc bi€n dang dai ti d6i theo phuong nghiéng v6i truc thanh mét gdc 45° 6
gia tri [£ ).

Hink la
//—- e
My =M S Nz =24
[_- _.-/ H“‘--.. l_-
4 = 8
V3
i I
Hinh 15

a) X4dc dinh gid tri mémen M.

b) Dudng dan héi cha truc ddm cd dang nhu dudng nét lién hay dudng nét dit
bi6u thi trén hinh 1b (ti€p tuy&n ctia dudng nét dit tai A tring v6i truc thanh, didm
ubn cia ci hai dudng cich A mét doan 1/3).

c) Gid tri mémen M thay ddi th€ nao khi M, va M, tdc dung ngudc chiéu nhau.

d) Phan tich trang thii ung suft tai cdc difm trén mat cat ngang cdch g&i tya A

mot khodng bang 1/3 trong ca hai trudng hgp (khi M, va M, tdc dung ciing chiéu va
nguge chidu). -
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Bai 2. M6t két cdu chiu lyc nhu hinh 2. Cic ddm AB, CE, E’K 6 cing d¢ cing
chdng udn EJ. Luc P di chuyén trén ddm AB tit A dén B (trong qud trinh chiu lyc
ddm AB : :
khong  tiép
xic vdi dam
CE). bau E .

3 s . X
cia ddm CE A,—--————-

cach E’ cada

dam E'K mot ¢ IG 0 £ =l | :
khoang % f’ & L%x
1 Pad | I ¢ | g i d |

=31

a) Khao
g4t chuyén vi
thdng ding cla di€m E khi P di chuy8n tit A dén B (vé dé thi biéu dién sy bién thien
cia chuyén vi thang ddéng clia difm E phy thu6e vac khodng cach tit difm dat lye P
" dén gbi A).

b) Khao sdt sy bién thién clia mdémen udn 1én nhdt phat sinh trong dam E'K khi
P di chuyén ti A d&n B (vé d6 thi).

Hinh 2

£F

LR A
=

OLYMPIC CO HOC NAM 1993 - 1

Bai 1. Mot k&t cdu nhuy hinh 1. Ndt A
ti€p nhén tic doéng luc P co gia tri khong
d8i quay di cham trong mit phidng ABC
(kh6ng gay luc quan tinh cho cdc phdn tu
két ciu).

Hay xdc dinh gid tri géc o d€ dién tich
mat cdt ngang thanh bé nhét va bioc dam Hink 1
diéu kidn bén. Thanh AB va AC cd ciung

d9 cing EF. Cac kich
thuéc Lkhéc cho trén

hinh 1.
Bai 2. Mot k&t cdu
¢ chiu lue nhu hinh 2.
gL LI ¢ 2 Dim AD ¢ do cing

chéng udn EJ. Thanh
BM va CN cd cung

K chidu dai ¢ va d6 cing
Ja 0 4; % 3 EF. Thanh MN tuyét ddi
" citng. Cho EF = EJ/a*.
_ Cédc kich thudc khiac
Hinh 2 cho trén hinh 2.

e
=
a
b

]
\t
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1) Tinh tri 6 mémen udn cyc dai cia ddm AD khi Q dat tinh tai D.

2) Tinh hé s6 dong cia he khi vat nang Q roi tu do ti d6 cao h = a lén didm D
clia dﬁIn. '

3) X4c dinh chigu dai cdc thanh chéng BM va CN bao dam diéu kién 6n dinh trong
truong hop Q dat tinh lén ddm. Bist thanh ¢ m6 dun dan héi E, mémen quén tinh

cua mit cét ngang theo mei phuong nhu nhau va bing Jl, vat lidu lam viée trong
gidi han dan héi.

OLYMPIC CO HOC NAM 1994

Bai 1. Cho hai &ng thép, dng thé nhdt cd dudng kinh ngoai 90mm, dudng kinh
trong 80mm. 6ng thi hai cd dudng kinh ngoadi 100mm, dudng kinh trong 90mm. Haj
6ng cd chidu dai nhu nhau, 16ng hodn toan vao nhau. Cho dng bén trong chiu xodn
bdi mémen M_ = 2000Nm, sau d6 han cdc dfiu 6ng vao nhau,

1. X4c dinh ang' sufit ti€p 16n nh&t xu4t hién trong méi Sng sau khi c4t bo
mbémen M -

2. Vs bléu dé Ung su#t tiép trén mit cit ngang Ong.

OLYMPIC CO HOC NAM 1995

Bai 1. Mgt thanh cd chidu dai I, mat cdt khong d8i, duge ké trén mat phang nim
ngang bing hai géi tya cach déu hai ddu thanh mét doan x (nhu hinh 1). X4c dinh
gid tri x d€ gid tri tuyét d6i cta mé men ubn cue da1 phat sinh trong ddm do trong
lugng ban than dat tri s6 nhé nh4t,

Hinh 1

' : EF
Bai 2. Mgt k&t cdu chiu lue nhu hinh 2. Hai thanh kim loai AB (¢ do cing E)

EF '
va AC (cd d6 cing 3a ) duge lién k&t khép ban 16 tai A Tai day lap mot banh xe
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bé lan trén m#t phéng ndm ngang. Banh xe duge kéo bdi sgi day mém vét qua rong
: EF

Thanh AB va

roc ¢6 dinh D va treo dia K. Day mém cd d¢ cing chdng kéo
- j

12a

AC tao v6i mat phing ndm ngang cdc gdc a va §.

a. Tinh noi
lye xuft hién
trong hai
thanh kim leai @
va ép Iyc banh
xe dé lén mat
lan khi ¢d
trong lugng P
dat tinh lén
dia K.

77,

b. Tinh hé
88 déng cia hé
do d€ roi trong
lugng P tt d&

cac h.

Trong
trudng hop
nay cho : '

Hinh 2

Pa k0 ano _ EF
h=721,8—§1':-F':,a—45,ﬁ—60,E1F1—160

Chii y : Khi tinh bdé qua cdc lyc ma sit cia cdc chi tigt chuyfn déng cia hé va
trong lugng cua ban than he.
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OLIMPIC CO HQC NAM 199¢

Bai 1.
M6t hé gfm hai ddm AB va CD dugc lién k& vdi nhau bdi hai day cang AC va
BD. Hé dugc g6i lén hai g6i
khép H va K (xem hinh 1).
D¢ cing cia cdc thanh cd
quan hé : EF = 3EJ/a’.

. — a . b o
Cho b = 2a, A!— " g _13
T _ _ —
1)} Tinh ndi luc cyc dai & . ;
cdc thanh khi dat tai C mot

lue P. :

2) Tinh chuyén vi cia
~ diém C.

3) Vin d€ luc P tai C, Hinh 1

ngudi ta co ngén thanh AC mot doan A bing tang do véi A = Pa’/2EJ. Tinh ndi luc
chc thanh va chuyén vi cia di€ém C.

4) Anh (chi) c6 nhan xét gl vé vi tri tuong d6i cta hai g6i H va K ?

Bai 2
Cho dém nhu trén hinh vé (hinh 2).
X4c dinh d6 hd A d€ dng suit 16n nh4t trong ddm cd giad tri nhé nhét ?

Hink 2

395



BAI GIAI

OLYMPIC CO HOC 1989

Bai 1 {3 diém]
Cau 1. Trang thai dng sufit tai mot di€m trong thanh trdon chiu xoin thufin tdy la
trang thdi trugt thudn tdy va phuong chinh nghiéng v6i truc thanh mot géc 456° Nen :

al = laSI = rmax
1 1
El = E[o.l _863] = E[rmax +‘urma.x] = Iscl5 !
e |E
—r rmax = T+z (1)
Ta co :
M
- .z
I'm = wp s
tai doan 1, doan e¢6 dudmng kinh d1 = 2d :
- 1)
Myty = Tae- Wy -
Yot
A a=n _( Top-0 .
7 [
- d o,

“z{z{ ® | | @

Hinh 1
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Thay T o tu (1) ta duge

[1,6]¢ |E . &
Mo = T
Tuong tu xéc dinh dugc mémen xodn ndi trong doan thu 2.
0,2 |¢ | E4 '
M@ = T 14a

Bi€u d8 nodi luc ¢d dang nhu hinh 1.
‘Moémen ngoai luc M bdng budc nhdy trén bi€u d6 nodi luc M. '

1,8 ¢ |Ed’
Cau 2. D€ thanh lam viéc théa man céc dléu kién trén, gdc xoay cla mét cit tigp
gidp hai doan phai théa man didu kién lien tuc

Peca T Pcp
M M a a
é(;) é(j) 2 rit ra — = 2
p(1) n2) 2

Bai 2 /4 diém]
Bii todn sigu tinh bac 1. Phan luc NB xXac dinh tit didu ki¢n tuong thich bién dang:

= ych (1)
y% - chuygn dich theo phuong thing ding tai B thudc thanh AB,

¥p — chuyén dich theo phuong thing ding tai B thuéc c6t BE.

N
L
y, = 2y = 2Al = 2 (2)
B c 1 ElFl
Tt phuong trinh can bing tinh hoc
2P ' _ '
N, = —l—z - 2NB 3)
thay vao (2)
2(Pz—N, . 1)
¥ = ———— (4)
B EF,
a
YC Al, + ¢g C3 (5)

A12 - bién dang dai cha cét BE.
pg — 8Op xoay cia mat cit B,
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P L z
' Li// T7TIT7T 051‘%
s
Y2 - ye
|
- |
|
1E I
777 >
o/4 1r
]
|
|
i I\
s o -
1
\],.
g
Hinh 2
AL = NB‘IZ _ NB 1
2 E2F2 2E2F2 ?
a
(Np-3)h  Np.al
@ = =
B E?’J2 8E2J2

2.
N;.1 NB.a.l_ Nl N, . al

a
¥e = + L= = + (6)
B~ 2EF, = 8EJ, 4 2EF, 82Ed
Thay (4), (6) vao (1), ta dugdc
2Pz-N_.) N1 N_.a%.l
B B + B N

EF, 2E.F, 32E2J 2
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Thay vao (7)

il

I
I=
+x

EF

I

I
]
+xf
"o

Esz'z 227 ¢

vA giai ra ta nhan duge :
64P .z .1
BT 712 442
Khiz = 0 - N, = 0. '
Ung suit phdp trén mat cit tai E :

M| N
%wx =W T F,
x 2 _
M| N
%min = TW_ T F,
x 2
2J
a
Mx = NBZ ! x

Thay cae gia tri NB vao (9) :
s - 16Pz(a* ~ 41
max (7212 +a%)a?
_ 16Pz(a? +4P)

a . H
min (722 + a%)al

2
;W = —;F =g
a

2

OLYMPIC CO HQC 1990

Bdi 1 74 diém]
Cau 1. '
- Goi N 12 noi lic trong day.

- Trudng hgp t6ng quat diém
dat chia luc P céch difm O mét _

2

(8)

(9)

(10)

13
|

khoang z. o/?
Vi ABCD la day nén N luén
ludn 13 Iuc kéo. % AL
)
Xét thanh tuyét d6i cing OAD. A ¢ |
P.z ' B '
= 32 (1)
a Hinh 1
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Gid st mat cdt m-m cidch A mét khoang x 13 b&t dong, thi :
Chuy&n dich thdng ding cia diém A : '

| Ya = pm @)
Chuyén dich thing dding cia diém D :
¥, = N(3;.F— x) . : 3)
Thanh OD la tuyét d6i cding :
N(3a —x) - Nx
Yo = 2,4 > " gF -~ 2'FF

Rit ra x = a.

Mat cit b&t dong theo phuong doc truc day la mat cédt tai rong roc B. Vi tri nay
khéng phu thudc vao vi tri cla di€m dat luc P.

Cau 2. Trudng hgp P dat cdch A mét khodng a/2 nhu hinh 4 :
Luc kéo N trong day cd tri sd

.
P.-a
2 P
N=g =3 ®
Chuyén dich thdng ding cia di€m A xdc dinh td (2)
_ Na Pa _
Ya = BF = 2EF-T - ®)
Thanh OD tuy&t d&i cing ; chuyén vj thdng diing cia difm dat lyc P bing :
3 3Pa
Y» = 3% = 1EF ©
Cau 3. Ung sudt phap phdat sinh trong day :
' N Pz
©=F = 3aF M
Diéu kién bén :
' Pz 3aFis]
6=§;§€[6]—bz$ P ) (8)

thay cdac sd lidu da cho ta c6 2 < 2a
Diém P di chuy&n b4t ki trén thanh OD day kim loai bido dim bén

Bai 2 13 diém]

Cau 1. D€ cho di€m I thudc ddm CD vita cham di€m K thudc dam AB, phai thda
man phuong trinh :
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y; — chuyén vi théng
ding cia diém I,

¥, — chuyén vi thing
ding cua di€m K.

Yic ~ chuyén vi thdng
diing cia I trén ddm phu
khi C b4t dong,

Yo - chuyén vi cia g6i
C,

4P _ 3
12EJ " @)

Yie T

Bing phuong phap nhan
bi€u d6 Veresaghin :

— 1
yC'=MpMk-}1ﬁ=
17 pa’
=“2;ﬁ,(4) |
_4P2 17Pa
Y112 E5 T24 EJ T
_ %P2 .
T 24 EJ )

Chuyén vi thing ding
cia difm K trén ddm chinh

1. — 10Pd°
=i M= 12 Er ©@

Thay (5) va (6) vao (1)

25Pa®> 10Pa’

24EJ " 12EJ T °
5 Pa®

PR
24 EJ

Hink 2
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Cau 2. Khi CD tiép xic

v6i AB mdmen l8n nhdt phit

sinh trong ddm CD gidm di
P

mét lugng AM = Ta . Lae

d6 tai K phét sinh phan luc

N lén dd4m phu sao cho N A | ,,;,7

Pa
gay ra moémen udn bing Y

, ¢G nghia la : ' Pe Pa.
N.a = BE —- N = B : ? . Ko z
2 4 T2 4
Dam chinh chiu luc nhu :
hinh 3. | Hnk 3
3
Gia tri M = —Pa .
max 4
So véi trudng hop 1 tang 18n mot lugng
3 1 1
AM=2P3-§P3.-—ZP&1.

Bai 3. 13 diém] .
Cau 1. D€ ddm AB vita cham ddm CD thi y=26 1)
y; — chuyén vi thing ddng cla difm I.

4
_sgrt Sl o 384BJ.S @
Y1 T 384EJ T 384EJ ~ L= T

Cau 2. Khi q < q_ bai toan tinh dinh ; .
Khi q = g  bai todn siéu tinh.

Gita ddm AB va CD
xudt hién phin lue X
Phan ldve nay x&c dinh
theo phuong trinh tuong

thich bién dang : A9
Y=y +6 (3) Ht————= /
5ql* xP '
Y1 = 38ams ~ a8E5 * N |
. |
X3 2.+ i
g = () " a
k ~ 48EJ ]
| T/ |

Thay (4) va (5) vao (3) : ' ' _I W P I ) ;.3!!

5(:114 X2 x? i ¥ ¥ #
384E] _ 48EJ - 48EJ O :

Hinh 4
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" 5 24EJ .6
giai ra : X = qu -5 : (6)

Thay gid tri X tit (6) vao (4) va gid triq = 4q0 ta nhan dugc d6 vong tai I bang :
¥y = 2,60 '

Hinh 7 bi€u thi sy phu thugc gitta chuyén vi y, véi gid tri Iyc phén bd.

OLYMPIC CO HOC 1991

Bai 1 [4 diém]

Cau 1 /1,6 diém]. X4c dinh tai trong
tap trung tai A.

Xic dinh hinh thic chiu-luc : / /
— thanh AB chiu uén thufn tdy, / /
¢ 7

—~ thanh CB chiu xodn thufin tiy
M (AB) = M_(CB).

Trén thanh AB. ®7
: E.S.1073

Oy = Bomay = T 10°L | b
M, 6M, W7
mit khic 6, = o = — . (2) d

{max) Wx bh?
T (1) va {(2) it ra .

_ bW*Es.107*
x = 6L

Tai trong tai A 1a ngiu lyc cd gid tri bing (3) trong mit phing chia AB va vudng
gée vé6i CB. :

Hink 1

(3)

Cau 2. [1,5 diém] Xac dinh tl s6 h/d théa min diéu kién dong bén .

Thanh CB chiu xo4n thuéin tiy — trang thdi Ung suft tai mot diém bt ki 1a trang
thai trugt thudn tay.

b

1
E0 = J (0 — 403 . .
| £
1 S . — 4
Egp = g @ —u6)| 7 Tmax T Tap 100 + 70) @
0’1 e —0'3 = rmax
mit khdc
M, M,
Tmax = W T W, ©
PP -
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Digu kién bén

_E.8107 L E.10™
Omax = 10,15, Ol g= T
- 10
o= — Bt gt 0izl 6)

max = 100(1 +pu) (1+g) ~ E
Tu (3), 4, B) : '
bh’  67.107%L .t
@ 8280 +p
Thay (6) vio (7) chi ¥ quan hé b = 2h, G = 04E riit ra
-]
. a3 16 [6] °
Cau 3. /I didm]
Chuyén vi thing ding cia di€m A

Bai 2 /3 diém]
Cau 1 /2,5 digm]
Xac dinh lyc X,
a) [1,25 difm] Vs
cdc biu d8 ndi luc :
M: - Bi€u d6
mémen udn do luc
phan bé q, gay ra,
Mx - mémen ufn

phdt sinh trong
dém,

Nx - Biéu dé lvc
doc. .

Dua vao bifu d8
ndi lyc ta nhan duge
cdc mat cdt nguy
hiém :

Al, B1 va K
- Tai mat cét Al :

0,08q1%
W (

X

o0 = 1)

min

404

u = 8,89[ 1,52

§+750 ].102.

(1 +u)

pa

LI TT TP TT ]

b 3
Al'
%’ 0 | 0.8

JIB' 0.2 %’E

-

\q.':

008,17

‘ A & 8
e

;ZE

L[

— _\/
9,

R

Hink 2

. 0.08q,1°

®

®
@



Tai mat cit K

10,1251~ X |
min * W -
X

F .

by [0,56 diém]
Diéu kién lam vige
hop 1.
Gmin‘k =9, 3

mjn.:i\1

Thay (1) va (2)
vao (3) xdc dinh lye
kéo trong day (k& ca
luc kéo trudc)

0,045q1
wx
(e-F)
(4)
c)y [0,75 diém]

Tim lyc kée trude

X,

X =

7., - T i

MM g

MMM g

®

B 0.08,1*
012507

Truéc hét tim X ndi lyc trong day AB do q gy ra (khang k€ luc kéo truée).

Phuong trinh chinh tic -

0 X +Ap =03

d
Thay (6), (7) vao (5) :

X
vy

X

11

1P~

(5)
08 @ 1 1, 6
E (J F F ) ’ ©)
X 1
__0,066q1%
O {7)
X
0,11g1%
_TI:, (8)
cz'i'F'i'F—]
X - X o o [2945 0,11¢c ©
o W J J '
c—o FAot—
F F F

3
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Cau 2 /0,6 diém] Gia tri q sau khi gia cudng tang bao nhiéu lin so véi q

12
Véi ddm chi cd q, gid tri momen M . = R nén véi ddm gia cudng chi ¢6 thé ting
q dén khi gia tri moémen tai cdc mat cét nguy hiém bing tri 6 trén cd nghia

12

0,08q1 = —‘é— —q = 1,56q_, tang 56%.

OLYMPIC CO HOC 1992

Bai 1 /3 diém]
Cau 1. {1 diém]}
Ddm chiu ufn
ngang phing, bi€u
d6 mémen ufn va
lue cét nhu hinh 1.
Trang thdi udng
sufit tai di€m C la
trang thai trugt . W
thufn tay : [~

- ¥
. »
N S

1
£ E(O’l - pt0'3) =

t

T, : EY
=g +u)= e} ; . ®©
Eje | v
Mt khée | = -. ,%@D

39 oM

"max = 2°F = 2Ibh’

So sdnh (1) va

(2) : Hink 1
Elel oM
1+x  2Ibh
2E|e_|1.b.h
M= —
91 +u)
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Cau 2 [1 diém]

Y=Y, ¥YYZ - rg7 mE; Y =0
Xde dinh ¥y’ tit difu kién bién yIZ=)_ =0 y’D = 0.
Phuong trinh d6 véng dém : _
Mz Mz MP?
Y= ~285 Y oms Vlz-1 = “o7ms
Vay dang dubng dan h01 la dudng nét dit

Cau 3. /0,5 diém]
~Khi M, va M, tdc dong nguogc chiéu nhau :

M 3 M
Y= T "mx = 2om @
So gdnh (1Y va (3)
2Ele | . lbh
M= —.
3(1+4)

Gia tri M tang 3 18n khi giit nguyén s8 do EP

Cau 4 [0,5 diém]
a) Trutng hgp hai mémen I\'I1 va M, ciing chiéu, néi lyc xudt hi¢n trén mat 13

3M
=0,Qy:T_

Tri cdc di€m & mép trén va dudi, cac di€m khdc déu cd trang thai dng suft trugt
thudn tuay.

b) Trudng hgp hai mémen M, va M2 nguge chifu, ndi ldc xuft hién trén mit cit

4 M
= 3M, Qy =T
+ Céc diém trén truc trung hda cd 'tra.ng thdi dUng sufit trugt thudn tay

+ Céc difm & mép trén va dudi cé trang thdi dng sudt don
+ Cdc di€m khéc cd trang thal dng sust phing déc bigt.

Bai 2 /4 diém]
Cau 1 /3,6 diém] Chuyén vi thing ding cla diém E.
a) [0,25]. Xdc dinh phan lyc gia ddm chinh va dd4m phu :

R, = 22 R, =
AT 2a(- 8~ x), = 2a
b) [1,0] Xdc dinh chuyén vi cta di€m E khi E chua ti&p xic E’ (bai toan tinh dinh) :
1 1
Vg EJMMk’yE_EJ( Pazx——Pa)
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1Pa3

Khix=0—byE£—4EJ,
2 6
x=ga_.yE=0,x=‘5aqu=d=
Vay
1
YE EJ(S

Pa’x —-lPa)

1Pa® ]
2EJ °

. 6
khiOsxsga.

6
¢) [1,75] X4c dinh chuyén vi cia diém E khi x > e (bai toén sifu tinh).

Xéc dinh phan lue X tit diéu kién tuong thich bién dang

Yg = Yp T 0, (1
trong dd :

- = 1Pa? 9

- ZEJ L] ( )
Xad

Ye = 3ET @)

y(P) - chuyén vi cia difm E
do huc P gﬂy ra,

y® - chuyén vi cia diém E
do phan luc X gay ra.

Xac dinh :
1
P — -
Yy Ei ( Pa%x Pa ) (5)
 — Xa®
w0 = = — ==
yg' = EJMpMk = " EJ (6)

Thay (2), (3), (4), (5) va (6) vao
(1), tinh duge gis tri X.
156Px 9

X=3%2a 16 D

Thay gid tri X ti (7) vao (6) va
(4), ta c6 :

1 5 .
Y = BJ (—Pazx + —l—gPa ) khi
6
X 2 -'5-8.

408
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d) /0,5] D8 thi bi€u thi phu thudc cia chuyén vi di€ém E khi P di chuyén

, - Eij(—Pazx —Pa)khiOszs—g-a, |
o] (“—Pazx —Pa ) khi za < x < 2a
x=0—»yE=—%~E%3, x=-§—a—ryE—0,
6 1 Pa® 5 Pa’
x=ga—’yE—5=§—j—,x—-2a--yE_§ﬁ

Hinh 4 Hinh §

Cau 2 /0,5 diém] Xéc dinh mémen ubn phéat sinh trong ddm E’K tai K.

M = Xa ;
max
6
0 khi 0 € x € —a ;
X = . 5
I L2 IS T,
32 16 ‘upasxsa
: 6
0 khiOst-ga,
M = ' )
tnax 15 9 . B
ﬁPx EPakh15a$_x£2a
3
Khi x = 2a M = —Pa
max 8
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OLYMPIC CO HOC NAM 1993

B_ﬂi 2 (3,5 diém]
1. Tinh mémen ufn cuc dai [2,5 difm]

* Tinh ndi luc Npy» Ney [2 diém]

~ Diung phuong phdap lyc :
Hé cc ban nhu hinh vé.

3, X + Alp = 0 (1)
§ = —MM +—=NN, =
11“EJ11+EF1,1
_ 9% 5a _ 2032
T 2BJ 4EF 4 EJ
A § N
1 99Qs> : i [
j— L-]
= — = ' N
A = B MM = gy a
4 396 2,;;"
- P _ _ Jo T 20
X, = "5, = “208% | -+
_ 396 4
BM = T203%° &
190, it
- _ 90c
New = ~208% ,
3,
Chit ¥ : C6 thé dung phuong bo | 2
phdp tuong thich bién dang.
Phuong trinh cin bAng
Ny = 2N, 2) -
Phuong trinh tuong thich
1 ! 1/2
yM = "'Ey”: 3
(tﬁt cd cdc ndi lue dit theo Hink |
chiéu luc kéo) :
trong dd )
Yu = ¥p T Ay
In = Yo T Ay
Al _NBM'a. ._'NCN'a
BM ~  EF ° Aley = EF

410
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Thay (4), (5} vao (3), tim y; va y. theo phuong phép néng lugng ta nhan duge hé
phuong trinh

85N, + 286N = -396Q,

Ny = 2N, ®)

gidi he phuong trinh ta nhén duge

396 196
Nam = 32032 Nen = ~ 3039

- V& bi€u d6 mémen ubn ddm AD tim me [0,5 diém]

639
Moo = 203% = 3119,

2. Tinh K, [0,75 diém]

K, =1+ V1 +(2thl)
thay h = a, At = Yp

tinh
Ly L 9045Q8°
'p T EIxk T 208 BJ ’
3
Yo ~ 44,56 o ;
RO PO 1]
o = 9045 Qg2 °

3. Tinh chiéu dai thanh giing /0,25 diém] 2,

T2EJ .

Npm < Py =

ta od . Hinh 2
| 1’ 2032°EJ,
a = 396Q
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OLYMPIC CO HQC NAM 199%

Bai 1. /3 diém]
1. Tinh m6men xodn ndi luc trong cdc
8ng [1,5‘eié’m]

Ong trong chiu xo4n bdi mémen M_
tao ra gdc xodn Py Sau khi ¢4t bé mémen,
goc xodn &ng trong P, < ¢, gOC xoén

6ng ngoai ¢, Momen xodn néi lyc trong

hai 6ng bang nhau v& tri s6 nhung ngugc
chiéu nhau.

Ta cg :
Phuong trinh cAn bang tinh- hoc
M1 -M, =0 (1)

Phuong trinh bién dang b8 sung
P, te, =@ (2)

MI - Mémen xodn ndi luc 6ng trong,

M, - Mémen xo0dn ngi luc 6ng ngoai.

Ml M1 M,

‘Po=a(‘1§;svl=a}("§;vz=a;)(3)
P P p

K/em?

Jg) ~ Mémen quin tinh doc cuc éng
trong,

J;z) - Moémen quédn tir_lh déc cuc 6ng

ngoai.
Thay (3) vac (2) ta nhan dugc hé
Ml - M2 =0
M1 'M2 M0

P p P
Giai hé (4) ddn dén .
M .J®
o “p

M =M

17T 0o )
P P
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2. Tinh bing sd [0,5 diém]

ij) 0,1. D4(1 - q) 0,1.9* [1 - (g)“] = 242,75 cm®,
(

9 .4 :
2) 4 4 v — 4
J¢ -01D(1 7t = 0110[1 10)] 344 cm*,

Thay (8) vac (b) suy ra M1 = M2 = 117256 Ncm.
3. Tinh dng sudt tiép 16n nhdt [1 di€m]

B4 :
1) _ 3 _ I el - 3
wf) = 0,2D°%1 - 7% = 0,2. 93[1 (9)]_53,946cm ,
9 .4
) _ 3 A N (3) I - 3
wg = 0,2D°%1 - 7%) = 0,2.10 [1 -(10)]-—68,8(:111.
Ta nhan dugc '
D = 2173 Njem? ,
©? = 1704 Nien?.

Bi€u d6 iing sudt nhu hinh vé

 OLYMPIC CO HQC NAM 1995

Bai 1 /2 diém]

/
Goi q - tai trong ban than BNEEEEEEEERN
trén mét don vi dai A g C

[0,6 diém] So d8 chiu luc
va bi€u d8 mémen nhu hinh
Ve,

qx
My =72
2
af _ qix ,/k /ﬁ\
Mp =g ~ 3 = TTT
1
Ny
OEXE%

Hinh 1
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[1 diém] Gid i [M]|___
ed thé 1a |M,| hodc gid tri

M| tby thudc vao gid tr

x. T“
- Gis tri M| __ dat gia o
trj nho nhAt khi . 1 _
__ . \
IM,| = Mgl \\,I".I I
[0,5 diém] Giai phuong \
trinh . \\\
o gk g P
8 2 2 E X
—

L&y nghiém duong
x = 0,20711

Bai 2 [3 diém}
Cau a (2 didm]

Hink 2

-~ Tach nit A xét cAn bing [0,5 diém]
+ Phugng trinh cAn bang tinh hoc.

2F, =P =N, cosma — N, cosf =0 (a)
2F, =N - N, sina - N, sinf= 0 (b)

[l
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+ Phuong trinh bién dang b8 sung [I diém]
Do A chl di chuyfn ndm ngang, A chuyén dén A’. Theo quan hé hinh hoc ta cd

AAj = Al g5 AKX, = Al

al, o _ Al . ©
cosx  cogf
Thay :
AL NAB.4a v Al ”_NAC.3a
AB ~ EF AC ~ EF
ta cd :
3 cos o
N = 7 cos B Nac @
- Giai hé (a), (b), (d) ta nhan duge [0,5 diém]
. 3cosa
N.. = .P
AB - gooda +4c052ﬁ
N = 4cox
AC  gooda +4codB
1,5 sin2a + 28in28
N = . .
°  3coda +4cos’p
-Cau b [1 diém]
Ha =6
’ 2h .
kd =1+ 1+ EE (e)
Al : N 4a
AB AB 12Pa
At = cona +Md’thayAlM=T’M = =

va thay cac 86 ligu cho vao (e}. Ta cd
k g = 12
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OLYMPIC CO HOQC NAM 1996

Bai 1. (3,5/10 diém)
1. Hai phuong trinh cén bing :
aN, — sz = 0,

, .
bP—le+aN2=0, S é
. ”l’ ) N‘
— b2 . "r .'.Iz
.N1=sz_az ' . , X .
N P
N2 = Pﬁ (0,25 diém) B
b —
Nhu vay d6i v6i thanh AB : ' Hink 1
. ba PL2 _
|M]'naxlAB = Nl‘a = sz_az ) lQmaxlAB = m H (0,5 dlém)
Dé&i vai thanh CD :
2 .
. a’h ab
M paxbep = Nz_‘a = Pﬁ s Qe ep = sz_az

2. D& tinh chuy&€n vi cia C, ta dat lyc & C,
Vi cédc bi€u d8 ndi luc Mp, Np, Ml, Nl’ ta tinh duge f, bing cdch nhan biéu d6 :

Pa’ (@ +2a% +a +2) . . 80Pa’ _
« = 3EJ (az—_l)z i Voia = 2 - fc = 27E] (0,5 ¢;ém)

3. Vi he 1a tinh dinh nén khi co ngén thanh AC, hé khéng phé4t sinh ndi luc ma
chi dén vi tr{ mdéi thanh A'B'C’'D’ : (0,25 diém)

Xét he bign dang thanh AC,

rat ra ,
AC = AC’' + A rt: . ° 8
]
1 : J’k‘
hay AC’ + 8 = AC’ +y + A {‘
. b K ’
hay 8 — v = A. (a) ¢ gj’*

Xét su khdng bifn dang cua BD, rit ra

%ﬁ—b = 0 (b)

el

Hinh 2
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Tt (a) va (b), suy ra :

a_2

Yy = A,

®
®
®

Thay b = 2a va v6i

A = Pa%3EJ ta duge

4Pa® ' g
8 = =2 (095 diém) '

SEJ | 5&7

Chuyén vi cla di€m C :

%l

L= 6 ® o

80Pa® 4Pa® 8P

= - = 0,5 diém)
27EJ ~ 9EJ _ 27EJ
: T

N&i luc d cdc thanh nhu & clu 1 va
bigu d6 Mp va NP. (0,5 di€m)

4. Khi a = b, cdc noi luc la vo cing. Diéu nay ching té he¢ khong 8n dinh hinh
hoc. (0,25 di€m).

V& mat cfu tao ta ¢d th€ thfy khoéng chi a = b ma & cde trudng hgp g6i H va K
cung trén du¥ng thdng ding hé déu khdng &n dink hinh hoc va ndi luc déu cd gia tri

vd cung. Phan tich cfu tao, ta théy hé cung véi dﬁt tao thanh hé gfm 3 cfu kién cd
- lién k&t khop thdng hang. (0,5 didm).

Bai 3. (3,5 digm/10)

Giai doan 1. Trudng hogp ¥yg € A (ddm tinh dinh) ; Ddm chiu lyc P.
Khi dé d6 vong l1én nhét & B :

p

K}

confro

“ 7 38 EJ Z-\; ° ; |

khi f = A thl vz_|
48 EJA

(0,6 difm )P = - — P,)
11 3

(0,25 diém). Biéu d6 M (P)) nhu hinh ben.  BL
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- Giai dogan 2 : khi tang lyc P, = P - P, thl ddm cham g6i B, khi dd tai g6i B sé
c¢é phan luc X :

11 PP Xy
48 BEJ  48EJ

11
(0,5 diém) = X = TP

(0,25 diém) Biu dd M(P ) nhu hinh
bén. Diéu kitn d€ ddm lam viee hop U
nh4t : _ _ '

WP,
0.5 diém) \A/ N7
Y

|MD(P1) + MD(Pz)l = IMB(Pl) - MB(Pz)i

sfe

m‘j;

/F& p
Pl 5Pl 3P, 1 - =
hay | l - |_____:2 y \I/V(PJ JJ)

The P, = P - P, vao ding thic trén
va giai theo P, ta cd : pa—— _ 1 U(Fy= F)
N

\ P
(0,5 diém) — P1 = 33 va P = P

V& bi€u d6 moémen ufn dng véi hai gid
tri trén, ta nhan th&y v6i gia tri hop li 12

Pl = P/33. Khi dg :
) P 48 EJA pP
(0,5 diém) _'§§ = ﬁ_lT — A = 144EJ (0,6 diém)
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PHU LUC

Quy cach thép can

thép goc deu canh, TOCT 8509-57
Y4
o
l A
kA o
\é : s
<L P
L //f?‘vg/ 4
AN AR
&
A}] ~ % Xf
X, 5 _* '
Bing 1
Kich thirdc mm Cée tri sd ddl vdl tryc
Di¢gn
s& tich Trong X=X X, =X Yo ™ X =X
bign lwromg —
mjt - - z,
thép pr im | o 8 E E g - (cm)
hinh b d -R r F dat g g 7 " o v g :
No - 2 (kG) .;4 ] L (7]
(em®) e e 2 E £ £ -
= - EO ‘_no Ec Eo "
1 2 3 4 5 6 7 8 9 10 11 2 -} 13 14 15
3 . 1,13 | 0,89 | 0,40 } 0,59 0,63 6,75 | 0,17 | 0,39 0,81 | 0,60
2 20 3,5 1,2 i
4 1,46 1,15 | 0,50 | 0,58 0,78 0,731 0,22 | 0,38 1,09 1 0,64
3 143 1,12 | 0,81 | 0,75 | 1,29 0,95 | 0,35 | 0,49 1,57 | 0,73
2,5 25 3,5 1,2
4 1,86 146 | 1,03 | 0,74 1,62 093% 0,44 | 0,48 2,11 0,76
28 28 3 4 1,3 1,62 | 1,27 1,16 | 0,85 1,84 1,07 | 0,48 | 0,55 2,20 | 0,80
3 1,86 | 1,46 1,77 | 0,97 2,80 1,231 0,74 | 0,63 3,26 | 0,89
3,2 32 4.5 1,5
4 2,43 1,91 § 2,26 | 0,96 3,58 1,21 | 0,94 | 0,62 439 | 0,94
3 2,10 1,65 | 2,56 § 1,10 4,06 1,39 1,06 | 0,71 4,64 | 099
36 35 4,5 1,3 .
4 2751 216 | 329 | 1,09 5,21 1,38 | 136 ) 0,70 6,24 1,04
3 2,35 185 | 3,55 ( 1,23 5,63 1,55 1,47 | 0,79 6,35 1,09
4 40 5 1,7 _
4 308 242 | 458 | 1,22 7.26 1,53| 1,90 | 0,78 BS53| 1,13
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(Tiép bang 1)

1 2 3 4 5 6 7 8 9 10, 11 12 13 14 15
3 265| z08| s13| 1,39 | 813| 1,75] 212| o089| 904 1,21
4,5 45 3 5 1,7| 348 273 663 | 1,38 | 105! 1,74} 2,74| o089 121 1,26
5 429 337 803 1,37 | 12,77 1,727 3,33 0,88 153 1,30
3 296 232 w11 1,55 11,3] 195] 295 100 124 1,33
5 s6 | 4t 55 1,8 389 305| 921 154 | 1467 194} 380 099 166| 1,38
5 480 377 1,2| 1,53 | 17281 1,92| 463| o098 2009 1,42
3,5 386 303 11,6 1,73 | 184} =218 480 112 203] 1,50
5,6 56 4 6 2 438 344 131 1,73 | 208| 2,18| 541 11| 233] 1,52
5 541| 425 160 1,72 | 254| 216| 6,59 1,10 294 1,57
4 495 390 189| 1,95 | 299| z24s| 781 25| 331| 1,69
6,3 63 5 7 23| 613| 481 23,1 1,94 | 366| 244 9527 1,25| 41,51 1,74
6 728| 5720 271 1931 429| 243 11,2] 124 s00] 1,78
4,5 620 4,87} 290 216} 460| 2,72| 120! 1,39| 51,0 1,88
5 686 538! 319 216 | 50,7 2,72| 132 139 567 1,90
7 70 6 8,0 271 815| 639 3761 215 | s$96| 2,71 155 1,38| 684 194
7 942| 739 4301 214 | 682| 269 178) 1,37) 80,1} 1,99
8 107, 837| 482 | 213 | 764| 268 200| 137! 919 z02
5 7,39 580 395 231 | 62,6 291 164] 149] 696| 2,02
6 878! 6,89 466! 230 | 739| 290| 193] 148) 839 206
7.5 15 7 9 3 1o, 796 3533 229 | 84,6| 289 22| 148( 983 2,10
8 1,5| 902| 598 228 | 949 287 248 147 113 2,15
9 128 101 66,1 | 2,27 105 [ 2,86 27,5| 146 127 2,18
5,5 863| 6,78 52,7 | 247 | 8361 311| 21,8 1,59} 932 217
6 938| 736 570]| 247 | 904! 3,11t 235| 1,58 02| 2,19
8 80 9 3 ' : '
7 10,8 851! 653 245 104 | 3090 270 1,58 119 2,23
8 123| 965! 134 244 116 | 3,08 303 1,57 137 2,27
6 106 833 82,1 278 | 130} 350 340 1,79 145 243
7 123 964| 93| 2,77 150 | 3,490 389 1,78 169 2,47
9 90 10 33
8 139 109) 106 | 276 | 168 | 348 438} 1,77 194 | 251
9 1561 122| ns | 278 186 | 3,46 48,61 1,77 219 2,55
6.5 1281 10t| 1221 309! 193| 388 s07| 199 214} 268
7 138 108| 131 308 | 207| 388 s542| 98| 231 271
: 8 156 122 147 | 307 | 233| 387 609| 1,98| 265f 2,75
10 100 10 12 4 192 151 179 | 3,05 | 284 | 384 7L1| 196 333 2,83
12 228 179 200 | 303 | 331 381 869| 1,95 402| 291
14 263 206 237 | 300 | 375| 3,78 993| 1,94 42| 299
16 201 233 264 | 298| 416 | 3,74 112 1,94| s42| 3,06
7 1521 19| 176 | 340 | 279| a20| 727 2191 308 29
1 110 12 4
8 17,2 135 198 | 339 | 315{ 4.28] 81,8| 218 353| 3.00
8 19,7 155| 294 | 387 | 467 | 4,87 122 249| 516 3.36
9 220 1731 327 | 386 | s520| a86| 135| 248! 582| 3.40
10 243 191{ 360 | 385 571 | 484 49| 247 649| 345
12,5 125 14 4.6
12 289] 22,7 422| 382 | 670 4827 174| 246| 82| 353
14 334 262} 482 | 380 ] 764 | 4,78] 200| 245| 916| 3,61
16 378f 296 539 378 | 853 | 4,75| 224 244 1051 368
9 247 194 466 | 434 | 739 | 547 192 2,79| 8181 3,78
14 140 10 14 46| 273| 21,5 512 433 814 | 546| z211| 278| 911| 382
12 325 255 602 431 | 957 | 543 248| 2,76| 1097 3,90

420




(Ti&p B&ng 1)

1 2 3 4 5 6 7 9 w 11| 12¢] 13 14| 15
10 314 2471 774 | 496 | 1229 625] 319 | 319 1356| 4,30
11 344 270 844 | 495 | 1341 6241 348 | 3,81 1494| 435
12 3741 294 | 913 | 494 | 1450 23| 376 | 3,17 1633| 4,39
16 160 | 14 16 53| 4331 34,0 1046 | 492 | 1662 620 431 | 3,06 | 1911] 4,47
16 4911 385| 1175 | 4890 | 1866| 6,17| 485 | 314 | 2191| 455
18 548! 430 1299 | 487 | 2061 | 6,13| $§37| 313 | 2472 463
20 60,4 474 | 1419 | 485 1 2248 60| 589 | 3,12 | 2756] 4,70
11 388 305 1216 | 5,60 | 19331 706| 500 359 | 2128| 485
18 180 | - 16 53 _
12 422 331 1317 559 | 2003 | 7,04| 540 358 | 2324 4,89
12 47,1 370 18231 622 | 2896 | 7.84| 749 399 32| 537
13 s09| 399 1961 621 | 3116 | 7,83 805 | 3.98 | 3452 542
14 . s46| 4281 2097 | 620 |-3333| 7.81| 861 | 397 | 3722| 546
20 200 | 16 18 6 | 620| 4871 2363 | 6,77 | 3755| 7.78| 970 | 396 | 4264| 554
20 765| 60,1 2871 | 6,12 | as60| 7,721 1182| 393 | 5355| S,70
25 943| 740 | 3466 | 6,06 | 5494 | 7.63] 1438| 391 | 6733| 589
30 115,5| 876 | 4020 | 6,00 | 6351| 7,551 1688 389! 8130|. 6,07
14 604 | 474 | 2814 | 683 | 4470| 860[ 1159 4,38 | 4941] 593
22 220 21 7
16 686| 538 3175 6,81 | s045| 858| 1306| 436 | s661] 6,02
16 784 61,5 | 471 7,76 | 74921 o978 1942] 498 | 8286 6,75
18 87,7| 689 | 5247} 7,73 | 83371 975 2158] 496 | 9342| 6,83
20 970 76,11 5765 | 7,71 | 9160 | 9,72| 2370] 4,94 | 10401 6,91
25 250 | 22 24 8 | 1061| 8331 6270 | 7,69 | 9961 | 9,69 2579| 4,93 | 11464] 7,00
25 119,7] 94,0 | 7006 | 7,65 | 11125 9,64 2887] 4,91 | 13064 7.11
28 133,1] 104,5| 7717 | 7,61 | 12244 9,59 3190| 4,89 | 14674 7.23
30 14201 1114| 8177 | 7.59 | 12965| 9,561 3389| 4,80 | 15753 7,31
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Thép goc khong déu canh,’

TOCT 8510-57

422

LA AT
)
7
<
L
o
.
X X
79N 2l
/
% AR 1
] ]
¥ s
7
Bdng 2
Kich thwéc (mm) o Céc trj s8 481 véi truc
6 sla > v =g [ .
higu % |53 g5 < T o | e
thép | g |y AR CELSNIERN: N QU*QEEE- 51883
hinh §° uu’usﬁaa_g < 5| g | BB
No é‘ R B _'NH E ;-gg 8 B &
1 2 3 5 & 7 8 9 10 11 12 13 14 i5 16 17 18 19
2,5/1,6 | 25 16 35 1.2 | L16 | 0,91 0,70(0,78 | 0,22| 0,44]| 1,56 ; 0,86 43| 0,42| 0,13| 0,34 0,392
1,49 | 1,17| 1,52| 1,01 | 0,46 0,55 | 3,26 | 1,08 0,82 | 0,49( 0,281 0,43 0,382
3,22 (32 | 20 35 (12
1,94 | 1,52 1,93( 1,00 0,57 0,54 | 4,38 | 1,12] 1,12 0,537 0,35] 0,43 0,374
1,89 | 1,48 3,06] 1,27 | 0,93 0,70 | 6,37 | 1,32 1,58 | 0,59| 0,56| 0,54 0,385_
- 4,275 40 25 40 |13 !
247 | 194] 393126 1,181 0,69 853 | 137| 2,15 | 0,63 0.71] 054] 0381
2,04 [ 168 441|143 | 1,32[ 079{ 9,02 | 1,47] 220 0,64] 0,79] 061| 0382
4508145 | 28 50 |17
2801 2201 56811421 16910781121 1,511 2981 0,681 1,021 0,60 0,379
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Thép chit U, TOCT 8240-56

AL
—
5-4
| 2
L4790
=X . X
#
86 R khong
7 b7 70%
!
Y b Bdng 4
Kich thwrde (mm) NE Céc tri sd ddi vdi truc
[#] - - r
56 - X~ X y- 3
hi¢u e
hinhhhdthEEu”chEe_E
N° E :e ; ._..;‘- ; i )
- - 3 W _h 3
=
e
=

aa | 70 6 | 25 |66 | 28| 910] 192559 | 561 |275 | 0,954} 116
72| 6 | 25|75 | 86| 150 254[900 870 {368 | 1,08 124
8 | 705| 80 a5 | 74 | 65 | 25 898 | 894 | 224| 326|133 128 |475 | L19| 13l
10 | 859 100 as | 726l 7 | 30109 | 174| 338 399|204 | 204 | 646 | 1,37] 144
12 | 104] 12052 | 48! 78|75 | 30133, 304 | 506 478[296 312 852 | 153 154
14 | 123140 | 58 | 49| 81| 8 | 30 156 [ 491 | 702 560|408 | 454 11,0 | 1,70 167
142 | 133 140 | 62 | a9 | 87| 8 | 30[170 { 545 778| 566|451 (575 | 133 | 184| 187
16 | 1421160 | 64 | 50| 84185 | 35181 | 747| 934 642|541 | 633 | 138 | 187) 180
16a | 153|160 | 68 | 50| 90 |85 | 35195 | 823 | 103 | 649|594 | 788 | 164 | 201} 200
18 | 163|180 [ 70 [ 51| 87| 9 | 35]207 [ 1090| 121] 724698 | 860 | 170 | 204| 194
18a | 1740 180 | 74 | St | 93| 9 | 35!222 | usol 132| 732( 76,1 | 105 | 200 | 218 213
20 | 184|200 7 | 52 90|95 | 40 |234 | 1520} 152 | 807}878 | 113 | 205 | 220 207
20a | 198|200 | 80 | 52| 97|95 | 40 |252 | 1670| 167 | 815959 | 139 |242 | 235| 228
22 | 21020 |82 | 54| 95|10 | 40267 | 2110 192 | 889|110 | 151 | 251 | 237; 2,21
2a | 226! 220 | 87 | 54| 102 10 | 40 {88 | 2330 212 899 121 | 187 [300 | 25| 216
24 | 240|240 | 90 | 56| 100|105 [ 40 [306 | 2900} 242 | 9,73 139 | 208 | 316 | 260| 242
242 | 258|240 | 95 | 56 | 107[105 | 40 [329 | 3180 265 9,84 | 151 | 254 |372 | 278| 267
27 V277|270 | 95 | 60 | 105 11 | 45 |352 | 4160 308 | 10,9 178 | 262 | 373 | 273 | 247
30 | 31,8] 300 100 | 65| 11,51 12 | 50 |405 | 5810 387 | 12,0224 | 327 [ 436 | 2,84} 252
33 1365|330 |105 | 70 [ 11,7} 13 | 50 | 465 | 7980| 4841 131 281 | 410 {3518 | 297| 259
3 | 419|360 | 110 | 75 | 126 | 14 | 60 |534 | 10820 601 | 142|350 | 513 |6L7 | 310| 268
30 | 483|400 {115 | 80 | 135] 15 | 60 [61,5 |15220] 761 | 157 ] 444 | 642 [734 | 323} 275

65 | 590| 65

s&8R
-9
S
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Bdng 17-1
Tri 86 cua ham 7, 5, 7,, 7, dé tinh ddm dai v6 han trén nén dan héi.

—Mmz

428

7 = e " (cosmz + sinmz) ; 7, = e "° . cosmz
7, = e " {cosmz ~ sinmz) ; 7, = € " sinmz
mz 1 3 m m mz
0,0 1,0000 0,0000 1,0000 +1,0000 0,0
0,1 0,9907 +0,0903 0,8100 +0,9003 0,1
0,2 0,9651 +0,1627 0,6398 +0,8024 0.2
03 0,9267 +0,2189 0,4888 +0,7077 0,3
0.4 0,8784 +0,2610 0,3564 +0,6174 0.4
0.5 0,8231 +0,2908 0,2415 +0,5323 0,5
06 0,7628 +0,3099 0,1431 +0,4530 0.6
0,7 0,6997 +0,3199 0,0599 +0,3708 0,7
/4 0,6448 +0,3224 0,0000 +0,3224 0,785
08 0,6354 +0,3223 -0,0093 +0,3131 08
0,9 0,5712 +0,3185 -0,0657 +0,2527 0,9
L0 0,5083 +0,3096 -0,1108 +0,1988 10
1,1 0,4476 +0,2967 -0,1457 +0,1510 1,1
1,2 0,3899 +0,2807 -0,1716 +0,1091 1,2
i3 0,3355 +0,2626 -0,1897 +0,0729 13
14 0,2849 +0,2430 -0:2011 +0,0419 14
15 0,2384 +0,2226 -0,2068 +0,0158 LS
/2 0,2079 +0,2079 -0,2079 0,0000 1571
16 0,1959 +0,2018 -0,2077 ~0,0059 1,6
17 0,1576 +0,1812 -0,2047 -0,0235 1,7
18 0,1234 +0,1610 -0,1985 -0,0376 18
19 0,0932 +0,1415 -0,1899 -0,0484 1.9
20 0,0667 +0,1231 -0,1794 -0,0563 2,0
21 0,0439 +0,1057 ~0,1675 -0,0618 2,1
2.2 0,0244 +0,0896 -0,1548 -0,0652 22
23 0,0080 +0,0748 -0,1416 -0,0668 23
3n/4 . 0,0000 +0,0670 -0,1340 -0,0670 2,356
2,4 -0,0056 +0,0613 -0,1282 -0,0669 24
25 -0,0166 +0,0491 -0,1149 -0,0658 2,5
26 -0,0254 +0,0383 -0,1019 -0,0636 2,6
27 ~0,0320 +0,0287 -0,0895 ~0,0608 2,7
28 -0,0360 +0,0204 -0,0777 -0,0573 2,8
29 -0,0403 +0,0132 -0,0666 -0,0534 2,9
30 -0,04226 +0,00703 -0,05632 -0,04929 30
31 -0,04314 +0,00187 -0,04688 -0,04501 31
= -0,04321 +0,00000 -0,04321 -0,04321 3,142
32 -0,04307 -0,00238 ~0,03831 ~0,04069 32
33 ~0,04224 -0,00582 -0,03060 -0,03642 33
34 -0,0407% -0,00853 -0,02374 -0,03227 3.4
35 -0,03887 -0,01059 -0,01769 -0,02828 3,5
36 -0,03659 -0,01209 -0,01241 ~0,02450 36
3,7 -0,03407 -0,01310 ~0,00787 ~0,02097 37
38 -0,03138 -0,01369 -0,00401 -0,01770 38
39 -0,02862 -0,01392 -0,00077 -0,01469 3,9
S7/4 -0,02786 -0,01393 0,00000 ~0,01393 3927
a0 -0,02583 -0,01386 +0,00189 -0,01197 4,0
4,1 -0,02309 -0,0i356 0,00403 -0,00953 a1
42 -0,02042 -0,01307 0,00572 -0,00735 a2
43 -0,01787 -0,01243 0,00699 ~0,00544 43
44 -0,01546 -0,01168 0,00791 -0,00377 44




mz n 73 it 72 mz
45 -0,01320 -0,01086 0,00852 -0,00234 4,5
46 -0,01112 -0,00999 0,00786 -0,00113 4,6
47 ~0,00921 -0,00909 0,00898 ~0,00011 47
672/4 ~0,00898 -0,00898 0,00898 0,00000 4,712
48 -0,00748 -0,00820 0,00892 +0,00072 4,8
49 - 0,00593 -0,00732 0,00870 0,00139 4,9
50 ~0,00455 -0,00646 0,00837 0,00191 50
5.1 -0,00334 -0,00564 0,00795 0,00230 5,1
52 -0,00229 -0,00487 0,00746 0,00259 5.2
53 -0,00139 -0,00415 0,00692 0,00277 53
54 ~0,00063 -0,00349 0,00636 0,00287 5,4
Trld 0,60000 -0,00290 0,00579 ,00290 5,498
55 +0,00001 -0,00288 0,00578 0,00290 55
5.6 0,00053 ~0,00232 0,00520 0,00287 56
5,7 0,00095 ~0,00184 0,00464 0,00279 5,7
58 0,00127 -0,00141 0,00409 0,00268 58
59 0,00152 -0,00102 0,00356 0,00254 59
6,0 0,00169 —0,00069 0,00307 0,00238 6,0
6,1 0,00180 -0,00069 0,00261 0,00221 6,1
62 0,00185 ~0,00017 0,00219 0,00202 6,2
8/4 0,00187 0,00000 0,00187 0,00187 6,283
6,3 0,00187 +0,00003 0,00181 0,00184 6,3
6,4 0,00184 0,00019 0,00146 0,00165 6,4
6,5 0,00179 6,00032 0,00115 0,00147 6,5
6,6 0,00172 0,00042 ° 0,00087 © 0,00129 6,6
6,7 0,00162 0,00050 0,00063 0,00113 6,7
68 0,00152 0,00055 0,00042 0,00097 6,8
6,9 0,00141 0,00058 0,00024 0,00082 6,9
7,0 0,00129 0,00060 0,00009 0,00069 7.0
97/4 0,00120 0,00060 0,00000 0,00060 7,069

429




Bdng 17-2
Tri s6 cha cdc ham Crul6p dé tinh dim c6 m#t cAt khoéng dbi trén nén dan héi

mz Amz - Byz Coz | 1 WS
0 1 0 0 0

0,001 1,0000 0,00100 0,00000 - 0,00000
0,002 1,0000 0,00200 0,00000 0,00000
0,003 1,0000 0,00300 0,00001 6,00000
0,004 1,0000 0,00400 0,60001 0,00000
0,005 1,0000 0,00500 0,00002 0,00000
0,006 1,9000 0,00600 0,00002 0,00000
0,007 1,0000 0,00700 0,00003 0,00000
0,008 1,0000 0,00800 0,00003 0,00000
0,009 1,0000 : 0,00900 000004 0,00000
0,010 1,0000 0,01000 0,00005 0,00000
0,011 1,0000 0,01100 - 0,00006 0,00000
0,012 : 1,0000 ) 0,01200 0,00007 0,00000
0,Mm3 1,0000 0,01300 0,00009 0,00000
0,014 1,0000 0,01400 0,00010 0,00000
0,015 1,0000 0,01500 0,00012 0,00000
0,016 - 1,0000 0,01600 0,00013 0,00000
0,017 1,0000 - 0,00700 0,00015 0,00000
0,018 1,0000 001800 0,00016 0,00000
0,019 1,0000 0,01900 0,00018 - 0,00000
0,020 1,0000 0,02000 000020 0,00000
0,030 1,0000 0,03000 0,00045 0,00001
0,040 1,6000 0,04000 ' T 0,00080 0,00001
0,05 10000 0,0500 0,0013 0,00002
0,06 1,0000 0,0600 0,0018 0,0001
0,07 1,0000 00700 0,0025 0,0001
0,08 1,0000 0,0800 0,0032 0,0001
0,09 1,0000 0,0900 0,0041 0,0001
0,10 1,0000 0,1000 ] O,bUSO ] 0,0002
0,11 1,0000 0,1100 0,0061 0,0002
0,12 1,0000 0,1200 00,0072 0,0003
0,13 . 0,9999 0,1300 0,0083 0,0004
0,14 10,9999 0,1400 0,0098 0,0005
0,15 0,9999 03,1500 00113 : . 0,0006
0,16 0,9999 0,1600 0,0128 ) 0,0007
0,17 0,9999 0,1700 0,0145 0,0008
0,18 0,9998 0,1800 0,0162 0,0010
0,19 0,9998 0,1900 0,0181 0,0012
0,20 0,9997 0,2000 0,0200 0,0014
0,21 0,9997 0,2100 0,0221 00016
0,22 0,9996 0,2200 0,0242 0,0018
0,23 : 01,9995 00,2300 0,0265 0,0020
0,24 0,9995 ,2400 0,0288 10,0023
0,25 0,9993 0,2500 0,0313 0,0026
0,26 0,9992 0,2600 0,0338 0,0029
0,27 0,9991 0,2700 0,365 0,0033
0,28 0,9990 0,2800 0,0392 0,0037
0,29 0,9988 0,2900 0,0421 0,0041
0,30 0,9987 0,2999 0,0450 0,0045
0,31 0,9985 0,3099 0,0481 0,0050

430




mz Az B Cmz Dz
0,32 0,9983 0,3199 0,0512 0,0055
0,33 0,9980 0,3299 0,0545 0,0060
0,34 0,9978 0,3399 0,0578 0,0066
0,35 0,9975 0,3498 0,0613 0,0072
0,36 09972 0,3598 0,0648 0,0078
0,37 0,9969 0,3698 0,0685 0,0085
0,38 0,9965 0,3797 0,0722 04,0092
0,39 0,9961 0,3897 0,0761 0,0099
0,40 0,9957 0,3997 0,0800 0,0107
0,41 0,9953 0,4096 0,0840 0,0115
0,42 0,9948 0,4196 0,0882 0,0124
0,43 0,9943 0,4295 0,0924 0,0133
044 0,9938 0,4395 0,0968 0,0142
045 0,9932 0,4494 0,1012 0,0152
0,46 0,9925 0,4594 0,1058 0,0162
0,47 0,9919 0,4693 0,1104 60,0173
0,48 0,9911 0,4792 0,1152 0,0184
0,49 0,9904 0,4891 0,1200 - 0,0196
0,50 -0,9895 0,4990 0,1249 0,0208
0,51 0,9887 0,5089 0,1300 0,0221
0,52 0,9878 0,5188 0,1351 0,0234
0,53 0,9869 0,5286 0,1404 0,0218
0,54 0,9858 0,5385 0,1457 0,0262
0,55 0,9847 0,5484 0,1511 0,0277
0,56 0,9836 0,5582 0,1567 0,0293
0,57 0,9824 0,5680 0,1623 0,0309
0,58 0,9811 0,5778 0,1680 0,0325
0,59 09798 0,5876 0,1738 0,0342
0,60 0,9784 0,5974 0,1798 0,0360
0,61 0,9769 0,6072 0,1858 0,0378
0,62 09754 0,6170 0,1919 0,6397
0,63 0,9738 0,6267 0,1981 0,0417
0,64 09721 0,6364 0,2044 0,0437
0,65 09703 0,6462 0,2109 0,0457
0,66 0,9684 0,6559 0,2174 0,0479
0,67 0,9664 0,6655 0,2240 0,0501
0,68 0,9644 0,6752 0,2307 0,0524
0,69 0,9623 0,6848 0,2375 10,0547
0,70 0,9600 0,6944 0,2444 0,0571
0,71 09577 0,7040 0,2514 0,0596
0,72 0,9552 90,7136 0,2584 0,0621
0,73 0,9527 0,721 0,2656 0,0648
0,74 - 0,9501 0,7326 0,2729 0,0675
0,75 0,9473 0,7421 0,2803 0,0702
0,76 0,9444 0,7516 0,2878 0,0700
0,77 0,9415 0,7610 0,2953 0,0760
0,78 0,9384 0,7704 0,3030 0,0790
0,79 0,9351 0,7798 0,3107 0,0820
0,80 0,9318 0,7891 0,3186 0,0852
0,81 0,9283 0,7984 0,3265 0,0884
0,82 09247 0,8077 0,3345 0,0917
0,83 09210 08169 0,3427 0,0951
0,84 0,917 . (,8261 0,3509 0,0986
0,85 0,9131 0,8352 0,3592 0,1021
0,86 0,9090 0,8443 03676 0,1057

431




432

mz Amz Bu: Crz D
0,87 0,9047 0,8534 0,3761 0,1095
0,88 09002 0,8624 6,3846 0,1133
0,39 0,8956 0,8714 0,3933 0,1172
0,90 0,8931 0 8804 0,4021 00,1211
0,91 0,8859 08893 0,4109 0,1252
0,92 0,8808 0,8981 0,4199 0,1293
0,93 0,8753 0,9069 0,4289 0,1336
0,94 06,8701 09156 0,4380. 0,137%
0,95 0,8645 09242 04472 0,1424
0,96 0,8587 0,9329 0,4565 0,1469
0,97 0,8528 04,9415 0,4659 0,1515 -
0,98 08466 0,9499 04753 0,1562
0,99 0,8339 0,9586 0,4849 90,1611
1,00 08337 0,9668 5,4945 0,1659
101 08270 0,9750 0,5042 0,1709
1,02 0,8201 0,9833 0,5140 0,1760
1,03 08129 0,9914 0,5238 0,1812
1,04 0,8056 0,9995 01,5338 0,1865
1,05 06,7980 1,0076 0,5438 0,i918
1,06 0,7902 1,0155 0,5540 0,1973
1,07 0,7822 10233 0,5641 0,2029
1,08 0,7740 1,0311 0,5744 0,2086
1,09 0,7655 1,0388 0,5848 0,2149
1,10 0,7588 1,0465 0,5952 0,2204
1,11 0,7479 1,0540 0,6057 0,2263
1,12 0,7387 1,0613 0,6163 0,2323
1,13 0,7293 1,0687 0,6269 0,2384
1,14 0,719 1,0760 0,6376 0,2446
1,15 0,7097 1,0831 0,6484 0,2514
1,16 00,6995 1,0902 0,6593 0,2579
1,17 0,6891 1,0971 0,6702 0,2646
1,18 0,6784 1,1040 0,6813 0,2713
1,19 0,6674 1,1107 0,6923 0,2782
1,20 0,656] 11173 0,7035 0,2852
1,21 0,6446 1,1238 0,7147 0,2923
1,22 0,6330 1,1306 0,7259 0,2997
1,23 0,6206 1,1365 0,7373 0,3068
1,24 " 0,6082 1,1426 0,7487 03142
1,25 0,5955 1,1486 0,7601 0,318
1,26 0,5824 1,1545 0,7716 0,3294
1,27 0,5691 1,1602 0,7832 0,3372
1,28 00,5555 1,1659 0,7948 0,3451
1,29 0,5415 1,1714 0,8065 (3,3531
1,30 05272 1,1767 0,8183 0,3612
131 0,5126 1,1819 0,8301 L 0,3695
132 04977 1,1870 0,8419 -0,3778
1,33 00,4824 1,1919 0,8538 0,3863
1,34 0,4668 1,1966 08657 0,3949
1,35 0,4508 1,2012 08777 0,4036
136 0,4345 1,2057 08898 04124
1,37 04178 1,2099 0,9018 0,4214
1,38 0,4008 1,2140 02140 0,4305
1,39 10,3833 1,2179 0,9261 0,4397
1,40 10,3656 1,2217 0,9383 0,4490




mz Am: B Cp, Do
1,41 0,3474 1,2282 0,95066 0,4588
1,42 0,3289 1,2286 0,9628 0,4680
1,43 9,3100 1,2318 0,9751 04777
1,44 0,2907 1,2348 0,9865 0,4875
145 0,2710 1,2376 0,9998 0,4974
1,46 0,2509 1,2402 10122 0,5075
1,47 0,2304 1,2426 1,0246 0,5177
. 148 0,2098 1,2448 1,0371 0,5280
149 0,1882 1,2468 1,0495 0,5384
1,50 0,1664 1,2486 1,0620 0,5490
1,51 0,1442 1,2501 1,0745 0,5597
1,52 0,1216 1,2515 1,0870 05705
1,53 0,0986 1,2526 1,0995 0,5814
1,54 0,0746 1,2534 1,112% 0,5925
1,55 60,0512 1,2541 1,1246 0,6036
156 0,0268 12545 L1371 0,6149
1,57 0,0020 1,2546 1,1497 0,0264
#2 0, 1,2546 1,1507 0,6273
1,58 . -0,0233 1,2545 1,1622 0,6380
1,59 -0,0490 1,2542 1,1748 0,6496
1,60 ~0,0753 1,2535 1,1873 0,6615
1,61 -0,1019 1,2526 1,1998 0,673
1,62 -0,1291 1,2515 1,2124 0,6854
1,63 -0,1568 1,2501 1,2249 0,6976
1,64 ~0,1849 1,2484 1,2374 0,7099
1,65 -0,2136 1,2464 1,2498 0,7224
166 -0,2427 1,2441 1,2623 0,7349
1,67 -0,2724 1,2415 1,2747 0,7476
1,68 -0,3026 1,2386 1,2871 0,7604
1,69 -0,3332 1,2354 1,2095 0,7734
1,70 -0,3644 1,2322 1,3118 0,7863
1.7 -0,3961 1,2282 1,3241 0,7996
1,72 -0,4284 1,2240 1,3364 08129
1,73 -0,4612 1,2196 1,3486 0,8263
1,74 -0,4945 1,2148 1,3608 0,8399
1,75 -0,5284 1,2097 1,3729 0,8535
1,76 -0,5628 1,2042 1,3850 08673
1,77 ~0,5977 1,1984 1,3970 0,8812
1,78 -0,6333 1,1923 1,4089 0,8953
1,79 -0,6694 1,1857 1,4208 0,9094
1,80 -0,7060 1,1789 1,4326 0,9237
1,81 ~0,7433 1,1716 1,4444 09,9381
1,82 -0,7811 1,1640 1,4561 0,9526
1,83 -08195 1,1560 1,4677 0,9672
1,84 -0,8584 1,1476 1,4792 0,9819
1,85 -0,8980 1,1389 1,4906 0,9968
1,86 -0,9382 1,1297 1,5020 1,0117
1,87 -0,9790 1,1201 1,5132 1,0268
1,88 -1,0203 1,1101 1,5244 1,0420
1,89 ~1,8623 1,0997 1,5354 10573
190 -1,1049 1,0888 1,5464 1,0722
191 -0,1481 1,0776 1,5572 1,0882
1,92 -1,1920 1,0659 1,5679 1,1038
1,93 -1,2364 1,0538 1,5785 1,1196

433



434

mz Amz Bmz cmz sz
1,94 -1,28i5 1,0411 1,5890 1,1354
195 -1,3273 1,0281 1,5993 1,1514
1,96 -1,3736 1,0146 1,6095 1,1674
1,97 -1,4207 1,0007 1,6196 1,1835
1,98 -1,4683 0,9862 1,6296 1,1998
1,99 -1,5166 09713 1,6393 1,2161
2,00 -1,5656 0,9558 1,6490 1,2325
2,01 -1,6153 0,9399 1,6584 1,2491
2,02 -1,6656 0,9235 1,6678 1,2658
2,03 -1,7165 0,9066 1,6769 1,2825
2,04 -1,7682 0,8892 1,6859 1,2993
2,05 -1,8205 0,8713 1,6947 1,3162
2,06 -1,8734 0,8528 1,7033 1,3332
2,07 -1,9271 0,8338 1,7117 1,3502
2,08 -1,9815 0,8142 1,7200 1,3674
2,00 -2,0365 . 0,7939 1,7280 1,3845
2,10 -2,0923 0,7735 1,7359 1,4020
2,11 -2,1487 0,7523 1,7435 1,4194
2,12 -2,2058 0,7306 1,7509 1,4368
2,13 -2,2636 0,7082 1,7581 1,4544
2,14 -2,3221 0,6853 . 1,7651 - 1,4720
2,13 -23814 06618 1,7718 1,4897
2,16 -2,4413 0,6376 1,7783 1,5074
2,17 -2,5020 0,6129 1,7846 1,5253
2,18 "—2,5633 0,5876 1,7906 1,5431
2,19 -2,6254 0,5616 1,7963 1,5611
220 -2,6882 0,5351 1,8018 1,5791
221 -27518 0,5079 1,8070 1,5971
2,22 -2,8160 0,4801 11,8120 1,6152
2,23 -2,8810 04516 18166 1,6333
224 -2,9466 0,4224 1,8210 1,6515
2,25 -3,0131 0,3926 1,8251 1,6698
2,26 -3,0802 0,3621 1,8288 1,6880
2,27 -3,1481 0,3310 1,8323 1,7063
2,28 -3,2167 0,2992 1,8355 1,7247
2,29 -3,2861 0,2667 1,8383 1,7430
2,30 -3,3562 0,2335 1,8408 1,7614
231 -3,4270 0,1996 1,8430 1,7798
2,32 -3,4986 0,1649 1,8448 1,7983
2,33 -3,5708 0,1296 1,8462 1,8167
2,34 -3,6439 0,0935 1,8473 1,8352
2,35 -3,7177 0,0567 1,8481 1,8537
2.36 -3,7922 0,0191 1,8485 18722
2,37 -3,8675 -0,0192 1,8485 1,3906
2,38 -3,9435 -0,0583 1,8481 1,9091
2,39 -4,0202 ~0,0081 1,8473 1,9276
2,40 14,0976 -0,1386 1,8461 1,9461
241 -4,1759 -0,1800 1,8446 1,9645
2,42 -4,2548 -0,2221 1,8425 1,9830
2,43 -4,3345 -0,2651 1,8401 2,0014
2,44 -4,4150 -0,3089 1,8373 2,0198
245 -4,4961 ~0,3534 1,8339 2,0381
2,46 -4,5780 -0,3988 1,8302 2,0564
2,47 -4,6606 -0,4450 1,8259 2,0747




mz Amg Bz Coz Dz
2,48 -4,7439 -0,4929 1,8213 2,0930
2,49 —4,8280 -0,5349 1,8161 2,1111
2,50 -4,9128 -0,5885 18105 2,1293
2,51 ~4,9984 -0,6381 1,8043 2,1474
2,52 -5,0846 -0,6885 1,7977 2,1654
2,53 -5,1716 -0,7398 1,7906 2,1833
2,54 —5,2593 -0,7920 1,7829 2,2012
2,55 —5,477 -0,8450 1, 7747 2,2190
2,56 -5,4368 -0,8989 1,7660 2,2367
2,57 -5,5266 -0,9538 1,7567 2,2543
2,58 -56172 -1,0095 1,7469 22718
2,59 -5,7084 -1,0661 1,7365 2,2892
2,60 -5,8003 -1,1236 1,7256 2,3065
2,61 -5,8929 -1,1821 1,7141 23237
2,62 -5,9862 -1,2415 1,7019 2,3408
2,63 -6,0802 -1,3018 1,6892 2,3578
2,64 -6,1748 -1,3631 1,6759 23746
2,65 -6,2701 -1,4253 1,6620 2,913
2,66 -6,3661 -1,4885 1,6474 2,4078
2,67 —6,4628 -1,9527 1,6322 2,4242
2,68 ~6,5800 ~1,6177 . 1,6163 2,4405
2,69 -6,6580 -1,6838 1,6327 2,4566
2,70 -6,7565 -1,750% 1,5827 24725
2,71 -6,8558 -1,8190 1,5648 2,4882
2,72 -6,9556 -1,8881 1,5463 2,5037
2,73 -7,0580 —-1,9581 1,5271 25191
2,74 -7,1571 -2,0292 1,5071 2,5343
2,75 -7,2588 -2,1012 1,4865 2,5493
2,76 -73611 -2,1743 1,4651 2,5640
2,77 -7,4639 -2,2484 1,4430 2,5786
2,78 -7.5673 -2,3236 1,4201 1,5929
2,79 =16714 -2,3998 1,3965 2,6070
2,80 =7,7759 -2,4770 1,3721 2,6208
281 -7.8810 -2,5553 1,3470 2,6344
2,82 -7,9866 —2,6347 1,3210 2.6477
2,83 - —8,0929 -2,7151 1,2943 2,6603
2,84 -8,1995 -2,7965 1,2667 2,6736
2,85 -8,3067 -2,8790 1,2383 2,6862
2,86 -8,4144 -2,9627 1,2091 2,6984
2,87 -8,5225 -3,0473 1,1791 2,7103
2,88 -8,6312 -3,1331 1,1482 2,7220
2,89 -8,7404 -3,2200 1,1164 2,7333
2,90 -8,8471 -3,3079 1,0838 2,7443
2.9 -8,9598 -3,3969 1,0503 2,7550
2,92 -9,0703 -3,4872 1,0158 2,7653
2,93 -9,1811 -3,5784 0,9805 2,7753
2,94 -9,2923 -3,6707 0,9442 2,7849
2,95 -9,4039 -3,7642 0,9071 2,7942
2,96 -9,5158 -3,8588 0,8690 2,8031
297 -9,6281 —3,9545 0,8299 28115
2,98 ~9,7407 -4,0514 0,7899 2,8196
2,99 -9.8536 —4,1493 0,7489 . 2,8273
3,00 -9,9669 —4,2485 0,7069 2,8340
301 -10,0804 -4,3487 0,6639 ©2,8414

435




436

mz ® Az B Cnz D
3,02 -10,1943 -4,4501 0,6199 2,8479
3,03 -10,3083 -45526 0,5749 2,8538
3,04 -10,4225 ~4,6562 0,5289 2,8594
3,05 - 10,5317 ~4,7611 0,4817 2,8644
3,06 - 10,6516 -4,8670 0,4336 2,8690
3,07 -10,7665 -4,9741 0,3844 2,8731
3,08 -10,8815 -5,0823 0,3341 2,8767
3,09 - 10,9966 -5,1917 0,2828 2,8798
3,10 -11,1119 -5,3023 0,2303 2,8823
3,11 -10,2272 -5,4139 '0,1767 2,8844
3,12 -11,3427 -5,5268 0,1220 2,8859
3,13 -11,4580 ~5,6408 0,0662 2,3808
3,14 -11,5736 -5,7560 0,0092 2,8872
P ~11,5019 -5,7744 0 2,8872
315 - 11,6890 -5.8722 -0,0490 2,8870
3,16 -11,8045 -5,9598 -0,1083 2,8862
3,17 - 11,9200 -6,1084 -0,1688 2,848
3,18 ~12,0353 -6,2281 -0,2305 2,8828
3,19 -12,1506 -6,3491 ~0,2934 2,8802
3,20 -12,2656 -6,4711 -0,3574 2,8769
321 -12,3807 ~6,5943 -0,4227 2,8731
322 ~12,456 -6,7188 -0,4894 2,3685
3,23 -12,6101 -6,8442 -0,5571 2,8633
3,24 -12,7373 -6,9710 -0,6262 2,8573
3,25 ~12,8388 -7,0988 -0,6966 2,8507
3,26 -12,9527 -7,2271 -0,7682 2,8484
3.27 -13,0662 -7,3578 ~0,8411 2,8354
328 -13,1795 ~7,4891 -0,9154 2,8266
329 -13,2934 -1,6214 ~0,9909 2,8171
3,30 -13,4048 -7,1549 ~1,0678 2,8068
331 ~135168 -7.3895 ~1,1460 2,7957
332 -13,6285 -8,0252 ~1,2256 2,7839
3,33 ~13,7395 ~8,1620 -1,3965 2,7712
3,34 - 13,8501 «8,3000 -1,3888 2,7577
335 -13,9601 -8,4390 -1,472% 2,743
136 ~14,0695 ~8,5792 -1,5%717 2,7282
337 -14,1784 -8,7205 ~1,6441 2,7122
338 -14,2866 -8,8627 -1,7321 2,6953
339 -14,3941 -9,0062 -18214 2,6776
3,40 -14,5008 -9,1507 -1,9121 2,6589
3,41 - 14,6066 ~0,2962 -2,0044 2,6393
3,42 -14,7118 -94427 -2,0980 2,6189
343 - 14,8162 -9,590% - ~2,1933 2,5974
344 - 14,9197 -9,7392 -2,2809 2,5750
3,45 ~15,0222 -9.8888 ~2,3880 2,5516
3,46 -15,1238 - 10,0396 ~2,4876 2,5272
347 -15,2244 -10,1913 -2,5889 2,5018
3,48 ~153238 - 10,3441 -2,6915 24754
3,49 -15,4224 ~10,4978 -2,7957 2,4480
350 ~155198 - 10,6525 -2,9014 24195
3,51 ~15,6159 - 10,8081 -3,0088 2,3900
352 -15,7108 -10,9647 -3,1176 2,3593
353 ~15 8046 -11,1223 -3,2280 2,3276
3,54 -15,8971 - 11,2809 -3,3401 2,2948




[{(F4 Am; Bmz sz sz
3,55 - 15,9881 -11,4403 -3,4537 2,2608
3,56 -16,6780 - 11,6007 -3,5689 2,2257
3,57 - 16,1603 -11,7619 -3,6857 2,1894
3,58 —-16,2531 - 11,9240 -3,8041 2,1520
3,59 16,3384 -12,0870 ~39242 2,1133
3,60 -16,4218 -12,2508 —4,0459 2,0735
361 —16,5043 -12.4154 -4,1692 2,0324
3,62 — 16,5847 —12,5808 -4,2942 1,9901
3,63 - 16,6634 -12,7470 -4,4208 1,9445
3,64 — 16,7405 -12.9142 -4,5491 1,9017
3,65 - 16,8155 - 13,0819 -4,6791 1,8555
3,60 -16,8889 -13,2504 ~4,8108 1,8081
367 -16,9602 -13,4196 -4,9441 1,7593
3,68 - 17,0296 -13,58% -5,0792 1,7092
3,69 -17,0070 -13,7663 -5,2159 16577
3,70 -17,1622 ~13,9315 -5,3544 1,6049
3,71 -17,2253 -14,1035 -5,4945 1,5506
3,72 -17,2861 -14,2759 - 5,6364 1,4950
3,73 - 17,3449 -14,4492 -5,7801 1.4379
3,74 -17,4022 -14,6229 -59254 1,3793
3,75 -17,4552 ~14,7972 -6,0725 1,3194
3,76 -17,5067 — 14,9720 -6,2214 1,2579
377 -17,5857 -15,1473 -6,3720 1,1949
3,78 - 17,6024 -153232 ~-6,5243 1,1305
3,79 -17,6463 -15,4994 -6,6784 1,0645
3,80 - 17,6875 - 15,6761 -6,8343 0,9969
381 - 17,7259 -15,8531 —6,9920 0,9278
31,82 -17,7616 -16,0304 -7,1513 0,8571
383 —17,7945 -16,2083 -7.3126 0,7847
384 —17,8245 -16,3864 -7,4755 0,7108
3,85 -17,8513 -16,5649 -7,6403 0,6352
3,86 -17,8751 -16,7434 -7,8069 0,5579
3,87 - 17,8960 -16,9223 -7.9751 0,4791
3,88 -17,9135 -17,1013 -8,1453 0,3985
3,89 -17.9277 —17,2805 -83171 0,31s61
3,90 -~ 17,9387 -17,4599 -8,4909 0,2321
3N -17,9464 -17.6393 -8,6664 0,1464
3,92 - 17,9504 178188 ~8,8437 0,0587
3,93 -17,9511 -17,9983 -9,0227 -0,0305
394 -17,9480 - 18,1779 —9,2037 -0,1217
3,95 -17,9412 -18,3572 -9,3863 -0,2147
396 -17.9307 ~-18,5366 -9,5708 —-0,3095
.97 -17,9165 -18,7159 -9,7571 ~9,4061
398 ~ 17,8983 - 18,8949 -9,9451 ~0,5046
399 - 17,8761 - 19,0738 ~10,1350 -0,6050
4,00 -17,8498 -19,2524 -10,3265 -0,7073

40 -17,8172 -19,4307 - 10,5200 ~08115
4,02 - 17,7850 -19,6088 -10,7151 -0,9176
4,03 —17,7461 -19,7865 -10,9122 -1,0258
4,04 -17,7029 -19,9638 -11,1110 -1,1359
4,05 - 17,6551 —20,1400 -11,3115 —1,2481
4,06 -17,6030 -20,3169 -11,5138 -1,3622
4.07 ~17,5461 -20,4926 -11,7178 -14783
4,08 - 17,4846 - 20,6677 -11,9236 —1,5966

437




438

mz Agz B Coz D, .
4,09 -17,4185 —20,8423 -12,1311 -1,7168
4,10 -17,3472 -21,0160 ~12,3404 -1,8392
4,11 -17,2712 -21,1891 -12,5514 -1,9636
4,12 -17,1900 -21,3614 -12,7642 -2,0902
413 - 17,1040 -21,5329 -12,9779 -2,2189
4,14 -17.0126 -21,7035 -13,1948 ~2.3498
4,15 - 16,9160 -21,8731 -13,4127 -2,4828
4,16 -16,8139 -22,0117 -13,6322 -2,6180
4,17 ~16,7064 -22,2094 -13,8536 -2,7535
4,18 ~ 16,5934 -22,3759 -~ 14,0765 -2,8952
4,19 -16,4748 -22,5413 -14,3011 -3,0370
4,20 -16,3505 -22,7055 —14,5274 -3,1812
421 -16,2203 -22,8682 -14,7551 -3,3275
422 - 16,0842 -23,0299 -14,9847 -3,4763
4,23 -15,9423 ~23,1900 -152158 -3,6272
4,24 -15,7979 -23,3485 - 15,4484 -3,7806
4,25 -15,6398 -23,5059 - 15,6827 -3,9362
4,26 -15,4793 - 23,6606 -159187 -4,0942
4,27 -153122 —-23,8153 -16,1559 -4,2546
4,28 -15,1387 -23,9677 - 16,3949 -4,4174
4,29 -14,9587 -24,1181 - 16,6353 -4 5825
4,30 ~14,7722 —24,2669 -16,8773 -4,7501
4,31 -14,5788 ~24,413%6 -17,1207 -4,9200
4,32 -14,3786 -24,5574 -17,3655 —-5,0025
4,33 -14,1714 -24.7012 -17,6119 -5,26714
4,34 ~13,9570 -24,8417 -17,8595 -5,4447
435 - 13,7357 -24,9802 -18,1086 -5,6245
436 -13,5070 -25,1164 -18,3591 -5,8069
4,37 -132712 -25,2500 -18,6110 -5,9916
438 -13,0276 -25,3819 -18,8642 -6,1792
4,39 -12,7766 -25,5108 - 19,1185 -6,3690
4,40 -12,5180 -25,6373 ~19,3743 -6,5615
441 - -12,2517 -25,7612 -19,6313 -6,7566
4,42 -11,977% -25,8824 -19,8875 -6,9541
4,43 -11,6625 - 26,0007 -20,1489 -7,1543
4,44 -11,4051 -26,1161 -20,40935 -7,3571
4,45 -11,1069 -26,2074 -20,6712 -15517
4,46 ~10,2003 -26,3884 -20,9341 -7,7708
4,47 -10,4851 —-26,4448 -21,i981 -79812
4,48 -10,1615 —-26,5480 —21,4630 —-8,1945
4,49 -9,8295 -26,6479 -21,7289 -8,4104
4,50 -9,4890 -26,7447 -21,9959 8,6290
4,51 -9,1392 -26,8377 -22.2639 -8,8504
4,52 -8,7805 -26,9272 -22,5327 -9,0744
4,53 -8,4133 -27,0132 -22,8023 -9,300
4,54 —-&,0368 - 27,0957 -23,0730 -9,5304
4,55 -7,6509 -27,1740 ~23.3442 -9,7624
4,56 -7,2556 -27,2485 -23.6164 -99973
4,57 -6,8510 -27,3192 -23,8892 -10,2348
4,58 -6,4366 -27,3855 -24,1628 - 10,4751
4,59 -6,0127 -27,4477 -24,4369 -10,7181
4,60 -55791 -27,5057 —~24 7117 - 10,9638
4,61 -5,1358 -27,5593 —-24 9870 -11,2123
4,62 -4,8237 -27,6086 -25,2630 -11,4636




mz Amz Bz Cr: Dr:
4,63 -4,2189 -27,6531 -25,5392 -11,7175
464 -3,7450 -27,6928 -25,8159 -11,9743
4,65 —-3,2607 22,7277 -26,0929 -12,2338
4,66 -2,7663 -27,7581 -26,3705 -12,4962
4,67 -2,2611 -27,7831 -26,6481 -12,7612
4,68 -1,7449 -27,8032 -26,9262 -13,0293
4.69 -1,2187 -278181 ~27,2042 -13,2993
4,70 -0,6812 -278274 -27,4823 -13,5732
47 -0,1327 -27.8317 -27,7608 -13,8495
3/2x 1] -27.8317 -27,8272 -13,9159
412 04268 -21,8301 —-28,0390 —14,1284
4,73 0,9976 -278228 -28,3172 -14,4102
4,74 1,5799 -27.8101 —-28,5955 -14,6948
475 2,1731 -27,7913 ~28,8734 —-14,9821
4,76 2,1782 -27,7668 -29,1514 -15,2723
4,77 33951 -27,7357 -29,4288 -15,5652
4,78 4,0236 -27,6988 -29,7061 -15,8609
4,79 4,6633 -27,6553 -29.9828 ~16,1593
4,80 5,3164 -27,6052 -30,2589 - 16,4604
481 59811 -27,5488 -30,5348 -16,7645
482 6,6574 -27,4859 -30,8102 -17,0712
483 7,3466 -27,4156 —31,0845 -17,3806
4,84 8,0477 -27,3389 -31,3584 —17,6928
4,85 B,7623 27,2547 -31,6314 -18,0079
4,26 9,4390 -27,1634 -31,9035 -18,3257
487 10,2282 -27,0650 -32,1747 -18,6460
4,88 10,9806 -26,9589 -32,4448 - 18,9691
4,89 11,7458 -26,8452 —32,7137 -19,2948
490 12,5239 -26,7239 -32,9814 -19,6232
491 13,3158 -26,5946 -33,2482 -19,9345
4,92 14,1202 -26,4578 -33,5135 -20,2882
493 14,9388 -263123 -33,7774 -20,6248
4,94 15,7704 -26,1588 -34,0397 -20,9638
4,95 16,6157 25,9967 -34,3003 - =21,3054
4,96 17,4750 -25,8262 —34,5598 -21,6498
4,97 18,3478 -25,6472 -34,8168 —21,9966
4,98 19,2348 —-25,4594 -35,0726 -22,3462
4,99 20,1356 -25,2623 -35,3259 -22,6981
5,00 20,0504 -25,0565 ~35,3775 ~ 23,0525
501 21,9800 -24,8413 -358272 -23,4097
5,02 22,8474 -24,6170 -36,0745 -23,7691
5,03 23,8815 ~24,3827 ~-36,3193 -24,1311
5,04 24,8537 -24,1392 -36,5619 -24,4954
5,05 25,8407 -23,8860 - —36,8023 -24,8623
5,06 26,8427 -23,6225 -37,0398 ~25,2315
5,07 26,8598 -23,3489 -37,2748 -25,6033
5,08 28,8014 ~23.0651 -37,5068 -2597171
5,09 29,9377 -22,7711 -37,7360 -26,3533
5,10 30,9997 -22,4661 -37,9619 -26,7317
5,11 32,0766 -22,1509 -38,1852 -27,1126
5,12 33,1687 -21,8246 -338,4051 -27,4955
513 34,2762 -21,4874 -38,6216 - 27,8806
5,14 35,3991 -21,1391 -38,8348 —-28,2679

439




440

mz Amz Bm; sz Drnz
5,15 36,5377 -20,7795 -39,0445 -28,6574
5,16 37,6913 ~ 20,4084 -39,2502 -29,0486
517 38,8617 -20,0254 —39,4525 —-20,4423
5,18 40,0474 - 19,6310 -39,6509 -29,8370
5,19 41,2485 -19,2248 -39,453 -30,2354
5,20 42,4661 -18,8057 —40,0350 -30,6346
521 43,6994 -18,3754 -40,2214 -31,0361
5,22 44,9486 -17,9322 -40,4028 -31,4391
5,23 46,2148 -17,4758 -40,5796 —31,8440
5,24 74,4958 -17,0073 -40,7521 ~32,2504
5,25 48,7949 -16,5258 -40,9197 ~32,659%0
5,26 50,1091 -16,0317 -41,0826 -33,0690
527 51,4399 -15,5240 -41,2404 -33,4806
5,28 52,7876 ~-15,0030 -41,3932 —-33,8939
529 54,1511 -14,4684 -41,5405 —34,3084
530 55,5317 ~13,9201 ~41,6826 -34,7246
531 56,6296 -13,3574 -41,8187 -35,1421
532 58,3438 -12,7808 -41,9493 - 35,5609
533 59,7745 -12,1903 -42.0742 -359810
534 61,2218 —-11,5856 —42,1932 —36,4023
535 62,6869 -10,9660 - 42,3061 - 36,8250
5,36 64,1678 -10,3321 -42.4127 - 37,2485
537 65,6657 -9,6823 -425124 -37,6731
538 67,1818 -90184 —42,6060 - 38,0986
- 539 68,7140 -8,3390 -42,6928 ~38,5251
5,40 70,2637 -7,6440 -42,7727 -18,9524
541 71,8308 ~6,9336 -42,8459 -139,3808
542 73,4144 -6,2076 -42.9117 -139,8096
543 75,0158 -5,4652 -42,9700 -40,2390
544 76,6338 -4,7072 -43,0210 -40,6691
545 78,2687 ~3,9328 -43,0642 -41,0993
546 79,9216 -3,1418 —-43,0997 —41,5303
5,47 81,5916 -2,3340 -43,1268 -41,9613
5,48 83,2786 - 1,5005 -43,1459 -42.3926
5,49 84,9829 ~0,6683 -43,1568 -42,8241
5,50 86,7044 0,196]1 -43,1593 — 43,2557
5,51 88,4432 1,0656 -43,1531 -43,6874
5,52 90,1996 1,9589 -43,1381 -44,1189
5,53 91,9722 2,8693 —-43,1141 - 44,5500
5,54 93,7637 3,7984 -43,0807 -44,9812
5,55 95,5716 47453 -43,0378 - 454117
556 97,3960 5,7095 —42,9858 -45,8418
5,57 99,2383 6,6927 -42.9238 -46,2714
5,58 101,0984 7,6950 -42,8516 -46,7003
5,59 '102,9739 8,7148 -42,7695 -47,1281
5,60 104,8687 9.7544 -42,6775 —47,5558
5,61 106,7790 10,8125 -42 5744 -47,9818
5,62 108,7074 11,8903 -42.4609 -48,4071
5,63 110,6512 12,9865 -42,3366 -48,8309
5,64 112,6133 14,1029 -42,2013 -49,2538
5,65 114,5922 15,2390 -42.0547 - 49,6752
5,66 116,5866 16,3950 —41,8959 -50,0944
567 118,5994 17,5706 -41,7277 -50,5130
568 120,6277 18,7666 —41,5449 -50,9292




mI An; B, Co: Dz
5,69 122,6730 19,9835 -41,3507 -51,3434
5,70 124,7352 21,2199 -41,1454 -51,7563
571 126 8144 22,4785 ~40,9262 -52,1666
5,72 128,9091 237571 -49,6952 -52,5746
573 131,0207 25,0568 -40,4514 -52,9800
5,74 133,1478 26,2810 -4{,1365 -53,3359
5,75 135,2903 27,92 -39,9238 —53,7842
5,76 137,4497 29,0832 -39,6396 —54,1819
5,77 1396260 30,4693 -39,3416 —54,5770
578 141,8144 31,8755 -39,0304 - 549689
5,79 14,0228 33,3653 ~38,7041 -55,3574
5,80 146,2448 34,7564 -38,3640 - 55,7429
581 148,4819 36,2301 - 38,0089 -56,1246
582 150,7340 37,7256 -37,6399 56,5029
583 153,0028 19,2449 ~37,2545 -56,8776
5,84 155,2847 40,7859 -36,8546 -57,2481
5,85 157,5988 42,3504 -26,4385 -57,6143
5,86 159.,8947 43,9378 ~36,0067 -57,9772
587 162,2208 45,5484 35,5601 -58,3349
5,88 164,5613 47,1825 -35,0964 - 58,6882
5,89 166,9145 48,8394 -34,6161 - 59,0363
5,90 169,2837 50,5203 -34,1198 - 59,3805
591 171,6653 52,2925 -33,6055 -59,7187
592 174,0609 53,5754 ~-33,0746 -60,0521
593 176,0704 55,7480 -32,5268 - 60,3806
594 178,8917 57,4833 —-31,9609 - 60,7030
5,95 181,3266 59,2853 -31,3764 -61,0195
5,96 183,7730 61,7303 -30,7751 - 61,0201
5,97 186,2326 63,3087 -30,1546 -61,4608
5,98 188,7034 64,8347 -29,5155 -61,9332
5,99 191,1870 66,7344 —28,8575 -62,2251
6,00 193,6813 08,6578 -26,2116 -62,5106
6,01 196,1881 70,6079 -27,4846 . —62,7889
6,02 198,7051 72,5822 -26,7689 ~ 63,0603
6,03 201,2322 74,5817 -26,0330 -63,3241
6,04 203,7710 76,6067 -25,27174 -63,5810
6,05 206,3194 78,6574 -27,5009 -63,8299
6,06 208,8770 80,7331 -23,7041 - 64,0708
6,07 211,4435 82,8350 . -22,8855 -64,3032
6,08 214,0209 84,9022 -22,0469 -64,5282
6,09 216,6066 87,1150 -21,1870 -64,7447
6,10 219,2004 89,2947 -20,3043 -64,9516
6,11 221,8049 91,4992 -19,4005 -65,1503
6,12 224,4109 93,7300 -18,4743 ~65,1394
6,13 2270292 959371 -17,5203 —-65,5200
6,14 2296542 98,2709 -16,5551 - 65,6906
6,15 2322833 100,5538 -15,5602 -65,8372
6,16 2349208 102,9168 -14,5425 - 66,0010
6,17 237,5639 105,2793 -13,5016 -66,1413
6,18 240,2122 1076680 ~12,4370 -66,2711
6,19 242 8654 110,0832 -11,3485 - 66,3901
6,20 245,5231 112,5249 -10,2356 - 66,4981
6,21 248, 1847 114,9934 -9,0080 -66,5947
6,22 250,8499 1174888 -7,9352

-66,6796

441




mi Amz Bo: Crz D
6,23 253,5208 120,0113 - 16,7481 -66,7538
6,24 256,i1917 122,5599 -5,5350 - 66,8150
6,25 258,8649 125,1350 -4,2969 - 66,8640
6,26 261,5398 127,7369 -3,0321 -66,9005
6,27 264,2159 130,3657 -1,7414 -66,9242
6,28 266,8926 133,0195 . =0,4257 - 66,9354
6,29 267,7468 0 0 - 66,9362
6,30 2722487 138,4120 2,2886 - 66,9175
6,40 2988909 166,9722 17,5362 —-65,9486
6,50 324,7861 198,1637 357713 -63,3105
6,60 349,2554 231,8801 57,2528 -58,6870
6,70 371,4244 2679374 82,2255 -51,7430
6,80 390,2947 306,0558 110,9087 -42.1190
6,90 404,7145 3473499 1434927 -30,1819
7,00 413,3762 386,8072 180,1191 -13,2842
7,10 414,8263 428 2849 220,8718 6,7296
7,20 4074216 46947172 265,7664 31,0281
7,30 389,3783 509,4157 314,7265 60,0189
7,40 358,7306 546,9343 367,5688 94,1019
7,50 313,3700 580,6710 4239858 133,6506
7,60 251,0334 609,0402 483,5233 179,0035
7,70 169,3472 630,2295 545,5557 230,4412
7.80 65,8475 642,1835 609,2596 288,1681
52 0 6439927 643,9926 321,9964
7,90 - 62,0375 642,5872 673,6057 3523123
8,00 —-216,8647 628,8779 737,3101 422 8713
8,10 -401,1674 598,2344 T98,8179 499,7008
8,20 -617,4142 547,5808 856,2878 582,4975
830 -867,9091 473,5998 907,5542 670,7544
8,40 —-1154,6587 3727866 950,1158 763,7226
8,50 - 1479,3701 2414136 981.0984 860,3917
8,60 - 1843,2880 75,6088 997,2527 9594484
8,70 —-2247,0402 -128,5824 994,9377 1059,2289
8,80 -2690,4845 -375,1167 970,1255 1157,6839
8,90 -3172,6917 — 6679794 918,3664 1252,3561
9,00 —3691 4815 -1010,8800 834,8607 13490,3007
9,10 - 42435551 -1407,369%0 714,4085 1418,0930
9,20 -4824,0587 ~1860,5365 551,4928 1481,7611
9,30 -5426,5154 - 23729486 - 340,3091 1526,7834
2,40 -6042,3167 -2046,2708 74,8875 1548,0229
3T - 6195,8239 -3097.9120 0 1548,9560
9,50 -6660,9594 -3581,4756 -250,9959 1539,7419
9,60 -'1269,3664 -4278,1693 -643,4861 1495,5985
9.70 —-7851,7063 -5034,4714 —1108,6183 1408,6174
9,80 -B389,5687 -5847,0360 -1652,2517 1271,2663
9.9 - 8860,9431 -6710,2070 —2279,7354 1075,3680
1,00 -9240,8733 =-7616,1462 ~2995,7095 812,3636

442




Lori néi diu

Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Chuong
Ddp sd

1

BN R

9.

10,
11,
12,
13.
14,
15,
18,
17
18.
19,
20,
21,

TAI LIEU THAM KHAO

. Vi Dinh Lai, Nguyén Vin Nham. Bai tap siic bén viu lidu. Nha xufit bdn Dai hge va THCN.
. LN.Miroliubav,... Bai tip sic bén vit lidu.

. Trudng DHBK Ha Noi. Bai tap sifc bén vt litu.
Nguyén Y TO,.. Sic bén vt ligu.

Bui Trong Lyu,... SGc bén v4t litu,

. L& Quang Minh, Nguy8n Vin Vugng. Silc bdn var lidu. Nha it ban Dai hoc vd THCN.
- Trinh Dinh Cham, Phan Héng Giang,... Slc-bén vit lidu.

Nhit xuit bdn Dai hoc va THCN.
Tai ligu ding cho sinh vién

Nha xuft bdn Dai hoe va THCN.
Nha xuft bin Dai hoe v THCN.
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CAC THUYET BEN

DAC TRUNG HINH HQC CUA MAT CAT NGANG
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