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LOI GIOI THIEU

Tai liéu tham khao “Dé bai va hwdng dén gidi bai tap I6n Sikc bén vit ligu - Co hoc
ket cau“ dwoc bién soan theo dung dé cuong “Chwong trinh giang day mon SBVL va
CHKC* do tiéu ban mon hoc cua bo giao duc va dao tao soan thao .

SBVL va CHKC cung cdp mét phan kién thire co s¢ cho cdc ky sie theo hoc trong cdc
truong dai hoc ky thudt nhu : thuy loi , xdy dung , giao thong ....

Hai mon hoc nay trang bi cho cdc sinh vién va cac ky sw nhitng kién thirc can thiét dé
gidi quyéet cdc bai todn thuc té tir cong viéc thiet ke , tham dinh . dén thi cong va la co so
cho viéc nghién curu cac mon ky thudt thuoc cac chuyén nganh khac.

Trong chuong trinh dao tao hai mon hoc nay , ngoai cac bai tap nho bo tri sau moi
chwong cua gido trinh , cdc sinh vién con bugc phai hoan thanh mot so bai tdp lon , co
tinh chat tong hop cac kién thirc co ban nhat , va dwoc bo tri theo tung hoc phan cua mon
hoc .

Pé gitip cdc sinh vién ciing cé cdc kién thire ciia mén hoc va nam viing tirng bwée gidi
quyét cdc yéu cau cia cdc bai tdp I6n trong chwong trinh dao tao cia hai mén hoc, chiing
t6i bién soan tai liéu tham khdo nay véi ddy di cdc bai tdp 16m cia hai mén SBVL va
CHKC . Tai liéu nay bao gom hai phan , twong irng véi hai mén hoc . Phdn céng bién soan
nhu sau :

@ Phan I do ¢6 gido Nguyén Vii Viét Nga bién soan , bao gom 4 bai tdp I6n SBVL.
@ Phan 11 do cé gido Léu Moc Lan bién soan , bao gom 3 bai tgp lon CHKC.

Cdc bai tdp 16n ndy yéu cau cdc sinh vién phdi hoan thanh theo ding yéu cau cia
giao vién phu trach mon hoc , phu hop voi tung giai doan .

Trong méi phan ciia tdi liéu ndy , déu bao gom : phan dé bai va phan bai gidi mau.

Trong phan bai giai mau , tai liéu ndy sé gidi thiéu cho cdc ban doc cdc bude gidi
ciing nhw cach trinh bay mot bai tap lon , nham cung co cac kién thirc co ban trudc khi thi
het mon hoc .

Tuy dd c6 nhiéu cé gdng trong qud trinh bién soan , nhung do trinh dé va thoi gian cé
han nén khong tranh khoi nhitng sai sot . Chung t6i mong nhan dwoc nhiéu y kiéen dong
gop cua cdc ban dong nghiép , cdac ban sinh vién va cdc ban doc , dé tai liéu nay ngay
cang dwoc hoan thién hon .

Xin chdn thanh cam on sir quan tdm va nhitng y kién déng gop quy bdu ciia tdt cd cdc
dong nghiép da giup do chung toi rat nhiéu trong qua trinh bién soan tai liéu nay .

CAC TAC GIA
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CAC YEU CAU CHUNG

| -YEU CAU VE TRINH BAY

= Trang bia trinh bay theo mau qui dinh (xem phan Phu luc cua tai liéu nay);

= Bai lam trinh bay trén khé gidy A4;
= Cac hinh vé trong bai lam ‘phéi ré rang, phai ghi day da cac kich thudc va tai
trong da cho bang so Ién so do tinh;
= Cac buwdc tinh toan, cac két qua tinh toan, cac biéu d(‘)‘ noi lwc v..v... can phai
dwoc trinh bay rd rang, sach sé va theo bai mau (xem phan vi du tham khao cuta
tai liéu nay).
Il -YEU CAU VE NOI DUNG

= M6n Strc bén vat liéu c6 4 bai tap I16n sau :

1. Tinh d&c trwng hinh hoc ctia hinh phang

2. Tinh dam thép

3. Tinh c6t chiu lwc phire tap

4. Tinh ddm trén nén dan hoi.
= Mbén Co hoc két ciu c6 3 bai tap 16n sau :

1. Tinh hé tinh dinh

2. Tinh khung siéu tinh theo phwong phap lyc

3. Tinh khung siéu tinh theo phwong phap chuyén vi va phwong phap phan
phéi mémen
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BAI TAP LON SO 1
TINH DAC TRUNG HINH HOC CUA HINH PHANG

BANG SO LIEU BAI TAP LON SO 1

STT] a(cm) | h(cm) | R(cm) | ¢(cm) | D(cm) | Bxbxd (mm) NI N° [
1 15 15 15 12 24 180x110x10 27a 27
2 18 27 18 14 26 250x160x20 20 20a
3 10 18 20 16 24 125x80x7 30 30
4 14 24 26 20 25 125x80x10 33 33
5 20 18 16 14 26 140x90x8 40 40
6 19 21 18 14 22 140x90x10 45 24a
7 18 24 20 22 26 160x100x9 24 24
8 15 18 24 20 25 160x100x12 24a 24
9 20 21 22 18 24 180x110x12 27 27
10 22 18 25 18 22 200x125x16 22 22a
11 20 24 26 24 25 250x160x18 22a 22
12 22 24 24 20 20 250x160x20 22a 22

Ghi chu: Sinh vién chon nhirng s6 liéu trong bang sé liéu phu hop véi hinh vé
clia minh.

YEU CAU VA THU TU THUC HIEN

Yéu cau:

Xac dinh cac mé men quan tinh chinh trung tdm va phwong cla cac truc quan
tinh chinh trung tdm ctia hinh phang da cho. Giai bang hai phwong phap: giéi tich
va doé giai.

Cac bwérc giai:

1. X4c dinh toa dé trong tdm cta hinh phang:

= Chon hé truc ban dau xoyo tuy y

= Xac dinh toa d6 trong tdm va tinh cac dién tich, cac mé men tinh cua tirng
hinh thanh phan v&i hé truc ban dau da chon,

= Dung cbéng thire xac dinh trong tdm C(xc,Yc):

ZSYO . _ ZSXO
SF ye= SF

Xc =
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2. Tinh cac mé men quan tinh chinh trung tém:

= Chon hé truc trung tdm XCY (di qua trong tdm C va song song v&i hé truc
ban dau). Xac dinh toa do trong tdm cla tirng hinh thanh phan déi véi hé truc
trung tam XCY.

= Tinh cdc mdé men quan tinh trung tdm cla tirng hinh thanh phan (J%, J4
va J' ) lay véi hé truc XCY béng cach dung cong thirc chuyén truc song song. Tl
do tinh cac m6 men quan tinh trung tdm cda toan hinh (Jx, Jv, Jxy).

= Tinh md men quan tinh chinh trung tdm Jumax, min bang hai phwong phap:

a) Phuong phap giai tich:

Dung c6ng thirc xoay truc d& xac dinh mé men quan tinh chinh trung tam va
vi tri cia hé tryc quan tinh chinh trung tam (Jmax, Jmin Va 0imax)

2
JImax,min = JX +JY i\/(JX%JYj +J§(Y

2

J J
tg tmax = — XY XY
Jmax _JY JX _Jmin

b) Phwong phap dé giai:

Dwa vao cac gia tri Jx, Jv, Jxy da tinh dwgc & trén, vé va s&r dung vong tron
Mo quan tinh d& xac dinh mé men quan tinh chinh trung tdm va vj tri cta hé truc
quan tinh chinh trung tdm (Jmax, Jmin VA Glmax)-
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Vi DU THAM KHAO

De bai:

Xac dinh cac mé men quan tinh chinh trung tdm va vi tri hé truc quan tinh

chinh trung tdm cud hinh phang cho trén hinh 1.1, biét;

Thép goc Bxbxd: 250x160x20(mm); D = 20 cm; ¢ = 20 cm; R = 24cm.

» D
z 5
v
3 i
(a7
74 V 74
// g
(@}
o
Il
A 74
., R=24cm | D=20cm b=16 cm |
A | A |
Hinh 1.1
Tra bang thép qoc co:
B =250 mm F = 78,5 cm? Xo = 3,85 cm Ju =949 cm*
b =160 mm Jx = 4987 cm* Yo = 8,31 cm tg a = 0,405
d =20 mm Jy =1613 cm*
3,85
AYo 10.191 7 7
T D
\O )
o \\\ .0,
= \\ \ = T
SI h\\ TN O
2 %= =
<p) @\
ST
7L ¥
| 13.809 |
| 30 .

| Hinhl.2
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Bai lam:
1. Xac dinh trong tam:
Chon hé truc ban dau xeyo nhw hinh vé&: xem hinh 1.2.

Chia hinh phéng da cho thanh 3 hinh (xem hinh 1.2), kich thwéc va toa do
trong tdm cua tirng hinh thanh phan 14y véi hé truc ban dau la:
- Hinh 1 (ch®r nhat):
bi=b+D+R=16+ 20+ 24 =60 cm;

h1 =20 cm;
x1 =30 cm;
y1 =10 cm;
04 (30,10 ); Fy = by.h;=1200 cm?;

S =Fy. y; =1200.10 = 12000 cm®
S{" = Fy. x, = 1200. 30 = 36 000 cm’
- Hinh 2 (1/4 tron): R =24 cm;

Toa dd trong tam cua 4 tron véi hé truc di qua trong tam hinh tron la:

x2=y*2=§—71: -% = 10,191 cm
— X2 = R—x"=24-10,191 = 13,809 cm
—> y2=c+Yy =20+ 10,191 = 30,191 cm >
0, ( 13,809; 30,191); F> = n.R?% 4 = 452,16¢cm?; | IC:'
S@ = F, y, = 452,16. 30,191 = 13 651,162 cm® 10,191
S{? =F,. x; = 452,16.13,809 = 6 243,877 cm® Hinhl.2a

- Hinh 3 (thép goc): str dung cac gia tri tra bang thép & trén, ta co
X"3 = 3,85 cm
y'3=8,31 cm
x3= R+ D+ x; =24+ 20+ 3,85cm = 47,85 cm
y3=c+ y;=20 + 8,31 = 28,31 cm
05 (47,85; 28,31); F3 = 78,5 cm”.
S®) =F;.y;=78,5. 28,31 = 2 222,335 cm®
S{¥ = Fs. x3 = 78,5. 47,85 = 3 756,225 cm®

12
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Bang két qua tinh toan

i x, (em) [y (em) | Fi(em’) S, (cm’) S, (em’)
1 30,000 10,000 1200,00 12 000,000 36 000,000
2 13,809 30,191 452,16 13 651,162 6 243,877
3 47,850 28,310 78,50 2 222,335 3 756,225
Téng 1730,66 27 873,497 46 000,102

Toa do trong tam:

" m 2S\o _ 36000 + 6243877 + 3756225 _ 46000,102
o= - -

>F,

Yoz ZSiXO _ 12000 + 13651162 + 2222,335 _ 27873,497
o= = =

1200 + 45216 + 78,5

1730,66

>F,

1200 + 45216 + 78,5

1730,66

— Xc =+ 26,58cm

— Y¢c =+ 16,106 cm

Toa dé trong tdm trong hé truc ban dau xey, la: C(+26,58; +16,106)

2. Tinh cac mé men quan tinh trung tam:

Chon hé truc trung tdm XCY nhw hinh vé: Xem hinh 1.3.

14,085

N|

4 Y

AY

Y3
X3
03

416,106 cm

. 26,58 cm

6,106 | 12,204

L 12,771 3,42

L

21,27

1

Hinhl.3

e

13
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a. Toa do trong tdm cua tirng hinh thanh phén déi véi hé truc trung tdm XCY

la:
Hinh ai (cm) bi (cm)
1 3,420 - 6,106
2 -12,771 14,085
3 21,270 12,204

b. Tinh m6é men quan tinh cta tirng hinh thanh phan doi voi hé truc trung tam
XCY: Dung cbng thtrc chuyén truc song song.
- Hinh 1: chr nhat

3
IO = 90 4 p2F = 89207 | 6406)2.1200 = 40 000 + 44 739,883
- J) =84 739,883 cm*
3
JP =90 1 a2F, = 20-60° 3 42)21200 = 360 000 + 14 035,68
- J{) = 374 035,68 cm*
JQ) = aibiFy = (3,42)(- 6,106) 1200 = - 25 059,024 cm’*
- JQ, =-25059,024 cm*

- Hinh 2: 1/4 tron
Tinh mé men quan tinh J®& va J\2 14y voi hé truc trung tam cta hinh 1.2

1) = @) = | =R _(ﬁf nR?
X y 16 3n 4

N J? = 1) = 0,19625R* - 0,14154R* = 0,05471R*

X

vay: J@ = J@) + b,2F,=0,05471R* + b,%F,
J?) =0,05471. 24* + (14,085)%. 452,16 = 18 151,464 + 89 702,765
- J& =107 854,23 cm* y
Tuong tw: JP = J® + a,%F,
JP?) =0,05471. 24% + (-12,771)%. 452,16

=18 151,464 + 73 746,59 &\}\\\\
- J@ =91 898,054 cm* \\ = X
Ap dung cong thire: JG) = I +a,b,F, h\\\ \ | | S

Hinhl.3a

14
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4 2
Tacs: JO =+ B 4R 4R xR
*2¥2 8 3n 3t 4

J(Z)

X2Y2

Trwong hop nay tg amax < 0 nén JIZ , = 0,01654R*, Idy dau > 0:

+(0,125R* — 0,14154R*) = ¥0,01654R*

J@ =0,01654R* + azb,F, = 0,014654.24% + (14,085).(-12,771).452,16
J@) =5487,575 - 81 334,328 =-75 846,753 cm”
- Hinh 3: thép goc
J©) = 4987 + b3 F, = 4987 + (12,204)°.78,5 = 4987 + 11 691,606
- J®) =16 678,602 cm*
JP) =1613 + a5 F; = 1613 +(21,27)°.78,5 = 1613 + 35 514,412
> J® =37 127,412 cm* 285,
JQ = JG)s +asbs F D
Ap dung céng thirc:

Jyy

tg dmax =

min X

1 A (3) 5 1(3) ’
Vi tg dmax > 0 nén JX3y3 <0, do do JX3y3 cua

thép goc la:
J<X33>y3 = (949 — 4987). 0,405 = - 1 635,39 cm*

JQ =) +agbsFy =-1635,39 + (21,27).(12,204).78,5
- JQ) =-1635,39 + 20 376,957 = 18 741,567 cm

Bang két qua tinh toan

Ji (em®)

i 4
J, (em’)

i 4
J,, (cm’)

a; (cm)

b; (Cl’n)

40 000

360 000

0

3,42

- 6,106

18 151,464

18 151,464

5487,575

-12,771

14,085

4 987

1613

1635,39

21,27

12,204

Jy (em®)

Jy (em’)

Ji, (cm®)

84 739,883

374 035,68

- 25 059,024

107 854,23

91 898,054

-75 846,753

16 678,602

37127,412

18 741,567

15
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c. Tinh mé men quan tinh trung tdm cua toan hinh:
Jx = ZJ'X = 84 739,883 + 107 854,23 + 16 678,602

N Jx =209 272,715 cm*
Jy = Y Jy =374 035,68 + 91 898,054 + 37 127,412
N Jy = 583 328,384 cm*

Ixy =D Jiy = -25 059,204 — 75 846,753 + 18 741,567
N Jxy = - 82 164,210 cm*

3. Tinh cac mé men quan tinh chinh trung tam:
2
Jmax,min = JX ;JY i\/(%j +J§(Y
_ 209272,715 +583328,384
2
N \/(209272,71 5-583328,384
B 2

Jmax,min

2
j +(—82164,210)?

Jmax,min -

792601,099 +\/(-374055,669
2 B 2

max = 396300,55 +204280,12 = 600580,67

Jmin = 396300,55 - 204280,12 =192020,43

e = —82164,210 _ 82164210, oo
Jo —Jy  600580,67 -583328384  17252,29

2
j +(-82164,210)?

4. Két qua tinh toan:
Jmax = 600580,67 cm*
Jmin = 192020,43 cm*
Omax 2 78°08’5”

Vong Mo trén hinh 1.4 dwoc vé voi:
209272,715 + 583328,384
2

- Tam: C ( ©0 ) - C (396300,55; 0)

- Ban Kinf: R = \/(209272,715 — 583328,384

2
> j +(—82164,210)?

N R = 204280,12
- Cuc: P (Jy, Jxy) — P (583 328,384; - 82164,210)
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Juv 4 Jnax = 600580,67 cm*

J_..= 192020,43 cm*

Min /

. ~ 78°08°5%

Jx =209272,715

/I

396300,55

I
Jy = 583 328,384

Hinh 1.4

Vi tri hé truc quan tinh chinh trung tam dwoc biéu dién trén hinh 1.5

Y Max

%

Min %\\\\

4%""’////?’57////

26.58 cm

Hznhl 5

@

" Jxy=82164,210

16,106 cm

17
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BAI TAP LON SO 2
TINH DAM THEP

BANG SO LIEU BAI TAP LON SO 2

STT | P(KN) | M (KNm) | q(KN/m) a (m) b (m) ¢ (m)
1 24 40 18 0,8 1,8 0,9
2 20 52 16 0,7 1,4 0.8
3 36 54 12 1,0 1,2 0,8
4 22 50 14 1,1 1,4 1,4
5 40 44 10 0,8 1,6 1,1
6 30 42 22 0,7 1,4 0,7
7 32 56 15 0,5 1,2 0,9
8 28 46 20 0,6 1,2 1,2
9 26 38 24 0,9 1,8 1,2
10 20 62 16 0,5 1,5 1,0

Ghi chu: Sinh vién chon nhirng s6 liéu trong bang sb liéu phu hop véi hinh vé
cua minh.

YEU CAU VA THU TU THUC HIEN
Yéu cau:

Hay chon sbé hiéu mat cat cho dam lam bang thép chi | (Ino) dé& thod man diéu
kién bén ctia dam, biét [c] = 210 MN/m?.

Tinh chuyén vi tai mat c&t D.

Cac bwérc giai:

1. Chon so b6 mat céat:

= V& biéu d6 ndi lwc ctia so do tinh vai tai trong da cho (My, Qy)
= T biéu d6 My vé dwoc, chon mat cat nguy hiém cé | Mx | max

= Chon kich thwéc mét cét theo diéu kién bén clia (rng suat phap:

[o]

Tir d6 tra bang thép dé dwoc s hiéu thép (N° 1) can tim.

18
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2. Kiém tra lai diéu kién bén khi cé ké dén trong lurong bén thén:
= \/& biéu db ndi lwc trong trwdng hop cd ké dén trong lwong ban than dam.

= Chon cac mat cat nguy hiém: tir biéu dé My va Qv chon ra 3 loai méat cét
sau:

* Mt cAt 6 [My]max
* Mat cét O [Qylmax
* M&t cat co My va Qy cung 16n
(d6i khi 3 loai mé&t cét nay trung nhau).
= Kiém tra bén cho dam tai cac diém sau:
* Diém c6 (rng suat phap 1&n nhét (tai cac diém trén bién ctia mat cat co
|MX|max)
Omax = M <[o]

X
* Diém c6 (rng suat tiép I&n nhét (tai cac diém trén dwong trung hoa cua

‘QY max
Jyb®

_ [0y,

Tmax =

< [r]

—

o]

Theo thuyét bén (rng suét tiép cuc dai thi: [¢] =

— N

Theo thuyét bén thé nang bién ddi hinh dang thi: [] =

lo]
V3

* Diém cb (rng suat phap va trng suét tiép déu kha I&n (diém tiép giap gitra
than va canh trén mat cat cé6 Mx va Qv cung Ién):

Theo thuyét bén (rng suét tiép cwc dai thi:

o = \1022 +4T§Y < [a]

Theo thuyét bén thé nang bién ddi hinh dang thi:

Ctt = \/(522 +313, < [o]

= Néu mot trong cac diéu kién bén trén khéng thod man thi phai chon lai sb
hiéu thép, va kiém tra bén lai cho dam.

19
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3. Xéc dinh trng suét chinh:

= Tinh t&ng suét chinh va phuwong chinh tai 5 diém dac biét trén mat cat co
My va Qy cung I&n (diém trén 2 bién, diém trén dwdng trung hoa, diém tiép giap
gitra than va canh) bang phwong phap giai tich

= Xac dinh ng suét chinh va phwong chinh tai 5 diém d6 bang phwong
phap vé vong Mo.

4. Tinh chuyén vi:

= Viét phwong trinh d6 véng va goc xoay cho toan dam bang phwong phap
théng sé ban dau.

= Tinh chuyén vi dirng va gdc xoay tai mat cat D.

20
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Vi DU THAM KHAO
Dé bai:
Chon sb hiéu thép chir | (N°I) ciia mat cét ngang dam dui day,

Biét: [o] = 210 MN/m?, (xem hinh 2.1).

Tinh d6 vdng va goc xoay tai mat cat D.

P=10KN
0 q=20KN/m M=40KNmm g=20KN/m
£y .
C A D
ey
2m 3m 4m
|
75,714 KN 54,286 KN
Hinh 2.1

Bai lam:

1. Chon so bd mat cat theo diéu kién bén cta rng suat phap:

1.1. Xéc dinh phan Iyc géi tua:
SMA=Ve7 +P.2+q.21-M—q.4.5=0— Vg = ‘20‘40;40”00

> Vp=54,286 KN
SMg=-VaA7+P.9+q.2.8-M+q.4.2=0—V,= 90+320;40+160

- Va=75714 KN

Kiém tra lai phan luc:
2Y=Va+Vg—-P-Qq.2-Qq.4=75,714 + 54,286 — 10 —20.2-204=0

- Va va Vg da tinh dung.

1.2. Viét phuwong trinh néi luc: Chia dam lam 3 doan
- Poan CA: Chon géc toa do6 tai C va truc z hwéng sang phai (0 < Z; < 2m)
Qy=-P-q.Z; > Qy =-10-20.Z; > Phuwong trinh bac nhat

2
Mx=-P.Zy— q.Z—1 — Mx =-10.Z1 — 10.Z4* - Phuong trinh bac hai
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*Tai Zy =0 (tai C): Qy =- 10 KN; Mx =0
* Tai Z1 = 1 m (tai gitra doan): Qy =- 30 KN; My =-20 KNm
*Tai Zy =2 m (tai A): Qy = - 50 KN; Myx = - 60 KNm

- Boan AD: Chon géc toa doé tai A va truc z hwéng sang phai (0 < Z; < 3 m)
Qy=-P-q9.2+Va=-10-20.2 +75,714

N Qy = 25,714 KN — Phuong trinh hang sb
Mx = - P.(2+Z,) — q.2.(1+Z3) + Va.Zy = - 10(2+Z,) — 40.(1+Zy) +75,714.Z,

- My = 25,714.Z, - 60 — Phwong trinh bac nhat

*Tai Z, =0 (tai A): Qy =25,714 KN; My =-60KNm

* Tai Z; = 3 m (tai D): Qy =25,714 KN; Mx=17,142 KNm

- Poan DB: Chon géc toa dé tai B va truc z hwéng sang trai (0 < Z3 < 4 m)
Qv =-Vg +q.Z3 > Qy =- 54,286 + 20.Z3 — Phwong trinh bac nhat

2
Mx = Vg.Z3 — q.% — Mx =54,286.Z5 — 10 232 — Phwong trinh bac hai

* Tai Zs = 0 (tai B): Qy = - 54,286 KN; My =0
* Tai Zs = 2 m (tai gitra doan): Qy = - 14,286 KN; My = 14,286 KNm
* Tai Zs = 4 m (tai D): Qy=25714KN; My = 57,14 KNm

1.3. Xac dinh vi tri ¢c6 Mpax: Cho phwong trinh Qy = 0 (& doan DB), ta tim
dwoc toa dd mat cat cd Mmax: (mét cat E)

- 54,286 + 2023 =0 Zs = 54,286

—2Z3=2,714 m

Tinh gia tri Mmax:
Mmax = 54,286. 2,714 — 10.2,714°> — Mmax = 73,67 KNm

Bang két qua tinh toan noéi lwc:

Poan Z (m) Qy (KN) Mx (KNm)
0 -10 0
CA 2 -50 -60
0 25,714 - 60
AD 3 25,714 17,412
4 25,714 57,412
DB 2,714 0 73,67
0 -54,286 0
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V& biéu dd noi luc

z Z2 , & !
1 L 3—
P =10KN 1| g=20KN/m |2 M=40KNm q=20KN/m
1! ]
Cl ¢ A s D E ;
2m 3m i 4 m
| 175,714 KN | 54,286 KN
| 25,71 ' 25,71 | |
/ [}
10 ! !
. 50 : : (KN)
i 60! | | 54,28
; ; . 2714m
17,41 @
57,41 | (KNm)
Hinh 22 Mmax - 73,67

1.4. So bé chon mét cat theo diéu kién bén cua trng suéat phép:

Tai mat cat E trén hinh vé c6 md men I&n nhét:

My| =+ 73,67 KNm (xem hinh 2.2) nén:
X max

My o T3B7KNm
[c]  210.103KN/m?
Tra bang thép chi¥ I, chon IN0:27 c6 Wx = 371 cm? thod man diéu kién trén va
c6 cac dac trwng sau:
got = 31,5 Kg/m = 315 N/m = 0,315 KN/m;
h=27cm;b=12,5cm;d=0,6 cm;t=0,98 cm;
F = 40,2 cm?; Wx = 371 cm®; Sx = 210 cm?; Jx = 5010 cm*;

Wy > =3,5.10* m® — Wy > 350 cm?®

2. Kiém tra lai diéu kién bén: (khi ké dén trong lwong ban than dam)

So d6 tinh ctia dam khi cé ké dén trong lwong ban than nhw sau:

25
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Zs

1 2
Z4 7, 2 3H
_ =20,315 KN/|m M=40KNm q = 20,315KN/ m
P=10KN | |9 a=0.315 KN/m ¢ T Y,
| A v | B
c', A D E |
2 R
2m 3m ! 4 m
| VA=77,54 KN d i VB=55,3 KN’
26,91 | 25,96 | 5
| R | . 272 m (KN)
i \ 60,63 ; | f
18,6 (KNm)
58,68
Hinh 2.3 Mmax = 75,25 KNm

2.1. Xéc dinh phén luc géi twa: (xem hinh2.3)
EMpA=VR.7+P2+q.21+qp.21-M—-q.4.5-qp.7.3,5=0
- Vg = 55,3 KN
Mg =-VaA7+P.94+q9.28-M+q4.2+qp.94,5=0
- Va=77,54 KN
Kiém tra lai phan luc:
2Y =Va+Vg-P-q.2-q.4 - qun.9
=77,54 +553-10-20.2-20.4-0,3159=0
— Va va Vg da tinh dung.
Céch khac:

- Tinh trwong hop do riéng trong lwvong ban than gay ra (xac dinh phan lyc, vé
biéu dd noi luc)
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- Cong biéu d6 vira vé v&i biéu dd trén hinh 2.2 sé dwoc biéu dé nhw trén

hinh 2.3.

2.2. Viét phurong trinh néi luc:

Chia dam lam 3 doan, chon truc z va gbc toa d6 cho méi doan twong tw nhuw

trén:
-Poan CA: 0 < Z; < 2 m (gbc toa d6 tai C)

Qu=-P-(q+qn). 21  — Qy=-10-20,315.,

2
Mx =-P.Zy- (q + qbt).% - Mx =-10.Z1 — 20,315

Zy
*Tai Z4 = 0 (tai C): Qy =- 10 KN; My =0
* Tai Z4 = m (tai gilra doan): Qy =-30,315 KN; My =-20,157 KNm
* Tai Z4y = 2m (tai A): Qy =-50,63 KN; Mx=-60,63 KNm
-Poan AD: 0 < Z, < 3 m (gbc toa dd tai A)

Qy=-P-q.2-qgbt.(2+ Z;) + VA=-10-20.2-0,315.(2 + Z,) + 77,54

- Qy = 26,91 -0,315.Z,

2+2,)

My = - P.(2+Z2) — q.2.(1+Z2) + Va.Z2 — Qpt. 2

2
- Mx = - 0,315. % +26,91.Z, - 60,63

*Tai Zo=0 (tai A): Qy = 26,91 KN; Myx = - 60,63 KNm
*Tai Z; = 2m: Qy = 26,28 KN; My =-7,43 KNm
*Tai Z,=3m (tai D): QY =25,965 KN; My = 18,68 KNm
-Poan DB: 0 < Z3 < 4 m ( gbc toa dd tai B )

Qy=-Vg+(q+Qqpn). Z3 > Qy =-553 + 20,315.Z3

Z2 20,315

Myx = VB.Z3 - (q +qbt).73 — My = 55,3.Z5 — Z5°

* Tai Z3 = 0 (tai B): Qy =- 55,3 KN; Mx =0
* Tai Z3 = 2 m (tai gilba doan):Qy = - 14,67 KN; My =69,93 KNm
* Tai Z3 =4 m (tai D): Qy = 25,96 KN; Myx = 58,68 KNm
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2.3. Xac dinh vj tri c6 Mpay:
- Cho phwong trinh Qy = 0 (& doan DB), ta tim dwoc toa dd mat cét cd Mpay:

(mat cat E)
55,3

= —>Z3=2,72m
20,315

-55,3+20,315.Z2=0

2
Mmax = 55,3. 2,72 — 20,315. 2’722 —  Mpax = 75,25 KNm

Bang két qua tinh toan:

DPoan | Z (m) Qy (KN) | Mx (KNm)
0 - 10 0
CA 2 - 50,63 - 60,63
AD 0 26,91 - 60,63
3 25,96 18,68
DB 4 25,96 58,68
2,72 0 75,25
0 55,3 0

V& biéu dd ndi lwc: Cac biéu dd noi lwc Mx va Qv biéu dién trén hinh 2.3

2.4. Chon mét cat nguy hiém va kiém tra bén:

- Chon ba maét cét nguy hiém sau:

é Mt cit H cd M, = + 75,25 KNm — kiém tra diéu kién bén theo rng suét
phap omax cho cac diém trén bién.

é Mt cat B c6 Qy = +55,3 KN — kiém tra diéu kién bén theo &ng suét tiép
Tmax Cho Cac diém trén dwong trung hoa.

¢ Mat cat A (trai ) c6 My = - 60,63 KNm va Qy = - 50,63 KN — kiém tra theo
thuyét bén thé nang hodc thuyét bén &ng suét tiép cho cac diém tiép giap gitra
long va dé.

- Kiém tra bén:

¢ Kiém tra cho cac diém trén bién (diém | hodc K) tai méat cat H:

_ 75,25

= 202 900 KN/m?
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Gmax = 202,9 MN/m? <[] = 210 MN/m?
Thoa man diéu kién bén tai bién trén va bién dwdi clia mat cat.
¢ Kiém tra cho cac diém trén dwdng trung hoa (diém O - c6 &rng suét tiép) tai
mat cét B theo thuyét bén thé nang:

C
sx\
max

Jyb®

_o

Tmax =

lo]
3

trong cong thire trén, ta lay b®=d trong bang, thay sé ta duoc:

S[’E] =

_ 553.210.10°°
- Tmax

= - ~ =38 600 KN/m”
5010.107.0,6.10"

Tmax = 38,6 MN/m? < lo] . 121 MN/m?

NG

Thod mén diéu kién bén tai cac diém trén truc trung hoa clia mat cét. Biéu do
trng suat cia mat cat A (trai)

1 G = 163,5
\ N\ |/ J/ T 151
S T N I R B ——— L
JI\
[ N
» G
Hinh 2.4 (MN/mZ)

(MN/m?)

¢ Kiém tra cho cac diém tiép giap gitra than va canh (diém E hoac F) tai mat
cét A trai theo thuyét bén TNBDHD:

Gy = Vo2 +31% < [G]

Ta co:

oe= Mx y = —6063 {—(D—tﬂ =L’638{—(2—7—0,98H.10‘2
Jx YF T501010° | \2 )] s010.10° | (2
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oe = 151 000 KN/m? = o = 151 MN/m? cereggess)
2 / E
Tai diém E co: S§ =Sy —dy% vab®=d y{ 1
_-__>X
(Xem hinh 2.5) \ L
Do doé: Hinh 2.5
y2 12,522
QY [sx —dzE] - 50,63{210 ~06.—~ Jno-e
TE=- = - : = - 27500 KN/m?
Jy.d 5010.107%.0,6.10~
- € = - 27,5 MN/m?,
N o = (151)° +3(-27,5) = 158,33 MN/m?

o = 158,33 MN/m*< [o] = 210 MN/m?
Thoa man theo diéu kién bén cta thuyét b&n TNBDHD.

Két luan: Chon mat cat IN® 27 dadm bao diéu kién bén cho toan dam.

3. Xac dinh trng suét chinh:

Dwa vao biéu dd (rng suét trén hinh 2.4, tinh cac (rng suat chinh va phuwong

chinh cho cac diém d&c biét trén mat cat A (trai)

30

3.1. Bang gidi tich:
- Piém trén bén (I va K)
A
‘MX‘ 60,63

Gmaxmin= * =+ — =+ 163 500 KN/m” = + 163,5 MN/m’
Wy 371.10

Tai | c6: 61 = 6max = 163,5 MN/m? (phan t6 kéo don) ol = 0°

Tai K ¢6: 63 = 6min = - 163,5 MN/m? (phan t6 nén don) of_ = 0°

max —

2
+ (gj +’C2
2

- Piém tiép giap gitra Idng va dé (E va F): omaxmin =

N
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é Diém E: & trén da co
ok = - oF = 151 MN/m?
TE=TF = - 27,5 MN/m2

2 2
Gmax’min = %i (gj + 12 = E T \/[%j + (_ 27,5)2

2 2

Do do: o4F= 75,5+ 80,352 MN/m? = 155,852 MN/m?
o35 = 75,5 - 80,352 MN/m? = - 4,852 MN/m?

-275
tgamax = — k= =

6e —Gnn  151-(-4,852)

¢ Diém F:

=0,177 > of . =10%

max

2
Omax,min = - E + \/(%j + (_ 27,5)2

2

o1 =-75,5+ 80,352 MN/m? = 4,852 MN/m?
o3 =-75,5 - 80,352 MN/m? = - 155,852 MN/m?

F _ TF _ - 27,5

tgamax - -

6r —Gn  —151—(-155852)

Vay: Tai diém E c6 cac (rng suét chinh la:
o1 = 155,85 MN/m?
o3 = - 4,852 MN/m?
akb,, =10%
Tai diém F c6 cac &ng suat chinh la:
o1 = 4,852 MN/m?

63 = - 155,852 MN/m?

af ., =80°
é Diém trén dwong trung hoa (0):
co=0
. Qb [s%|  _5063.210.10°¢
o= =

Jyb®  5010.1078.06.1072

=567 > af _ =80°

max

= - 35 400 KN/m? = -35,4 MN/m?
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2
Tai dwdng trung hoa co: Gmaxmin = %J_r (%j +12 = + 35,4 MN/m?

Tai diém O c6 céac tng suét chinh la:
o1 = 35,4 MN/m?
o3 = - 35,4 MN/m?
AQay = 45°

Vi phan t6 tai DTH 1a phan t6 trwot thuan tuy.

3.2. Biéu dién phén té tai 5 diém d&c biét trén mét cat ngang va vé vong Mo
trng suét cho 5 diém do:

T
0
o o = ax o o = max N a = 0
= S
(o F] o
(o}
T \1 ’ ;1 03% Lo 1 0
(¢ E ,
Omax = 1075
i R

Qy=50,63 KN
é Y O3 T O

A
O3 01 \ ] Omax = 450

©
®
Op-af ) oL, D
®
®

. My=75.25 KNm o o ! A0
1 3 0
o;“jT % 7 N Omax = 80
o)

Hinh 2.6

32
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P =10 KN <Ti:20,315KN/r1r1q=0,315 KN/ m M=40KNm g=20,315KN/m
\ X
c l \l lA Yy ¥V v v v \IrD B
2m 3m 4m
| VA=77,54 KN VB=55,3 KN
Hinh 2.7

Bang thong sé ban dau

Céc thong sd Doan CA (a=0) Doan AD (a=2) Poan DB (a=5)
Ay #0 0 0
A(o #0 0 0
AM 0 0 40
AQ -10 77,54 0
Aq -20,315 20 -20
Aq 0 0 0
4.1. Phuong trinh d6 véng cua ting doan dam: ( EJ = const )
, AM, .(Z-a)* AQ,.(Z-a)®
M =YntAya+ Ay, (Z-a)- 2. - &
Yout = Yo+ AYa + AY, (£ 4) 2IE 3IEJ
Ag,.(Z-a)* Aq,(Z-a)’
41EJ 51EJ
- Thay cac gia tri vao phwong trinh trén:
*Poan CA: (0 < Z < 2)
10Z® = 20,315Z*
Z)=yo+ @o.Z+ + —
il2) = Yo+ 0o 2% e AEJ
2)= 0o+ 10z | 20315Z°
PRE) = 0T gy 31E
*Poan AD: (2 < Z < 5)
7754(Z-2)° 20.(Z-2)

y2(Z) = y1(Z) -

3'EJ

41EJ
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10Z° N 203152* 7754(2-2)° 20.Z-2)*

Z)=Yo+ ¢o. Z+
—YAZ) = Yot @0 3IEJ AEJ 3IE AIEJ
7754(2-2)* 20.(z2-2)°
Z) = Z) - -

92(2) = 4:(2) 21EJ 3IEJ

_ 10Z? | 20315Z% 7754(Z-2)*> 20.(Z2-2)
= @2(Z)= @o+ + - -

21EJ 3IEJ 2EJ 3IEJ

*PoanDB: (6 < Z < 9)
40(Z-5)*> = 20.(Z-5)*
2)=y,(2)- +
Y3 (2)=¥2(2)- =5 AIEJ
10Z® | 20315Z* 7754(Z-2)° 20.(Z-2)*
Z)=Vo+ ©0o. Z+ + — - — - -
= Y3Z) = Yot @0 3IEJ AEJ 3IE AIEJ
_40(Z-5) , 20.(2-5)"
2EJ 4EJ

40(Z-5) , 20.(z-5)°
Z) = ¢a2) - +
93(Z) = 92(2) = AE
_ 10Z? | 20315Z° 7754(Z-2)*> 20.(Z2-2)
—>@3(Z) = o+ + - -
2EJ 3IEJ 21EJ 3IEJ
_40(Z-5) 20.(2-5)*
EJ 4EJ

4.2. Xéc dinh yo va ¢ o tee cac diéu kién bién sau:

-TaiA(Z=2)cdy; =y, =0, thay sb:
10Z® = 20315Z2* 7754(2-2)° 20.(Z2-2)*
Z) = + Z+ + ! - ! - =0
Yol2) = Yo+ o 3IE AIEJ 3IE AIEJ

102°  20315.2%
Z)=yo+ @o. 2+ . =
YalZ) = Yo+ Qo 2% S0 AEJ

26,87
N + oo 2+ 2% — ¢
Yo o EJ

0

-TaiD(Z=9)cdy3=0
10Z®  20,315Z* 7754(2-2)° 20.(Z-2)* 40(Z-5)3
yo + (PO Z + + - - -
3IEJ 41EJ 3IEJ 4EJ 2IEJ
L 20.(2-5)* _
41EJ
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10.9° . 20315.9% 7754(9-2)° 20.(9-2)* 40(9-5)°

+ . 9 +
YT Qo 31EJ HEJ 3IEJ 4EJ 2IEJ
.\ 20.(9-5)* _
41EJ
1215 5553613 4432703 2000833 320 213333 _
Yot @o. 9+ + - - - + =0
EJ EJ EJ EJ EJ EJ
228,41
N + 0,9+ 22 2
Yo @o EJ
Ta c6 hé hai phwong trinh sau:
yot 002+ 2087 _ po= . 28791
0" o EJ 0 EJ
Vot 0o 0+ 22841 _ 30713
0T o EJ L=y

4.3. Phuong trinh do véng va goc xoay toan dam:
30,713 28,791 102z 20,315z*
- Z+ +

Z) =
2= =g EJ 3IE AIEJ
_ 28791  10Z? = 2031523
¢1(Z) = - + +
EJ 21EJ 3IEJ
_ 30,713 28719 10Z®  20315Z2* 7754(2-2)° 20.(Z2-2)*
y2(Z) = - Z+ + - -
EJ EJ 3IEJ 4lEJ 3IEJ 41EJ
_ 28719 . 10Z? | 20315Z° 7754(Z-2)> 20.(Z2-2)°
92(Z) = - + + - -
EJ 21EJ 3IEJ 21EJ 3IEJ
30,713 28719_  10Z® = 20315Z* 7754(2-2)°
ya(Z) = - Z+ + - -
EJ EEJ 3IEJ 41EJ 3IEJ
0 20.(2-2)* 40(Zz-5) N 20.(2-5)*
4lEJ 21EJ 4lEJ
28719 10Z?  20315Z° 7754(Z-2)?
93(Z) = - + + - -
EJ 2EJ 3IEJ 2EJ
20.(2-2)° 40(Z-5) , 20.(2-5)"
3IEJ EJ 4EJ

4.4. Tinh d6 véng va géc xoay tai méat ct D:
Tai mat cat D c6 Z = 5 m (thudc doan 2), do dé thay vao phwong trinh ¢2(2)
va yy(Z) ta co
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28719 10.52 N 20315.5° 7754(5-2)° 20.(5-2)°
EJ 21EJ 3IEJ 2IEJ 3IEJ

02(2) = é(— 28,719 +125 + 423,23 - 348,93 - 90) = % (Rad)

P2(Z) = -

30,713 28719 10.5° = 203155* 7754(5-2)° 20.5-2)*
y2(Z) = - + + - -

EJ EJ 3EJ 41EJ 3EJ 41EJ
1
Z)=—130,713) (m
y2(Z) EJ( )( )

1
= —(30,713
YD EJ( ) (m)

1
= —(80,58) (Rad
0l EJ(’ ) (Rad)



Sach Mién Phi Tai : www.Sachvui.Com

BAI TAP LON SO 3
TINH COT CHIU LUC PHUYC TAP

BANG SO LIEU BAI TAP LON SO 3

STT | b(m) | A(m) | I(m) | P(KN) | v(KN/m?) | q(KN/m")
1 0,12 | 0,16 | 6 200 20 18
2 0,13 | 0,18 | 8 300 21 14
3 0,14 | 0,17 | 7 350 21 16
4 0,15 [ 0,17 | 6 400 20 15
5 0,13 [ 0,12 | 5 300 20 16
6 0,14 | 0,18 | 7 400 22 12
7 0,15 [ 0,14 | 6 350 21 14
8 0,16 | 0,16 | 7 400 20 14
9 0,12 | 0,15 | 6 300 21 18
10 Jo,13 [0,14 | 5 200 22 20
11 (o015 [015 | 8 250 20 16

Ghi chu: Sinh vién chon nhirng s6 liéu trong bang s6 liéu phu hop véi hinh vé
cua minh.

YEU CAU VA THU TU THUC HIEN
Yéu cau:
- Xac dinh ndi lyc tai mat cit day cot.
- V& biéu db (rng suat phap tai mat cat day cot
- V& 16i clia mat cat day cot.
Biét rang méi so’ db cot cd 3 lwc doc |&ch tam (P; trén hinh vé ky hiéu diém dat

la ® ), | 1a chiéu cao cét, y 1a trong lwong riéng clia cot, g (KN/m?) la lwc phan b
déu vudng goc véi mat phang chiva canh EF.

Cac bwérc giai:
1. V& hinh chiéu truc do cda cot:

= T so dd hinh chiéu bang da cho, vé& hinh chiéu truc do ca cot trén hé truc
toa do Dé Cac.

= Chu y ghi day da kich thuwéc va tai trong da cho.
2. Xéc dinh céc d&c trung hinh hoc clia mét cdt ngang:

= Xac dinh toa dd trong tam ctia mat c&t ngang C(Xc, Yc)
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= Xac dinh cac mé men quan tinh chinh trung tam: Jx, Jv

= Xac dinh cac ban kinh quan tinh chinh trung tam: ix, iy.

3. Xéc dinh néi luc va tng suét tai mét cat day cot:

= Xac dinh toa d6 cac diém dat luc doc léch tam Pi(Xj, Y ).

= Tinh céac gia tri noi lwc tai mat cat day cot, 1an lwot do cac tai trong da cho
gay ra.

= Xac dinh dwdng trung hoa va &ng suat phap I&n nhéat va nhé nhat tai mat
cat day cot, tir do vé biéu dd (rng suét phap phang tai mat cét day cot.

= Xac dinh vi tri diém dat lwc doc léch tam K ( Xk, Yk ) twong dwong tai mat
cat day cot

=My o= M
NZ NZ

4. Xéc dinh 16i cia mét cét day cot

Q |~<_|()
<
1
1
(on |><_|{>

5. Biéu dién:

= Biéu dién ndi lwc tai mat cat day cot bang hinh chiéu truc do
= Biéu dién vj tri hé truc quan tinh chinh trung tdm

= Biéu dién diém dat lwc doc léch tam tai mat cat day cot

= Biéu di&én dwdng trung hoa tai mat cat day cot

= \/& biéu db (rng suét phap phang tai mat cat day cot

= /& 16i clla mat cat.
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SO’ DO MAT CAT COT
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g ®/\ i
3b a 2.5b
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) a:, a \ 2a .a a.
1 1 1 1 1 -l
Ot | @t
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1 11
3b
3b
1
& 2 2b
E F g Dy
| ~ l
1 ud 1
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Vi DU THAM KHAO

Dé bai:

Cho mat cat cét chiu lwc nhw hinh vé, biét cac lwc léch tam P1=P,=P3=500KN,
ap lwc phan bb d&u trén mat EF 1a q = 15 KN/ m? trong lwong riéng cla cot la
vy = 20 KN/m?® va cot cao L = 4m (xem hinh 3.1).

Yéu cau:
- V& biéu d6 &ng suat phap tai mat cat day cot

- V& I6i cia mé&t cat day cua cot

P, 36 cm
P, 18 cm
X 1
Psl 20 cm
E T Fvl_
| 20cm |8 cm| 20 cm q
I I

Hinh 3.1
Bai lam
1. V& hinh chiéu truc do cta cét:

Twr mat cat cot da cho trén hinh 3.1, ta vé dwoc hinh chiéu truc do cua cot
trong hé truc toa dé DPé Cac nhw trén hinh 3.2.

2. Xac dinh cac dic trweng hinh hoc cia mat cat ngang cét:

= X4c dinh toa do trong tdm ctia mét cét day cot: Chon hé truc toa do ban
dau 1a xoyo nhw hinh3.2.

48.20.10 +8.18.(20 + 9) + 204 (20118 +12)
zF 48.20 +18.8 4+ 2048
R yo - 9800 +4176.+43200 _ 56976 Ve - 28.95 cm

960 + 144 + 864 1968
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P, = 500 KN

q=15KN/m’

/
T
L
7 18 cm
//
48 cm > 20 cm
Hinh 3.2

= Xac dinh cac mé men quan tinh chinh trung tém:

N
%
%
4
4

Hé truc XCY trén hinh 3.3 1a hé truc quan tinh chinh trung tdm. Chia mat cat
ngang c6t thanh 3 hinh thanh phan: 2 hinh chi¥ nhat va 1 hinh tam giac.

Yo=Y
e I
45,05 p, | 0™
D H i
+ C :X 18 cm
B x —*
Yc = 28,95 P2 G 20 cm
K 7=
H LT rggr
| 20cm [8em| 20 em [a
| 1

Hinh 3.3
42
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_ 48.20°

8.18°3
J =
ST

+(28,95-10)2.48.20 +

+(28,95-29)%.18.8 +

+(20+18+12—28,95)2.@

{48.363
+

— Jx =32 000 + 344 774,785 + 3 888 + 0,346 + (62 208 + 382 804,186)
— Jx = 825 675,3 cm*

3 3 3
Jy = 2048" 1887 ,13624° | _ 154350 + 768 + 2.41472
12 12 12
— Jy =268 032 cm”’
F = 1968 cm?

= Xac dinh cac ban kinh quan tinh chinh trung téam:

=[x = (8290793 4 005 cm;
F 1968

jy=[Jy = [268032 S iy =117 cm
F 1068

3. Xac dinh néi lwc va tpng suat tai mat cat day cot:

= Xac dinh toa dé céc diém dat lwc doc léch tam P;:
Tw hinh 3 ta cé:
P1(24; 9,05); P2 (24; -8,95); P3 (-24; -28,95)

= Xac djnh ndi luwc:
My = ZPi.y} + qFL? = (-500).9,05 + (-500).(-8,95) +
+ (-500).(-28,95) -15. 48.102.4.200
Mx =-4 525+ 4 475 + 14 475 — 288.200 — Mx =-43 175 KN.cm
My = ZPi.x} = (-500).24 + (-500).24 + (-500).(-24) — My =-12 000 KN.cm

Nz = (£ P; + v.L.SF) = 3.(-500) - 20.4.1968.10% —> Ny = - 1 515,74 KN
= Xéc dinh tng suét tai mét cat day cot:

Tinh (rng suét tai cac diém gdc trén mat cat ngang theo cong thirc:
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N M M
G, :J_r| d i| X|.|y|J_r| Y|.|x|
F o Jy Jy
Bang két qua tinh toan:

b | x i | [1515,74 | N 43175 | W 12000 " o
E -24 | -28,951 -0,7702 1.51385 1,07450 1.81815
B -24 1 -8,9510 -0,7702 0.46810 1,07450 0.77240
L | 4 |89510] -0,7702 0.46810 0,17910 | -0.1230
A 4 [ -89510] -0,7702 0,46810 -0,1791 -0.4812
D | 249,049 | -07702 - 0.4732 1,07450 -0.1689
I 0 | 45049 | -0,7702 -2.3556 0 -3.1258
H | 24 [ 9049 [ -07702 - 0,4732 -1,07450 -2.3179
N 4 9,0490 -0,7702 -0,4732 -0,17910 -1.4225
P 4 | 9,049 | -0,7702 - 0,4732 0,17910 -1.0643
G 24 1 -8,9510 -0,7702 0,46810 -1,07450 -1.3766
F | 24 [-280951] -0,7702 1,51385 -1,07450 | -0.33085

Tai E: 6max = 1,81815 KN / cm?;
Tai I: omin = - 3,1258 KN / cm?

Phan ving &ng suat tai mat cat day cot do My va My gay ra:
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T hinh v& va bang két qua tinh toan, ta thy ngay 2 diém nguy hiém Ia E & |
= Xéc dinh biéu db tng suét phap tai mat cét day cot:

a) Biéu di&n ndi lwc tai mat cat day cot:

Hinh 3.5

b) Xac dinh diém dat lwc doc léch tam K(Xk, Yk)

X = My _ —-12000 =7.9cm
N, -1515,74

Yk = My = — 43175 =28,5cm
N, —-1515,74

Diém dat lwc doc léch tam biéu dién trén hinh 3.6: K(7,9; 28,5)

z (-T7,9 cm
P=1515,74 KN
T | 7Yo=Y

Hinh 3.6

¢) Xac dinh dwong trung hoa:

Phuwong trinh DTH: 5% — 1
a

45
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i2

—ly _

a:
Xk
—i2
b= X —
YK

_ 2

1715’97 =-17,2021 cm
_ 2

56(3): =-14,75 cm

Toa d6 BTH la: (-17,2; -14,7)cm

Biéu dién biéu 6 rng suat phap phang trén hinh 3.7

G:L 14,7 cm\ \-

yOEYA
I
> ’
C X
bTH B T~ \'
E

17,2¢

Hinh 3.7

4 -Xac dinh 16i ctia mat cat

a=-17,2cm
b=-14,7 cm
3,1262 KN/cm?

1.8184 KN/cm?

Chon 3 dwéng trung hoa gid thiét: A, A2, Az nhw hinh 3.8 duéi day,

A

|

Hinh 3.8
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+ Duwdng A+
Céat truc Y tai diém 1(0; 45,05) nén cé: by = 45,05 cm
Cét truc X tai diém A(xa; 0) nén sé co: as = Xa.

Tinh Xa theo tinh chét ddng dang clia 2 tam giac la: ACI va HJI
JH IJ 24 36 _ 24.45,049

— = —= xa= —— =30,033 cm
CA IC X, 45049 36
Vay c6: a; =30,03 cm;
b1 =45,05 cm
+ PDuwdng A,: song song v&i truc Y nén co:
ap = 24 cm;
b2 = oo

+ Duwdng As. song song véi truc X nén co:
a3 = 00’

bs =-28,95cm
.2 .2
Dung coéng thiee: Xk = - Ii, Yk = - %; voi: ix = 20,483 cm, iy = 11,67 cm
a

dé xac dinh cac diém trén 16i 1a 3 diém dat lwc doc léch tdm twong ng: Ki,

Kz, Ks. Tt hinh vé trén, ta lap dwoc bang sau:

DTH gia thiét | a; (cm) b; (cm) Diém Xki (cm) | Yki(cm)
Ay 30,03 45,05 Ky -4,54 -9,31
Ay 24 © K, - 5,67 0
A3 0 - 28,95 K; 0 14,49

Vi mét cat déi xirng qua truc Y, nén ta 14y thém 2 diém dbi xing véi 2 diém
d&t lwc doc léch tam do dwdng A¢ va duong Az & trén, duwoc thém 2 diém Ky va
Ks. N6i 5 diém do lai, ta dwoc 16i ciia mét cat cd dang nhw hinh vé 9 duéi day..
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K éég Ky X

Hinh 3.9
T hinh 3.6 ta thay: diém dat lwc doc Iéch tdm K ndm ngoai I6i nén biéu dd

&ng suat phap trén hinh 3.7 cé hai ddu. Mubn biéu dé ng suat phap chi cé dau
(-) thi lwc doc l1éch tam tai mat cat day cot phai dat vao 16i.
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BAI TAP LON SO 4
TiINH DAM TREN NEN BDAN HOI

BANG SO LIEU BAI TAP LON SO 3

STT | a(m) | b(m) | c(m) | J(m") M(KNm) | P(KN) | q(KN/m) | K(KN/m?)
1 3 4 3 0,03516 | 70 150 58 60000
2 4 2 4 1001800 | 40 120 36 40000
3 2 5 3 0,04267 | 80 170 60 40000
4 5 2 3 0,02289 | 60 120 | 44 60000
5 2 4 4 1001800 | 50 80 40 50000
6 3 3 4 1002858 ] 30 90 48 50000
7 4 4 2 0,04267 | 90 160 62 60000
8 3 5 2 ]005118 ] 90 170 70 50000
9 3 1 6 |003652] 70 140 56 40000
10 |3 6 1 0,02843 | 50 100 | 45 60000
11 |6 1 3 0,04016 | 80 160 54 40000

Ghi chu: Sinh vién chon nhirng s6 liéu trong bang s6 liéu phu hop véi hinh vé
cua minh.

YEU CAU VA THU TY THUC HIEN
Yéu cau:

V& biéu d6 ndi lwc (biéu d6 M va biéu dd Q) ctia dam dat trén nén Winkler. So
dd tinh cho trén hinh vé, modun dan hdi ctia dam 1a E = 10” KN/m?. Yéu cau lap
bang két qua tinh toan ndi lwc cho cac mat cat lién tiép cach nhau 1 m.

Cac bwérc giai:

1. Tinh s&n céc tri s6 cén st dung:

D6 cirng: EJ, hé s6 ctia dam trén nén dan héi: m, m?, m*, m*
2. Lap béng théng sé ban dau:

Lap bang véi 6 théng sb cho cac doan dam.

3. Viét phuwrong trinh mé men ubn va luc cét cuia dam:

= \/iét phwong trinh ndi lwc cha dam.

= |Lap bang cac hé sb Crulbp tai cac mét cat can tinh toan.

= Lap phuwong trinh ndi lwc ctia toan dam dwéi dang sé.

49



Sach Mién Phi Tai : www.Sachvui.Com

= Lap diéu kién bién va gidi hé phwong trinh dé tim ra cac an sb y, va 0.

= Lap bang két qua tinh toan ndi lwc (M6 men va lwc cat) tai cac mat cat can
tinh toan.

4. V& biéu db noi luc:

Dwa vao bang két qua tinh toan & trén, vé cac biéu do noi luc.
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SO DO TiNH DAM TREN NEN DAN HOI

P 2P
I M q @ IP . g 2P
D - [T1TTT
= = = = = =
a2 —f b ’{ ¢ A /!l a— b /% c &
P
P @ M 2P
\ q /'V' 2P| \ q = \
= =7 R T e T e i Y
Fagt—ob— ¢ —A Fag—nb— ¢ —
P I op @ P q 2P\
S S
= ez = ; I =7
At b o A fad—b—A—c—
2P
Mmoo |P 2p ‘ i q
> “ & <o
= = = Z:
/} a 1” b /{ c 4 /[l a /|'/ b /% c &
jzp " P . ‘@'P q <‘3’
e [TT1] [TTT .
Z" = =7 =
/!' a—¢ b /% c ¥ /!l a — b . 0
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@ZP P @P
S q
= =7 = = =7 =
fa—t—b———c—A Fad—b—f—c—H
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fast— b ———t—c—f fast—b— c
@r q P P' g 2P
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Vi DU THAM KHAO

De bai:

Tinh gia tri ndi lyc trén cac mat cét (cach nhau 1 m) va vé biéu dd néi lwc cho
dam dat trén nén Winkler nhw so dd cho trén hinh 4.1, cho biét:

g=80KN/mb=1m

M = 800 KNm J = 0,0426 m*

P =650 KN E = 10" KN/m?

Hé sb nén Ko = 6.10* KN/m?®

650 KN 650 KN
100KNm 80 KN/m

Pl 800 KNm
L T 2 9 1719
A Z.
443m 4m /l[ 4m ——F
vy
Hinh 4.1
Bai lam

1. Tinh s&n cac tri sé can s dung:
EJ = 0,0426.10" = 426.10° KNm?
Tinh cac hé sb cla dam trén nén dan hoi
iz Kob _ 6.10%1
4EJ  4.426.10°
m = 4/0,0352 = 0,433182
m? =0,18764
m® = 0,081285

=0,0352

Bang thong sb ban dau:
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Cac ) Poan 1 Poan 2 Poan 3
thong s6 | Tai A (Z=0) Tai B (Z =3m) Tai C (Z =7 m)

Ay #0 0 0

Ag #0 0 0

AM 0 0 - 100

AP - 650 - 650 0

Aq 0 -80 0

Aq 0 0 0

2. Viét phwong trinh ndi lwc cho tirng doan:

a. Viét phuong trinh mé men uén va luc cdt cua ddm dai hitu han duéi dang

chir:

P Ky, Ko
M1 - _’BmZ+—20'CmZ+—3O'DInZ
m m m

P q
m m

Ms= M, +MA,; 5

K. K.
Q1 = P.Amz +—y0 .Bmz +—q:;0 .sz
m m

_ q
Q2= Q +PAL 23 "‘E-Bm(zf:a)

b. Tinh s&n cac hé sb cia cac sb hang trong cac phuwong trinh trén:

4
(P o 80 500,531 Ko = 810 43851 10t
m 0,43318 m 043318
4
I _ 80 =-184.6807 Ko = 6.10 = 31,9753.10*
m 0,43318 m? 0433182
4
- q2 =. 80 5 = -426.3372 Kg = 6.10 3 =73,8152.104
m 0,43318 m 0,43318

4.mM=4.0,43318.(- 100) = -173,272
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c. Thay céc gié tri tinh s&n vao phuwong trinh néi lurc cia dam:

M =-1500,531. By, + 31,9753.10%.yo. Crmz + 73,8152.10%. ¢ ¢.Dmz

(a) <

-

(a) <

-
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M = - 1500,531. B, + 31,9753.10%.yo. Cmz + 73,8152.10*. ¢ 0.Dinz —

- 1500,531.Bpn (2.3) — 426,3372.Cpn(z.3)
Ms = - 1500,531. Bz + 31,9753.10 yo. Cmz + 73,8152.10%. ¢ 0.Dpnz —

- 1500,531.Bpn.(z.3) — 426,3372.Crm 2.3 — 100.Am.2.7)

~ Qq =-650.An, + 13,851.10%.y0.Bm; +31,9753.10%. ¢¢.Crmz

Q2 = - 650.An, + 13,851.10%.y0.Bm; +31,9753.10%. 9 9.Cinz - 650.Am(z-3)

3. Viét diéu kién bién:

Tai D (Z=11m) ta cé:

M3z = - 800 KNm

4. Tinh san cac ham Cruwlép:

va

- 184,6807. By (z.3)
Q3 = - 650.Anm; + 13,851.10%y0.Brm, +31,9753.10%. 9 0.Cpnz - 650.Annz.3)

- 184,6807. B (z.3) — (-173,272).Dm.z-7)

Q3=O

(Lap bang tinh s8n cac ham Cruwldp cho cac mat cat can tinh toan, cach
nhau 1 m, v&i hé sé m = 0,43318)

Z mZ AmZ BmZ CmZ DmZ
0 0 1 0 0 0
1 0,43318 0,9941 0,43267 0,0937 0,0135
2 0,86636 0,9062 0, 8501 0,3729 0,1080
3 1,29954 0,5278 1,1764 0,8177 0,3608
4 1,73272 -0,4702 1,2182 1,3518 0,8299
5 2,16590 -2,4770 0,6230 1,7820 1,5179
6 2,59909 -5,7919 -1,1183 1,7265 2,3049
7 3,03227 - 10,3342 -4,5760 0,5644 2,8551
8 3,46545 - 15,1787 - 10,1222 - 2,5426 2,5134
9 3,89863 - 17,9374 - 17,4354 - 8,4670 0,2436
10 4,33182 - 14,1328 - 24,7268 - 17,6567 - 5,2994
11 4,76501 3,0853 - 27,7519 - 29,2901 - 15,4184
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Thay diéu kién bién tai D vao phwong trinh ndi lwc (a) & doan 3, ta co:
Ms = -1500,531.Bm.11 + 31,9753.10% yo.Cm.11 + 73,8152.10%. ¢ ¢.Dpm.11

- 1500,531.Bm (11.3) — 426,3372.Crm(113) — 100.AMpm11.7) = - 800
) Q3 = - 650.An11 + 13,851.10% y0.Bm.11 + 31,9753.10%. ¢ ¢.Crm.11
— 650.Am,(113) - 184,6807.Bpn (113 + 173,272.Dme11.7) = 0
Thay gia trj cia cac ham sb Cruldp lay tr bang trén vao phwong trinh (b), ta
co:
[ M3 = - 1500,531.(- 27,7519) + 31,9753.10% yo.(- 29,2901) +
+73,8152.10% ¢ o.(- 15,4184) — 1500,531.(- 10,1222) +
— 426,3372.(- 2,5426) - 100.(-0,4702) = - 800
Qs = - 650.(3,0853) + 13,851.y0.10%.(-27,7519) +

+31,9753.10%. ¢ 0.(-29,2901) - 650.(-15,1787)

(c){

\ — 184,6807.(-10,1222) + 173,272.0,8229 = 0
d){ 936,5597.10%.yo + 1138,1123.10%. ¢ o = 58762.286

384,392.10%.y, + 936,5597.10%. ¢ o = 9872.6705
5. Giai hé phwong trinh:
T phwong trinh thtr nhat ctia hé phwong trinh (d) & trén, ta cé:

_ 58762,286—1138,1123.10°
936,5597.10"

Yo

Thay vao phwong trinh th hai cia hé (d), ta cé:

0t 58762,286 —1138,1123.10"

936.5597 10° + 936,5597.10%. ¢ o = 9872,6705

384,392.1

24117.7926 — 467,1152.10* + 936,5597.10%. ¢ o = 9872,6705
- 469,4445. 10*. ¢ o = -14245.1221
¢ o = - 30.3446.10“Rad

_ 58762,286 — 11381 123.10*(-30,3446.107*) _ 58762,286 + 34535.5625
936,5597.10% 936,5597.10*

Yo
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_ 93297.8485
- Yo= ——————
936,5597.10
Thay gia tri yo va ¢ vao, ta cé phuwong trinh ndi lwc trong 3 doan ctia dam da

Yo =99.618 10*m

cho nhw sau:

M; = - 1500,531. B,z + 31,9753.10*.99.618.10* Crz +
+73,8152.10%.(-30,3446.10%).Dpnz

Qq = - 650.Amz + 13,851.10%.99,618.10* Bz +
+31,9753.10%.(-30,3446.10).Cpnz

M, = - 1500,531. B,z + 31,9753.10%.99,618.10™ Cnz +
+73,8152.10%.(-30,3446.10*).Dmz— 1500,531.Bi (z.3) — 426,3372.Cn (2.3)

Q2 = - 650.Anz + 13,851.10%.99,618.10. Bz +
31,9753.10%.(-30,3446.10™).Cinz - 650.An z.3) — 184,6807. B z.3)

(M3 = - 1500,531. Bz + 31,9753.10%.99,618.10“ Crz +
+73,8152.10%.(-30,3446.10™).Dmz + 1500,531.Bp (2.3
— 426,3372.Cn (2.3 — 100.Anm z.7)

Q3 = - 650.Anz + 13,851.10*.99,618.10* B,z +
+ 31,9753.10%(- 30,3446.10*)Cpnz -
- 650.Am (z.3)— 184,6807. By z.3) + 173,272.Dpn z.7)

\
Ta cé phwong trinh ndi lwc cua toan dam nhw sau:

M1 =-1500,531. Bz + 3185.315 Cpnz - 2239.893.Dpz
Q1 =-650.Anz + 1379,804.Bimz - 970.278.Cnz

Mz = - 1500,531. Brz + 3185.315 Cpyz - 2239.893.Dpnz
— 1500,531.Bm(z.3) — 426,3372.Crniz.3)

Q2 = - 650.Anz + 1379,804 Bpz - 970.278.Crrz
- 650.Am(z3) — 184,6807 Bz

Ms = - 1500,531.Byz + 3185.315 Cpz - 2239.893.Dyrz
—1500,531.Bnz.3) - 426,3372.Crm(z.3) — 100.Amz-7)

Q3 =-650.Az + 1379,804.B,z - 970.278.C\z
- 650.Am(z-3) —184,6807 Bm(z_3) + 173,272 .Dm(z_7)

S7



BANG KET QUA TiNH LU'C CAT TAI CAC MAT CAT YEU CAU

Poan | Z mZ -650.A7 1379,804.B,,z -970,278.Cpz m( Z-3) - 650Az3) | -184,6807Byz.3) | m.(Z-7) | 173,272Dyz.7 | Q (KN)
0 0 - 650 0 0 - - - - - - 650
1| 043318 - 646,165 597,000 -90,915 - - - - - -140.08
I 2 | 0,86636 - 589,030 1172,971 -361,817 - - - - - 222.124
3 | 1,29954 - 343,070 1623,201 - 793,396 - - - - - 486.735
3 | 1,29954 - 343,070 1623,201 - 793,396 0 - 650 0 - - -163.265
4 | 1,73272 305,630 1680,877 -1311,622 0,43318 - 646,165 - 79,906 - - -51.186
1I 5 2,1659 1610,05 859,618 -1729,035 0,86436 - 589,03 - 156,097 - - -5.394
Q)
6 | 2.59909 3764,735 - 1543,035 - 1675,185 1,29954 - 343,07 - 217,%8 - - -13.813
7 | 3,03227 6717,230 -6313,983 - 547,625 1,73272 305,63 - 224,%? - - -63.726
—
7 | 3,03227 6717,230 -6313,983 - 547,625 1,73272 305,63 - 224,-9@8 0 0 -63.726
-
8 | 3,46545 9866,155 - 13966,652 2467,029 2,1659 1610,05 - 115,55]6 0,43318 2,339 -136.135
S5
111 9 | 3,89863 11659,31 - 24057,435 8215,344 2,59909 3764,735 206,328 0,86636 18,713 -192.805
10 | 4,33182 9186,320 -34118,138 17131,908 3,03227 6717,23 845, 1,29954 62.517 -175.064
=
11| 4,76501 -2005,444 - 38292,183 28419,540 3,46545 9866,155 1869,6/15 1,73272 142.586 0.029
Q
<)
>
<
58 =
O
@)
3




BANG KET QUA TiNH MO MEN TREN CAC MAT CAT YEU CAU

Poan| Z mZ | -1500,531B,yz | 3185315C,; | -2239,893D,; | m.(Z-3) | - 1500,531Bys) | - 426,3372Cnizs | m.(Z-7) | - 100Ancs | M(KNm)
0 0 0 0 - - - - - 0

I 1 | 043318 | -649,235 298.464 -30.239 - - - - - -381.01
2 | 0,86636 | -1275,601 1187.804 -241.908 - - - - - -329.705

3| 1,29954 | -1765,225 2604.632 - 808.153 - - - - - 31.254

3 | 1,29954 | -1765225 2604.632 - 808.153 0 0 0 - - 31,254

I 4 | 1,73272 | -1827,947 4305.909 -1858,950 | 0,43318 - 649,235 - 39,948 - - -70.171
5 216659 | -934,831 5676.231 -3399.934 | 0,86636 -1275,601 - 158, - - -93.116

6 | 259909 | 1678,044 5499.446 -5162.729 | 1,29954 -1765,225 - 348,%6 - - -99.08
7 | 3,03227 | 6866,430 1797.792 -6395.118 | 1,73272 - 1827,947 - 576.;?,3 - - -135.166
7 | 3,03227 | 6866,430 1797.792 -6395.118 | 1,73272 - 1827,947 - 576.3_-@)3‘5 0 -100 -235.166
L8 | 346545 | 15188,675 -8098.982 -5629.747 | 2,16659 - 934,831 - 759.73‘3 0,43218 -99.41 | -334.028
9 | 3,89863 | 26162358 | -26970.062 - 545.638 2,59909 1678,044 _736.0M 0,86636 | -90.62 | -501.989
10 | 433182 | 37103,33 | -56242.151 11870.089 | 3,03227 6866,430 - 240.635 129954 | -52,78 | -695.707
11 | 476501 | 41642,586 | -93298.195 34535566 | 3,46545 15188,675 1084.(_%5 1,73272 4702 | -800.343

59

Wo ) INAYoeg




Sach Mién Phi Tai : www.Sachvui.Com

Biéu do ndi lwc:
650 KN 650 KN

100KNm SO KN/m __800 KNm
¥
2 N
; > Z
A B C D
| - |
3m 7 4m 7 4m 1

| 486,735 |

/

igszes sazzs A

/163,265 |
? : ! (KN)
| | TTTT] 800,343
235,166
m 5 135,166
5 | KNm
'l (KNm)

31,25
Hinh 4.2

Biéu dd nodi lwc (dé tham khao):

KET QUA TINH TOAN BANG MAY TINH:

M NMC YO Teta0

0.43318 23 0.00996 -0.00303

ZYTetaMQ
0.0 0.0099615 -0.0030343 0.0000000 -650.0000000
1.0 0.0071266 -0.0027936 -380.8450000 -140.1870775
2.0 0.0051018 -0.0040241 -329.7900000 222.0708631
3.0 0.0037909 -0.0093300 31.1228000 486.7868019
3.0 0.0037909 -0.0093300 31.1228000 -163.2131981
4.0 0.0026245 -0.0198178 -70.1888000 -51.1123330
5.0 0.0016077 -0.0348689 -93.2355000 -5.1574182
6.0 0.0008065 -0.0516563 -98.7306000 -13.8467519
7.0 0.0002431 -0.0624000 -134.6650000 -63.6694719
7.0 0.0002431 -0.0624000 -234.6650000 -63.6694719
8.0 0.0001258 -0.0519507 -333.8200000 -135.8515721
9.0 0.0008060 0.0026625 -501.4780000 -192.7289675
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10.0 0.0026692 0.1309270 -694.8760000 -175.5120164
11.0 0.0061471 0.3602250 -800.0000000 0.0000000

650 KN 650 KN

100KNm 80 KN/m
800KNmM
’/\f /'\
N
3 ->Z
B
A | CI/ DI/
3m 7 4m 7 4m 7
Yv Hinh 4. 3
Biéu do M:
®
L \??12
Biéu do Q:

19273

Hinh 4.4
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PHAN II

PE VA HUONG DAN GIAI
BAI TAP LON CO HOC KET CAU
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BAI TAP LON SO 1

TiNH HE THANH PHANG TINH DINH

BANG SO LIEU BAI TAP LON SO 1

Kich thudc hinh hoc (m) Tai trong
htr tu
L1 L2 L3 N/mgl(K (KN) ’ (Kle)\/I
8 12 10 30 80 150
10 8 12 40 100 120
12 10 8 50 120 100
8 10 12 20 100 150
10 12 8 40 80 150
12 8 10 30 120 120
8 8 10 50 100 150
10 10 8 20 80 100
12 12 10 40 120 150
10 12 12 30 100 120
0

Ghi chu: Sinh vién chon nhirng sb liéu trong bang sé liéu phu hop véi hinh
vé cua minh.

I. Xac dinh ndi lIwc trong hé ghép tinh dinh:

1.1. Xac dinh phan lwc tai cac gbi twa.

YEU CAU VA THU TU THUC HIEN

1.2. V& céac biéu dé ndi lwc: md men udn M, lwc cat Q va lwc doc N.

1.3. V& cac dwong anh huwdng: dahR,, dahM,, dahQg va dahQ, khi lyc thang

dirng P = 1 di ddng trén hé khi chwa c6 hé théng mét truyén lwc. Dung dah dé

kiém tra lai cac tri s6 R,, Mg, Qg, Q, d4 tinh duoc bang giai tich.

1.4. V& lai cac dwong anh hwéng: dahR,, dahMg, dahQg va dahQ, khi lwc

thadng dirng P = 1 di dong trén hé khi cé hé théng mat truyén luwc.
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1.5. Tim vi tri bat loi nhéat cha doan tai trong gdm 4 lwc tap trung di dong trén
hé khi co6 mét truyén lwc d& md men udn tai tiét dién K cé gia tri tuyét ddi Ion
nhét.

Il. Xac dinh mét trong cac chuyén vi sau cua hé tinh dinh:

Chuyén vi dirng tai F, Chuyén vi ngang tai H, Chuyén vj géc xoay tai tiét dién
R do tac dung déng thdi cta hai nguyén nhan tai trong va chuyén vi cuwéng birc
cua gbi twa (xem hinh vé).

Bidt:  J1=2J;J,=3J; E =2. 108 (KN/m’);

J=10". L, (m'); A=0,01. L1 (m); ¢ = AL,
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SO PO TiNH HE TINH DINH

(25— 4m —p— 4m —, S o
v P 1,5Pj'2p a=L44;:b=1y/4;c=Lg/a.
N S SR S SR t
g P CI
- y FRENEEREL ,
3m J J ﬂg%‘. K I/775]_3,
Q J J1
 — 1
0,5L,
—_— J2
T 477777 4m | 2 A
! l | <é>
Tam q
~q P
ME 4 A IR IEED
J J A K I B
‘LZ Jo J J1
4 LL)H
| 4m | 4 7L
A A7 .
. v q _)M CD
m |p -q P
4 N IIERR) ,
J1 J S "
Lo Jo Jl A
L—ﬂ <—4m—>l<—4m_j E E
4 q
"o 4
2 ®
0,5L /q
T S Ll RV TI VT P
I ; Al
I A J J, J mgw o ]”s%
4 %m a7 L4
AT ®
. 5 q
3 P .
) lﬁﬂ?f o« | T Tk,
—— 1 ’ : N
L2 J2 Jo J1
A
kh,\’L;”;Em”L"fffﬂqﬁﬂ b b b b ¢ c.c . c c
4 2 2 l (R —
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Vi DU THAM KHAO
Dé bai:
S6dé:4.5.3
4 = S6 tht ty cla so dd két ciu

5 @ S6 liéu vé kich thwdc hinh hoc (hang thtr 5): L1 =10m; L, = 12m; L3 =
8m

3 & S liéu v tai trong (hang ther 3): q = 50KN/m; P =120 KN; M =100 KNm.

V&i cac sb liéu da cho, so db tinh ctia két ciu dwoc vé lai nhw sau (Hinh 1):

. P=120KN q=50KN/m
3m T
2
| 2 SN Wt100knm

6m

q P=120KN
3J 3 k8 Ry ¥ ¥ Vv Vv A | »
K J J M N 77877' K Iﬂ%ﬁ'

kA :
|<2,5)|(_4m_)|(_4m_)|(__5m‘)|<3m)|(_6m_)|(3m+;4m9|(2 +2_)|(_2a|
Hinh 1.1

Trinh tw tinh toan:

1. Xac dinh ndi lwc trong hé tinh dinh

1.1 Xac dinh cac phéan luc géi tua:

= D&t tén cac gbi twa va cac nut cha khung (Hinh 1.1).

& Phan tich hé chinh phu: Lap so db tang (Hinh 1.2)

& Lan lwot tinh toan tr hé phu dén hé chinh theo the ty sau:

1.Tinh ddm MN: Yum = 150 KN = Truyén phan lwc xubng khung GEM
Yn = 150 KN = Truyén phan lwc xubng dam AB

2.Tinh d4m AB:
ZMa=-Yg8+P.6-YN3=-Yg8+120.6-150.3 =0-> Yg=33,75 KN
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EMg=Ya 8-P.2-YN11=YA 8-120.2-150.11 =0 = Ya= 236,25 KN

Kiém tra lai két qua tinh Ya va Yg bang phuwong trinh =Y = 0 © Cho ta két
qua dung.

3. Tinh khung GEM:

P=120KN g=50KN/m g=50KN/m
T
\L \ ™y M N
M=100KNm

S L _
Ym =150 Yn =150
q=50KN/m 150 P=120KN
|300 G v v 3}01 A l B
“l362,5 R i KL
XG = XE
Yg =300 YA = 236,25 Yg= 33,75

Xg = 362
C Db . E E=362,5
Z’?F Xc =362,5
Yc =60,63 Yp =609,38 Hinh 1.2

XMg=-Xe.6+93.65+Yu8=-Xg.8+50.3.65+150.8=0
- Xe = 362,5 KN

2X=0 > Xg=362,5KN
2Y =0 > Yg =300 KN

Truyén phan lwc Xg va Yg sang khung chinh CD (lwu y dbi chiéu ctia phan lwc)

4. Tinh khung CD:

XMc=-Yp.8-P.25+05.2+M+Ys 8+X5 6=0
- Yp = 609,375 KN
2X =0 > Xc =362,5KN

2Y =0 -> Yc=60,625 KN

1.2. Dung phuwong phap mat cat xac dinh néi luc trong hé:
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1.2.1. V& bidu dd md men M (Hinh 1.3).

5,
g = 675 450

(KNm) ‘
Hinh 1.3

1.2.2. V& biéu db lwc cat Q: Dwa vao céac lién hé vi phan gitta mé men M va

. AM X s .
lwc cat Q, dung cong thirc: Qg = Q%5 + | C | biéu do Iwc cat Q (Hinh 1.4)

duwoc suy tir biéu dé md men M.

30
7’
170 465
x
~
120 Al A 300
1
: T Wﬁm\
l v
362,5
=0=
362,5

Hinh 1.4

3. V& biéu d6 lwc doc N: Biéu db lwc doc N (Hinh 1.5) dwoc suy tir biéu dd
lwe cét Q bang cach tach cac nat va xét can bang vé luc.
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475,625

325,625 X * 104,375

309,375

609,375 |- @ /

o e
0<§ @ Hinh 1.5

(KN)

60,625

|
[

b

4. Kiém tra can bédng cac nut: S; T; L; G; R clGa khung CD khung GEM.

¢ V& m6 men: Nut G khéng can kiém tra vi c6 cac md men ndi lwc, ngoai lwc

bang 0. 4050

T
4400 4400
¥ Ms = 4350 - 300 - 4050 = 0 S
= MT = 4400 - 4400 = 0 2075, 43 1500 o
> M| = 2075 + 100 - 2175 = 0 L)ZWO 2 675

2175
>MR=1500+675-2175=0 2175
¢Vé lwc: T kich thwée hinh hoc ctia khung ta cé: Sina = 0, 6; Cosa = 0, 8
YA
| 325,625 4 A
a) ! b) ; ¢) 104375 !
s \éo - i
120 SN0 X T Y>( 'L
l_‘ﬁf > AL oo x 465¥ Nag-->x
<A 3625 2€>§ /<‘ 362,5
475025 30" 4 375 309,375
60625
Hinh 1.6

e Kiém tra nat S: (Hinh 1.6a)
>X =325,625.0,8-362,5+170.0,6 =0
2Y =60,625-120-170. 0,8 + 325,625. 0,6 =0
e Kiém tra nat T: (Hinh 1.6b)
X =30.0,6-475,625.0,8 + 104,375.0,8 +465.0,6 =0
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>Y =465.0,8-30.0,8-104,375.0,6 -475,625.0,6 =0
e Kiém tra nut L (Hinh 1.6¢):

X =362,5-104,375.0,8 -465.0,6 =0

XY = 309,375 + 104,375. 0,6 - 465. 0,8 = 0
e Kiém tra nat G (Hinh 1.7b):

>X=2362,5-362,5=0

¥Y =-309,375 - 300 + 609,375 =0

¢ Kiém tra tbng hop mét phan ctia khung (Hinh 1.7a):

YA
a = b :
) P=120KN ” G=50KN/m ) 309,375
l 362,5 «1—
M=100KNm G o—l—‘?’ﬁ?’i %
4350KNm <Ay 2175KNm A
300
60,625KN 309,375KN 609,375
Hinh 1.7

XX =362,5-362,5=0
XY =60,625 + 309,375 -120-50.5=0
XMg=4350 - 120. 2,5 + 50. 5. 2 + 100 - 2175 - 309,375.8 =0

1.3. V& cac dwong énh huéng (dah) R, Mg, Qg Q;: Khi lyc thang ding P =1
di déng trén hé khi chwa cé mét truyén lwc (Hinh 1.8) ta nhan thdy céc tiét dién
can vé dah déu thudc hé phu cia CD nén khi P = 1 di ddng trén khung chinh CD
thi dah sé trung vé&i dwdng chudn do d6 ta chi quan tam va vé dah thuéc hé MN
va AB.

1..Vé cac dahRa, dahMg, dahQg', dahQg" va dahQ, khi luc thdng dirng P= 1
di dong trén hé khi chwa cé mét truyén lwc (Hinh 1.8b,c,d,e,f):

a) q=50KN/m _
P=1 P=120KN
A RENEREENY |
”’é” M N

LR
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2. Dung dah dé kiém tra lai cac tri s6 R,, Mg, Qg va Q, da tinh bang giai tich:

13756

R, = 50- £120.0,25 = 236,25KN; Mg =0
Q' =50.-2375"8 _420.0,75 = - 33,75KN; Q, =0
Q' =50.2370 450025 - 86,25kN:;
af =50.2370 450075 - - 33,75KN;

So sanh véi két qua tinh theo giai tich cho ta thy két qua tinh theo hai cach

la bdng nhau.

3. V& lai cac dahR,, dahMp, dahQs', dahQs", dahQ va dahMg khi lwc théng

dirng P = 1 di dong trén hé khi cé mat truyén lwc (Hinh 1.9):

5,5m 5,5m 6m

|
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4. Tim vi tri b4t loi nhat ctia hé 4 lwc tap trung Py; P2; P3; P4 di ddng trén hé
khi cé mat truyén lwc dé My c6 gia tri tuyét dbi Ion nhéat.

Ta nhan thdy dahMyk (Hinh 1.10a) gdm 4 doan thdng — tinh céc tri sb tgo;
&ng v&i cac doan thang lan lwot tir tréi qua phai:

tga, = - 0,25; tga, = 0,5; tga, = 0; tga, = - 0,5.
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Lan lwot cho doan tai trong di déng t trai qua phai sao cho céac lyc tap

trung 1an lwot dat vao cac dinh |, I, 1l cta dahMk (theo 5 so db trong hinh
1.10b.c.d.e.f).
N L P
Tim vi tri c6 dao ham doi dau de xac dinh lwc P,
dz
|(_2m?|(_ 4m *,|(_ 4m —|  P1=P2=120KN;Pg=180KN; P4 = 240KN _,
P1 [P2 P3 P4 l
\.V \4 Y Y
e I I S S S
M N 57877A K1 28
5m 3m 6m 3m 4m 2m | 2 2
| e 2mL 2m
[ 15
L Sy oy
@ TS
4 II :::>"‘ I
P1 P P P4 ,/’/
b) @ L4 \ 2 2 L2 3 v Y-
@ Pi |P2 P3 P4
C) Y \4 A 4
Py |P P P
d) @ A \4 i v ° !
@ P1 P2 P3 P4
e) Y Y \ 4 A 4
@ (P1 VPZ Ps3 P,
]()‘ y Y
Hinh 1.10

& Thir 1an 1: Cho P4 dat vao dinh | ctia dahMk (so d6 1)

+ Khi P4 dat & bén trai dinh | ta co:

]
[dMK} —(P3 + P4). tgay = - (180 + 240). 0,25 = - 105 < 0

+ Khi P, dat & bén phai dinh | ta co:
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F
{dgﬂx} ~ Ps. tgay + Ps. tgay =- 180. 0,25 + 240. 0,5 = 75> 0
Z

Ta nhan thdy dao ham dbi dau nén P4 dat & dinh | 1a Py, . Tinh Mk (rng v&i so
do 1:

Mk =-180. 0,5 - 240. 1,5 = - 450 KNm

& Thir 1an 2: Cho P; dat vao dinh | ctia dahMk (so do 2)

+ Khi P3 dat & bén trai dinh | ta co:

;
[dgﬂK} = (P2 + Ps). tgar + Ps. tgaz = (120 + 180).0,25 + 240. 0,5 = 45 >
z

+ Khi P3 dat & bén phai dinh | ta c6:

dM, 1"
|: . K} = (P1+ P2). tgas + (P3 + Py). tgay
4

= - (120 +120). 0,25 + (180 +240). 0,5 = 150 > 0

Ta nhan thdy dao ham khéng dbi ddu nén khéng cho gia tri Mk cuwec tri. Tiép
tuc dich chuyén doan tai trong sang bén phai.

& Thir 1an 3: Cho P4 d&t vao dinh Il ctia dahMj (so dd 3)

+ Khi P4 dat & bén trai dinh Il ta co:

T
|:d;le} = (P1 + Pz). tgos + (P3 + P4). tgao
z

= - (120 +120). 0,25 + (180 + 240). 0,5 = 150 > 0
+ Khi P, dat & bén phai dinh Il ta co:

dM, 1"
z

= - (120 + 120). 0,25 + 180. 0,5 + 240. 0 = 30 > 0

Ta nhan thdy dao ham khoéng dbi ddu nén khéng cho gia tri Mk cwe tri. Tiép
tuc dich chuyén doan tai trong sang bén phai.

& Thir 1an 4: Cho P5;dat vao dinh Il cia dahMk (so db 4)
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+ Khi Pz dat & bén trai dinh Il ta co:

T
|:dCIjVIK} = P,. tga1 + (P2 + P3). tga2+ Ps. tgag

z

=-120. 0,25 + (120 +180). 0,5+ 240.0=120>0
+ Khi P3 dat & bén phai dinh Il ta co:

dMy
dz

F
} = Py. tga1 + P». tga2+ Ps. tga3 + Py. tga4

=-120.0,25+120.0,5+180.0-240.0,5=-90<0

Ta nhan thay dao ham déi ddu nén P3 d&t & dinh Il [a Py,. Tinh Mk &ng véi
so do 4 ta co:

M, = - 120. 1,25 - 120. 1 + 180. 1 + 240. 1 = 150 KNm
& Tht [4n 5: Cho P3 déat vao dinh I ctia dahMx (so d6 5)
+ Khi P3 dat & bén trai dinh Il ta co:

dm, |’
|: g Kj| = (P + Py). tgaz+ Ps.tgas + Pa.tgay
Z

= (120 + 120). 0,5 + 180. 0 - 240. 0,5 = 0
+ Khi P; dat & bén phai dinh I1l ta co:

F
|:dc|jV|K} = P4. tgoo + P-. tgas+ Ps. tgay
Z

=120.0,5+120.0+180.0,5=-30<0

Ta nhan thy dao ham ddi tir 0 sang dwong nén Ps d&t & dinh 11l [& Py, Tinh
M, ng v&i so do 5 ta co:

M,=0+120.1+180. 1-240. 1 =60 KNm
Néu dich chuyén tiép, doan tai trong sé ra ngoai dahMk, qua trinh thir co thé

dirng lai duworc.

mi

Sosanhhaitrisd: M, =-450 KNm

M, =150 KNm

Ta c6 thé két luan: Vi tri bat loi nhat ctia hé lwc tap trung di ddng trén hé khi
c6 mat truyén lwc d& mdé men ubn tai tiét dién K co gia tri tuyét doi Ién nhat 13 vi
tri dat tai theo so d6 1. Ung véi so db nay ta co:
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max |Mg| = 450 KNm.
2. Tinh chuyén vi trong hé tinh dinh
Theo yéu cau cua dé bai ta phai xac dinh chuyén vi goc xoay tai tiét dién R
do hai nguyén nhan la tai trong va géi twa C dich chuyén sang phai mét doan la
A.
Vei:  J,=2J;  J,=3J; E=2.10" (KN/m’);
J=10".L, (m")=10".10" = 10"(m")
A=0,01.L, (m)=0,01.10 = 0,1 (m).
2.1. Lap trang thai phu “k’:
1. Dat moét mé nen tap trung M, = 1 vao tiét dién R can xac dinh chuyén vj
goc xoay.

2. Tinh hé & trang thai "k": Ta c6 nhan xét M, = 1 dwoc dat vao hé khung
GEM nén n6 chi anh hwéng dén ndi lwc cla khung GEM va khung chinh CD cua
né chir khéng anh hwdng dén ndi lwc trong cac hé phu MNAB cuia né, vi vay khi
tinh hé & trang thai “k” ta chi can quan tam dén néi lwc & phan khung CDGEM.

o=

+ Xac dinh cac phan lyc: X¢ = X, ; Yo = Yp = — (chiéu cla phan lyc

1
8
xem hinh 10).

+ V& bidu db (M, ): (Hinh 1.11).

2.2. Tinh hé & trang thai "p ":

Dung két qua da tinh & phan trén, d& dé theo ddi trong qué trinh nhan biéu
dd ta vé lai phan biéu dé (M) trong khung CDGEM (Hinh 1.11).

2.3. Dung céng thirc Mé&cxoen-Mo tinh chuyén vi cén tim:

1. Tinh chuyén vi géc xoay tai R do tai trong gay ra: PR(P):

Van dung céng thirc nhan biéu db tinh chuyén vi géc xoay tai nut R do tai
trong gay ra v&i lwu y trong hé dam khung c6 thé bd qua anh hwéng cla lwc cét
va lwc doc.

Y \\\"’

A\
A AA‘IA
NS &
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oxer= (Mp). (M) = (4350'12%.2j

I 2
+-1 | 4050-5. 2” = 350 °[15+1.05|+2.125.5.52
2EJ| 3 3 2
o 1 [o0755.25,23265(, 2 0 ] 1217562, 1 21756 2,
26J| 2 3 °)|TeES 2 3 2R 2 3

= iJ(1 2400+17718,75+ 729,167 + 364,583 + 6484,375 + 3875+ 1450 + 21 75)

45196875
2.10%.107%.10*
2. Tinh chuyén vj goc xoay tai R do goi twa C dich chuyén sang phai: ¢g()

=0,023rad.

n

o 1
og(A) = =Y R} —(—EAJ= 0,017 (rad)
1
3. Tinh chuyén vj géc xoay tai R do ca hai nguyén nhan déng thi tac dung:
g = Pre) + P = 0,023 + 0,017 = 0,04 (rad).
Két qua mang dau dwong cho ta két luan tiét dién R dwdi tac dung cua hai
nguyén nhan trén sé bj xoay di 1 géc 0,04 (rad) thuan chiéu kim déng hd (cung
chidu v&i M, = 1 da gi thiét).
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BAI TAP LON CO HOC KET CAU SO 2
TINH KHUNG SIEU TINH THEO PHUONG PHAP LUC

BANG SO LIEU CHUNG VE KiCH THUWOC VA TAI TRONG

Kich thudc hinh
Thu hoc (m) Tai trong
tu
L, L, q (KN/m) P (KN) M (KNm)

1 8 12 30 80 150
2 10 8 40 100 120
3 12 10 50 120 100
4 8 10 20 100 150
5 10 12 40 80 150
6 12 8 30 120 120
7 8 8 50 100 150
8 10 10 20 80 100
9 12 12 40 120 150
10 10 12 30 100 120

YEU CAU VA THU TU THUC HIEN
1. Tinh hé siéu tinh do tai trong tac dung:
1.1. V& cac biéu do néi luc: M6 men ubn M, luc cét Q, lwc doc N trén hé
siéu tinh da cho. Biét F = 10J/L,” (m").
1. Xac dinh bac siéu tinh va chon hé co ban (HCB).
2. Thanh 1ap hé phwong trinh chinh tdc dang chi.

3. Xac dinh cac hé sb va sb hang tw do clia hé phwong trinh chinh tac,
kiém tra cac két qua da tinh dwoc.

4. Giai hé phwong trinh chinh tac.

5. V& biéu d6 mé men trén hé siéu tinh da cho do tai trong tac dung Mp.
Kiém tra can bang cac nat va kiém tra theo diéu kién chuyén vi.
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6. Vé biéu db lwc cat Q, va lyc doc N, trén hé siéu tinh da cho.
1.2. Xéc dinh chuyén vij ngang cua diém | hodc géc xoay cla tiét dién K.
y 8 2 6 4 4
Biét: E=2.10 (KN/m ); J=10".L, (m).

2. Tinh hé siéu tinh chju tac dung déng th&i cta ba nguyén nhan (tai
trong, nhiét do thay déi va gdi twa ddi chd).

2.1. Viét hé phuong trinh chinh tdc dang sé.
2.2. Trinh bay:

1. Cach vé& bidu d& md men ubn M™ do 3 nguyén nhan déng thoi tac dung
trén hé siéu tinh da cho va cach kiém tra.

2. Céch tinh cac chuyén vi da néu & muc trén.
Biét:
= Nhiét d thay ddi trong thanh xién:
+Othotrénla T, = +36
+ O the dudi la T, = +28”.
@ Thanh xién c6 chiéu cao tiét dien h = 0,1 m.
& Hé sb dan né dai vi nhiét d6 o = 10_5.
@ Chuyén vi gbi tua:
+ Gbi D dich chuyén sang phai mét doan A, = 0,001. L, (m).

+ G6i H bj lun xuéng mét doan A, = 0,001. L, (m).
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SO DO TiNH KHUNG SIEU TINH
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Vi DU THAM KHAO
Dé bai:
S6 bé: 10.5.8
10 = S thy ty cla so dd két ciu
5 @ S6 lidu vé kich thwéc hinh hoc (hang the 5): Ly =10 m; Lo = 12 m.

8 = Sb lieu vé tai trong (hang thir 8): g = 20 KN/m; P = 80 KN; M =100
KNm.

V&i cac sb liéu da cho, so db tinh ctia két cAu dwoc vé lai nhw sau: (Hinh 2.1).
g =20 KN/m

- .K
6m M=100 KNm 3
\ z P =80 KN
1 B 2) B
12m 3J J
J

H

—= D;; Vi A
| 8m | 10m Hinh 2.1

7

Trinh tw tinh toan:

1. Tinh hé siéu tinh chiu tac dung cua tai trong
1.1. V& cac biéu do néi lurc: mdé men udn M, Iwc cét Q, va lwc doc N,
1. Xac dinh bac siéu tinh:n=3V-K=3.2-3=3.

2. Chon hé co ban (HCB): La hé tinh dinh (Hinh 2.2a) dwgc suy tir hé siéu
tinh da cho bang cach loai bé bot 3 lién két thiva (2 lién két tai A; 1 lién két ngan
can chuyén vj ngang tai D), sau d6 thém vao D va A ba an Iwc X,: X,: X;.
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3. Lap hé phuwong trinh chinh tac dang chir:
O19 Ky +813 Xy #8343 X3+ A1, =0
01 Xy + 8y Xy + 83 X3+ A, =0

B39 Ky + 85y Xy + 833 X3+ A, =0

4. Xac dinh cac hé s6 ., va cac sb hang tw do A ctia hé phuong trinh:
& Vé cac biéu dd mé men don vi: @ ,@vé @ do lan lwot cac an luc
X, = 1 (Hinh 2.2b), X, = 1 (Hinh 2.2¢) va X, = 1 (Hinh 2.2d) tac dung trén HCB.
& V& biéu dd moé men do tai trong tac dung trén HCB (Hinh 2.2e).
b)

2] HCB

J 3] HCB

10

10

' HCB
@)
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& Dung céng thirc M&cxoen- Mo va phép nhan biéu dd dé tinh cac hé sbé va
cac s hang ty do ctia hé phwong trinh chinh téc:

5., @ @ 12 12 2 12l 1 112. 10.2_12
3

26J 2 3
1[18-18 2 1464
T ] B s
EJ 2 3 EJ
1270y = @ @-—— sz 10| = - 259
3EJ EJ
5, @ @__10 12.10)+ 1 [10:10 2 ;] 1700 _ 56667
26J 2 3 3EJ  EJ
5, =5, = @ @_ 1 12 12 ,]__1[10-10 .]_ 540
3EJ 2EJ| 2 EJ
o=@ W)-
12122 4 11212 2 4y T gy 40 4y 1488
"3EJ 2 3 T EJ 2 3 7 26 B

R s (R
A1p="@=
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1 {_100-10 2 2 } 1 {960-12_(6 2 ﬂ_zosso
- EJ

= . £.12-2.200-10-6 |+ — +Z.12
2EJ 3 2 3

2 3 3EJ
1 960-12 19200
A :‘x@z__.—.‘loz_—
2p @ 3EJ 2 EJ
1 960-12 1 7680
A :' @=———12=—
3p X 3ES 2 3 EJ

& Kiém tra két qua tinh cac hé sb Sy, clia hé phwong trinh chinh tac:

» V& biéu d& moé men don vj tdng cong (Hinh 2.3):

(01)-)+ @)+ ()

Xo=1

Hinh 2.3

» Kiém tra cac hé sb thudc hang thir nhat ctia hé phwong trinh:

_ 111212 2
281m=811"'8124'513=®>X®;_E_J{T'§‘12}r

L 11210 2 o), 11662 5 (6418 1) g) (21224
2EJ| 2 3 3EJ 2 3 2 EJ

» Kiém tra cac hé sé thudc hang thir hai ctia hé phwong trinh:

XOom= g1 + 85y + 83 = @X@ =
1

~ 1 402,81 101005 T 4|2 40333
3EJ 2EJ| 2 3 EJ

» Kiém tra cac hé sé thudc hang thir ba ciia hé phuwong trinh:

L8y = B9 + 83 + 855 =@X@=
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1 -12'12~8+ 1 .2+12_10,12+i,12'12_2_12:1188
3EJ 2 2B 2 EJ 2 3 EJ

» Kiém tra tit ca cac hé sb cua hé phwong trinh chinh tac:

3 3 1958.7
kzﬂmzf““_ EJ ‘@X@‘

112122 45, 1 12102 45 1806 25 51428
ES 2 3 28 2 3 “3EJ 2 3

o1 [p.10.2%12 10:10() 2 Y] 1 1212 2 195875
2EJ 2 2 3 EJ 2 3 EJ

» Kiém tra cac sb hang tw do cGia hé phuwong trinh chinh tac:

ZAkp =A1p +A2p+ A3p =x@:

1 {_100-10 2 2 }L 1 960'12-8—9360

.£.12-2.200-10-6 :
2EJ 2 3 3 3EJ 2 EJ

5.Giai hé phwong trinh chinh tac:
1464X, - 480X, + 240X, +20880=0 (X, =- 2,225 KN
-480X, + 566,67X, - 540X, - 19200=0 = { X,=41,914 KN
240X, - 540X, +1488X,+ 7680=0 | X,=10,4 KN

6. V& biéu dd mo men trén hé siéu tinh da cho do tai trong tac dung:

(=) (e (e )

Khi cong cac biéu dd ta can phai c6 sw thdng nhéat chung vé dau clia cac noi
lwc gitra cac biéu db. D& d& nham |an ta co thé tw qui wéc M > 0 khi cang duwdi
v&i cac thanh ngang; cang phai véi cac thanh dirng va nguoc lai. O day chang
t6i 1ap bang tinh cac mé men tai cac dau thanh véi qui wéc: ngudi quan sat
dirng & trong khung HCBA; M > 0 cang vé phia ngwdi quan sat; M < 0 cang vé
phia ngwoc lai.

bau M,. X M..X M,. X o
17N 2°/%\2 3°/\3 M M (KNm
thanh P p( )
Mgp 26,7 0 0 0 26,7

Mgy 26,7 0 0 100 126,7
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Mg 13,35 0 0 13,35
My 13,35 419,14 12438 ) 307,69
Mye 40,05 419,14 0 960 -500,81
Mcg 0 41914, 48 ) 294,34
Mg 0 0 1248 ) -124.8
Mg, 0 0 124 i - 124,8

+ Kiém tra can bang nut C vé mé men:

IM; =307,69 - 13,35-294,34 =0

+ Kiém tra theo diéu kién chuyén vi:

1 26,7-12 2

+
3EJ

1 [_13,35-6 2

2 3

Mg =100 + 26,7 -126,7 =0

Mg =124,8-1248=0

L6

126,7-10 2
2 3
307,69-12
2

2

-—-12+§-200-10-6

N 500,81-12_8}

LA [1248-12 2
EJ

2 3

+ Kiém tra can bang nut E vé mé men:

+ Kiém tra can bang nut B vé mé men:

|
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N 1 1124,8-10 2+E.10 2943410 2+1.10 _
2EJ 2 3 2 3

E%(2705D4-392208):__121794:: 1217,04

EJ  2.10%.10°° .10

(m)

] X A+B
Tinh sai s6 theo biéu thirc: O = u(%

)

| 2705,04 - 3922,08 |
2705,04

tacd O = = 0,45 < 5% 14 sai sb trong gidi

=-0,61 (mm).

han cho phép

ta c6 thé coi chuyén vi da tinh la bang 0, diéu d6 ching t6 biéu do M, da vé

dung.

7. V& biéu d0 luc cat Q, va biéu do lyc doc N ;:

% Biéu do lyc cat Q, (Hinh 2.5) dwoc suy ra tir biéu d6 M, dwa vao méi lién

AM|
hé vi phan gilra M va Q: Dung coéng thirc Q,5 = Q%B + | " | dé lap bang tinh
lwe cat tai cac dau thanh véi sina = 0,6; cosa = 0,8.
A AM
Dau %, + |AM Qp
thanh (m) - (KN)
QDE = 2.2
26,7 - 0)/12 ’
Q. ) 0 (26,7 - 0)/ s
Qck = -
0 -(13,35-0)/6
Qkc (3, ) 2,225
(20.10.0,8)/ 67,
Qgx 0 5 126,7/10 13
Qe 0 (20.10.0,8)/2 126,710 92,67
Qcy = 0 (500,81 + 67,
Que 2 307,69)/12 375
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Qcn = 0 (500,81 + 67,
Quc 2 307,69)/12 375
Qcp = 0 - (294,34 + -
Qpc 0 124,8)/10 41,914
Qpa = 10.
0 124,8/12
QAB 2 ’ 4

N
N
(¢}

67,33

—_

0,4

“I‘é
=
© <§W
X >

B
é§ 41,914 =
] 67,375 -
H + ©) X K e
] — 92,67 412
2,25 [ @ = )ﬁ \
N = Nke N .
| — KC \
b H (KN) aE U
”7;;7’ Hinh 2.5 ”g’

# Biéu d0 Iwc doc N, (Hinh 2.6) dwoc suy tir biéu do Iwc cat Q) bang cach
xét can bang hinh chiéu cac ngoai lwc va ndi lyc tai cac nat E, K, C va B véi
sina = 0,6; cosa. = 0,8.

41,914
# Xét can bang nut E:  Neg |/ .
SX = Ngy. 0,8 +67,33.0,6 - 2,25 = 0 X Y
117,525
Ng, = - 47,685 KN ! N
= BAY 10,4
SU=Ngp. 0,8+67,33-225.06=0 22~ 41914 by
Ngp = - 82,475 KN C .K%g.é---,x
&t cAn b K 67,375 ’
&% Xet can bang nu . mCH
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X = Ny. 0,8 - 92,67.0,6-2,25=0
- Nye = 72,315 KN

U =N,..08+225.06+9267=0 — Nyc =-117,525 KN

& Xét can bang nut B:
SX=Ng.-80+104=0 —> Ny =69,6KN
SY=Ng, +41,914=0 -  Ng,=-41914 KN
& Xét can bang nat C:
>X=69,6-67,375-2,25=0
SY = Ngy + 117,525 -41,914=0 - Ng, =- 75,611 KN
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72,315

K Mg =1
J 117,525 K
)Y
£0: ——
47,685 1
I -+ |
7 =B
\V4 C |
41914 =
; " K "
82475 [ D610 (1)
H ( Kl!N) —
D ;—;A 8

Hinh 2.6 Hinh 2.7

1.2. Tinh chuyén vi goc xoay tai K:
, . 8 2 -6 4 4 -6 4 -2 4
VGIiE=2.10 KN/m;J =10 .L, (m)=10".10 =10 (m )
1. Lap trang thai phu “k” trén hé tinh dinh dwgc suy ra tie hé siéu tinh da cho
bang cach loai bd 3 lién két thira. O’ day chuing t6i chon gibng HCB (Hinh 2.2).
2. V& biéu d moé men & trang thai phu “k” (Hinh 2.7).

3. Dung cong thirc nhan biéu dd tinh ¢,:

1 [13,35 6

1 307,69-12 500,81-121
(pK(P): 3EJ + - )

2 2 2

1

:E—J(13,35 + 615,38 -1001,62)= - 372,89

EJ

= 372,89 =-0,00019rad

 2.108.10°% . 10*

Vay tiét dién K bi xoay mét goc 0,00019 rad thuan chiéu kim déng hd.
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2. Tinh hé siéu tinh chju tac dung déng th&i ctia ba nguyén nhan (tai
trong, sw thay déi nhiét d6 va gbi twa doi ché):

2.1. Viét hé phuong trinh chinh téc dang sé:
1. Chon hé co ban gibng nhw trén (Hinh 2.8).

+120 LK
d 0
" J i 3)
L P
C
E 2] B
] 3] ]
HCB
—>X1 D /77'77}71' A (X—3
A
ﬂ7;5m7$77 e L X2
| A N
1 Hinh 2.8

2. Lap hé phwong trinh chinh téc dang chi:
819 Xy + 81 Ky + 843 Xg + Ay + Ay + Ay = A
Opq Ky + 85 Xy + 83 X3+ Ayt Ay + Ay, =0
O31 Xy + 835 Xy + 833 X3 + Ay, + Ay +45, =0
3. Xac dinh cac s6 hang ty do 4,, va 4, -
Agp =- ZR_Ik ’ Aim

| A |
h

V6i A, =0,001.L, =0,001. 10 = 0,01 (m)

Ag =Y ot - QN+ + a- ‘QW‘
A, =0,001.L, = 0,001. 12 = 0,012 (m)

0
t.= (36 +28)/2 =32 ; | A= 8" @=10"%  h=0,1(m)

St dung céac két qua tinh ndi lwc don vi cla thanh xién EK da tinh & trén ta
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co6:  Ny=-135KN; Ny=N3=0

-5
Ay =107°.32(-1,35-10 )+ 1001 8 [12210} 4368-10° = 0,044

Ay =Ag =0
Phan lyc dirng tai lién két H dwoc ghi trong cac (Hinh 2.3), (Hinh 2.4) va
(Hinh 2.5).

A, =-225.A,=-2,25.0,012 = - 0,027
Ay, =-1.A,=-0,012
A =0
4. Lap hé phuong trinh chinh tdc dang sé:
1464 X, - 480 X, + 240 X, + 20880 + (0,044 - 0,027)EJ = 0,01EJ

-480 X, + 566,67 X, - 540 X, - 19200 + 0 - 0,012EJ =0

240 X, - 540 X, + 1488 X, + 7680 + 0+ 0 =0
1464 X, - 480 X, + 240 X, + 34880 = 0

— 480 X, + 566,67 X, - 540 X, - 43200 =0 (**)
240 X, - 540 X, + 1488 X, + 7680 =0

2.2. Trinh bay céch tinh:

1. M& men ubn MCC trén hé siéu tinh da cho do tac dung ddng thoi cia 3
nguyén nhan: tai trong, sw thay dbi nhiét dd trong thanh xién EK va sy doi chd
cua gbi twa D va H.

¢ Giai hé phwong trinh (**) ta dwoc cac nghiém X, X,, X,

» (=) (W) (M )xs + ()

¢ Kiém tra theo diéu kién chuyén vi ta dung biéu thirc:

3 3 ]
@x@ =— > Ayt — D2 Aya + Ve phdi clia hé phwong trinh
k=1 k=1
= - Ay~ Ay - Ay, + A, = 0,005
— Néu két qua nhan biéu d6 thda man biéu thirc trén thi biéu dé McC dwoc

xem la dung.
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2. Céach tinh chuyén vi géc xoay tai K:
¢ Lap trang thai phu "k" nhw trén (Hinh 2.7)

¢ Tinh hé tinh dinh da chon & trang thai "k": Xac dinh phan Iwc tai D, H; vé
biéu d& mé men va xac dinh lwc doc trong thanh xién EK.

0 0
¢ Okpit0;0) = @X A A

O day voi trang thai “k” da chon dé tinh géc xoay tai K ta c6 phan luc tai gbi
twa D; phan lwc ding tai H; va ndi lwc mé men, Iwc doc trong thanh xién EK

: 0 0
bang0nén A, =A,, =0.



TINH KHUNG SIEU TINH THEO PHUONG PHAP

BAI TAP LON CO HOC KET CAU SO 3
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CHUYEN VI VA PHUONG PHAP PHAN PHOI MO MEN.

BANG SO LIEU CHUNG VE KiCH THUPO'C VA TAI TRONG

Kich thu¢c hinh -
’ hoc (m) Tai trong
Thu
tu

b b2 (KN/m§1 (KN) ’ (Kle)VI
1 8 12 30 80 150
2 10 8 40 100 120
3 12 10 50 120 100
4 8 10 20 100 150
5 10 12 40 80 150
6 12 8 30 120 120
7 8 8 50 100 150
8 10 10 20 80 100
9 12 12 40 120 150
10 10 12 30 100 120

YEU CAU VA THU T THU'C HIEN:

1. V& biéu d6 md men ubn M, cua khung siéu tinh da cho theo phwong phap

chuyén vi.

2. V& biéu d6 m6 men udn M, ctia khung siéu tinh da cho theo phwong phap

phan phbi mé men.

3. V& biéu d0 lvc cat Q,, Iwc doc N trén hé siéu tinh da cho.

4. Xac dinh chuyén vi ngang cla diém | ho&c gdc xoay cla tiét dién K.




Chua y:
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. X 8 2 -6 4 4
Biét: E =2.10° (KN/m°); J=10". L, (m).

1. V& xong biéu d6 m6é men uén Mp can kiém tra can bang cac nut va can

bang hinh chiéu cho cac biéu db luc cat Qp, lwc doc Np.

2. Can so sanh két qua tinh néi lwc gitra hai phwong phap.

3. Can hiéu rd y nghia cla cong thirc tinh chuyén vj va cach lap trang thai
phu "k" d& tinh chuy&n vi.
SO PO TiNH KHUNG SIEU TINH

(Bai tap 16n s6 3)

M P
@ Tﬂg& 20 L] 207K 8
L2 a )
N
1 N
L b by
2 2
@ = q |
0,5L, J
4+ |
0,5L5 2J
—* P
0,5L, J J
v y
Tl
q P
©
N
obL, 2JI|<3 20 b
o
0,5L,
4
L 7
[ 2 | gl
@ o [P
v >
™ BTN
Lo 1 J J
l —>]
o Ly | L]
2 2
@ P q
M
- A'RE RN

@
0,5L,

_*_

0,5L,

¥

@

P

—

T "
L2 J i 2
N i
1 8
4 " M
® .
6m q I p 05L2
4 2J J'(_ _*_
T 0,5L,
Ly J Vs e
‘L_ L
7777 8m | L1y
| 4 |
D
) T
om A1 os
n 20 P 4
T 0,5L,
v
Lo J m
_l_ 7 8m L
P "4
K q
T2 om
Lo J2J
N
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Vi DU THAM KHAO
Dé bai:
S6 dé: 10.7.5
10 = S thr tw cla so do két cau
7 = Sb liéu vé kich thuwéc hinh hoc (hang thir 7): L1=8 m; L,=8 m.
5 < Sb lidu vé tai trong (hang thr 5): g = 40KN/m; P = 80 KN.

V&i cac sb liéu da cho, so db tinh clia két ciu dwoc vé lai nhw sau (Hinh
3.1):
P =80 KN

l q =40 KN /m

K

2B q
8m V4
J 2] 6m HCB H
C
C
Vuuda
P
N— & —
D D
Y e —— Hinh 3.2 Y o
|e2m JI‘ 8m I

Trinh tw tinh toan:

1. Dung phwong phap chuyén vj vé biéu d6 mé men uén M, do tai
trong tac dung trén hé siéu tinh da cho:
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1.1. Xac dinh s6 én so:
n=n;+n=1+1=2
1.2. Lap hé co ban (HCB):

Thém vao nat B moét lién két md men va mot lién két luc, twong tng Vo
chung la cac an chuyén vi Z, va Z, (Hinh 3.2).

1.3. Lap hé phuong trinh chinh t3c:
{rﬂ Zi+r,Z,+R;=0

oy Zy + 1y 2, +R2p—0

1.4. Dung bang tra vé céc biéu dé don vj: @ @ .o lan lwot cac an

Z, =1 (Hinh 3.3), Z, = 1 (Hinh 3.4) va tai trong (Hinh 3.5) gay ra trén HCB.

1.5. Tinh cac hé s0: 1,4; Iyy; I, Va cac s6 hang tw do Ry: Ry,

+ Tach nut B & cac biéu do, @ @é ét can bang vé mé men dé xac

dinh cac phan lwc mé men ry4, 'z va R1p trong lién két mé men dwoc thém vao B
trén HCB.

+ Xét can bing v& lyc clia thanh BC & bidu dd @a é xac dinh cac

phan lwc thdng r'x; va Ry, trong lién két Iwe dwoc thém vao B trén HCB.
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B
0,094EJ
0,094EJ /= %
II
1
1
1
1
1
1
1
Hinh 3.4 0,047EJ
0,6EJ |ry4=1,1EJ 2
0,5E 0,094EJ
r12 =r21 =-0,094EJ
B r22
o= - 240
P Rap 0,024EJ
V160
Vs 100 q
ﬁ r,,=0,03EJ
0,006EJ
Rap= 25 C
(KNm) y 120 25
\ ~—

Hinh 3.5
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1.6. Gidi hé phuwong trinh chinh tdc:

1,1EJ Z, - 0,094EJ Z, - 240 = 0
-0,094EJ Z, + 0,03EJ Z, +25 =0

Z, = 200,712/EJ
—>
Z, = - 204,436/E

1.7. V& biéu dé mé men trén hé siéu tinh da cho (Hinh 3.6):

@@ @)

Khi cong céac biéu dd ta can phai cé sw thdng nhéat chung vé dau clia cac noi
lwc gitra cac biéu d6. D& d& nham Ian ta co thé tw qui wéc M > 0 khi cang dwdi
v&i cac thanh ngang; cang phai véi cac thanh dirng va ngwoc lai. O day chang
t6i 1ap bang tinh mé men tai cac dau thanh véi qui wéc: ngudi quan sat dirng &
trong khung khi d& M > 0 caéng vé phia ngw®i quan sat va M < 0 cang vé phia

nguwoc lai.
Dau Mj. Z4 Mo. Zo
Mp Mp
thanh
MBK 0 0 - 160 - 160
MBA - 100,356 - 19,217 0 1o 573'
M ) .
BC 120,427 0 400 279,573
MAB 50,178 19,217 0 69,395
MDC 0 - 9,608 -120 §
o 129,608
160 —~<279.573
160, )
K
119,573 Kiém tra can bang nut B vé& mé men:

N

L 129,608

{
\
\
\

\

\

\

\

\

\

\
%F_

160

119,573

Hinh 3.6

=M, = 279,573 - 119,573 - 160 = 0

279,573
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2. Dung phwong phap phan ph6i mé men (PPMM) vé biéu d6 mé men

uon M;:

Hé siéu tinh d& cho c6 mét nat cirng B ¢6 chuyén vi thdng, trinh tw tinh nhw

sau:
Z]

2.1. Xac dinh sé én s6: n=nt = 1. lP k—l
2.2. Lap hé co ban (HCB) (Hinh 3.7). B
2.3. hé phuong trinh chinh tac: @
r1Zy+Ryp=0
2.4. biéu d6 don vi @ do Z, = 1 géy
ra trén HCB (Hinh 3.8). Khac véi phwong
phap chuyén vi & dady mé men tai nat B da Ve

can bang sau khi thwc hién so d6 PPMM HCB
(Hinh 3.8).

>

#Xac dinh d6 clrng don vi qui WGC py:
Hinh 3.7

Pea = iga = 0,125E;

3. 3 2EJ
= e == 222 = 015EJ
Pec 4BC =21 710

% Xac dinh cac hé s6 phan phdi mé men pj:

0,125EJ 0,15EJ

- =0,455; = = 0,545
Hea 0125EJ + 015EJ Hec 0,125EJ + 015EJ

» Kiém tra cac hé s6 PPMM: £ g = gy + pge = 0,455 + 0,545 = 1

D
”
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@
tra bana d

ohap C+0,05 1EJ

- (022E] n
+{;‘+‘d,b‘91ﬁ@

+0,072EJ

& Lap so d6 PPMM dé vé

Z,=10 trén, do la

-0,051EJ

__________

H- 0,047EJ!

I

©

(Hinh 3.9)

(Hinh 3.4) trc0,051E]  tiZ1=]

Lap so d6 PPMM dé vé (Hinh 3?? O day ching t6i st dung két qua biéu

o phuong

—]

C
. ()
”
0,072EJ
0,047EJ
Hinh 3.8 D

S dung két qua biéu db tra bang do tai trong tac dung & trén, d6 Ia Mpo
(Hinh 3.5) trong phan tinh theo phwong phap chuyén vi.

160 —_269,2

54,6
A
Al
( KNm)

—
(2]
o

100

B

+269,2

Hinh 3.9 b
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2.5. Xéc dinh céc hé sé cla phuong trinh chinh tac:

B M4

P R
B 1p
r11=0021EJ Rip = 4,525

0.015EJ L,
20,475

C C

0,006EJ L

25

2.6. Giai phuong trinh chinh tac:
0,021EJ. Z, +4,525=0 = Z,=-215476/EJ

2.7. V& biéu d6 mé men trén hé siéu tinh: (Hinh 3.10).

o w2

Lap bang tinh cac md men tai cac dau thanh véi qui wéc: nguwdi quan sat
dirng & trong khung; M > 0 cang vé phia ngu®i quan sat; M < 0 cang vé phia
nguoc lai. Sau dé so sanh két qua tinh M, gitra phwong phap chuyén vij va
phwong phap phan phbi mé men (sai sb két qua tinh gitra 2 phwong phap duoc
ghi trong bang).

Pau M. Z4 Sai s6 gitta hai
M0 M
thanh p p PP

Mgg 0 - 160 - 160 0%

M i i X 0,5%
BA 10,989 109,2 120,189 =70

M i i X 0,220
BC 10,989 269,2 280,189 ,22%

M, s 15,514 54,6 70,114 0,1%

M ) -120 ) 0,4%
be 10,127 130,127 A%
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280,189

(KNm) :
2\ L 130,127
Hinh 3.10 D \
Vi

3. V& biéu d6 lwc cat Qp va biéu d6 lwc doc Np:

3.1 Biéu do luc cét Q, (Hinh 3.11) duoc suy ra tr biéu @6 M. O' day ching
t6i dung két qua tinh M,, theo phwong phap chuyén vi (Hinh 3.6) dé tinh lyc cét
tai cac dau thanh dwa vao méi lién hé vi phan gitra M va Q:

3.2. Dung cdéng thurc:

Q= Q% + LAV Qga= Q3 *
AB AB — L BA BA —

| AM|
L

Két qua tinh lwc cat tai cac dau thanh dwoc ghi trong bang sau:

Pau 0 + AM|
thanh L(m) Qas L Qp
_ Qpk 2 0 - (160 - 0)/2 - 80
_QKB

QAB 8 0 - -
= Qgpa (69,395+119,573)/8 23,621
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Qgc 10 (40.10.0,8)/2 279,573/10 187,957
1 § 2 1 )
Qcs 0 (40.10.0,8)/2 79,573/10 132,043
Qce
_ 4 0 95,196/4 23,799
o QEC
Qgp 4 0 - (129,608 + 56.201
= Qpg 95,196)/4 ’

3.3. Biéu do luc doc N (Hinh 3.12) dwoc suy tir biéu do lwc cét Q) bang
cach xét can bang hinh chiéu céac néi lwc va ngoai lyc tai cac nat B va C véi sina

=0,6; cosa =0,8.
111,443 297,231
187,957 B
K o
K B ® \(“;x
é —] | 128,557
%0 — —()—
@ 23,621 e ¢
| (0¥ NZ7
— 132,043 (%S A A
A 182,769
77 56,201 + 182,769
23,621 E ®
-
@ = D
D Hinh 3.12
Hinh 3.11
& Xét can bang nut B: Ne = 0 '/90 B 187,957
¥ X = Ngc. 0,8 - 187,957. 0,6 + 23,62 =0 - _J\La T /< “““ X
Nge = 111,443 KN 23,62 /T Ngc
> U =Ng,. 0,8 + 187,957 + 80. 0,8 - 23,62. 0,6 = 0 / Nea

14
—> Ng, = - 297,183 KN

+ Xét can bang nat C: Ncs

132,043
X Y
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% X = Ngg. 0,8 + 132,043, 0,6 + 23,62 = 0
Neg= - 128,557 KN

S U=Ngp. 0,8 +23,62. 0,6 + 132,043 = 0
Nep = - 182,769 KN

4. Tinh chuyén vi géc xoay tai K:

V6i  E=2.10 KN/m”; Mc-1(\__B

6 4 4 6 4 K
J=10.L, (m)=4096.10 (m)

4.1. Lap trang thai phu “k” trén hé
tinh dinh dwoc suy ra t hé siéu tinh
da cho bang cach loai bd lién két
khép tai C (Hinh 3.13).

4.2. V& biéu d6 mé men & trang o "k
thai phu “k” (Hinh 3.14).

279,573

160 Hinh 3.13

7

K
119,573

1
/
"

L 160

(KNm) . é/w
- Hinh 3.14

Hinh 3.6

NS

4.3. Dung céng thirc nhan biéu do tinh @,

Yo
y
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1 (160-2 1[69395.-8 , 19,573 -8
=(M)x (M) = —| 24|+ —| 22 - 1
Pr(p) @ 2EJ[ 2 j EJ{ 2 2 }

Oyep) = - 0,00015 rad

Vay tiét dién K sé bj xoay mét géc 0,00015 rad thuan chiéu kim ddng ho.
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Phu luc: M3u Trang bia

TRUONG PAI HOC THUY LQI HA NOI
BQ MON SUC BEN - CO KET CAU

TiNH HE TINH BDINH

S6dé:4.5.3

Ho va tén sinh vién :
Lép : )
Nguwoi hwéng dan :

Ha No6i -2006
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MUC LUC

L&i gioi thiéu
Cac yéu cau chung
Phan I:
sU’C BEN VAT LIEU
Bai tap lon sb 1:
Dic trwng hinh hoc cta hinh phing
Bang sb liéu
Vi du tham khao
Bai tap Ion sb 2:
Tinh dam thép
Bang sb liéu
Vi du tham khao
Bai tap Ion sb 3:
Tinh c6t chiu lwc phirc tap
Bang sb liéu
Vi du tham khao
Bai tap Ion sb 4:
Tinh dadm trén nén dan hoi
Bang sb liéu
Vi du tham khao

Phan II:

Trang

11

18

23

37

41

49

53
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CO HOC KET CAU
Bai tap 16n sb 1:
Tinh hé thanh phang tinh dinh
Bang sb liéu 65
Vi du tham khao 68
Bai tap Ion sb 2:
Tinh khung siéu tinh theo phwong phap lwc
Bang sb liéu 81
Vi du tham khao 84
Bai tap Ion sb 3:
Tinh khung siéu tinh theo phwong phap chuyén vj

Va phwong phap phan phdi mé men

Bang sb liéu 96
Vi du tham khao 98
Phu luc 108

Muc luc 109



