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LOI NOI AU

Céu treo Ia logi cau trong dé bé phén chiu lue chinh la déy cdp do vay tén dung
dude hét thanh tuu cua khoa hoc vé su lam viée cua vt lidu. Chinh vi c6 wu diém
nay nén cau treo vuot dude khdu dé rdt lon ma cde loai két cdu khdc khéng lam
duwge. Vi du nhu cdu Akashi Kaikyo ¢ Nhdt Bdn vuot dude nhip 1991m. Cing vdi
thé gidi nude ta cing dd xdy dung rdt nhiéu cdc cdy cu treo ddy vong, tiép dén
trong diu dn xod cdu khi ¢ noéng thén chiing ta con xdy dung nhiéu cdy cdu treo day
véng nica. Pe ddp ing nhu cdu cua thue té ching t6i cho xudt ban cuin "Thiét ké
cdu treo day véng'. Cuén sdach duge bién soan vdi hy vong cung cép cho cdce sinh
vién, ky s va hoc vién cao hoe nganh Xdy dung cong trinh giao thong mot tai liéu
ngan gon va du dung dé phan tich tinh todn va thiét ké cdu treo néi riéng hay hé

treo not chung.
Cudn sdeh bao gém & chuong va phan phu luc vdi néi dung nhu sau :
Chuwong 1. Gidi thiéu co sd thiét ké cdu treo dby vong
Chuong 2: Trinh tu thiét k& so b mét cGy cdu cu thé

Chuong 3: Hudng ddn st dung mét phdn mém tinh todn trén co sé phin tich
két cdu cdu treo day véng bing Sap 2000

Chuong 4: Vin dé déng luc hoe cdu treo

Chuwong 5: Kiém tra va phan tich cde hw héng cdu treo day vong

Phan phu luc ¢6 ndi dung tinh cdu treo theo so d6 bién dang va chuong trinh Pascal.

Déy la cubn sach ddu tién co tiép can dén nhiéu vin dé mdi cia cong nghé cau
treo, nén cling gip nhiéu khé khdn va phite tap, vi véy khéng tranh khoi thiéu sét.
Ching téi mong nhdn dude edc loi phé binh va cdm on cde ban doc gép ¥ dé giup
cho cuén sdch c6 chdt luong tét hon.

Moi ¥ kién ding gop xin gizi vé Nha xudt ban Xay dung - 37 Lé Pai Hanh - Hé Noi

hodc Bé mén Cong trinh giao thong thanh phé, Dai hoc Giao théng Van tdi Ha Néi

Email : Viettrungng@.hn.vnn.vn hode nhhungcet@vahoo.com

Cac tac gia



Chu’o’ng 1
CO SO THIET KE
CAU TREO DAY VONG

1.1. GIOI THIEU

L.L.1. So lugc lich sir phat trién ctia cau treo day vong hién dai

Céu treo day vong hién dai phat trién tir thé ky XIIX dua trén co s& su phat trién ciia
" cdc dang keét cdu cau va cong nghé san xuit thép. Ciu Jacobs Creek dugc xay dung o
Mg nam 1801 theo thi€t ké ctia Finley, ¢6 nhip giita 21,3m. Dac diém néi bat cua cdu Ia
¢6 dim chi dang dan dé tao ra do ciing cdn thiét d6i véi cdu va tao su phan bé tai trong
qua thdp treo cdp vi thé da han ch€ duge ding ké bién dang ctia cap. Ciu Clipfton vdi
nhip giita 214 m, 1a ciu treo day vong c6 nhat hién con dung cho 6 6 qua lai, duroc khoi
cong xay dung nam 1831 va dugc hoan thanh nam 1864 & nuée Anh. sit dung loai xich
sat rén.

1. Su phdt trién ciia chiéu dai nhip chinh tir nita cuoi thé ky XIX ¢ nuée My

Trong thé ky XIX, nuéc My 1 noi xay dung nhiéu cdu treo nhip dai nhét. Phuong
phap lap day cap kiéu “quay to” (AS method) str dung cho cép kim loai dang song song
do Roebling dé xudt, da dugc 4p dung ldn ddu tién khi Xdy dung cau Niagara, véi nhip
chinh dai 246m, hoan thanh nam 1855. Cong nghé nay sau dé duoc dp dung & céu
Brooklyn véi nhip giita dai 486m, hoan thanh nam 1883, & day day thép da ldn diu tién
dugc sir dung. Cau Brooklyn duoc coi 1a cay cdu day vong hién dai ddu tién duoc xay
dung suét trong 14 nam dé bic ngang song New York East.

Ti€p dén, nam 1903, céu Manhattan véi nhip giita 448m va sau dé it 1au. nam 1909
ciu Williamsburg véi nhip giita dai 448m duoc xay dung trén doan thuong luu clia cling
dong song. Cau George Washington bac qua song Hudson & New York duoc hoan thanh
nam 1931 vai nhip giita dai 1067m; thdp cdu bang thép cao 180m; day chu ding 4 bo
cdp, moi bé cip cé duong kinh 90 ecm; dim ciing dang dan thép rong 32,3m, cao 9,1m:
ding cho 6 lan xe, dén nam 1962 cdi tao va nang cip di dung cho 14 lan xe. Trong nam
1936 cdu qua vinh San Francisco- Oakland, 1a cdy cdu day vong kép véi nhip giita 1a



704m va trong nam 1937 cau Golden Gate vai nhip gitta 1280m; thdp bang thép cao
227my; day chii ding 2 cdp, méi cdp c6 duong kinh 90 cm dugc xay dung trén khu vuc
vinh San Francisco.

Nam 1940, cdu Tacoma-Narrows véi nhip gilta 853m, 16n thit ba trén thée gidi lic bay
gi0, ¢6 dam citng kiéu ddm I dic. Ngay khi xay dung xong ket cau nhip cau di xudt hien
dao dong uén véi bien do len 16 8,5m xdy ra cung vdi dao dong xodn. Cau nay bi dé s&p
dudgt toc d6 gié 19m/s vao thii diém chi 4 thdng sau khi hoan thanh. Sau taj nan nay, vin
d¢ thi€t k& chiu gié trd thinh van dé oot yéu d6i v6i cdu treo day vong. Tuy vay cdc su
cG cdu treo chi lam tang thém mic dé than trong khi thi€t k& ma khong hé han ché buse
phdt trién cla cdu treo. Cau Tacoma Narrows méi da duge xay dung lai nim 1950 véi
chiéu dai nhip twong 1y cdu ci nhung da cai ti¢n sit dung dam cung kiéu dan.

Cau Mackinac Straits véi nhip gitta dai 1158m duoc xay dung nhu 1a cdu treo day
vong 16n tuong duong v6i can Golden Gate nim 1956 va cau Verrazano Narrows vdj
nhip gitta 1298m, giw ky luc thé gidi sau khoang thoi gian 17 nam, duge xay dung
nam 1964,

2. Xu huong moi rong két ciu & chau Au Ur cudi chién tranh thé gidi thir 2 161
rnhitng nam 1960

Cau treo day véng dugc xay dung phé bién & chau Au, ngay ca khi nhip giita cta
ching khong yeu cdu qud dai.

Tai nuée Anh mic dir can Forth Road, v6i nhip giira 1006m duoe xay dung st dung
dang dan day, ciu Severn véi nhip gitta 988m xay dung véi dam hop va day treo cép
chéo nam 1966. Thiét ke doc dio nay da cich mang hod cong nghé cdu treo day véng.
Cau Humber véi nhip giita d2i 1410m i ciu dai nhat th€ gidi trude nam 1997 duoc xay
dimg thco cong nghé twong tu nhu cdu Severn., Tai B6 Dao Nha, cdu 25 de Abril duoc
thi¢t k€ cho tai trong xe Iira v 6 16 dugc hoan thanh nam 1966 vai nhip chinh 1013m.

Nam 1998 cdu Greal Belt East véi nhip chinh dai 1624m duoc hoan thanh & Dan
Mach, ¢6 dam cimg dang dam hop (ditng thu 2 the giGi hien nay).

3. Su phat trién ¢ chau A i thap ky 70

Tai Nhat Ban viéc nghién cttu dé xuat két céu cau Honshu Shikoku duoc bat dau béi
Hoi ky sur cong trinh Nhat Ban nam 1961, Cong nghe thiét k& céu treo day vong nhip 1én
dp dung & cau Honshu Shikoku, d3 anh hudng quyét dinh t6i cau tao ciia cdu Kanmom,
hoan thanh nam 1973 véi nhip gilfa dai 712m sau d6 1a cdc cdu Namhac hoan thanh nam
1973 & Han Qudce véi nhip chinh dai 400m, cting nhu cau Hirado hodn thanh nam 1977
Vi1 nhip chinh dai 465m.

Cau Innoshima véi nhip chinh 770m duoc xdy dumg nam 1983 I3 cay cdu day vong
déu tién trong dur 4n ciu Honshu Shikoku, ti€p theo sau ciu Ohnaruto duge hoan thanh
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704m va trong nim 1937 cdu Golden Gate v6i nhip giita 1280m; thép bang thép cao
227m; day chd diing 2 cép, méi cdp ¢6 dudng kinh 90 cm dugc xéy dung trén khu vue
vinh San Francisco.

Nam 1940, cdu Tacoma-Narrows v6i nhip gilta 853m, I6n thit ba trén th€ gidi lic by
gid, c6 ddm ciing kiéu ddm 1 dac. Ngay khi xay dung xong két cdu nhip cdu dd xudt hién
dao dong udn v6i bien'dd 1én téi 8,5m xay ra cing vdi dao dong xoan. Céu nay bi dé sap
dusi toc do gié 19m/s vao thoi diém chi 4 thdng sau khi hoan thanh. Sau tai nan niy, van
dé thiét k€ chiu gi6 tré thanh van dé cot yéu doi voi cdu treo day vong. Tuy vay cic sy
¢6 céu treo chi tam ting them muc d6 than trong khi thiét k&€ ma khong hé han ché bude
phdt trién ciia cu reo. Cau Tacoma Narrows méi da dugc xay dung lai nam 1950 vaéi
chiéu dai nhip twong tu ciu ¢ii nhung da cai tién st dung ddm ciing kicu dan.

Cédu Mackinac Straits v&i nhip gifta dai 1158m duge xay dung nhu la céu treo day
véng 16n twong duong véi cdu Golden Gate nam 1956 va cdu Verrazano Narrows voi
nhip gitta 1298m, giit ky luc thé gisi sau khodng thoi gian 17 nam, duge xay dung
nam 1964

2. Xu huéng mdi trong két cdu & chau Au tir cudi chién tranh thé gioi thit 2 t6i
nhitng nam 1960

Cau treo day vong duge xiy dung phé bién & chau Au, ngay céa khi nhip gilia clia
ching khong yéu ciu qua dai.

Tai nuéc Anh mac dir cdu Forth Road, véi nhip gitta 1006m duge xay dung su dung
dang dan day, cdu Severn véi nhip gidta 988m xay dung v6i dam hop va day treo cap
chéo nam 1966. Thiét k& doc ddo nay da ciach mang hod cong ngh¢ céu treo day vong.
Cdn Humber v6i nhip gifta dai 1410m 12 cAu dai nhat the giéi truéec nam 1997 duge xay
dung theo cong nghé twong tu nhu ciu Severn. Tai Bo Dao Nha, cau 25 de Abril dugc
thiét k€ cho tai trong xe 1la va 6 16 duge hoan thanh nam 1966 véi nhip chinh 1013m.

Nam 1998 cdu Great Belt East véi nhip chinh dai 1624m duge hoan thanh ¢ Dan
Mach, ¢6 dam cing dang dim hop (diing thi 2 thé gidi hién nay).

3. Su phat trién & chdu A tir thap ky 70

Tai Nhat Ban viec nghién ctiiu dé xudt két cdu cdu Honshu Shikoku duge bat diu bdi
Hoi k¥ su cong trinh Nhat Ban nam 1961. Cong nghé thigt k€ cau treo day vong nhip lon
ap dung & cau Honshu Shikoku, dd anh hudng quyét dinh (6i cau tao cha cau Kanmom,
hoan thanh nam 1973 véi nhip gitra dai 712m sau d6 1a cac cau Namhae hoan thanh nam
1973 & Han Quéc véi nhip chinh dii 400m, ciing nhu cdu Hirado hoan thanh nam 1977
vGi nhip chinh dai 465m.

Cau Innoshima véi nhip chinh 770m duge xay dung nam 1983 14 cay cdu diy vong
ddu tién trong du 4n cau Honshu Shikoku, ti€p theo sau cu Ohnaruto dugc hoan thanh



nam 1985 v6i nhip chinh dai 876m ding cho tai trong dudng sit ¢6 du kién phat trién (ai
trong xc trong tuwong lai. Dy 4n cdu Honshu Shikoku cai tao v nang cdp céng nghé nim
1988 dé sit dung phil hop cho cdu dudng téu cao t6c. Tuyén nay bao gébm he théng hing
loat cdc ciu treo day vong nhip 16n nhu 14 cdu Minami Bisan Seto véi nhip chinh 1100m,
cau Kita Bisan Seto voi nhip chinh 990m va cdu Shimotsui Sento véi nhtp chinh 910m.
Cau Akashi Kaikyo hoan thinh nam 1998 véi nhip chinh daj nhat the gidi 1991m, thé
hién s tich Juy kinh nghiém cong nghe xay dung céu treo tir truede (&i nay.

Tai Thé Nhi Ky cdu Bosporus véi nhip chinh dai 1074m duge xay dung nam 1973 véi
kicu dang tuong tw nhu cau Severn, ciing thoi gian ndy ciu Bosporus thit hai véi nhip
chinh dat 1090m duge khoi cong xay dung sau dé dédi tén 13 cdu Fail Sulta Mehmet,
dugc hoan thanh nam 1988 sir dung day treo thing ding thay cho céc day treo chéo.

Tai Trung Quéc cdu Tsing Ma (Héng Kéng) cho xe lita va 6 6 di chung véi nhip
chinh 1377m duge hoan thanh nim 1997, Ciu qua song Xi Li Yangtze v&i nhip chinh
900m va cdu Jing Yin Yangtze véi nhip chinh 1385m dang duoc xay dung {1]. C4 hai
cdu treo déu ¢6 dim hop cling va thip chinh bang beé tong. Xay dung céu treo nhip 16n
¢é khau do khoang 1000m 12 van dé dang duoc quan tdm hién nay. Mot s6 du an xay
dung céc cdu treo ¢ chiéu dai vuot nhip 16n hon ciing dang duoc hinh thanh,

4. Su phdt trién cdu treo ddy ving tai Viét Nam

Trong nhimg nam chién tranh, hé théng cdu céng clia nude ta bi ddnh phé nhiéu, Dé
phuc vu kip thoi cho tién tuyén cdn phai khéi phuc lai nhitng cay cdu da bi ph4 hoai. Khi
dé viéc xay dung cau cap cdu treo 1a mot trong nhiing giai phap hop 1y va nhanh chong
nhat. Cho dén nay, cdu treo diy vong van giit mot vi tri quan trong trong giao thong
mién nii, phuc vu dac luc cho cong cude phat trién kinh € xi hoi viing sau, ving xa ¢
nudc ta.

Nhirng vi tri virgt song ma c6 khdu do thong thuyén 16n (vi du & céc clra song [6n) thi
viéc sir dyng cau treo sé ¢6 vu diém vi it 1am xdo trén ché do dong chay tu nhién cua
song, mang lai hi¢u qua thi¢t thyc vé kinh t€ k§ thuat. Hon nifa, cic cdu (reo thudng tao
dang ve dep va la di€ém nhén ki€n tric giita khu vire do thi 16n.

O Viet Nam dd bat ddu xay dyng nhi¢u cdu treo ban vinh citu tif nim 1965. Nhing
chi¢e cdu treo ddu tién la loai cdu cdp khong céng, chi cé mot he day (hinh 1.1) véi khiu
d6 tir 80+120m. Loai cdu nay dd dugc thiét k& thanh dinh hinh céu cap di chién khong
cong, tng dung réng rii trong thoi ky chién tranh (1965-1975).
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Hinh 1.1. So dé cau treo khéng céng



B6i véi cdc loai cau khau do tir 120 + 200m thudng 4p dung loai cdu cdp c6 cdng
(hinh 1.2)

L=80-120

Hinh 1.2, 50 d6 cdu treo o6 céng

Day 13 loai cdu hai hé day: he day du6i gém hai cum day chit va he cdp mait cdu: hé
day trén gém hai cum cdp chi vit qua cong tru. Hai he day duoc neo giir bing cic hé
thé riéng biét,

Mt cdu cla cau cdp khong cdng va cdu cdp c6 cong gébm dim ngang bang thép, gé
dat rren hé cap mat cdu (hinh 1.3)
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Hinh 1.3. Mt cdt ngang cdu treo loai 6 cong vi khén g cong

Vao nam 1965, 1966 di xay dung cic cdu qua Song Lo, khiu do 104m; cdu Ky
Cung ¢6 khau do 120m. Nam 1967, xay dung ciu cap Viét Tri véi khiu dé 225m, cau
Dudng khiu do 190m. Nam 1969 xay dung cau Do Quan (Nam Dinh) khiu do 190m,
V01 56 do cap chit duge b6 tri theo dang bat chéo 2 day. Sau thai k¥ nay hang loat cau
treo dam cing da duoc Xdy dung nhu cdu Bao Nhai, khiu d6 140m; ciu Hang Tém khiu
do 140m; cau Coc Pai, khiu do 100m; cdu treo Cita Rao, khdu do 130m. Nam 1980 d3
thiét k& cdu treo Song Héng, chiéu dai toin ciu I3 [206m. Nam 1983 da xay dung xong
(oan bo ket cau bén dudi, sau dé da thay ddi bang ciu ciing din thép vi khong mua dugc
cdp (nay la cdu Chuong Duong).



Trong nhilng nam gan day mot 56 du 4n cdu treo md
Thach (Quing Binh), cfu Hling (Péc Lac), cau Thuan
trong du 4n xay dyng cdu Nhat Tan (Ha Noi) c6 dé xult p

i da duoc dé xudt cau Thanh
Phuéc (Da Nang)... Béac biét
huong 4n cdu treo day vong voi
céc dac diém chon so bo: khdu do nhip chinh 500 + 600m nhip b
thap tinh tit mat xe chay

ién 145 = 180m, chiéu cao

~70m, khoang céch gifta cdc thanh treo gitt dam ngang 1a 10 + 12m.

Vien KHCN GTVT da lap céc d6 4n dinb hinh thi€t k€ ciu treo vdi cic loai hoat tai
nho nhu doan xe H8, H10. Trén co s§ tham khio d6é 4n nay, nhiéu cdu treo cho giao
thong mién nii di dugc thiét k€ va xay dung dudi dang ban vinh clru.

1.1.2. Chi tién k¥ thuat ciia mét so cau treo trén thé gioi

So dé va kich thude co ban cha mot s6 cdu treo da

trinh bay trong bang 1.1.

y vdng nhip 1én trén thé gid duge

Bdng 1.1: Kich thudc cdc cdu treo ddy vong nhip lon trén thé gioi

: K l Nam
. SI'T\ Tén cdu Tén nudc hoan Chiéu dai cac nhip Loai Ghi ¢ha
| l thanh
! \ 2 \ 3 \ 4 3 6 7 ‘
1 \Akaxhi Kaikyo Nhat \ 1Y% 960414914960 3 nhip 2 chat ‘
| |
2 | Great Belt East ban Mach \ 1998 535416244533 lién tuc l
3 |Humber Anh 1981 280414104530 3 nhip 2 chét ‘l
l»-—i Yng Yin Yangtze | Trung Quoc | 1999 336.5+1385+309.34 nhip don J
‘ 5 | Tsing Ma l Trung Quoe | 1997 455+1377+300 l lién tuc duting bo ‘
' ‘ \ vi xe lira “
mT | | -
6 | Vertazano Narrows | My ] 1964 370.3+1298.5+370.3 \ 3 nhip 2 chat ‘] J
T
u Golden Gate \ My 1937 342.9+1280.243429 ‘ 3 nhip 2 chot J
L % |Hoga Kusten ‘ Thuy Dién | 1997 310412104280 3 nhip 2 chot ‘
i |
P | Mackinac \ My 1957 54%.6+1158.2+548.6 3 nhip 2 chat —l
10 | Mianami Bisan-Scto | Nhat Bin I‘ 1988 274+1100+274 lién tuc dudng bo
| vi xe I
| 11 l| Fatih Sultan Mchmet | Thé Nhi Ky \ 1988 210410904210 nhip don \
I
[T‘Z \ Bosphorus Thé Nhi K¥ | 1973 231410744255 nhip don \ “
| 13 ‘(_}corgc Washington My 1931 185.941066.8+198.1 3 nhip 2 chét l
14 | Kurushima Kaikyo 3 | Nhat Ban 1994 260+1030+230 nhip don \ i
F Kurushima Kaikyo 2 |] Nhit ban 1999 250+1020+245 2 nhip 2 chét \
‘ 16 |25 de Abril B4 Dao Nha| 1966 483.441012.9+483 .4 lién tuc dutmg bé ‘
B vit xe lfIaJ




(Tiép bang 1.1}

|_1 2 3 4 5 6 7 —‘
17 | Forth Road Anh 1964 | 408.4+1005.8+408.4 { 3 nhip 2 chét
I8 | Kita Bisan Seto Nhat Ban 1988 27449904274 lién tuc dudng bo
v xe Ioa
| 19 18evern Anh 1966 304.8+987 6+304.8 3 nhip 2 chat
20 | Shimotsui-Seto Nhat Ban 1988 230+940+230 nhip don ¢é dutng bo
L mut thira va xe lira
| 21 | Xi Ling Yangize Trung Quée | 1997 2254800+255 nhip don
22 |Hu Men Zhu Jiang Trung Quée | 1997 302+888+348.5 nhip don
23 | Ohnaruto Nhat Bén 1985 93+330+876+330 3 nhip2chét | duding bo
| vi xe lira
24 | Tacoma Narrows 2 My 1950 335.34853.44335.3 3 nhip 2 chal
| 25 | AsKoy Nz Uy 1992 1734850+173 nhip don
26 [ Innoshima Nhit Bédn 1983 250+770+250 3 nhip 2 chat
27 [Akinada Nhit Ban 2000 25547504170 3 nhip 2 chét
| 28 {Hakucho Nhat Bin 1998 33047204330 3 nhip 2 chet |
29 | Angostura Veéneduéla | 1967 2RO+7124280 3 nhip 2 chét
30 | Kanmoen Nhat Ran 1973 17847124178 3 nhip 2 cheat
31 |San Francisco- My 1936 3569470414353 6 3 nhip 2 chét
I { Oukland Bay ]

1.2. HE THONG KET CAU

1.2.1. Cac bo phan cha két ciu ciu treo

Hé¢ théng ket cau chinh clia mét cau treo day vong duoc thé hién trong hinh 1 4

1. Dam/dan cimg: Két cau doc dé chiu va phén b6 tii trong hoat 1ai, hoat dong nhu la
dam ciing va dam bao 8n dinh khi dong hoc cho két cau.

2. Cdp chinh: T8 hop cic bé soi cdp song song, 12 bd phan chiu luc chinh cia cau,
nang d& dam/dan cing vi hé mit cdu va truyén tai trong qua thip cdu & tru va nén

mong. Su truyén tai tir ddm/dan lén cdp chinh duoc thuc hien t

hodc thanh treo.

hong qua cdc day treo

3. Thdp cau: Két cdu trung gian thang dimg, chiu luc tir cdp chinh truyén dén réi
truyén tai trong xuéng dén nén mong.

4

chiu lye sau cling clia cdu.

10

- Khéi neo: khdi be tong nang dé gi neo cdp chinh va hoat déng nhir 1a bo phan
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Hinh 1.4, Cdu tao cdc bo phin chink ciia céu treo day vong

1.2.2. Phan loai cic cau treo day vong

Cau treo day véng c6 thé duge phan loai theo s& nhip, cdu tao cha ddm cimg, loai day
- vong va phuong thic neo cép.

1. Phan loai theo ¢ lugng nhip

Cau treo day véng thudng cé so dé mot nhip, hai nhip, hoac ba nhip day véng véi hai
thip va ciu nhi¢u nhip day vong véi ba hoic nhiéu hon ba thdp (hinh 1.5). Céu treo day
vong ba nhip duoc sir dung phé bign nhat. Trong céu day véng nhiéu nhip, chuyén vi
ngang cua dinh thdp ¢6 thé ting ding k€ khi ai trong chi dat trén 1 nhip do d6 can quan
tam diing miic t6i cdc bien phip céu tao dé kiém soat duoc chuyén vi clia thép ciu.

Hinh 1.5. Cdc logi cdu treo ddy vong
@) I nhip; b} 2 nhip; c) Nhiéu nhip

1



2. Phdn loai theo cdu tao dim citn g

Dam citmg c6 thé dung so d6 dim gian don tinh dinh hay dam lién tuc (hinh 1.6).
Dim ciing ¢6 so dé dam gian don thuong dirge sir dung cho cdu dudng 6t6. D6 véi cic
ciu dudng sat cao t6c, dam lien tuc thuong duoc dp dung dé dam béo ém thuan chay tau.

e i L
R i

Hinh 1.6. Cac logi dim ciing
a) Ddm citng iinhi dinh: b) Dém ciim g lién tuc

3. Phdn loai theo hinh thire bé tri ddy treo

Day treo c6 thé dat thang ditng hodc dat xién (hinh 1.7). Néi chung, day treo ciia cdc
cau treo day vong da so 1a dit thing ding. Day treo xién duoc sir dung nhu trudng hop
cau Severn dé ting su giam rung cia két cau day véng. Trudng hop phoi hop day treo
thang ditng véi cdc day xién nham muc dich cai thién do cing cita he két cdu nhip.

b MM WVWWV%T_[

c) L1

Hinh 1.7. Cdc logi hé thong ddy treo
a) Ddy treo thing ditng; b) Dy treo chéo: ¢} Day treo két hop voi ddy ving

4. Phan loai theo phuong thic neo cdp chinh

Cép chinh ¢6 thé duge neo vio khéi neo bén ngoai hodc tu neo (hinh 1.8). Phan Ién
cic cdu treo day vong déu bs tri neo bén ngoai. Vai kiéu tu neo, thay vi neo vao khai
neo thi cdp chinh lai duge cé dinh véi ddu ddm cung, khi dé e doc o cdp chinh s&
duoc truyén truc ti€p vio diu dam clng.
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a)
b)
f/ﬁ/g]\h\h\ 4ff((l/5[:hﬁ\a

Hinh 1.8. Cdc logi neo cdp. a) Neo bén ngodi; b) Tit neo

1.2.3. Thap chinh

a} Theo huong doc cdu

Thap dugc phan ra cdc loai \ /‘g\
cling, mém va chan khdp (hinh 1.9).
Thap mém thudng duoc ding & cdu
treo nhip 16n, thip cimg thuomg
ding & cdu treo nhidu nhip dé cung
cdp di do cing cho cdu vi thap 77_};7_7_

. P . y . d FLiT77TT IV el
chan khop thuong chi dugc ding & Loai cing Loai mém Loai chén khp
cau treo nhip ngan, ban vinh cim.

b) Theo huing ngang ciu Hinh 1.9. Céc logi két cau thdp chinh

Thép duge phan ra cic dang: dang céng, dang c6 thanh gidng chéo (dan} hay dang ¢6
cdu tao hén hop (bang 1.2). Ngoai ra, truc thip ¢ thé 13 truc thing diing hay truc
nghieng. Khi thdp bs tri nghiéng thi truc thdp phai tring véi dudmg tam caa cap & dinh
thdp. Cau tao va hinh dang cia thdp ¢6 anh hrong 16m 16i trang théi 1am viéc cla loan
cdu cling nhu kién tric téng thé ciia cong trinh.

Bdng 1.2: Céc logi kh ung thdap chinh

L Dan Céng T hop dan va céng

—

Dang hinh hoc

Can - Akashi Kaikyo - Great belt East - Golden Gate
L - Forth Road - Humber - Second Tacoma Narrows
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1.2.4. Cap chu

Dé1 voi cdc cau treo day vong 6 dién, cp day (reo duge cdu tao dang xich, xich ¢6
tat treo hodc vat ligu khdc. Cap kim loai dugc sit dung 1dn ddu tién cho céu treo day vong
6 nua diu cha the€ ky XIX va cdp soi song song duoe chdp nhan 14n ddu tién & céu
Niagara Falls nam 1854; thép kéo nguoi va thép sgi ma k&m duoc chip nhan ldn dau tién
o cdu Brooklyn nam 1883. Loai nay di duoc str dung trong hiu hét cac loai ciu treo day
vong nhip 16n. Bang 1.3 thé hién mot s6 loai cdp chinh t8 hap tir c4c bo 801 song song
hay b6 cic tao cdp. Nhin chung trong mot bé cdp cic tao cép va sgi cdp duoe sap x€p va
bé tri thanh hinh vong tron hay hinh da gidc.

Day treo ¢6 thé 1a soi thép, thanh thép, bé cdc soi tao, tao $gl song song va cdc
loai khdc. B6 soi tao dugc sir dung phé bign [am cdp chi trong cau treo day vong
hi¢n dai. Trong cdc cau Nakashi Kaikyo va Kurushima Kaikyo, tao soi song song
duge boc Polyetylen theo sudt chiéu dai nham béo vé tao thép khong bi téc dong an
mon cua moi trudng

Bdng 1.3: Cdc loai cdp cdu treo ddy véng

? Tén Dang hinh hoc Cau triic 'E Ciu
Tao sgi song Cic sgi duge b song song thianh Brooklyn
song hinh lye gidc Humber
Great Belt East
Akashi Kaikyo :
Cip bé rao 6 tao bén ngoai boc 1 tao bén trong
St.Johns
Cip soi Soi thép 1a cic tao trong cic I6p Little Belt
khac nhau daéi xing nhau Tancarville
Wakato
Cip khod xoin ) Soi thép bién dang duge sirdung | Kvalsund
Day cip o cho 16p bén ngoai cla cdp sgi Emmerich
khod 15i T2 )
ool FoEH Albssborg
(cap 181 cing) ho
(8 New Kiln-
-Rodenkrichen
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Sdi ma kém {day kim loai ma kém}

Hinh 1.10. Cap tao soi song song diwoe bao boc hdi éug Polyerylen

1.2.5. Két ciu dam cing ciia cau treo

Dim ciing c6 thé la dang ddm chir I, dang dan hay dim hép (hinh 1.11). Trong mot
vai ciu treo nhip ngan, ddm ciing ¢é d6 cing khong 16n va duge nang d& chii yéu nhis
day cdp. Vi ciu treo nhip 16n thudng sir dung dam cing dang dan hay dang hop. Dim
ctiing dang chit 1 n6i chung ¢6 d¢ 6n dinh khi déng hoc khong cao. Ddm citng dang dan
viudang hop ¢6 do on dinh khi dong hoc t6t, ¢6 nhiéu vu diém vé cong nghe ché tao, xay
dung, mdc doé an toan ... tuy ciing tén tai nhimg diém bat lgi vé finh 14i, ciu tao phiic
tap... (xem thém muc 1.3 .8).

a)
]
;l@ 10930 630 10930
o o b (B
IR 9380 220|220 9380
Ry e
L @
e
) 22560 )
Ddm citng chi I {cdu Bronx- Whitestone }
_ 20730 c - wt
b) 16460 7 ) — —
0 3660 3550, 3550 3660 3Jogof1200 9100 8100  1800[3000
| 1ls10 »|la1d 91 1
D - . . =
i /| im § N =3
! |y © =1
S . 5,
| I | o) P =
. o
un
| I | - | 7200 \
| ! | 28500 _
Duan cimyg Hiop ctng
(edu Mackinae Stanits) fedu Humber}

Hinh 1.11. Cdc logi mdt cdt ngang ddm citng



1.2.6. Két can khoi neo giir

Két cau khéi neo bao gém méng, khéi neo, dai giit, c4p neo dim va hop bao vé. Co
th¢ phan ra cdc loai : hé théng neo trong luc hodc h¢ thong him neo nhu trén hinh 1.12.
Hé¢ thong neo trong luc ¢6 dac diém loi dung trong lugng clia ban than khéi neo dé can
bing luc kéo cua cdp chinh, Loai nay dugc sir dung phé bién trong céu treo day vong.
He théng ham neo ¢ dac diém 1A truyén luc kéo tir cap chinh tryc ti€p vao nén.

Yén ngua cua cap neo

a)
Cap f _ Thanh chiu kéo
Khdi neo

B

. ,2m—-L16,2
Dam neo .
MAT CAT A-A

Hinh 1.12. Cidc loai neo
{(«) Khéi neo, cdu Akashi Kaikyo, (b) Hdm neo ciia cdu George Washington

1.3. CO SO THIET KE

1.3.1. Téng quat

Nam 1823, Naveir 12 ngudi ddu tién dé xuat vé 1y thuyét tinh todn cau treo day vong
ddm mém. Dam c6 d6 cing 16n duoc ing dung cho céu treo day vong trong nira ddu cia
the ky XIX nham khic phuc nhuge diém clia cdc cdu treo ddm mém trudc dé 13 di cé
bién d6 dao dong qud 16n mic dit tic dong clia tai trong khong 16n 1im. Nhimg két qua
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phan tich ket céu céu treo day véng vdi ddm ciing ki€u dan cé do ciing lon duge Rankine
thuc hién nam 1858. Ti€p theo Melan di g6p phan hoan thién 1y thuyét, v6i mé hinh dan
ctimg dugc xem nhu 12 vat thé dan héi. Céc tic gia sau d6 nhu Ritter, ndm 1877, Lévy,
nam 1886, va Melan, nam 1888 tiép tuc cii tién mé hinh tinh toén hé treo v&i viéc dua
ra mo hinh bién dang thay thé cho moé hinh dan hoi. Moisseiff da ching minh sy lam
vigc thue t€ cia chu treo khong thé hoan toan phi hop véi so d6 khong bién dang trong
nghién ctiu cau Brooklyn nam 1901 va chiing minh so dé biéin dang cho phép du kién do
vong cla cdu chinh xdc hon. Nam 1909, Moissciff dd sir dung so dé bién dang trong
phan tich mé hinh cdu Manhattan. Ly thuyét nay d4 tré thanh cong cu thiét k& hitu hieu
cho cdc ciu treo day vong nhip 16n. Hon nifa, cling véi sur phét trién chiéu dai nhip, cdc
tic dong cla tai trong theo phuong ngang nhu i trong gi6 va theo phuong thing ding
s¢ dong thoi anh huéng cang 16n déi véi dam ciing. Viec phan tich trang thai chiu luc
cua cdu treo day vong (heo moé hinh 1am viéc khong gian da dugc Moisseiff 1an déu tién
ap durg,

Ly thuy¢t tinh todn cdu treo phu thuoc rdt nhiéu vao kiéu két ciu va bién phap thi
cong céu. Ngay nay, da co rat nhiéu céng trinh duge cong bd vé 1y thuyét tinh todn he
diy va cdu treo.

Phuong phip tinh h¢ day xich ddu tién duge thiét 1ap do gido su Luis Mariana Navie
thict 1ap. Nam 1823, 6ng dd xem xét tinh todn hé day dudi tic dung cta tinh tai v hoat
tai thing ding. _

Nam 1886 M Levi dd xem Xét sy bién dang déng thoi ctia dam cing va day chu, thigt
1ap bai todn d€ tinh todn do bén cha cdu treo. Nira ddu thé ky XIX, Ole da gidi bai todn
hé¢ day bang phuong phap gin ding. Nhimg nam ti€p theo, hang loat cong trinh di duoc
cong bd dé tinh todn hé day tuong duong tng v6i su phat trién cia két cau. Rankin la téc
gia dau tién gia bai todn su phan bd (i trong giita day va ddm ciing.

Trong mot thoi gian dai ngudi ta tinh todn cdu treo theo 1y thuyét tuyén tinh. Cudi the
ky XIX da xudt hién nhitng céng trinh ddu tién tinh todn céu treo cé xét dén su thay déi
hinh dang cdp cht dudi tic dong cua tai trong. Tinh todn cdu treo theo so do bign dang
khéng nhiing dem lai d6 tin cay ma con mang lai hiéu qua kinh &, Két Iudn nay da dugc
nhicu tdc gia kiém ching.

Nam 1881, Muller Breslan dd nghién ciu 1y thuyét tinh todn ciu treo theo so dé bién
dang va ldn ddu tién st dung ham Hypecbol dé tinh todn hé day lam viéc véi ddm cimg.
Bén nam 1888, I. Melan phdt trién [y thuyét cia Muller Breslan va ding phuong trinh vi
phan dé tinh. Nam 1904 iy thuyét ndy di duge st dung dé€ tinh cau treo Makhctenxki &
New Yoik. '

Ky su D.B.Steinman (My) da phat trién 1y thuyét ctia J.Melan vao nim 1909, st dung
phuong phdp nang hrgng dé tinh todn céu treo ca vé tinh hoc vi dong hoc, dic biét 1a
tinh todn 6n dinh cdu (reo dudi tic dung cia gis.



Nam 1928, S.P. Timosenko di nghién ciu phuong phdp gin ding trén co s& ting
dung chuéi lugng gidc dé tinh todn céu treo.

T nam 1930 dén nay, van dé tinh todn ciu treo theo so dé bién dang da duoc rat
nhiéu téc gia nghién citu. Trong s6 nhimg cong trinh nghién ciu vé 1y thuyét hé treo cdn
luu § dén cdc cong trinh sau day:

- Vin dé tinh toan tinh hé treo g suat trudc (tac gia B.G. Belikov)

- Tinh todn ket cau cdu treo ting sut trude (tic gia G.E Raykus)

~ Céc cong trinh cia LA Xinnhixki va B.K Bo

Ngay nay ciing v6i su phét trién ciia khoa hoc cong nghé, sy phit trién ting dung mAay
tinh da gdép phin nang cao chat lugng tinh todn thi€t k&, Cic gia thiét tinh toan ngay
cang gan véi sir 1am viée thuc t& clia két can, Cic Iy thuyét tinh todn dugc vng dung
trong nhiéu phan mém néi tiéng nhir; RM 2000, SAP2000 va Staad-Pro 2003,ADINA....

Hién nay, nha su phat trién nhanh chong ctia mdy tinh va sur tich luy két qua nghién
¢l cac anh hudng phi tuyén, phirong phdp phén ti hitu han véi mé hinh dim rdi rac hod
da duoc st dung phd bien trong bai todn phan tich cdu treo day vong. Brotion lan diu
tién di phén tich cdu treo day vong theo mo6 hinh bai todn phéng bang phuong phiap ma
tran va dp dung cho cdu Severn véi két qua t6t. Saafan vi Tezcan da cong bo két qua
nghién ctu phuong phdp tinh todn ciu treo theo so dé bign dang vio nam 1966. Phuong
phip Newton - Raphson hoac phirong phdp tinh lap nguyén thuy c¢6 thé duoc dua vao
trong ma tran chuyén vi phi tuyén phan tich cic mé hinh cdu treo day vong.

3.2. Phuong phap phan tich két cau
1. Ly thuyét dan hoi va Iy thuyét bién dang

Ly thuyét dan hoi va 1y thuyét bién dang ding dé phan tich cdc hé théng ciu treo day
vong theo cic mo hinh tong quat. Theo Iy thuyét nay, toan bd ciu treo duge gia thiét ta
mot vat thé lién tuc vi day treo khong dan (khoang cdch giita cdc day treo va dam khong
- dai trong qud trinh chiu tdi). Ca hai phuong phép trén chép nhan céc gia thiét sau:

+ Cép hoan toin mém déo (dé bi uon)
« Dam cting ndm ngang va thing. Dic trung do cing cuia he 1a hing s6.

« Tai trong finh chia ddm ciing va cdp ia phan bé déu. Toa dé cua cdp chi theo hinh
Parabol

« Toan bo tai trong tinh dugc truyén t6i cap.

Su khic nhau giita hai ly thuyét 1a c6 them tri s8 bién dang cdp do tai trong dong
khéng xédc dinh. Hinh 1.13 thé hién luc va bién dang chiu tai trong trén ciu treo day
vong. Momen uén M(x) ctra ddm ciing sau khi chiu tai trong dong ducc viét nhu sau:
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Theo Ly thuyét dan héi:
M(x) = My(x) - H.y(x) (L.1)
Theo Ly thuyét bién dang:
M(x) = My (%)~ H,.y(x) — (Hy, +Hy)n(x) (1.2)
trong do:
M,(x): mémen uén do hoat tai tinh cho ddm gian don c6 chiéu dai nhip tuong ty
dam cung.
y(x): chuyén vi doc clia cip
1(x): bien dang cia cdp dudi tai trong dong

H,,, Hp : luc cdp doc dudi tic dung clia tai trong tinh va tai trong dong twrong tng.

Hy+H Hy+H W
-— —— 1 N o0
3 ) g e o
- Yix f i o \\ﬁ
S~ 3 - o 3 o9
. - - = '@ . 6‘6
***** p(x ,
T VI Y Vv vy v ¥ 1 ¥ T g S (' thuy8t bien dend
1 13} i
- .- :LT]_(_X)_ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ =
| -
- ! -l TY 86 tAi trong (hoat taiftinh tai)
Hinh 1.13. Bién dang va lic Hinh 1.14. Ty s6 quan hé bién dang -
clia can treo ddy vang tdi trong gifta cdc ly thuyét

Tri s& md men uén ctia ddm cing duge giam bét nhd tinh thém tac dung clha 4o vong
giy ra do tai trong dong duge xdc dinh tir phuong trinh (1.2). K&t qua phan tich bién
dang phi tuyén ctia day vong da chiing 16 nguyén tic dudng anh hudng khong con phu
hop déi véi két cau cau day vong. Tuy nhién, do tdc dong cua hoat tai nho hon so vai
finh tai trong cdc cau treo day véng nhip 16n, ngudi ta c6 the chap nhan gia thiét Hy, + H,
12 héng s6 dudi dicu kién Hy, > H,,. Hinh 1.14 thé hién méi quan hé gifra ty so bi¢n ddng
- tai trong nam trong khoang dan héi va 1y thuyé&t bign dang tuyén tinh. Khi ty s cua
hoat tai v&i tai trong tinh 1a nho, 1y thuyet wyén tinh ¢6 thé cho két qua phan tich chip
nhan duge. Trong 1y thuyét bign dang, do cing chong udn ciia thap 6 thé khong duoc
chit ¥ do né khong ¢6 y nghia 16n ddi vé6i sy lam viéc chung cua toan bo cau.

2. Phan tich su lam viéc khong gian véi tdi trong ndm ngang

Luc ngang do gié hoac dong dat c6 khuynh huéng truyén tl ddm cing t6i cap chinh
bdi vi ddm cling ¢6 bién dang ngang khéng tring v6i cép chinh do mitc do6 ti€p nhan tai
trong ngang lén ching va do cing cha ching khdc nhau. Moisseiff 14n déu tién thanh lap
phuong phdp phan tich khong gian xac dinh hi¢u ting nay.
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3. Phdn tich khong gian ciia thdp chinh

Birdsall da d¢ xudt phuong phdp nghién ctru trang thai 1am viéc cla thdp chinh theo
huéng doc cdu. Ly thuyét Birdsall dua trén co s¢ phuong trinh cin bang vé Iiuc thang
diing va luc nam ngang tif cdp hoat dong trén dinh thdp. So do tinh cho thdp dugc xéc
dinh la cot v6i mat cat thay di, nhu hinh 1.15. Tai trong nim ngang (F) gay ra boi tic
dung cda 11 trong thang diing (R), phdt sinh trén dinh thdp va chuyén vi ngang (A)
dugc xdc dinh nhd sir dung 1y thuye€t tinh todn hé treo theo so dé bién dang 16ng quit
cua Steinman.

] 0
T RY Wo
— 1
Wy
) w. ] 2 Hinh 1.15. Phdn tich mé hink thap chinh
2
F : tai trong ngang trén dinh thap
R : tdi trong thing dimng trén dinh thap

Y e : do Jéch tim cia R so v6i dudng tam
—\ cua dinh thdp
\ A : bién dang cla dinh thdp
W r-2

Wo, W ,..W_, : cic thanh phin trong

Rs r- tugng thap
i W R R,. R,,: phan luc & cao do xe chay cia
e

thap (do dam cung truyén t6i)
4. Phuong phap chuyén vi hitu han

Cung véi su phat trién clia mdy tinh treng nhitng nim gin day, phuong phap chuyén
vi hitu han trén két cau dd duge sir dung nhu 12 mot phuong phap phan tich higu qua
nhat. Phuong phdp nay dugc st dung cho phén tich phing hoac phan tich dam khéng
gian cua toan bd két cau cdu treo. Phan tich ddm theo 1y thuyét bi¢n dang hitu han biéu
dién dugc quan hé gifta luc va chuyén vi & cudi ciia méi phin tix trong toan bo hé thong
két cdu. Trong phuong phdp phan tich nay, sw lam viéc thuc t€ ciia can nhu do din dai
cia ddy treo, mot van dé chua duge d€ y dén trong 1y thuyét bién dang, c6 thé duoc xic
dinh. Ki€u cu treo day vong c6 cdc day treo xién, giéng nhu cdu Serven, vi cdc kiéu
khic cha cdu treo trong giai doan lip ghép ciing dugc phan tich béi 1y thuyét trén. Ly
thuyét bién dang hitu han tuyén tinh duge sit dung trong phan tich tai trong thing ding
léch tam va phan tich trong mat phéng - boi vi tinh phi tuyén hinh hoc ¢é thé duge xem
nhu khong dang ké trong céc trudmg hop do.
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5. Phdn tich on dinh dan héi va phdn tich dao dong

Phan tich diéu kién én dinh dan héi duge sit dung dé xdc dinh tri s6 chiéu dai an toan
cho cdc két cdu chiu nén, cu thé nhu trang thdi 1am viéc clia thdp ciu. Phan tich dao
dong 13 can thigt dé xic dinh tdn s6 dao dong ty do va cic dang dao dong cla toan bo
két cdu cdu treo day vong dudi tdc dung clia cic tai trong dong dic biét nhur gié v dong
dat. Ca hai phan tich niy déu 12 cdc van dé cdn quan tam trong 1y thuyét bién dang nhé
clia két ciu dam.

1.3.3. Tiéu chuan thiét ké
1. Trinh tu thiét ké

Trinh tu thiét ke téng quat cho két c4u nhip cdu treo day vong dugc the hién trong hinh
1.16. Tuy theo cdc yéu cdu riéng cla vi trf x4y dung cdu s& chon so b céc ciu tao trong a
giai doan thiét k& so bo. Céc chi tiét s duge hoan chinh dan trong qud trinh thiet k&.

Khao st diéu tra co ban
Diéu kién ty nhién | + Dong dat
+ Dia hinh + Thuy triéu (dong nudc)
+ Dia chél + Xam thwe, an mon
+ Thuy vin Diéu kién xa hoi
+ Gio + Mbéi trudmg

y

Thiét k€& so bo
(8o sanh phuong 4n)
Loai ciu + Loai két cdu treo
+ So dé Hinh dang
+ 56 nhip + Chiéu dai nhip
+ Su lién tuc clia ddm cing | + Quy dao cdp

Thiét k& chi tiét
Thiét ké cac thanh phdn | Tinh todn kiém tra
+ Cap + Diéu kién d6 bén
+ Dédm cing + ?iéu kién bién dang
+ Thdp + On dinh khi dong hoc
+ Sitc khing d6ng dat |

Hinh 1.16. Trinh tu thiét ké doi voi két cdu ciia cdu treo ddy ving
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2. Tdi trong thiét ké

Khi thiét k& cdu treo day vong phai xét dén diéu kién tu nhién cua khu vuc xay dyng
vA tat trong khai thac (xe tai va doan tdu dudng sat) dic biét 1a d6i véi cdu c6 chiéu daj
nhip 16n. Tinh tai do ban than két cdu ciing déng vai trd quan trong trong thiét k& céu
treo bdi vi tai trong finh ¢6 anh hudng 16n dén noi luc trong két cdu chinh cla cau.
Ngoai ra kha nang chiu tai cua két ciu chdng lai cdc tic dong gié va dong dat ciing la
nhimg tiéu chi hét sitc quan trong nham dam béio an toan cho céng trinh.

1. P6i véi tac dong cha gid, viée phan tich dao dong va phan tich ¢dc dac tinh khi
dong hoc 1a néi dung déac biét quan trong.

2. D6i véi tac dung cla dong dat, cin xdc dinh tri s6 cha luc dong dat va du kién cdc
nang luong dia chén.

Ngodi ra con phai quan tdm t6i cac tai trong va tic dong khac nhu hiéu dng do sai s6
trong san xudt vi trong qud trinh 14p rdp cla cdc cau kién, nhiét do thay déi va chuyén vi

cua nén (ldn, xoay)....
3. Trinh tu phdn tich

Trinh tu phén tich cho thiét k& cdu treo day vong hién dai nhu so d6 1.17:

I. Lua chon cdc tham s8 cdu tao ban ddu: chiéun dai nhip va xic dinh d§ vong cua cip,
tinh tai va gia thiét do cung.

2. Phan tich mé hinh két c4u: Trong trudng hop phan tich phang, luc va bién dang cla
thanh phin dudi tai trong hoat dong tinh dugc nhd sir dung 1y thuyét bién dang hitu han
hoic 19 thuyét bién dang hitu han tuyén tinh véi mo hinh hai chiéu. Trong truong hop
phan tich khong gian thi lyc gié va bién dang thanh phin duge tinh bang 1y thuyét bién
dang hitu han tuyén tinh véi mo hinh ba chiéu.

3. Phan tich hiéu tng dong: hiéu tng cla luc dong dat dugce tinh boi phéan tich pho va
phan tich theo lich st thai gian (time- history)

4. Thiét k€ cac bo phan két cdu: cdp va ddm cing dugc thiet k& khi sir dung két qua
tinh todn noi lyc di thu duge tir phan tich két cau.

5. Thiét k€ thdp: thip duogc kiém todn vé cudng do va vé bién dang, dua trén cdc két
qua phan tich két cu t1dng thé da duogc thuc hién-tir trude.

6. Kiém tra cdc gia tri gia thi¢t ban ddu va kiém tra 6n dinh khi dong hoc: gid tri ban
dau dugc gia thiét cho tai trong tinh va do cing s& duge kiém nghiém xéc dinh lai trén
co 8¢ cac cau tao chi tiét. On dinh khi dong hoc duge kiém tra thong qua phan tich céc
56 licu thi nghiém Ham gié (phuong phdp phén tich mé hinh vat 1y) va cac tinh toan.
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Nhiing diéu kién ban dau

Hinh hoe
+ Chidu dai nhip
+ 56 ching cap
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+ Tai trong finh

+ £ elng
Phan tich trong mat phing Phan tich ngoai mat phing Phan tich dang
Tai trong hoat tai Tai trong gid Phan tich déng dat
Thiet ké thanh phin I Phan tich thap l
+ Cap
+ Ddm cimg ¥

| Thiét k& thanh phan thap |

Kiém tra lai
Gia tri gia thiét
cila két cau

Kiém tra lai
an dinh khi
ddng hoc

Sal

|

Két thuc

Sodo 1.17. Trinh ti téng qudt cho thiét ké cdu treo ddy véng
1.3.4. Tinh toan cau day vong dudi tac dong gio
1. Tong quan

Trong nira ddu cta thé ky XIX, nhiéu cdu treo diy di xay ra su c¢§ dudi tdc dung cia
tai trong gi6 do dim khong du d6 citng. Trong nira sau clia thé ky XIX s& luong su c6 d6
sap cdu di giam b6t nhd ¢ cdc gidi phap ciu tao dé tang cudng do cing cia ddm cha
mot cach hop 1y.

Trong thoi ky dau cia thé ky XX mot s6 cdu treo nhip 16n ma dam cing vé6i do cing
nho lai dugc xay dyng, vi viy da xudt hién céc sy c¢d do tdc dong gié. Cau Tacoma
Narrows dé sap bon thiang sau khi hoin thanh nam 1940 duéi van téc gié chi 19m/s.
Dam cing dang chit I ¢6 d6 cing nho va dn dinh khi dong hoc khong phdt hop d€ chiu
duoc tic déng gid. Sau tai nan nay, cdc thi nghiém hdm gié cho dam ciing duoc 4p dung
phé bién trong nghién citu clia én dinh khi dong hoc d6i véi cau day. Tir d6 dén nay loai
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dam ciimg dang dan c6 di do cung két hop véi cic cau tao mdt cdu roéng dang 6 ludi
chi€m ty 1¢ 16n trong c4c cdu treo day vong hién dai nhip 16n & nude M¥ va Nhat ban.

Loai ddm ciing méi dang ddm hop ¢6 hinh déng phtt hgp n dinh khi dong duoc chip
nhan cho cdu Severn & nuéc Anh nam 1967. Pén nhimg ndm 1980 d4m ciing dang hinh
hop tro nén phé bien ciing véi cic cau tao tang cudng on dinh c & phia trén va mat ddy
hop. Cdc ti€n bo nay duoc ap dung cho cdu Tsing Ma (Trung Quéc) hoan thanh nam
1997. Cau Akashi Kaikyo cé c4u tao cdc thi€t bi 6n dinh b tri doc tam cia dim ciltng
dang dan ¢ duéi mat cdu dé tang 6n dinh.

Trong nhitng nam 1990 & Italy loai dim cing hién dai da dugc nghién citu dp dung
cho cau Messina Straits ¢6 nhip chinh 3300m. Didm céu rong 60m duge t6 hop tir ba hop
hinh ¢ van diing cho dudng cao t6c va dudng xe lita. Giam chén khi dong hoc 6 hop véi
bé mat gi6 cling duoc 1p & hai bén ddm. Ciu tao dam cimg ding cho can treo day vong
hién dai duoc thé hién nhu hinh 1.18.

2. Tiéu chudn thiét ké

S0 d6 1.19 thé hign noi dung thigt ké chong gi6 duge 4p dung cho ciu Honshu
Shikoku. Trong giai doan thiét k&, (hi nghiém ham gi6 can duoc tién hanh vi hai nguyén
nhan sau: moét 1a d€ kiém tra lai anh huong cla cdc luéng khi, Iuc nang va hé sé uén
tham s6 cé anh hudng d6i véi tinh todn theo mé hinh €inh, hai I2 d€ phét hién va kiém
sodt céc trudng hop dao dong bét lgi c6 thé xay ra.

3. Phdn tich

Phan tich hi¢u iing duéi tic déng ctia gi6 manh nham duy bio vé céc tdc dung dong
luc do gi6. Cdc tri s6 bién dang va ung suit trong thu duoc nhy qua trinh phan tich néu
trén chinh 1a cdc hiéu ing thit c4p do tac dong gié can duge dua thém vao trong bai todn
thi€t ke cdc clu treo day vong. Trang thdi mat 6n dinh c6 thé xu4t hién theo nhitng dang
thite khdc nhau thu duoc nir két qud phan tich méi quan hé gitlta cdc dac trung tic dong
clia gié va bién dang cia két cau. Hién tuong Flutter 13 mot trong nhitng dang mat én
dinh khi dong gan ké din t6i kha nang syp d6 cong trinh. Phan tich Flutter thudmg bao
gom viéc giai phuong trinh chuyén dong cha cdu nhir 14 bai todn gid tri riéng phiic tap
dua trén nhitng s6 lieu thu dugc t thi nghiém hdm gié.

4. Thi nghiém hdm gio

Cac noéi dung chinh cda cong tac thi nghiém hdm gi6 dé nghién ctru 6n dinh khi dong
hoc cia ddm cing nhu sau:

1. Thi nghiém 2-D cia mé hinh ciing véi g6i dan héi dé xdc dinh cdc dac tinh khi
dong hoc theo cdc dang (mode) dao dong khac nhau. Ty 1é cita mé hinh 1a 16n hon 1/100

2. Ki€m tra mo hinh tdng quat ba chiéu. Thi nghi¢m duoc sir dung dé kiém tra hieu
tng két hop clia cdc dang (mode) dao déng khic nhau.
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Hinh 1.18. Cdc dang mdt c¢dt ngang cdu
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Bat ddu

Thiét ké tinh tai

Kiém chiing thanh phin lyc

4
Xidc dinh cdc hé 36 luc dong khi
(Thi nghiém hiam gio)

Luc kéo
Luc nang, ha

M6 men

Y

Kiém ching én dinh finh
Phan chia

 J
Kiém ching én dinh dong
(Thi nghiém him gid)

Hiéu itng Gust
Fluter

Vin t6c gid tdi han

Y
K&t thuc

So do 1.19: Trinh ty phdn tich cdc tde dong do gié

D&i véi cdu Akashi Kaikyo mo hinh téng thé véi ty 1& 1/100 c6 chiéu dai tng cong
khoang 40m, di dugc thi nghiém trong hdm gié nhim phan tich dn dinh khi dong hoc
clia cong trinh duéi tic dung cla cdc ludng gié manh va xdc dinh céc chi s6 dac trung
cua Flutter.
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5. Bién phdp giam dao dong cho cdu treo

Céc bién phap gidm dao dong duoc phan loai nhu trong bang 1.4

. Sir dung cdc thiét bi gidm chan: Nhiéu ki€u thiét bi gidm chin cé thé dugc lap dat
trén két cdu nhip nham gidm bét bién do dao dong. Vi du dat bo giam chan trén dinh
thdp dé gidm bét céc bien do dao dong qu4 16n & dinh thép... Bo giam chdn dugc ché tao
theo nhi€u nguyén tic, vi du, theo nguyén tic diéu chinh khéi Iuong TMD, (viét tat tiéng
Anh cla Tunned Mass Damper) hoac theo nguyén 1y thuy lyc TLD, (viét tit tieng Anh
ctia Tunned Liquid Damper) d4 dugc st dung kh4 rong ri trong nhitng nam gan day. Bo
giam chan kiéu khéi lugng chii dong AMD, (viét tit tiéng Anh cia Active Mass
Damper) ¢6 thé han ché bien do dao dong trén ddi tdn s& rong, di dp dung trong nhiéu
cu treo hién dai.

Bdng 1.4: Bién phdp gidm dao dong

Dai tuong Muc tiéu diéu chinh Bién phap
Vi két ciu Ting gidm rung T™MD, TLD, AMD
Tang do cung Tang dién tich mat cat ctia ddm cing

Tang khéi lugng

Vi tic dong gid Dién tich mat cat Ddm hop dang khi dong

Két cdu bén trén Mit mo

2. Tang d6 ciing: Mot céch dé tang do citmg 13 tang chidu cao dam. Day la mot
phuong thiic ¢6 hiéu qua dé gidm hién tuong Flutter.

3. Céc giai phap dua trén ly thuyét khi dong hoc: Dua vao 1y thuyét khi dong hoc cé
thé dé ra cdc giai phdp tang cudng 6n dinh khi dong hoc, vi du nhu phidi md réng mat
cdu va thi€t k€ cdc chi tiét thodt gi6 trén céu.

1.3.5. Thiét ké cau chiu dong dat
1. Téng quan

Trong nhimg nam gén day, khéng xdy ra trudng hop cdu treo day vong dé sup hoic
tham chi gay thiét hai nghiém trong khi ¢é dong dat. Trong su6t thoi gian xay dung cdu
Akashi Kaikyo vi tri tuong d6i clia bon méng thay déi nho khong ding ké dudi sir di
chuyén ciia v6 trdi dat trong tran dong dat Hyogo ken Nanbu nam 1995. T4c dung dong
dat nay da khong gay thiét hai t6i han véi két cau. Mac du luc cat trong két cau bén trén
sinh ra tir tai trong dong dat quan hé gdn véi tan s6 dao dong ty do cia két cdu bén trén.
Can xdc dinh chuyén vi 16n cia ddm ciing va luc ngang 16n déi véi moéng do anh huong
tac dung dong dal.
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2. Phuong phdp thiét ké

K&t can bén trén cia cdu treo day vong cin duge phan tich d€ c6 thé chiu duge cdc
tdc dung dong dit ¢6 tinh chu k. Vi du nhu d6i v6i két cdu bén trén cha cau treo Akashi
Kaikyo duoc thiét k€ vdi trudng hop c6 su bién dong 1én-cé tinh chu k¥ cta ca khu vie
xay dimg cau. Phé gia t6c thiét k€ tieu chudn hod duge thé hién trong hinh 1.20. Phuong
phép 4p dung 12 phan tich phé dong dét dua trén bi¢u dé gia toc thu thap dugc theo cac
thoi ky (phuong phép time-history) durge thuc hién trén mé hinh khong gian ba chiéu
bao v6i k&t cau bén dudi va gbi dan hoi.

1000 T T T T T §F 1 rrrr_ 1 711

700 =7 (Hang s6 giam: 5%) _
500 7
300

200

Phé gia téc S5 (cmis?)

100

70

I 1T T T 1T

50

20 A T T SN T T N O O S B B
0.1 02 03 05 07 1 2 3

Chu ky tu nhigén T (giay)

Hinh 1.20. Phé gia 16¢ thiét ké
(Cdu Honshu - Shikoku, tiéu chudn thiél ké' dong ddt cho cdu Akashi Kaikyo, Nhdt Bdn)

1.3.6. Thap céau treo

1. Téng quan

Loai thdp mém dugc ap dung phd bién dung lam thdp chinh cla ciu treo day vong
nhip 16n xay dung gin day. Thip mém c6 chuyén vi rd rét trong qua trinh chiu tai trong
truyén tdi tir cap chinh. Vat liéu xay dung thap c6 thé biang thép hay bé tong cot thép.
Céc cdu treo nhip 16n ndi tiéng thé giéi nhu cau Golden Gate, ciu Verrazano Narrows o
MY hay c4u Akashi Kaikyo & Nhat Ban déu c6 thdp bing thép. Trong khi d6 cdc cau treo
nhip 16n khéc nhu cdu Humber va Great Belt East & chau Au va cdu Tsing Ma & Trung
Qudc céc thap cdu lai st dung vat lieu BTCT. Do téi trong truyén t6i thap chinh cht yéu
theo phuong thing ding nén thip chinh cé thé duge phan tich nha 1a mot he thong ket
ciu doc lap.
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2. Thiét ké théap cdu treo

Phuong phdp thiét k€ cho thdp thép va thap bé tong khong quéd khac nhau. Theo
phuong ngang, thdp chinh duge phan tich theo 1y thuyeét bién dang nho. Diéu nay dugc
chap nhan bdi vi hiéu tng kiém ché cla cép la khong ding ké vi do cimg udn cla thap
Ia cao. Khi phan tich theo huéng doc thi phuong phédp phan tich Birdsall, tham khao
trong muc 1.3.2 duge sir dung phé bién, Tuy nhién cic phuong phap chinh xac hon nhu
phuong phap phan tich chuyén vi hitu han véi mé hinh ba chiéu cé thé dugc sir dung,
cho phép phan tich ca hai huéng doc va ngang (nhu dé duge lam & cdu Akashi Kaikyo).
Mot vi du trinh ty thiét k& cho thap chinh dugc thé hién ¢ hinh 1.21.

[ A
| Bit ddu ‘
Gia thiét dang hinh hoc Phan tich toin bd két cdu
Dién tich mit cét cla Phan luc va chuyén vi clia
truc thdp va chan thip cap chinh va dam cing

Phin tich mé4t 6n dinh riéng
Chiéu dai mét 6n dinh ¢6 hiéu

Kiém tra lai img sudt
M3t én dinh tinh

{ KE&t thic ]

Hinh 1.21. Trinh nr thiét ké thap chinh

3. Két cdu thap

Mat ciit ngang than thap ¢6 thé dang chit T, chif nhat hodc dang nhiéu ngan nhu trong
hinh 1.22. Trong pham vi mat cit ¢6 thé chia lam nhiéu hop nho, tuy nhién cting c6 thé
stt dung dang mat cit mot ngan.
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Hinh 1.22. Mt cat than thdp
a) Cdu New Port; b) Cdu 25de Abril; ¢) Cau Bosporus; d} Cdau Akashi Kaikyo

Ciu tao chi tiét ctia thip phai dam bao kha ning chiu cdc luc doc, luc cat, mé men
usn va truyén luc xuong két cau bén dudi va nén méng. Thép duoc lién ket & chan bang
céc bulong. ‘

Dé chiu luc nén 16n doc theo than thép cdc bo phan than thip phai duge lién két chic
chan va phoi hop chiu luc nhé cdc bu long. Ngoai viéc ting cudng kha ning chiu luc,
cic bulong con ¢6 tic dung giit on dinh hinh dang cta than thép.

Trong trrdng hop cdn thigt ¢6 thé sit dung loai buléng cudng do cao nhu déi véi cau
Forth Road, cdu Severn, ciu Bosporus va cdu Kurushima Kaikyo (hinh 1.24).
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Hinh 1.24. Lién két bang bulong o cdu Akashi Kaikyo
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1.3.7. Thiét ké cap chu
1. Tong qudt

Cap soi song song duge st dung danh riéng cho cdp chinh ciu treo ddy vong nhip 1én.
Soi song song di dem lai cuong do cao va modun dan héi cao hon so véi day cip soi tao.

2. Trinh tu thiét ké

Hinh dang so bo va cdc vi trf lien két clia cdp chd thé hién trén hinh 1.25. Ty s6 do
chiing/ do dai nhip (f/L.) nén duge xdc dinh theo thit ty sao cho gia thanh x4y dung cau
giam. Thong thudmg ty s& ndy 1 khoang 1:10. Tuy nhién theo yéu cdu on dinh khi dong
ty 1& do vong clia cap chil ciing c6 thé thay doi chiit it.

Dién tich mat cit ciia cdp chinh dugc xde dinh trén co s& luc kéo cdp 16n nhat.

Hinh 1.25. Dang hinh hoc ctia cdu treo ddy vong

f-do véng cdp & nhip chinh (duong tén) B.: gbc nghiéng ciia cdp chink (nhip chinh)

[y dé véng cdp o nhip bién 6.: giéc nghiéng (nhip bién)
w. tdi trong finh phdn b nhip chinh Is: chiéu dai nhip chinh
W, tdi trong tinh phdn b nhip biér 1y chiéu dai nhip bién

3. Thiét ké mdt cdt cdp

Cudng do chiu kéo clia soi cdp hién dai vao khoang 1570 N/mm?. Hé s6 an toan vé
vat licu cdp chit 1a 2,5 duge st dung cho cdu Verrzano Narrows va 2,2 cho cdu Humber.
D61 véi cdu Akashi Kaikyo hé s6 an toan duge chon 1a 2,2 tinh theo phuong phdp (ng
suat cho phép véi tai trong tinh chiém ty trong 16n. Cap chinh dugc sit dung Ia thép
cuding dé cao véi cudmg do chiu kéo Fa 1770 N/mm? va ing sudt cho phép la 804 N/mm’.
Su phat trién cla cudng d¢ cip san xut dugc phat trién theo trinh d6 cong nghé luyén
thép dugc thé hién nhu hinh 1.26. Cau Great Belt East sit dung phuong phdp thiét ké
theo trang thai gii han, hé s6 an toan 1a 2,0. Théng ké cdp clia mdt s6 cdu treo dy vong
dirge néu trong bang 1.5.
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Bdng 1.5. Cdp chinh ciia cdu treo ddy véng nhip lon

Tén Nam phg;'mg
STT Tén cdu ) hoin Chiéu dai cdc nhip phap Ciu tao cla cdp chinh
Nuae . xXéy :
thanh
dung
i Akashi Kaikyo Nhit | 1998 96041991 +960 PS 127x290
Ban
2 Grreat Belt East Dan 1998 535+1624+535 AS 504x37
Mach
3 Humber Anh 1981 280+1410+530 AS 404 =37
4 Jing Yin Yangtze | Trung | 1999 336,54+ 13854309 .34 PS 127=169¢c/s), 177 {sfs)
Quac
5 Tsing Ma Trung | 1997 455+1377+300 AS 368xH0+360x11
Qude 368x80+360x 11+
+304x%6
6 Verrazano My 1964 370,3+1298 543703 AS 428x61x2
Narrows
vl7 Giolden Gate M 1937 | 342,9+1280,2+3429 AS 452x61
8 Hogua Kusten Thuy | 1997 310+1210+280 AS 30437
bién 304x37+120x4
9 Mackinuac My 1957 | 548,6+1158,2+548.6 AS 34037
10 | Mianami Bisan- | Nhit 1588 274411004274 JENY 127%271
Selo Ban
11 Fatih Sultan Thé 1988 210410904210 AS 504%32
Mcehimet Nhi Ky
12 Bosphorus Tho | 1973 231410744255 AS 550x19
Nhi Ky
13 George M§ 1931 [83,9+1066,8+198,1 AS 434x61x2
Washington
14 Kurushima Nhat | 1999 260410304280 PS 127x102
Katkyo 3 Bin
15 Kurushima Nhat 1999 250410204245 PS 127x102
Kaikyo 2 Ban
16 25 de Abril B& Pao| 1966 | 483,4+1012,9+483 4 P8 437
Nha
17 Forth Road Anh 1964 | 408 4+1005,8+408.4 AS 304~328x37
18 Kita Bisan Seto Nhiat | 1988 27449904274 PS 127%234
Ban
19 Severn Anh 1966 304 8+987 6+304.8 AS 43819
20} Shimotsui-Selo Nhat 1988 2304+94(4-230 AS 532x44
L Ban
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Hinh 1.26 Sw phdt trién cuong do cia sgi cap

4. Cdc phu kién
Hinh 1.27 thé hién phu kién caa cap chinh

[. Tao cdp duge neo vao neo cdp ddm duge gén vio bé tong neo

2. Day treo dugc c6 dinh cap chinh véi cép phu

kg ffmm?2
{N/mm32)

80
{784}

70
(685)

50
{588)

50
{490)

Ung suét kéo cho phep

3. G6i cap hinh yén ngua chd tiép xdc cap chinh va thap va khuynh huéng mo rong neo...

Thanh neo

Khung neo

Phuong phap AS

Tao cap

Thanh chju kéo

Ban dé neo
Ban chém neo

Phuang phap PS

Hinh 1.27. Cac thank phdn bé sunyg ciia cdp chinh

a} Neo ciia cap vao ddam



Cap chinh  Vdng bao cap chinh Buldng cua

vong bao cap chinh Nep cap
g W Kep }ﬁ %
thanh treo

' ’ Pau neo/{\J [

NGT kidu gdi

I
b

Chinh dién Nhin mat bén R o
Chinh dién Nhin mat bén

Yén ngua ¢ dinh thép Yén ngua cua cdp neo
Hinh 1.27. Cdu thanh phdn b6 sung cia cdp chinh
b} Cap treo; ) G6i cdp

1.3.8. Két ciu dam ciing ciia cau day vong
1. Tong quan

Keét cdu dim ciing cua céu treo day véng c6 thé chon dang dam dan cuing, dam hop
cling nhu da gidi thiéu trong muc 1.3.4. Co s& xdc dinh trong lua chon loai dim cing
nhu the hién trong bang 1.6. Chidu dai vuot nhip va diéu kién ty nhién & vi tri xay dung
cau ciling cin duge chd v xem xét.

Bdng 1.6: Co 56 xdc dinh trong lua chon loai két cdu ddm ctmg

Loai Didm dang dan Dam hop
Chiéu cao dim Cao Thip
On dinh khi dong hoc | Fluter ¢6 thé duoc kiém tra Van t6c xody gy ra Fluter
Cong tic bao dudng Dién tich bao boc 16n Dién tich bao boc nho
Xy dung Ca hai mit cit phuong dn va | Chi mit cit phuong phap lip ghép
mat cat xay dung c6 thé duge | duge cho phép
st dung
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2. Thiét ké dam cing

Litu chon kich thuce hinh hoc dam ciing

Chiéu rong chia dam citng duge xdc dinh cian cit vho khé ciu. Chiéu cao cha dim
cuing phu thudc vio do cing chéng udn vi chdng xoén cita dim, trén co s& dam bao 6n
dinh khi dong hec. Sau khi thiét k¢ kich thude hinh hoc, ciu tao dang mat cét ngang cia
dam cing ciing anh hudng J6n dén kha nang dam bao én dinh khi dong ciia két cdu va
cin xdc dinh nh& cdc thi nghiém trong ham théi gié.

Khi tinh todn on dinh khi dong hoc trong cong tic thiét k& cic cdu treo, hién tuong
Flutter (mdt 6n dinh khi déng do udn xoin) ducce dic biét quan tam. Diédu kién cén thiél
dé loai trir kha ning phat sinh hién tuong flutter 12 phai Jua chon cdu tao cla két ciu
nhip sao cho ty s6 giita tan s6 dao dong riéng udn va tan sé dao dong riéng xoin 16n hon
2 lan. Tuy nhién khi kha nang dam béo 6n dinh khi déng clia ddm ciing duoc tang cudng
dung mitc thi diéu kién trén cling tr nén khong can thiét.

3. Ddam citng ki¢u dan

C4u tao va tham s6 co ban ciia dam cing {4y phu thudc vao hoat tdi va tai trong gié.
Ly thuyét bién dang hitu han tuyén tinh thong thudng duge dp dung dé tinh todn kha
nang chiu tai trong déng theo phuong doc, trong d6 nguyén 1y dudng anh huéng cé the
dugc su dung. Ly thuyét bién dang hiru han tuyén tinh duge sir dung dé tinh todn két qua
khong gian phan ung lai tai trong gié do luc kéo cdp thay ddi khong ding keé.

4. Dam citng kiéu hop

Tham s6 hinh hoc clia dam hop cho cédu treo day vong tuong d6i nho chilt yéu phu
thudc yéu ciu ché tao, lip rap va su bao dudng. Dam cing dang hop duge coi 13 phit hop
v6i yéu cdu dam bao 6n dinh khi dong. Chiéu cao ctia ddm cing duge x4c dinh sao cho
thoa min do cing céan thift. Vi du, déi véi cdu Kurushima Kaikyo thit 2 v thif 3 & Nhat
ban déu ¢6 chiéu cao ddm ciing 12 4,3m cén ctf trén két qua thi nghiém ham gié. Do bén
moi déi voi két cdu dam cing dang hép cdn duoc chii ¥ kiém todn tai cdc vi tri lién két
Va1 ¢ap treo va cdc vich ngan thudng la not truyén lue tir hé mat ciu t6i cép chi.

5. Cdc phu kién cua dam citng

Hinh 1.28 thé hién cdc phu kién clia dam citng

1. Cip treo lién két cdp chinh va dam ciing dé han ché chuyén vi doc clia ddm cing
dudi su thay déi cla tai trong gié, dong dat va nhiét do

2. Chi ti€t lién két dam cing & thdp chinh.

3. Lién két ngan can chuyén vi theo phuong ngang cdu cha ddm ciing do gid va
dong dat

4. Chi 1i€t neo hai khép chdng chuyén vi doc cfia ddm cing.
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Chi tiét cla lién k&t ddm

Day cap dd

a)
i, Thap
Mat duang
i
Thanh néi Chét
cua thap Thanh néi
cua thap
[——— ¥ . ——
Dam cing
Mt cét ngang dam tai thép chinh
b)
X |

Hurgng doc

B& phan nadm ngang cla théap chinh

Thap chinh

.
-

B3 phan thang dimg

Goi do Lugi gio

¢/

Hinh 1.28: Cac phu kién ciiu dim cing.:
a)Vitri neo cap, b) Lién két thap, ¢) Chong gié
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Chuong 2

THIET KE SO B0
CAU TREO DAY VONG

2.1. TONG QUAN

He treo 1a hé két ciu ma cau kién chifl lue chi yéu 1a day hoac day ciing lam viéc véi
dam, dan... Trong hé treo, cdc ciu kién day chi chiu luc kéo va thuong duogc lam bing
day xich hoac day cip ... Céc ciu kién chinh trong céu treo day vong gém: ddy chii, dim
cling, day deo, tru thap va khéi neo.

2.1.1. Day chu

Day chii thudng duoc 1am bang cic bé thép soi cuong d¢ cao khi chiu kéo hoac bang
cac thép tdm cudng do cao ciu tao theo dang day xich. O trang thdi hé chua chiu tai
trong di dong, day chu thuong c6 dang dudng cong Parabol, dudng tén vong f thuong
chon theo chiéu dai nhip L trong cic khoang sau:

+) Heé treo ¢6 mot I16p day néi véi dim cing bang cdc lién két thing ding (hinh
2.ia,h)

o
~
=¥
N T L vt gt

A

Hinh 2.1a Hinh 2.1b

8 12

+) He treo hai 16p day néi véi dam cing bing cic lién két thing ding (hinh 2.2)
f= = - lJL
6 8
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M t&n vong tai 1/4 nhip giita duge lua chon theo diéu kién bao dam khong xudt hién
luc nén trong cdc day:

| 1} L 1 1 L
f]= —_ > — |— f,): e e
79,2 T \B80 150, 2
Con mili tén vong cua day & cdc nhip bién dugc chon nhur sau:
l 1 1 1
‘ 6 8 90 150
§F_ - fI - _:F Hinh 2.2
‘%r N fo o - mili tén vong ciia hai day
i & nhip chinh.
I W L fo fe o midi tén véng cia cde dday

o nhip bién

+) He treo ¢6 cdc day lién két v6i dam ciing theo dang hinh tam gidc (hinh 2.3, 2.4)
Truong hop nay chita hai truong hop & trén va dugc chon nhu cdc diéu kién dé. Dac
bi¢( d6 cimg cila hé nay tuong déi 16n so véi cac hé & trén cho nén ¢6 thé tinh theo so dé
khong bién dang ciing khong gay ra sai s6 dang ké.

[T N

Hinh 2.3 Hinh 2.4

. f 10 1
Vidy cau treo BT ang Tri): e =
i du cau treo (Quang Tn) 70010
Cau treo HT (Lai Chau): f = 14 L
L 140 10

. f 16 1
Cau reo AS (Nghé An) : = =
L 160 10

Pa 56 cic céu treo ban vinh clru ¢ Viét Nam danh cho 6t6 trude day thuong ding loai

cdp bé xoan ¢6 161 hitu co (cdp mém) do Nga sin xuat. Cau treo Bao Nhai va Céc Pai sir
dung cdp ciing, xoan kin ma k&m. Mot s& cdu treo khac nhur cau Diing va cdu Cira Rao
sit dung cdp ciing xoan tran. Cdu Ndm (Nghé An) diung b6 cdp song song P35 cudng do
cao. Céc cdu treo dan sinh khau do nhé thudng sir dung cdp mém va mot sé ciu dung bé
thép thudng CT3 dudng kinh ©8+10mm.
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Trong s6 cdc loai cap ké trén, cdp cing xoin kin 1a loai phii hop nhét diing dé 1am
~ chu treo vi loai nity ¢6 hé s chén chat 1on (0,87), bién dang nho. Cép mém (cép ¢6 16
hitu ¢o) thuong co bicn dang 16n khi chiu lue, trén thé gidi it st dung dé 1am ciu treo
nhung ¢ nudc ta do diéu kién cdu dugc thi€t k€ va thi'cong dé phuc vu dam bao giao
thong tir trong thoi gian chién tranh hoac 1a ciu treco dan sinh trén mién nudi nén cho dén
. nay van ton tai rdt nhiéu cau treo st dung cép mém.

Mat cat ngang moét s6 kiéu cap thuong dung & Viet Nam nhu sau:

TIL XS

pi & F - o ) &
red kSR S4 01 PR bir 1 b i b i
[ PE
Cdap xoan trdn 130 ciimg Cdp xodn tran IGi hitw cor Cdép xodn kin 15i cimg

Céc soi cdp cha hau hét duge rdi song song, trir cdu treo Hang Tom cédp chi duoc bé
thanh bé mat cét hinh luc gidc.

1 =1-356

i

P

Mt cét theo phuong ngang ciu Hinh chiéu chinh mot day deo

Hinh 2.5. Hé lién két thanh deo vao cdp chi
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Vé ciu tao, hai ddu cap chu dugce lién két voi hé thé (hoac voi dam cing) va dugce
vat qua dinh tru cdng thong qua mot bo phéan thudng goi la “mu rhia” hodc "yén ngua”.
Tuy theo két cau céng tru 1a loai tru khép hay loal try ngdm ma cip cha duge bat ¢6
dinh trén “mu rtia” lién két chit v6i dinh tru hay cdp chi ndm trén “mu riia” cla goi
con lan trén dinh try.

“Mu rua” dugc tao cdc dudng rinh trén dé c6 thé 6m khit sgi cdp (véi kicu cép chi
rai song song), hodc bé cdp (v6i ki€u cdp chil bo thanh bo). Ban kinh cong cua “mu riia”
duoc tinh todn trén co sé sao cho khi cdp chi chiu kéo, trong cdp chii chiu kéo, trong soi
cap udn qua khong xudt hién ting suit kéo cao qud miic cho phép (téng hop kéo cip chi
va kéo do udn sgi cap).

Vi kiéu cau tao cap chil rai song song, lién két day dee véi cdp chu duogc thuc hign
théng qua ma o6m cdp, chét ic, bulong deo. M4 6m cédp do khong tao duoc ban kinh
cong 161 uu nén thudng vat gée tim dé chéng giy cuc b cha cdp tai vi tri d6. Vi kicu
¢fiu tao cap chi bo thanh bd, lién két day deo vai cép chu dugce thuc hi¢n thong qua dai
b6, chat ac hoac buléng ic.

]
&%
g 2
- o
o
ﬁ‘)c Alc
| o
I &
2 I
= I -
= |~
| < 1550 |
+ | J: |t L
Il I & 4
- — T3 550 13,
*;400_.._,_* ’ el f‘z |
12 720 y

180 | 220 | 180 *
- |
580 fe.‘ Eal

a) h)

Hinh 2.6. Chi tiét cdu tao dinh tru cong (mu raa)
w) Cdc mdt cdt; b) Hinh chiéu chinh
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2.1.2, Dam cing

Dam cing 2 mot hé gém hai hotic nhiéu dam (dan) doc néi véi nhau bang céc dim
ngang vi n6i véi cdp chinh bang cdc day deo. Ddm ciing c6 thé 1am bing thép hoic bé
téng cot thép lien tuc hodc gidn doan.

Ty 56 gifta cdc nhip trong hé treo ba nhip thudng chon 13 :

2 4

L - chié¢u dai nhip giiia

L, - chiéu dai nhip bién

Ty s6 giita chiéu cao h chia ddm va chiéu dai L cta nhip phu thuéc vao nhiéu yéu t6
v ¢6 dnh huéng 16n dén do cing cla toan hé. Theo cdc s6 lidu trong cac cong trinh cdn
(reo hign c6 (trir mot vai trudng hop cd biét nhu cdu treo Tacoma) nguoi ta chon nhu sau:

hz(—l-—>L .L
80 120

Nhip cang 16n thi ngudi ta chon ty s6 h/L cang nhd.

Khi h/L > 60 (d6 cing cha hé 16n) cé thé tinh todn ciu treo theo so dd khéng bién
dang nghia 1a ¢6 thé 4p dung cic phuong phap quen thudc trong co hoc két ciu dé€ tinh.

Khi h/ L nhé hon gi6i han di néu & trén (do cing cha hé nhé) thi kha nang tham gia
chiu lue cha dam ciing nhé hon so v6i vai tro chiu fue cha day. Lic ndy ta ¢6 thé tinh h¢
nhur he day.

Vidu: Cau DQ ¢6 nhip 16n 12 194m

Ciu treo BT (Quang Tri):

Cau treo HT (Lai Chau);
Can treo AS (Nghé An)

Ty s8 %2 :)% thi c4u dn dinh v6i gi6 6t hon. Cdc c4u treo danh cho ngudi di bo c6

ty s& B/ L nho, do vay cdu thudng bi 1ic ngang 16n, dé mat én dinh véi gi6. Vi du cdu

. B 1.4 |
treo HL (Quang Tri) —=—2—~ ——
reo ML (Quang Tri) =2 ~ 5=

Hé dam cua céu treo day vong c6 thé 1 he dam lién tuc hodc hé ddm c6 khép
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Hinh 2.9. Chi tiét lién két ddm ngang vao ddm doe
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Hinh 2.11. Ddu dim g6 di dong
3100
300, 2500 300 |
50,150 153,150
L63x63x5 ]"‘ ]
B
; ;
Ga chin xe, g6 nhom 3 ‘o
o Lién k&t vdi van ngang bang | NThép tron tron d=16
o| 8 buldng M20 théng qua thép |
o 3 ' ban bé vudng géc 56 3
- 3580x325%10
Van ngang, gé nhém 3
Lién két vai ddm doc 3
{%t /bang buléng M16 A
8 7 S S S5
— \ [ 06 dém coc | 240 —
% Ddm ngang | 300(c} L.B_

Hinh 2.12. Mt cdt nganyg cdu CL

Cdu treo ddm mém: Khi do cling ctia mat cdu nhd, thudng goi 13 kiéu céu treo dim
mém. Hoat tai dit trén két cau nhip hoan toan do heé day chiu. Dim s& chi lam viéc cuc
bo trong méi khoang gitta hai day deo. Do dim mém nén mat ciu c6 hién tuong bign
dang hinh chit S khi dat hoat tdi chi trén 172 nhip (nlta 6 hoat tai s& véng xuéng con nira
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nhip khéng c6 hoat tai s& véng ién). Cau tao dién hinh ciia kiéu mat cau nay bao gém:
dam doc sk dung thép hinh chit T hodc chit U {s6 hiéu 300+450) dat bén trén cdc dim
ngang chit [ hodc chir U (s6 hiéu 450+500). Lién két giita ddm doc va ddm ngang truée
day thuong bang dudng han nhung gan day thuong dung.lién két buléng, vi méi néi han
thudng bi niit trong qua trinh khai thdc ciu. Mit cdu xe chay ¢6 thé bing BTCT d3 tai
chd lién hop véi dam doc nhu cdu Bén Tit, hoiic bing ban bé tong ldp ghép nhu ciu Bao
Nhai, hodc dung ban bé tong 1ap ghép kiéu Robinson nhu ciun Kign An Ciing c6 nhiéu
cau dung mat cdu bing gd.

Cdu treo ddm cimg: hé dim mat ciu thudng duge cdu tao tir cac dan thép c6 do cing
16n lam viéc chung véi day chii tao thanh mot hé lién hop chiu hoat taj. Dan ¢6 do ciing
[6n gitip phan bé tai trong déu lén cac day treo, khic phuc duge hién tugng mat ciu bien
dang chir S khi dat tai 1/2 nhip. G nuéc ta chi c6 trudng hop cdu treo Hang Tom (Lai
Chau) c6 h¢ dam mat cdu thuoe loai dam cing kidu din thép quan dung Trung qudc T66
vdi chiéu cao dan 13 3,09m.

Mot vai kiéu ddm mdt cdu phé bién & nwée ta hién nay

130 4000/2

S 1%
- e

007 T T B

1 .

o]
& [ | 900 |

800
|

=

™

112 mdt cat ngang cdu BT (Thiva Thién Hué)

MAT CAT NGANG
e
2l 700 150,
gl 480/2 ol 490/2 . I8
z| 20 45012 . 450/2 _Zq s
gl I ! |g
| | | 4
| } | ) | g
| I| Lap Asphalt i Ban BTCT 12cm !
f o ' <t =3
| e P ’/77?'// PLILLL LIRSS TR S TLS = N
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- —L‘r e ot =’ Da&m ngang | 550 8
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e 800

Mdt cdt ngang cdu AS (Nghé Anj
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2.1.3. Day deo (thanh treo)

Cic day deo chi chiu kéo nén thudng duoc lam bang thép thanh hodc day cdp. N6i
chung, chiéu dai t6i thiéu ctia day deo khong nén nho hon 1,5m nhung cling c6 truong
hop chon bang khong (néi sét v6i dim cting) nhu trong cdu treo Tancarville ¢ Phdp
nhim muc dich nang cao do cimg cua cdu. Nhiéu ciu treo nong thon ¢ nudc ta cling
chon ciu tao tuong tu.

Trong cdc céu treo day vong béan vinh clru & nude ta, cdc day deo thudng duge ciu tao
tir cic thanh thép tron t6 hop (nhu céc ciu treo Bén Tit, Bao Nhai va Kién An), riéng
cdu treo Hang Tom ciu tao tir cip mém.

Khodang cich giita cic day deo thuong dugc thiét k& 1a 4+6m. Tri s6 nay thuong duoc
quyét dinh phu thuéc vao kha nang chiu ti trong cuc bo clia ddm cimg ciing nhur ¢6 xem
xét dén diéu kien lam viéc cua cdp chu (khi khoang cich gitia cdc day deo 16n, cip chu
s& gy khiic, chiu luc cuc bo 16n. Nhiéu nghién ctru da xem xét bai todn anh huong cua
s6 luong day deo dén luc cang (H) trong cap chii va chuyén vi thing ding (W) di véi
ciu treo mot nhip chinh khdu do khoang 100-160m. Két qua cho thay: khi s6 luong
khoang tang (n tang), thi H tang va W giam; Khi s6 lugng khoang tang dén 14+16

khoang (twong duong d=10) thi H va W gén nhu khong thay dai.
(1Tt
4

112
m 1 89101112
q

|, 84000 35x4000 8x4000
M1 T T2 M2

Hinh 2.13. So d6é bo'tri day deo cau CL

Hinh 2.14. Mot sé kiéu lién két day deo va cdp chinh trén thé gioi
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320
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Hinh 2.15. Chi tiét ddy deo chinh

B

510

20 2x30

.
—
—

2.1.4, Cot thap tru

Cot thap tru ¢ nhiém vu d& day cha va truyén luc tir day chii xuéng ket cu mong.
Theo phuong ngang cAu, tru cot thudng duge cdu tao theo dang khung. Theo phurong doc
cdu, cot tru s€ bi udn néu day duoc lién két ¢ dinh v6i dinh cot tru va chiu nén léch tam

néu day dat trén dinh cot tru thong qua lién ket 201 di dong. Bé rong clia cét tru theo

phuong nay thudng duge chon bing (._216 — 5%] chiéu cao cua cat tru.

Tru thdp céng gém hai phén: Try va ¢dng cdu
Tru ¢4 cdu tao bang bé téng cot thép hoic bing dd x4y, kich thudc két cau phu thuoc
vao tinh todn, kiéu céng cau 1a ngam hay khép & chan,

Két cau céng cdu treo hét sitc da dang. Day 1a mot trong nhiing bo phan chii y&u tao

nén ve dep kién tric cua cdu treo. Cdng cdu c6 thé 1am bang thép hoic bé tong ¢t thép.
Céc tru cong bing bé tong cét thép thudng duge ngam cing & lien két chan cot tru.

Mit cit cOt tru ¢6 the thay déi theo chiéu cao nhu & cdu Bio Nhai (1.5 x 0,75m & chan
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cot va 0,75 x 0,75m & dinh cot) hodc khong thay d6i nhu & cdu Céc Pai (1,Im x 0,75m)
va déu la cdc mat cit diac. Cdp chli cé thé vit qua “mu ra” véi hé théng con lin & trén
dinh thap tru. Theo phuong ngang cdu, céc cot thép tru dwoc lién két véi nhau bing cic
dim be tong cot thép, nhir & cdu Bao Nhai, Coc Pai.

Hau hét cdc cdu treo ban vinh citu con lai & nude ta ¢é tru thdp cdng bang thép. Cic
cot thap tru duoc t6 hop tir thép hinh hoac bing thép véi ban giang-thanh gidng, sir dung
tién két han hogc dinh tan. Theo phuong doc cdu, chan cot thap tru dugc lién két khép
v6i mong iru bang con lan thép, cdp chii khi d6 duoc lien ket c6 dinh trén dinh tru thdp
céng. Theo phuong ngang cdu, cdc c6t thip tru duge lién két véi nhan bang ddm thép
hinh, nhu & cdu Bén Tét, cu Do Quan hodc dan thép nhu & cau Phing, cau Pudng. Tuy
thco chiéu cao cot tru ma ¢6 ciu tao mot ting nhu & ciu Bén Tt hay hai tang lién két
nhu & cau Phiung, cdu Do Quan.

1/2 A-A %é 1/2B-B 1/2E-E m;zF-F
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2 | en |, Hinhk 2.16a, b
820 /2 Cew . P
— ¢ TQJF Chi tiét cdi tao chdn thdp thép

(a)

Duéi day gidi thiéu loai tru céng phd bign duoc thiét k& cho cic cdn treo & nude ta:
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Loai tru céng bé téng cét thép c6 nhuge diém 1a kich thudc 1dn, thi cong phie tap.
Tuy nhién né lai c6 uu diém 12 tan dung duoc vat liéu dia phuong, chi phi cho cong tic
duy tu bao dudng thap, dé tao vé dep kién tric. Tru cong bang thép c6 trong luong nho,
dé thi cong tuy nhién gid thanh vat lidu ché tao cao va yéu cdu cho cong tic duy tu bao
dudng ciing déi hdi cao so v6i tru cong bang bé tong.

2.1.5. Neo cua day chu

Thuemg ¢6 hai bién phép neo day cdp chu:

+ Neo vao ddt nén bdng mé neo (hinh 2.1b). M6 neo trong cic ciu treo thuong la
mot két cau dang khéi khd 16n vA niing dé d chiu luc ngang tir day chi truyén xuéng va
twong doi da dang.

+ Neo vao ddm cimg (hinh 2.1a). Bién phdp neo ndy c6 uvu diém la don gian, giam
duoc khéi lugng cong tic xay dung md neo nhumg c6 nhuge diem la luc cang trong day
s€ gay ra trang thdi uén doc trong dam ciing. Ngoai ra, s thay déi nhiét do cling gay ra
anh hudng déng ké khi dung cdch neo nay. Trong thuc t€ ngudi ta chi ding bién phép
nee vao dam cing khi céu ¢ nhip dudi 300m.

Hé neo gém c¢6 hai bd phan quan trong 13 hé thé va mau neo
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Hinh 2.17. Cdit tuo neo cén cdp
1-V6 neo; 2-Ném gitta; 3- Ném canh; 4- Mdt bich, 5- Vit

H thé” cac cin treo nudc ta sir dung loai hé thé trong lue va dp luc

+ HE thé trong luc: ding trong lwong nang cua khéi bé tong cot thép va da xay dé
neo giilt cdp chu. Khi tinh todn ¢6 xét dén dp lyc dat trude ho the, luc ma sit diy mong
hS 1h€ va dédt. Tuy theo diéu kién ddm 1e¢n va diéu kién dia chit diy méng ma 14y tri s6
ap luc chi dong va hé s6 ma sdt khdc nhan. N&u hé thé nam trong nuéce thi con phai xét
thém dp lue day ndi clia nude. Loai hé thé nay dam bao an toan khai thic nhung gid
thanh xay dung cao.
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Hinh 2.18a. Hinh chiéu doc cdu hé neo chinh
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Hinh 2.18b. Mdt chinh hd neo

D6i véi clu cap da chién 6 cong hodc khong ¢6 cong ngudi ta thudng dung hé the dp
lic. Riéng cdu treo DO Quan ciing ding hé the dp lye.

+ HE thé dp luc: ¢6 cau tao chinh la tim béan be tong véi bé diy khoang 50cm, c6 cdc
go ting cudng. Tam ban chan nay dugc chon dudi dét dé giit cdp chd thong qua dp lc
d4t trude né (trong mot s6 cAu nho, ban bé tong dugc thay bang bé ray hodc thép hinh).

Mdu neo: miu neo cha hd thé trong luc thudng cdu tao tir thép tron, dudng kinh
30+50mm va thép hinh, dugc neo giif trong bé tong. Loai méu neo niy cau tao don gian
d& thi cong. Tuy nhién, nhidu cdu & nuéc ta trong khi thiét k&€ chua quan tam dén diéu
kién quan 1y va khai thdc nén khé kiém tra phan méu neo ngoai bé tong do khong gian
qud chat hep, mat khdc vi tri nay thuong 4m thip nén gay gi trim trong mau neo.
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Miu neo diang trong hé thé 4p luc thudng bang thép hinh, duge chon san dudi dat
{hoac cap chi ciing bi chon duéi dat). Loai miu neo nay kho cé diéu kién kiém tra. Dé
chéng ri cho cdc bo phan bang thép chon dudi dét, thudng st dung bao tdi tim nhya
dudng quin quanh cdu kién. Tuy nhién giai phdp nay khong ¢ ¥ nghia lau dai,

2.1.6. Két luan

Céu treo day vong 1a hé két cdu treo ¢6 mot 16p diy chi ndi véi dim cing bang céc
day deco thang ding, 1a hé cdu treo dam cimg don gian nhit va ¢6 the vuot qua duge
nhitng khdu do lém.

Luc c&ng trong cép

Lue day treo

Luc nén doc .
Hindi vé thé hién nguvén ly

chiv hwe clia cde bé phan cdu

treo dday vong

Bang 2.1: Théong s6 ky thudt chu yéu cia mot s6 cdu treo ddy véng o Viét Nam

o Tai trong , ?hIEI.‘l ?h]élll Ch}eu .d,dl Pung | Ty 85 Khé Kic tim ,hdl
1"l [‘én cdu e dai nhip { dai nhip | nhip hién . . cum cip
thidt ké o . & ] cfu .
hién 1 chinh 2 chu
1 Ben TéL Broan xc
3 ' 3
(Quéng Tri) HI0 30 10 30 10 1/10 4 &
T |
RBdo Nhai | Ixe 104T+ :
2 , i 5 : : 0.3 ;
(Lao Cal) | ro méc 48T 20 140 SV 5 9, 4 6
3 Nam .
(Ha Tinh) | x¢ 10T 30 120 30 12 1710 4 6
4 | Cheg Bong Doin xe
- 3 3 5
(Ha Tinh) HI3 3) 120 a0 1L, 1/10,4 4 6
5 Bia Len
i 5
(Ha Tinh) Ixe 169T 52 120 52 11,5 1/10.4 4 6
6 ;. CioaRio .
. - 2
(Ngh¢ An) Ixe 18T 23 130 23 11,6 /11,2 4 5.6
7 Cae Pai 1xe 8T+ .
{I1a Giung) | ro méc 48T 23 100 23 10 /10 4 6
8 | Hang Tém Doan xe
5 5
(Lai Chau) Hi3 2 140 2 14 1/10 7 g1
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Bdng 2.2: Dic diém cdu tao ciia mot s6 cau treo ddy vong ¢ Viét Nam

bac diém ciu tao
TT| Ténclu - _
Cap cha Mit chu | Ddm mat cdu Tru céng H& the

1 Bén Tat | Cap mém 16i hitu co | BTCT | Ddm mém c6 chot | . Khép Trong luc
(Quang Tri) 10 so1 P56 lién hop 51360 Thép hinh t8 hop | va dp luc

2 | BaoNbui | Cépetng xodnkin | BTCT |Ddm mém lién tyc Ngam Trong luc
{Lio Cai) 10 501 @425 lip ghép 41 450 BTCT d6 1ai chd vi dp luc

3 Ném B6 sgi song song G6 | Ddm mém lién tuc Ngam Trong luc
(Ha Tinh) 2 x122 501 DS 61 280 BTCT d6 tai chb va dp luce

4 | Chg Bong B4 soi song song Gé | D&m mém cd chét Khap Trong luc
(Ha Tinh) 2 x144 sgi @3 101180 Thép hinh t6 hop v iap luc

5 bPia Loi Cip cimg xodn trén G& | Ddm mém lién tuc Kheép Trong luc
{Ha Tinh) 8 sl @ 56 105 230 Thép hinh t6 hop | v& dp luc

G | CiaRao | Cépcing xoin trén Gd | DAm mém hén tue Khap Trong lue
(Nghé An} Bsol 56 3] 450+ 41200 | Thép hinh 8 hop vir ap luc

7 Cée Pai Cép cing xoan kin | BTCT |Dém mém lién tuc Ngam Trong lyc
(Ha Guang) 8spi P 425 lap gheép 61 300 BTCT dé tai chd va ap luc

% | Hang Tom | Cdp mém l5i hitu co Gd | D¥dm cing lién e Ngam Trong luc
{Lui Chau) 48 son D42 Dan thép T66 | BTCT d6 tai chd vt dp luc

2.2, THIET KK $0 BO CAU TREO DAY VONG NONG THON

2.2.1. Cac budéce thiét ké co ban

Buaoce 1:
Budc 2:
Buée 3:
Budce 4:
Budc 5:
Budc 6:
Budce 7:

Budce 8:

Lua chon hgp 1y khéu do céu
Lua chon so do két cauw hop 1y

dat néu khong dat thi 1am lai bude 4

Budc 9:

Budc 10: Kiém tra 6n dinh khi dong hoc cau

Lua chon cde tiéu chudn thiét k€ cho cau treo day vong

Lua chon mii tén véng f va kich thude so bo ctia day vong
Lua chon so bo loai ddm ¢img chon so bo gia tri EJ
Lua chon so bo kich thuée day treo va khoang cach cdc day treo

Pura vio tinh todn so bo véi cdc trudmg hop tai trong

Kiém tra cudmg do clia ddm néu khong dat thi lam lai bude 5

Ghi ¢lui: Cae bude 8, 9 duoc lap di lap lai dén luc dat thi xong

Kiém tra trang thai img sudt ciia day néu khong vuot qua 0,56% kha ning thi




2.2.2. Vi du thiét ké so b cau treo day vong nong thon
Budc 1: Lua chon cdc tiéu chudn thiét ké cho cdu

Céu treo day vong nong thon 12 mét cong trinh trén tuyén giao thong néng thén
(GTNT) phuc vu cho nhu cdu dan sinh nong thon trén dia ban cac x4, dp, cum dan cu.
Doi tuong phuc vu chii y&u 1a xe co gidi c6 tai trong nhd, xe tho so, xe stic vat hoac chi
don gian ia xe hai binh va ngudi di bo. Tix thuc 1€ d6, nhim dam bao tinh déng bo trong
viec chon quy mo k€t cdu cong trinh trén tuyén va méi trong quan clia hé théng van tai
trong khu vue, ciing nhu trong khai thdc sir dung, phat huy cao nhit hiéu qua ddu tr xay
dung, vi¢c xay dung tiéu chuin ky thuit cho cong trinh GTNT néi chung va ciu nong
thon néi ri¢ng 1a van dé c6 ¥ nghia dic biét quan trong.

Can cu theo Tiéu chudn k§ thuat, Quy trinh thiét k€ cdu, dudng GTNT cha B6 GTVT
va diéu kién thuc té v8 GTNT c6 thé dé ra 3 cap hang k¥ thuat cho cdu GTNT nhur sau:

Loai A:

- Diing cho céc Xe co gidi cé tai trong nhé (dodn xe tidu chuin HS8), duoc khai thdc
doéng bo véi dudng GTNT loai A.

- Xe co gidi 8T x€p hang mot cach nhau 8m. Trong doan c6 mot xe nang 10,4T. Mbi
xe 8T co hai truc: truc trude nang 2,47, truc sau 5,6T, hai truc cich nhau 4m. Xe nang
c6 kich thuée tong t nhu xe thudng nhung c6 tai trong ti 1& 1,3 (tuong tu nhu doan xe
tiéu chudn H8) kiém todn véi tai trong bo hanh 300kG/m” (hinh 2.20).

- Chiéu rong mat cdu xe chay 3,5m.

24T

5,87
24T
56T
2,8T
78T

l 4m L 8m L 4m L 8m L 4m l

4l a

Hinh 2.20. Doan xe co gidi

Loai B:

- Diing cho cdc xe tho so hay xe stic vat dugc khai thac déng bo véi dudng GTNT
loai B.

- Xe tho so 2,8T, di cdch nhau 3,5m theo hang mot, trong lugng méi xe 2,87, c6 2
truc: truc trude 0,3T, truc sau 2,5T; hai truc cdch nhau 2,5m. Két qua tinh duoc kiém
todn véi tai trong b hanh 300kG/m? (hinh 2.21).

- Chi€u rong mat cau xe chay 2,5m.

- = = - - -
& [ © i = o
= 2] [ o (=] o™
i 4 ¥ | ¥  J Hinh 2.21
ql. 2,5m ,!. 3.5m q|. 2,5m .,I- 3.5m qL 2,5m .[[' Poan xe tho su
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Loai C:

- Dung cho xe hai banh va ngudi di bo, duge xay dung phdt hop véi cip dudng
tuong ung.

- Cau dan sinh dp dung cho néng thon chu y&u phuc vu cho ngudi di bo va céc
phuong tién xe dap, xe mdy, xe cai ti€n va du phong lau dai cho xe (i nhe, xe du lich,
xe mdy nong nghiép. Can cit vao muc tiéu khai thdc trudec mét va dinh huéng phat trién
lau dai cua khu vuc ma chon tai trong thiét k& cho phii hgp ddm bdo yéu cdu “kinh té -
k¥ thuat”, c6 thé phan thanh céc loai tai trong thiét k& nhu sau:

+ Tai trong ngudi di bo rai déu l1ay bang 150kG/m”.

+ Tai trong xe mdy, xe kéo 18y bang 400kg/xe, khoing céch truc 1,2m, khoang cich
giita cdc xe l1a 2m.

+ Xe du lich, xe cai ti€n, mdy néng nghiép tai trong 1,5T, khoang cich truc 2,5m
(truc trude 30%, truc sau 70%) qua cAu timg chiéc mot.

D6i véi nhimg loai may néng nghiép chuyén diing thi dugc cian cif vao kich thude, tai
. trong thuc t€.

N6i chung, can cin cit vao diéu kién thuc t€, nham tiét kiém vat tu, gidm gid thanh
xay dung. Ngoai ra con can ci vao mat do di lai trén cdu, ... véi chiéu rong céc cdu di
duoc sir dung phé bién & khu vue 1a: 1,0m, 1,5m, 2,0m.

Két lun:

- - Can ctt theo Quy trinh 22TCN 210 - 92 ve céc tiéu chudn k¢ thuat thiét k& cau-
duong GTNT cua Bo GTVT.

- Can cu theo Quyét dinh 56 2392/KHDT ngay 12/9/1996 cliia Bo6 GTVT vé tiéu
chuén k¥ thuat d6i véi cdu treo GTNT.

- Can ctf déc diém cdu tao, nguyén ly 1am viéc cha ciu treo.

- Can cii diéu kién dic thi khu vie: diéu kién dia chdt - thuy van va dac biét 13 nhu
. cdu luu théong dudng thuy.,

- Can cif vao nhu cdu phat trién GTNT trong khu vire.

Trong vi du nay sé& chon ciu treo ¢é cédc thong s6 ky thuat chinh sau day:

+ Chiéu réng mit cdu xe chay 4m

+ Tai trong thi€t k&€ mot xe 13 tdn hodc ngudi di bd 300kG/m* véi 4 td hop tai
trong chinh:

T hop 1: O t6 13 tdn dat tai vi trf 1/4 nhip.

T6 hgp 2: O 16 13 tan dat tai vi tri 1/2 nhip.

Td hop 3: Ngudi xép trén toan b nhip.

T6 hop 4. Ngudi x&p trén 1/2 nhip.
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Ngoai cdc truong hop dang xét ta con phai ké dén cdc loai tai trong theo Tiéu chudn
méi vé thiet k& cau 22TCN 272-01 nhu ddi véi du dn cau Nhat Tan: hoat tai HL-93

Budc 2: Lua chon khdu do cdu hop Iy

Trudmg hop cdu nong thon chlt yéu can cit vao ciu tao mat cat ngang song, diéu kién
dia hinh, dia chdt thuy van va finh khoéng dudi cdu. DSi véi cdc song da dugc phan cip
thi khé gigi han thong thuyén dugc xdc dinh theo cdp song nhu trén. D3i voi cdc kénh
rach no1 dia, khé gidi han thong thuyén duge xac dinh theo cdc kich thuée phuong tién
giao thong dudng thuy noi dia va nhu cdu thuc t& cha dia phuong. Trong moi trudng hop,
chiéu rong thong thuyén khong bé hon 6m va chiéu cao khong bé hon 1,5m. Muc nude
thong thuyén duoc can cdf vio mikc nude str dung thudng xuyén trong nam cing nhu nhu
cdu thuc té.

Trong vi du nay ta chon cdu c6 chiéu dai 142m, nhip chinh dai 100m, hai nhip bién
mdi nhip dai 21m.

Bude 3: Lua chon so dé két cdu hop ly
Sau khi phéan tich wu nhuoc diém cla timg loai trong vi du nay quyét dinh chon so do

. cdu treo ddm cting ¢6 luc ddy ngang, hai nhip bién 14 hai dam gian don. Cau chinh c6
dang két cau nhu hinh sau:

I 1 2 3 4 5 iy

Hinh 2.22. So dé két cdu duge Iwa chon

Budc 4: Lua chon mili tén vong f va kich thudc ddy chinh so bé

Can cif vao kinh nghiém chon mii tén do vong f = 10m ném trong khodng cho phép
nhu di néu ¢ trén.

Chon loai cap chii & day nhu sau: Céap nhiéu tao dugc bén tir nhiéu sai, thudng la mot
tao 151 & giita dat thang va 6 tao con lai dugc bén xo04n xung quanh tao 161. Méi tao gom
37 soi xodn véi chidu xodn cua tao cap vA soi cdp nguge chiéu nhau. Dac di¢m cau tao
nay 12 han ché€ bién dang nén khi chiu tai bién dang tuong ddi cua cdp nay thuong bé
hon céc loai cdp khéc. Cdc thong s6 k¥ thuat chinh cha cép nhiéu tao nhu sau:

+ Cap gém 1 sgi 161 va 6 soi xung quanh, méi soi déu duge cdu thanh boi 37 tao.

+ Puong kinh ngoai cha cdp 56,5mm

+ Trong lugng don vi clia cdp 12,25kg/m

+ Cuding do chiu kéo tiéu chuan 180kG/mm*

+ Luc kéo dift tiéu chuan : 206T
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86 lwgng cdp trong mot té hop day chi tuy thudc vao noi luc tinh todn day, ching
duge bé tri thanh timg soi riéng biét trong 6 hop cha mdi mit phang day.

Budc 5: Lua chon so bo loai dim ciimg chon gid tri EJ

Trong vi du nay chon loai ddm cing nhur hinh v& sau: Ta c6 ciu tao mat cat ngang cé
dang dam doc ké trén ddm ngang. Ddm doc 1a dam I 300, ddm ngang 14 ddm 1 500 do dé
dac trung hinh hoc duge tinh todn tuong dng véi dam niy (rronyg tai liéu nay khéng néu).
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Hinh 2.23. Dang mdt cdt ngang duge lita chor

Bugc 6: Lua chon so bo kich thudc ddy treo va khodng cdch cdc ddy treo

Thanh treo dimg dugc cau tao tr thép tron hodc soi cap. Nhung thudng déi véi cau
GTNT ¢6 tai trong nhd nén st dung thép tron vira don giin trong qud trinh ché tao vira
kirth (€ hon so véi cdp soi phai nhap ngoai. Tuy nhién néu diing cdp s& ¢6 wu diém I3
cuong dd sot cap cao hon va tinh tai s&€ nho hon. Trong vi du nay chon thép thanh c6
duong kinh 30mm va khoang cach giira cdc thanh treo 1a 4m.

Budc 7: Pua vao chuong trinh SAP 2000 dé tinh todn so bo véi cdc truong hop
tdi trong

Sau khi di cé day du céc thong s ddu vio s€ tién hanh mo hinh hod va tinh toédn
bing phin mém SAP 2000 nhw da dugc trinh bay & Chuong sau hodc thay s& vao bing
tinh EXCEL (xem phu luc 1) hay chuong trinh Pascal (phu luc 2), ding ly thuyét ** Tinh
todn hé treo theo so d6 bién dang”

Sau khi tinh todn xong cdc két qua noi luc duoe dua vao kiém todn so bo, néu dat thi
s€ tién hanh tinh lai mét 1an nita réi mdi dung két qua nay dé kiém todn. Déi véi day
treo chii chi ¢dn kiém tra cudng do day chiu kéo xem cé vuot qua cuong do cho phép
hay khong - D6 v6i dam cdn kiém todn nhu trudng hop cdu dam lién hop thong thudng.
Riéng thdp tru vi hé thong neo duge kiém todn nhu sau:
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Tinh tru thap:

- T4i trong tic dung: 12 thanh phan théng ding clia hop luc day chii - day neo.
- So d6 tinh: thanh hai ddu chét, chiu tai trong nén diing tAm (hinh 2.24).
- Noi dung: xdc dinh mét ndi luc nén doc tryc thap:
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Hinh 2.24: So' dé tinh tru thdp

P=H (tg(PnH + tgq)l)

Ngoai ra, kiém toan céc van dé sau: 6n dinh téng thé, 6n dinh cuc bo, lién két, khung
cong cdu, ...
Tinh mé neo: (hinh 2.25).

___________ a Hinh 2.25: So dé4 tinh todn mé neo

T: luc ngang ddy neo

Py(z}: dp luc chi dong sau mé

P: hoat tdi trén ldng thé truot

R luc ditng ddy neo

T,: swwe chiu luc ngang cia coc

Py(z) : dp lc bi dong ruce mé

R, thanh phdn tinh tai véi nhip bién
R, tinh tdi mé va vat liéu trén bdn ddy

Po(z) . . . .
2 Ry site chiu e ditng cua cov

4T
[N
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- Tai trong tic dung: Thanh phan luc ngang (gay truot) va luc dimg (gay nhd) tit
day neo.

T =3S.coso,
{ R =Ssing,
Ngoai ra, nhv théng thudng con ¢6 dp luc d4t dép sau mé va hoat tai trén lang thé truot.
- Sirc khédng tai:
+ Khing truot:
* Stic khidng luc ngang clia hé coc (T,).
+ Ap lic b dong cha dat dip trurde ma.
+ Khdng nhd:
* Thanh phan (inh tai nhip bién (R;).
* Trong luong ban than va vat liéu trén mé neo (R,).
* Stic khang lyc ditng ciia hé coc (R4).

Truong hop dua ca thap vao so dé tinh todn thi cin lya chon trude céc dac trung hinh
hoc cha thdp, thudng thi chon theo tham khao cic d6 4n da thue hién ur truée,

2.3. GIOI THIEU MOT SO THONG $O KY THUAT CUA CAC CAU TREO
DAY VONG DA THIET Kf

2.3.1. Du an cau treo Nhat Tan
A- Gidi thiéu chung

Cau Nhat Tan du kién vuot song Hong phia ha luu cdu Thang Long khoang 3,7km va
thuoug luu ciu Long Bién va Chuong Duong khoang 8,3km v 8,9km. Vi tri nay thuoc
tuyén vanh dai 2 nim trong du 4n tong thé quy hoach thanh ph6 Ha Noi dén nam 2020.
Pham vi nghién citu bao gém khu vuc ndm giita 2 by dé ciia song Hong tai vi tri quy
hoach du kién va khu vuc phudng Phi Thugng thuec quén Tay Ho phia bd Nam va khu
vie xa Vinh Ngoc cung tuyén néi ra QL3 huéng b bac thuse huyén Dong Anh.

B- Tiéu chudn thiét ké ky thudt

- Khé cau:

+ Khé cdu giai doan 1 gém 4 lan xe co 8i61, 2 lan xe hén hop va c6 thé bé tri via
he cho ngudi di bo.
+ Chiéu rong mat cau giai doan 1: B = 24m
- Hoat tai:
+ HL - 93
+ Doan ngudi 300 kG/em?

61



- So do két cau nhip
+ Chiéu dai nhip treo: L ohip chinn = 828m
+ Chiéu dai toan cdu ¢4 nhip dan: L 4, = 3878m
C- Quy trinh dp dung
Quy trinh thiét k& cdu 22TCN 272-01, ¢6 tham khio quy trinh nudc ngoai AASHTO, JIS
D- Tdi trong tic dung

- Tinh tai:
+ Bé& tong c6t thép 2500kG/cm?
+ Thép hinh thép ban 7850kG/cm?

- Hoat tai thing dimg:
+ Hoat tai HL-93 theo 22TCN 272-01

2.3.2. Cau treo Thanh Thach
A- Gioi thiéu chung
Cau treo Thanh Thach bic qua thigng ngudn song Gianh nam trén dudmg lién thon
thuéc xa Thanh Hod huyén Tuyén Hod tinh Quang Binh. Ciu dugc xdy dung & noi cé
dia hinh chénh cao kh4 lén - dic trung clia viing doi g0. Cau Thanh Thach nam trén
thuong ngudn song Gianh, long song sau va déc muc nudc chénh léch vé mila i va mia
kho rat 16n.
B- Tiéu chudn thiét ké ky thugt
- Khé cau:
+ Khé cdu 4m khong 1é ngudi di
+ Chiéu rong mat c4u cdu B=0,25m + 4m + 0,25m = 4,5m
- Hoat tai:
+ Ixe 13 tan (xe nang cia doan xe H10) trong d6 c6 tinh dén hé s6 xung kich.
+ Hoac doan ngudi 300kG/em?.
- So do két cau nhip
+ Chiéu dai nhip treo: Lpgp = 120m, mii tén vong f= 11,6m
+ Chieu dai toan cdu (tinh dén hai du6i neo) Lesy =654 + 120 + 38m = 223,4m
C- Quy trinh dp dung
Quy trinh thiét k& cau céng theo trang thai gidi han 22TCN 18-79, ¢6 tham khio quy
trinh nudc ngoai va két qua nghién ctru vé cdu treo.
D- Tdi trong tic dung
- Tinh tai:
+ Bé tong cot thép 2500kG/em®
+ Thép hinh thép ban 7850kG/ecm®
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- Hoat tai thing dimg:
+ 1xe 13T c¢6 tinh hé 36 xung kich
+ Hoic doan ngudi 300kG/em?
- Tai trong gié
+ Khi cdu khong c6 xe W = 180kG/m’
+ Khi c6 xe trén cdu W = 50kG/m>
E- Vat liéu
- Cép chui:
+ Ding b6 cdp 16i citng ma kém theo tiéu chudn Nhat JIS G3525-1977 bé cdp ¢c6

dudng kinh danh dinh D = 56mm, cdp B ¢6 luc kéo dift theo 1y thuyét 217 T,
trong luong don vi 12,89 kG/m

+ Cau tao bo cap 1a Ttao X 37 sqi (1 + 6 + 12 + 18)
- Con neo cip:

+ Con neo cdp trong thiét k& ding cho b6 cip c6 duong kinh danh dinh D =
56mm. Sau khi thi nghiém cap c6 dudng kinh thuc t€ sai khéc cén sita lai kich
thudc con neo cho phit hop

+ V& neo ding thép cicbon trung binh (thép C45)

+ Ném giita va ném canh diing thép CT5

+ Mat bich ding thép CT3

- Céc loai thép hinh thép ban:
+ Dung thép cacbon cdn néng cé s6 hieu M16C va CT3
- Bu léng:

+ D61 véi bu 16ng & mit, con lan sir dung thép cdcbon cén nong 10 Mac Tanh s6
hiéu CT5. :

+D3Gi v6i bu long tinh ché ding thép hop kim thap.

- Vit ligu han:

+ Khi han tay cac cdu kién thép c6 s6 hidu M16C phai diing que han E-42A hoic
tuong duong.

- Cot thép trong céc ciu kién bé tong va day deo:

+ Cédc cot thép chiu luc ding thép cdcbon cén néng c6 g cip All cé s6
hieu CTS.

+ Céc c6t thép phan bd, cdu rao cé dudng Kinh tir 10mm tré xubng va day deo
dung thép cdn néng tron tron cdp Al cé s6 hieu CT3.

- Bé tong:
+ Bé tong diing cdc loai xi mang poocling 1o quay PC30
+ Be tong hai hé nec mac M200#
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+ Bé téng hop bao vé neo, méng tru va ban mit ciu sir dung mac M250#
+ Bé tong coc khoan nhai stt dung méc M300#
F- Cuong do vat liéu

- Thép hinh - Thép ban:

Bang 2.3
Cudmg 46 tinh todn {kG/ecm’)
Loai thép
Khi kéo doc truc R, Khi uén R,
Thép cacbon M16C 1900 2000
Thép cacbon BCT5 2000 2100
Thép cdcbon BCT3 1900 2000 ]

- Cip 161 cting ma kém:
+ Luc kéo ditt 1§ thuyét 1 b6 bing 217T

- Thép tron:
+ Loai Al cén néng, tron tron s6 hieu CT3; R, = 1900 kG/em®
+ Loai AIL cén néng, cé g&, s6 hieu CT5: R, = 2400 kG/cm®

- Bé tong cdt thép:

Bang 2.4
‘ Mic bé tong
Loai cuong do Ki hiéu _
M200 M250 M300
Nén doc truc R, 78 100 125
Nén khi uén R, 97 125 150
Chiu kéo R, 6,5 8 9,5

G- Tinh todn

Noi dung tinh todn bao gom:

- Tinh todn noi luc va dé véng cla hé day chi, mit cdu dudi tic dung cia tinh tai va
hoat tai thang diing.

- Kiém todn kha nang chiu lirc cta day chii, cdc mat cat cia két cau chiu luc

- Tinh coc khoan, mong tru va neo trong luc BTCT

- Kiém to4n 6n dinh cha heé neo cap

- Tinh chiéu dai cat cdp, 40 vong day cha trong cac giai doan thi cong, do nghieng
ctia tru céng vao by (két qua tinh todn chinh xac s& dugc cung cép sau khi c6 cao do
thire t€ clia tru, neo vi cdc két qua thir nghiém cdp vé d6 gian du, do tut con neo cap).
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H- Ddc diém cdu tao ciia két cdu nhip

Keét cdu nhip cha cdu treo day vong ddm mém dugc cdu tao nhu sau: ban mét ciu
duoc lien két trén cdc dam doc, cdc ddm doc ke trén cdc ddm ngang. Cac ddm ngang
duge treo vao h¢ cdp chu thong qua cic day treo. Céc sgi cdp chii duge ngam chat trén
dinh try céng va vao hai h& neo BTCT. Tru céng chan khép truyén lue ding tir hé day
xuéng mong.

+ H-1 Két edu ninip cdu

C4c thong s6 tinh todn chinh cta cau
- Chidu dai toan ciu (tinh dén hat dubi neo, chua cé chiéu daj):
= 120m

- Chiéu dai nco BTCT phia diu traj cta cdu: L

- Chi¢u dai nhip treo | .

nec = 15m

- Chiéu dai neo BTCT phia ddu phai clia cdu : L = [2m

- B¢ vong tinh cha day (do toan bo tinh tai) f; = 11,6m

- Pd dée doc cau: i = 2%

- Do vong tai gilra nhip f, = 1,2m

- Khoang cdch giita tim hai cdp chi B = 5,5m

- Chi¢u réng mat cdu B, = 4,0m

- Chiéu roéng g chan banh B, = 0,25m

- Khoang cich gitta céic ddm ngang d = 4m

+ H-2 Bdn mdt cau BTCT lap ghép

Mat cau duge lam tir cdc ban BTCT tap ghép day 10cm trén ¢6 phii 16p bé tong nhua
day 3cm. Mat cdu duogce lien k€t véi cde dam doc bing bé tong 6t liu nho théng qua
cdc 16 cho & ban. Lan can duoc [am bing thép, cot lan can duoce thi cong cing véi mai
noi ban mat cdu va han vao céc ban thép ché.

+ H-3 Ddmi doc

Déam doc nhip treo gém 71 270 d& he mat cdu va duge lien két véi cdc ddm ngang. Tai
hai dau didm doc ¢6 hé lién két ngang bing thép [ 200

+ H-4 Hé giany gié

Giang gidé dugc cau tao tir cde thanh thép géc L100 x 100 x 10 dang chit X. He giing
gio duoc lien két vdi cac ddm doc va dam ngang biing bu long.

+ H-5 Darr ngang

Dam ngang cia cdu duge ché tao tir thép I 450, khoang cich cha ching la 4.0m,
chi¢u dai mé6i dim 13 6m. Cdc ddu dAm ngang cé cdc chi tiét tai deo dé lieén két véi cdc
day treo va h¢ cdp chu. Trén dam ngang ¢6 cdc chi tiét dé lién két véi ddm doc.



+ H-6 Ddy deo thang ditg

Day deo lam tit cdc thanh thép tron tron dudng kinh 22mm va 24mm. Chiéu dai cua
cdc soi day deo duoe tinh todn theo thi€t k€. Day truyén luc tr hé mét cau thong qua cic
dam ngang 1&n hé cdp chi thong qua lién ket kep cap.

+ H-7 Hé cap chi

Heé cdp chit gébm hai hé day, mdi bén 4 b6 cdp chi D = 56mm. Cap chi khi cang xong
¢6 dang Parabol. Do vong cia hé cip chi sau khi lap hét tinh tai 1a f, = 11,6m. Cdp chu
nhan luc thong qua cdc day treo. Hé cdp chi dugc nco vao hai hé nco BTCT thong qua
he théng con neo cidp va duge bat chat trén dinh tru ¢ng. Tai hé neo cdp chi duge bé tri
déi xing véi diém duge coi nhu 1a diém géc tim cdp ch gia dinh.

+ H-8 Cén neo cap

Con nco 1a b phan quan trong clia ciu ding dé lién két hé cdp chii véi hé neo. Con
neo cdp gém vé nco duge ché tao tix thép CTS, cdc ném canh va ném giita duge ché tao
tir thép CTS, mit bich duge ché tao tir thép CT3. Con nco cép trong thiet ké nay duogc
ché tao cho hé cdp chil ¢6 dudng kinh d = 56mm theo tiéu chudn Nhat JIS G 3525-1977.
Con neo cdp chi duge ché tao sau khi da tién hanh thir nghiém cdp va con neo theo chi
dan riéng.

+ H-9 Hé' neo

HG neo dang trong luc ¢é than neo lam bang BTCT M200, than neo la két cdu chiu
lwe chinh cé céc chi tiét dé lién ket véi con neo cdp. Mdi bén ciap ¢6 mot hop bao vé neo
nhidm trinh mua nang an mon cdc chi ti€t quan trong cla cau, hop bao vé con cd bace
thang lén xuéng dé kiém tra vh bao dudng neo, hop bao vé neo bang BTCT M250.

+ H-10 Tru thap céng

Tru céng dugc ché tgo ti cdc thép I 550. Mbi bén tru cdng gom hai nhdnh, méi nhanh
goém hai thanh I 550 ghép véi nhau bing cdch han cdc ban dém. Hai nhanh tru duge lién
k&t véi nhau bing hé lién két ngang bing thép [ 240 va L100 x 100 x 10. Tru cong lam
viéc nhur mot thanh chan khép theo phuong doc céu. Céc cap chi duge bt chét trén dinh
{ru va c6 hop bao vé. Tru céng c6 chan dé khép lien két véi dinh bg tru BTCT. Try cong
con ¢6 hé théng chéng sét va thang sit dé kiém tra.

I- Thi cong lap dung

Viéc thi cong lip dung dugce thuc hién theo cdc budc chinh san:
Buée 1: Cong tdc chudn bi

Bude 2: Thi cong tru BTCT va hé neo

Buéce 3: Lip dung tru cdng

Budc 4: Thi cong hé day cdp chi

Budc 5: Thi cong day deo va dam ngang
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Budc 6: Lao 1ap dam doc

Bude 7: Lap ban mat cdu

Bude 8: Lap dung lan can hoan thién cong trinh

2.3.3. Vi du cau Cam Lirong (¢ huyén Cam Thuy - Thanh Hoa)
A. Quy mo ky thudt

- Cau treo day vong 3 nhip.

- So d6 nhip: (35+140+35)m.

- Khé cau: (2,5+2x0,3)m.

- Tai trong thiét k&: Xe chi huy 2,5T, kiém todn v6i doan ngudi 300kg/m*, khéng heé
$O VUt tal, .

- Tan suat thiét ké: p = 1%.

B. Ddc diém két cdiu

- Cap chi 4656mm/1 bén, cdp phu 1424/1bén.

- Day deo chinh 2¢20/1 bén, day deo phu ¢20/1bén.
- Khoang cdch giita cic day deo 4m.

- Mat cau gé nhém 3, day 10 cm.

- Dam doc 6 1 240, dam ngang I 300.

- Tru cdng 2 1550/1 nhdnh.

- Tru cau BTCT M200, mdng nong.

- M¢ da xay. Neo trong luc BTCT.
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Chuong 3

PHAN TICH, TINH TOAN

KET CAU
CAU TREO DAY VONG

Trong chuong nay gii thiéu tém tat ly thuyét “Tinh todn hé treo theo so dé bién
dang”, qua d6 xay dung tém tat ly thuyét tinh todn cdu treo diy véng mot nhip. Cing
v6i Iy thuyeét tinh todn trong chuong nay ciing gidi thi¢u 1y thuyét tinh dao dong ca céu
treo day vong mot nhip - Déng thoi cing huéng dan sir dung mét chuong trinh tinh todn
két cau dé phan tich két cdu cdu treo day vong. C6 rat nhiéu chuong trinh dé tinh todn
ket cdu néi chung va cdu treo day vong néi rieng, & day néu vi du trinh bay timg budc
giai mot bai todn cu thé bang chuong trinh SAP 2000 phién ban 8.23 dang duoc sir
dung khé rong rai hién nay. Chuong trinh nay chi mang tinh chit tham khao cho viéc
sir dung chuong trinh tinh todn két ciu trong tinh todn cdu treo day vong.

3.1. LY THUYET TINH TOAN CAU TREO MOT NHIP THEO SO PO BIEN DANG

Phuong phdp tinh todn cdu treo theo so dé bién dang gi6i thiéu trong chuong niy
duoc xdy dung trén co so cdc gia thiét sau:

- Vit liéu dan héi va tuan theo dinh luat Hoocke.

- Tai trong téc dung trén day va trén dim ciing 1a bét ky nhung c6 phuong thiing diing.

- Dady mém ¢6 do vong thoai do d6 c6 thé bd qua chuyén vi theo phuong doc ciu clia
day va cua dam.

- Lién két thang dimg giita day va dim coi nhu khéong dan.

- Tiét dién cia ddm cing c6 thé thay d6i nhung khong ddi trong pham vi méi dét
(khodang cdch giita cdc lién két thang diing).

Day lda nhimg gid thiét thiong dioc chdp nhdn khi tinh céu treo dam cimg.

Noi dung cich tinh duge xay dung trén co s& quan niém day va dim cung la nhing
h¢ lién tuc nhiéu nhip véi cac diém tia trung gian (cic diém néi véi cac lién két thang
dimg) c6 chuyén vi tuong ting bang nhau.
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3.1.1. Cac trang thai lam viéc cua két cau

Qe T

Hink 3.1

Bai toan dat ra la can xdc dinh cdc luc cing H trong day cép chinh, gia tri moémen
uén M tai cic mat cit cia dam va chuyén vi tuong éng ciia hé.

X¢ét heé treo gém mot day ddm cimg 1 nhip ¢é n lién két thang ding nhu hinh 3.1, he
lam viéc theo 2 trang thai:

Trang thai ban dau: Day chiu ti trong cha ban than va cia dam (vi trong thyc t€
khi thiél k& cdu treo ta thudng cho day chiu toan b tai trong ban ddu cling nhu dam
cimg chi chiu tii trong cuc b trong pham vi timg dot). Tir gia thi€t ban dau ta ¢6 dugc
duong tén cla day.

Trang thai tinh toan: Hé chiu thém tdi trong bat ky.

Khi d6 day sé vdng xudng mot doan v; tai cdc mat. Tir gia thi€t lien ket thang ding
gifta day va ddm coi nhu khéng din nén v; cling 1a chuyén vi tai mat d6 cua dam cing.

Tir cdc trang théi tinh todn trén ta ¢6 thé lap duoc m6i quan hé gifra luc cang H,
momen udén M va chuyén vi clia dam.

3.1.2. Tinh noi luc dé vong cia hé qua cic trang thai lam viéc

3.1.2.1. Tinh todn duong tén ¢ trang thdi ban ddu

Lan luot thuc hién cdc mat cat ding qua cdc mét (diém ndi cdc lién ket théng ding
v6i day va dam cimg), 1dy can bang mémen ta s& lap duge n diéu kién can bang viét dudi
dang ma tran nhu sau:

Mi - M, -H,Y =0 (3.1)
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trong dé :

M= MY MG, MY Mg
MO:{MUI M02 Mni MOn}
YZ{Y] Yo o ¥ o Yn}

M, - momen uon tai tiét dién i trong dam gian don twong dng cé nhip / chiu tdc
dung dong thoi clia céc (ai trong & trang thai ban ddu.

Mj, - mémen uon tai ti€t dién i trong ddm ciing ciia hé & trang thai ban dau.

y; - cdc tung do thing dimg tai mat thif i clia day tinh tir dudng néi hai diém ta A,
B cta day tuong img.

QeI

Hinh 3.2

Theo gia thi€t bén trén, khi thiét k& cdu treo ngudi ta thudng cho day chiu toan bo tai
trong ban ddu va ddm cing chi chiu tai trong cuc bo trong pham vi timg dét. Liic nay,
cdc My, = 0, do dé diéu kién can béng (3.1) s& c¢6 dang:

M) -H,Y =0 (3.2)
Can tinh cdc dai lugng H,, nhu ta da biét (hinh 3.3):
Gia st bi€t trude do vong ban diu y, tai mot diém bat ky (thudng 12 diém gitia nhip)

trén day, tlt d6 c6 thé xac dinh luc cang ban ddu Hy. Xét mat cét tai diém ¢6 do vong vy,

va xét can bang momen phia bén trdi s¢ 6 :

Md
Yo
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M- momen uén do tai trong & trang théi ban ddu trong dam gian don tuong ng
tai tiét dién ¢6 do vong ban dau yg,.

Tir day s€ xéc dinh dugc dudng tén & trang thdi ban dau.

a) A
-
HO
A
b) -
H

Hinh 3.3

3.1.2.2. Tinh cho hé ddy va dam ¢ trang thdi tinh todn

3.1.2.2.1. Thiét 1ap méi quan hé giita lyc cing H, mémen uén wong dim M va
chuyén vi cia ddm V (hinh 1

3w

Hinh 3.4

Lic nay day va didm cung tham gia chiu tic dung cua tai trong thém thay déi bat ky.
Du6i tic dung cua tai trong néi trém, trong day phdt sinh céc lyc cing méi H con
trong dam phat sinh cdc moémen u6n mdi duge biéu thi bang ma tran cét M:
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M={M, M, - M, - M,

I
M, - mémen uon tai tiét dién i trong ddm ciing cua hé & trang théi tinh todn.
Bo qua bién dang dan héi cha cdc lién két thang ding thi chuyén vi tai cic mét nam
trén cling mot dudng thang dimg s& nhu nhau. Goi V 12 ma tran cot biéu thi chuyén vi tai
cdc mat, ta co:

Vz{"’l Voo o ¥ e "’n}

v; - chuyén vi thang ding tai mét i cla day va clia ddm ciing & trang théi tinh todn.

Lan luot thye hién cac mat cat dimg qua cdc mét (diém ndi céc lién két thang ding véi
day va dam citng). ta s& 1ap duoc n diéu kién can bing viét dudi dang ma tran nhu sau:

MM -H(Y+V)=0 (3.4)
trong do:
Mé=iml Mg oMo MY

M - moémen udn tai tiét dién i trong dam gian don tuong dng cé nhip ! chiu tic
dung dong thai cla cdc tai trong & trang thai ban diu va & trang théi tinh todn.
g g ng ANg ang

Cdc matran Y biéu thi tung d6 thang dimg tai mat thit i cia day tinh tir dudng néi
hai diém A, B ctia day khi c6 xét dén chuyén vi cudng bitc thing diing tai cac diém tua.
Y=Y-G,V

V - cdc ma tran bicu thi chuyén vi cudng biic than, ‘dc diém tua A, B.
V= {VO VIIH}

Gy, - ma tran bi€u thi vi tri cila ciac mit, ¢é cau tric nhu sau:

_T|1 &y |
n, &
GO = .
mog
_nn én_

V6i &, vam; 1an luot 1a ty s6 gilia khoang cdch tir mat thit i dén diém tua trdi va diém
tra phai so véi chiéu dai nhip cua heé.

Suy ra:

V:%[Md—M—H§] (3.5)



Nhu vay, n€u biét luc cing H trong day vh ma tran M thi ¢6 thé x4c dinh duoc ma
tran chuyén vi V.

3.1.2.2.2. Thiét lap mai quan hé gifta luc cang H va chuyén vi V

Quan niém mbi day 12 mét day mém nhiéu nhip véi cdc géi tua trung gian cé chuyén
vi thang diing dugc biéu thi bing ma tran V & ca giai doan ban ddu va tinh todn. Cu thé
duoc dién gidi thong qua cic muc: cdch tinh hé ddy ¢6 ciing cao do, cdch tinh hé ddy
khong cing cuo dg va téng quat la cdch tinh hé ddy nhiéu nhip. Vi tu tudng chi dao 1a
tach rieng day va ddm trén co s chuyén vi clia hai hé nay dugc lién hé véi nhau (trudng
hop day treo khong din thi hai chuyén vi niy bang nhau).

2)

b)

c)

Hinh 3.5

+ Tinh ddy mém cé 2 diém tua A va B khong trén ciung cao do, chiu tdi trong
thang dimg bdt ky.

Dé xdc dinh cdc dai luong co ban ta van dung céc phuong trinh can bang:

Y Z=-Z,cos0+Zgcos0=0>Z, =Z, =7

S Mg = VIS My(P)=0 > Vi :%ZMB(P)

73



> M, =VEI-> M, (P)=0— Vg =%ZMA(P)

trong dé:
ZMB(P) va ZMA (P) - lan lugt 13 téng momen déi v6i diém tua B va A clia cic
tai trong tac dung trén day.
Vi va V3 - duge xdc dinh gidng nhu cdc phan lue g6i V,, Vg trong dam gian don
tuong ung c6 nhip / chiu tai trong nhur tai trong tac dung trén day.

Thue hién mit cat qua C va xét can bang ciia phén bén tréi, ta duoc:

Mc =Viz— > MEP)-Zyc cos6=0

> M{(P) - téng momen déi véi diém C clia V4 va cha céc lyc tic dur  *rén phén
bén trdi mat cat qua C.
Goi MY 1a momen udn tai tiét dién C trong ddm gian don tuong tng, ta c6:
M = Viz— Y M{(P)
Do dé, diéu kién M = O trd thanh:
Z= 7M‘é
yc cosO
Phin tich cédc luc Ty, Ty thanh hai thanh phan: H,, Hy theo phuong ngang z va R,,
R theo phuang dimg y, dé dang suy ra:

d
HAzHBzH=Zc059=MT

Ta thay ring thanh phan H cia e kéo doc tnuc tai tit ci moi diém trén day déu nhu nhau
R, = Vi +Zsin®=Vy +High; Ry = Vg —Zsin0 = Vg —tg0
Ciéc phan luc toan phan T,, Ty duoc x4c dinh:

T, =JR3+H? ; Ty = yRE +H?

Tiép d6 c6 thé tim dé vong tai cac diém khdc nhau trong cong thifc :
M |

Lay dao ham (3.6) theo z ta s& dugc cong thitc x4c dinh géc nghiéng o cha ti€p tuyén
tai di€m bt k¥ trén day so v6i phuong ngang 7.

Q
too = —~ + g0 3.7
g 0 g {
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a)

b)

Hinh 3.6

Phan tich tai trong q(z) thanh hai thanh phan:
+ q,(z) vuéng géc voi phuong AB.
+ (,(7) song song v61 phuong AB.
Gia thiét dang hinh hoc do dé chiéu dai cta day duge xdc dinh chi do riéng thanh
phin q,(z) vuéng géc véi phuong AB.

Chiéu dai cong L clia day duge xac dinh nhu sau :

2
L= fds= | 1+[%§:—J dz,

il it

Ta c6 thé tinh gin ding gié tri clta L nhu sau :

2 2
L {14 D] oz =42 [ D] g
h dz, 2 i dz,

4
dyy _ tga(zl)z—Q’ (2))

dz, H,
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thay vao biéu thic L, ta duoc :

L=t +-2 (3.9)
2H}
vGi D= [Qidg
f

Q 12 luc cat trong dim don gién ©6 nhip /;, chiu tai trong q,(z) = q(z)cos0.
Tu lién hé vi phan giita tai trong va lue cit, ta ¢é:
dQ, = q,(z)dz, = q(z)cosB.dz/cosd = q(z)dz =dQ
Nhu vay lyc cit Q bang luc cit Q trong ddm gian don cé nhip /, chiu tai trong q(z) :
Qi =Q
Tu lién hé vi phan giita moémen uén va luc cit, ta c6 -

dz  dm*
cost) cos8

dmy =Qdz; =Q

i
cosQ

Md

Do dé:; M;] =

Luc céng H, trong day c6 nhip /|, chiu tai trong q,(z) dugc biéu thi theo luc cang H
trong day co nhip /, chiu tai trong q(z) nhu sau :
d d d
Mow 1 M1
i cosb ycosO cos"@ y  cos6

H,

L= d
cos® 2H? JQ
I Dcos’o
Hay: L= + (3.9
y cosO 2H? )

{ -
Véi D= j’Q~dz

(}

+ Tinh ddy mém khi hai diém tua A, B khong cing cao do, bi chuyén vi cuing
bitc va chiu tdi trong thang dirng bat ky.

T'rang thai ban dau: Day chiu tai trong ban ddu va duge treo vio hai diém tua A, B
v6i do vong fj tai diém bét ky, tinh tir dwong néi AB.

Luc cing duge xdc dinh theo cong thire (3.3):
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d
M
_ Yy
Hy =
0

M(}- mémen uon do tii trong & trang thdi ban dau gy ra trong ddm gidn don
twong (ng, tai tiét dién c6 do vong ban diu f,,.
Chiéu dai cong L, chia day & trang th4i ban ddu duoc xéc dinh theo (3.9):

L= ! . D, c0f30
cosf 2H;

(3.10)

Vi Dy = [Qfdz
/
Qy - lue ¢t do tai trong & trang théi ban ddu gay ra trong dam gian don tuong tmg.

a)

b)

Hinh 3.7

Goi Ly 1a chiéu dai cia day voi gid thi€t day khong dan, tic 1a khong bién dang dan
hét, ta co

Lo=Ly—2%, (3.11)

trong do: A, - bién dang dan héi clia day & trang thai ban diu.
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Theo dinh luat Hooke:

Ay = g‘%%ds = gﬁ I—-dz— I(l +tg” a)dz

cos"a EA

trong do:
A - dién tich tiét dién day.
E - modun dan hoi khi kéo cuia vat liéu ché tao day.
Ty - luc kéo doc truc tai diém c6 hoanh d6 z & trang thai ban d4u.
: " ol _ Qo
Tt (3.7), ta co: tgon = —+tgb
Hy
Hg | 2tg9
EA| cos’ 9

Do dé:; hg =

= fute
0

!
Tich phan J.Qndz bi¢u thi tong dién tich ciia biéu d6 lyc cit, hay néi khac di 12 hiéu
0
cia momen uén tai hai dau ddm don gian. Vi day khong tiép nhan mémen tap trung nén
momen uon & hai ddu dam luon bang 0; do d6 két qua tinh tich phan nay béng 0 va bién
dang dan hoéi 4,, duoc xdc dinh nhu sau:

Hg/ D
40

Ao = (3.12)
EAcos’ 6 EAH,
Thay vao (3.11) ta duoge :
L, =— + D0 oston H“’, - Dy (3.13)
cos® 2H, EAcos (3 EAH,

Trang thai tinh rodn: Gia s day chiu thém tdc dung cla cdc nguyén nhan sau:

v Tai trong thay déi.

v Céc di€m twa ¢6 chuyén vi cudng bifc.

v Chuyén vi tuong doi theo phuong thing dimg y lav=v,_ - v,

Quy udc xem chuyén vi twong d6i v 12 duong khi do chénh léch vé cao do giita hai
diem tua A, B giam; cdc chuyén vi tuyét d6i v,, v, 1a duong khi cdc diém twa A, B hudng
theo chi€u duong cta truc y.

Chuyén vi tuong d6i theo phuong z lAu=u, - u,,.

Quy udc xem chuyén vi twong déi u 1a duong khi chiéu dai nhip giita hai diém A, B 1a
giam; cdc chuyén vi tuyét doi u,, u, 1a duong khi cdc diém tua A, B huéng theo chiéu
duong cua truc z. |
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Dudi téc dung ciia cac nguyén nhén trén, dang hinh hoc cia day thay déi, trong day
phdt sinh luc cang mdi ky higu 1a H.

Dé thiét lap phuong trinh x4c dinh lyc cang H, trude tién ta cdn khao sét chiéu dai
cong cla diy & trang thai tinh todn.

Tu (3.9) ta co:

L {—u

+ D2 cos38,=!}+—[)—200839| (3.14)
cos9, 2H 2H

N&u xem u, v 12 nhod so vdi chiéu dai nhip va bd qua céc dai lugng bé bac cao doi vdi
ufl g va v/l so véi don vi thi ta ¢ the xac dinh cdc dai lugng /;va cos8, trong cong thic
trén nhu sau:

Tim ;-
;]:\/(a_v)3+(;_u)3=Jéz+v2—2v6+!2+u2—2ul
1
dv+ul |2 Sv+ul ) I
!1"‘“'1{[_2 ) }“"m [=—7 =hg—v-——u—
o o ho  ho
{ .
=— —vsin®—ucosH
cos0
Tim cos0,:

-1
cos0O _f—_U_:,[l__E]L lrv6+u! N
T e ‘
ﬁL(l—E}{l—kVbju{]zcose[l+%§+gj——£:\=
foy { o Lo o !

= cos@[l +%sin9cose+%(cosz B—l)jl

1

cos’ 8, = cos’ 9{1+%sin E}cos.B—k;-sin2 9}

zc0538[1+§%sin90059—§;—sin2 9]
Thay cic s6 ligu tim duge vao (3.13) ta ¢é:

Dcos’® 3Dcos 0O |

—vsin®-—-ucos0+ — + = sin®(vcos6 —usin0} (3.15)

cos® 2H" 2H"!
Goi L* 1a chiéu dai cia day v6i gia thiét khong din, tic 13 khong bi€n dang dan héi,
ta co:

L=
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Lé=L~Ag (3.16)

trong d6: Ay, - bién dang dan hoi clia day & trang théi tinh todn.
Tuong tu nhu (3.12), ta cé:

- D
gy =W (3.17)
EAcos” 6, EAH

Thay cdc biéu thic (3.15), (3.17) vao (3.16), ta dugc:

3 3
L= I -vsine—ucos{%rDCOS,,64-3[)003S E}:-:in@(vcos{il—usinB‘)—
cos0 2H~ 2H!
——L{%—[l--isinzeicoszejl-—lj— (3.18)
EAcos 0 { EAH

Chiéu dai cha day véi gia thiét day khong dan phai bang nhau vGi moi trang théi, do do:
L* =1}
Bién déi hai vé€ ta duoc:

5 2
EEM_H“ _M+$(vsin8cosgﬁ+ums3 G)}Hz

Y in20 - P eos26 17 +
7 ! 2 H IH,

+_DCOS~ 6 H—i—?Dcosje[l -4r3v75in9ccn«h9—?J%sin2 01\20 (3.19)

Phuong trinh (3.19) dung dé xéc dinh luc cang H o trang thai tinh toan cd tai trong
thay déi.
+ Céch tinh day mém nhiéu nhip

Vne

Hinh 3.8
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Khao sdt day mém c6 hai diém tua c6 dinh & hai ddu va ¢6 n géi trung gian 1a cic goi
di déng. 56 nhip tuong ting cia day 1a n+1. Néu g0i trung gian 12 gdi ¢ dinh thi nhip dé
coi nhu 1 nhip déc 1ap hay mot hé nhiéu nhip khéc déc lap.
Trang thdi bun dau: Day chiu tai trong ban ddu thing ding, trong day phét sinh lye
cang Hy va day ¢6 dang hinh hoc phix hop véi so dé tai trong ban d4u da cho.
- Vi tai trong thing diing cho nén sau khi thuc hién mat cit bat ky va tir diéu kien can
bang dué6i dang hinh chidu cila cdc luc 1¢n phuong z ta thay:
H, = const
Co lap nhip bat ky tha i, thay the tdc dung clia cdc doan day thugc nhip thit (i-1) va
the (i+1) bang cdc luc cang Hy va 4p luc thing dimg truyén vio g61. Van dung cic diéu
Kién can bing ta cé;
Yii
trong d6:
y{k}j - d6 vong tai diém k thuoc nhip thit i & trang thai ban ddu [tinh tir duong ndi
hai goi tua thit (i-1) va thit (i+1)].
MY - momen won tai tiét dien k trong ddm gian don tuong (ng cé nhip /, chiu ¢céc tai
trong ban dau tdc dung trén nhip thi i.
Nhir vay, néu cho biét d¢ véng yy. tai mét diém bat k¥ thi ta c6 thé xdc dinh duge Tuc
cing H, trong day, i€p dé xic dinh do vong yg]j va goc xoay (x?nj cua tiép tuyén tai

diém m bt ky trong nhip thit j nhu sau:

0 ]
m ? m
! H, ' H,

Vai Mgu- Vit Qf:lj - moémen udn va lue cat tai tiét dién m trong ddm don gian (wong
ting ¢4 nhip /, chiu cdc tai trong ban déu tic dung trén nhip thi j.

Chiéu dai cha doan day trong nhip thi i & trang thai ban diu dwoc xdc dinh gidng
(3.9}, nhur sau:

d +—Do—izcos39i (3.20)
cos8, 2H;

Véi Dy; = [(QP) dz
{

QY - lue cit trong dim don gian tuong ing véi nhtp thit i do c4c tai trong ban ddu
gay ra.
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Chiéu dai khong din cha doan day trong nhip thit i & trang thai ban diu duoc xdc
dinh giéng (3.13) nhir sau:

. _ . I D..
Ly = h . —DUL cos’ 0, — Ho - (3.21)
cos®; 2H; EAcos"8; EAH,
Do d6, chiéu dai khong din cua toan hé diy & trang thai ban dau s¢ la:
nil ntl H +1 L ! n+l
L, = Z Lo =2 i cos’ 0, - Ho § : > Dy, (3.22)

" cos0, ,_H EA = cos” 6, EAHi__1

Trang thdi tinh todn. Gia sit day chiu thém cic nguyén nhan sau:
- Tai trong thay déi bat ky trong cédc nhip
- Cac diém tya bién c6 chuyén vi cudng biic theo phuong z va pluong y:

Tai g61 0 : ugy, vy

Taigoin+ 1:uy,y, v,

- Cic g@i trung gian c6 chuyén vi cudng bitc theo phuong y la v, (v, hudng xudng
dudi, theo chiéu duong cua truc y 1a duong).

Gid thiél bo qua danh huéng cua chuyén vi theo phuong z (doc theo chiéu dai day) tai
cic gbi trung gian khi xédc dinh chiéu dai cdc nhip.

D¢ xdc dinh luc cang va dang hinh hoc cia hé day ¢ trang thdi tinh todn ta cin tim
chiéu dai tuong 1ing cha day.

Chiéu dai cong cva doan day trong nhip thi i ¢ trang thai tinh todn dugc xac dinh

nhu sau:

L - 8 D Cos 8 L (v = v,)sin0, —(u_, —u;)cosH, (3.23)
cosE} 2H"

A
vei: D= [Qfdz

Q, - luc cat trong dam gidn don tuong tng véi nhip thit i do cdc téi trong téng cong
& trang thdi ban dau va trang thai tinh todn gay ra.
Chiéu dai khong dan cha doan day trong nhip thé i ¢ trang thdi tinh todn duge xdc
dinh giong (3.15), nhu sau:
- I; D cos” 0, D. H/,

Li = ! _(Vl_l_vi)sine]‘_(ui_] _UI)COSBI“ —— ]7 (3'24)
cosﬂ 243 EAH EAcos 9,

Do do, chiéu dai khong din clia toan hé day & trang thdi nay s€ 1 tong cdc chi¢u dai

L vGii=1,2, ... ,n+ | viduge xdc dinh nhu sau:
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n+l n+l { n+l n+l

2H2 ZD cos’ 0 - Z(Vl | —V;)sin®; ~ Z(U, | —u;)cosO; —

1

I n+1D H n+l I3
EAHG EA, * cos” 0,

Cic 56 hang ciia cong thirc trén duge bi€u thi nhu sau:
n+l n+l
Z(Vi- | —V;)sin®; = vy sin0, +Zvi(sm8i+1 —-sin®,)— v, SN0,
i i=1
n+1
(u, | —u,)cosd; =uycosb, +Zui(c‘3$91+1 —-co80,)—u,, cos0;
i-1

-+

i
Tir gia thiét bé qua anh hudng clia chuyén vi theo phuong z tai cic gdi trung gian, ta ¢é:

nu+l
(u,_, —u,)cos, =ugcost —u,, cosb
=1

" Thay céc két qua vira bién d6i vao cong thite L*, ta dugc:

n+l n+|
L' = +—— D, cos’ 10, —(vosin®, — v, sin6, ) - v,(sin@;_; —sin0;) —
" 0058 2H” ; ° ! ] ; ]
n+l H n+| L
_(UU CC'591 Ut CC"“"E}nﬂ )= f P Di T 'l:- (3.25)
EAH EA 5/ cos™ 6§,

Chiéu dai ciia day vé6i gid thiét day khong dan phi bang nhau v6i moi trang thai, do
dé ta ¢6 diéu kién:

L= Lﬁn
Sau khi bign déi ta dusc phurong trinh xdc dinh luc cang:
H* +\:p.+0)2v-l(sin B-1) —sinei)}i2 +AH-y=0 (3.26)
i-1
trong do:
EA W u+l n+l
w=—": r=—> D;; Dcoa 8, ;
Ln EAIZ% 2 ;
o n+l n+l .
n=——=> Dy cos 9, —H, - Dy, +@l(vosin®, — v, (sinb, )+
2H; .21: EAHU 12%
+(U0 COSOI s CO"’GDH)]

Cic dai luong L, ug, v, L thay déi theo dang bai todn day ¢6 hay khong co

day neo.
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Bai lugng |He khong c6 ddy neo He ¢6 day neo c6 day chil néi co dinh vé&i dinh thip
L f a’iq v {i2 TEA !E_,.cosE:! N lb‘cosegﬂ
i=1 cos” 9, j=1 cos“ B, EA,.cos"8, EA,.cos’8,
Ug UO 0
Un+i Unt 0
A As As+ As, cos9, . Asg cosB_,,
cos0, cos B,
= fcosO; 1 cosO .,
o+l T + 5
L i j=1 COSQL, COs 83 COos™ Ob
! = cos® 9,

~h, {sin0, - tg0,.cos8,)+h, (sin@,,, g0, cos 0,)

Néu goi S1a ma tran hang gém n ¢t vdi cau tric:
S= [sl Sy e 8 e sn], trong dé: s; = sinb;,,, — sind,
H
Ta cé; Zvi(sing(-ﬁl} —sing;) =8V
i=|
Do d6 phuong trinh luc cang cta day sé c6 dang:
H +[u+oSV]H? +3H -y =0 (3.27)
3.1.2.2.3, Tim méi quan he giita momen uén trong dam ctmg M véi chuyén vi V
Quan niém ddm cing 13 dam lien tuc, dat (rén cdc g6i tua trung gian cé chuyén vi
thing ditng duge bigu thi bang ma tran V déng thoi chiu cdc tdi trong trong giai doan
ban dau va tinh todn. Néu bo qua cdc dai lugng vo cling bé bac cao (> 2} thi ¢6 the dp
dung phuong trinh ba mémen trong co hoc két cdu cho trudng hop nay. Dai luogng bé
trong bar todn nay 12 ty s6 giita hiéu s chuyén vi cita hai mit lan can so vai chiéu dai
dot. Su bo qua cic dai fugng bé bac cao ¢ day ciing phi hop véi viée bo qua cédc dai
lugng bé bac cao trong Ung trong bai todn day.

Phuong trinh ba mémen vigt dugi dang ma tran c6 dang:
AM~-M;)+W -6FI,BV =0 (3.28)
Cicmatrain A, B, W trong (3.28) cé cau tric nhu sau-
sA=la |, v6i(i= L2, ..,mk=1,2,... n)
trong do:

Aoy = Aqs @y = 200 + Ay ) Aipy = Aigp S
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a,=0OKkhik<i-2vakzi+2,
eB=[b, 1, v6i(i=1,2,..,mk=12..,n)

trong do:
1 1 1 1
byicy=—— 5 b=+ by =7
T TR
b, =0khik<i-2vakzi+2
W (W, Wy e W W
trong do:

W, = 6El, {Q'al L vo} ;
LEI,  LEIL

Qia;, Qb

+
IEL  1,EL,

i+l

W, =6EIU{ } khii=2,3,..,(n-1);

Wn =6EIO Qnan +Qn+lbn+l RRVITE O
1EL, I, El,

nil
Trong cac cong thuc trén:
/. - chiéu dai dot thi i ;
I, I, - momen qudn tinh ciia tiét dién trong dot thi i vh mémen quin tinh quy udc
(chon tity ¥);
_hlo chiéu dai quy udc clia dot thi i ;

A

0, - dién tich biéu d6 moémen udn trong ddm don gian cé nhip /; do tai trong tic
dung trén d6t thit i cua dam cing gay ra;
a,, b, - khoang cach tir trong tam dign tich biéu dé momen uén €, d&n mat trdi (i-1)
va mat phai i;
Ba phuong trinh (3.5), (3.27) va (3.28) 1a cdc phuong trinh co ban cua hé treo mot
day dam cung, mot nhip.

v:%[Md—M—Hﬂ

H’ +[p+coSV]H2 +AH-v=0
Thay (3.5) vdo (3.27), sau khi bién dé, ta dugc phuong trinh:
H (H — )+ [uH + c]JH? +[AH - y[H-H0SM =0 (3.29)
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trong dé:
c=wSM!:
d=0S.Y;
Thay (3.5) vao (3.28), ta dugc:

6EI
AM-My)+W-—2

B[Md -M-Hﬂ -0 (3.30)

Néu he ¢6 n lién két thing ditng, ta s& 1ap duge n phuong trinh (3.10) va phuong trinh
(3.9) di dé xdc dinh n 4n s6 M, va 4n s6 H.

Ung v6i 1y thuyét tinh todn & trén chiing ta ¢6 thé lap trinh thanh chuong trinh tinh
todn hoac cé thé 1ap bang tinh todn nhu & phan phu luc 1. Khi tinh todn véi 1y thuyét trén
phai chip nhin mot s6 gia thi€t nhu vay ngoai ra c6 thé sir dung cdc phan mém dé mo
hinh hod va tinh todn cau treo day véng.

3.2. TINH DAO PONG CUA CAU TREO DAY VONG

3.2.1. Thiét lap phuong trinh dao dong caa cau treo day vong

Khi nghién cttu dao dong clia cdu treo ddy vong, cé thé dua vé mé hinh hé cap -dim
(hinh 3.9) gém thanh manh (dam cimg c6 tiét dién hd) ndi v6i hai day cdp parabol bang
céc thanh treo thang dimg.

. b L b
z
]
Fh, ] Hg ¥
~ =
= Sg Sq &
L
'
r
Hil =
J

N -
I
L]

Hinh 3.9. M4 td s lam viée khong gian ciia cdu

Khao st ti€t dién ngang dam cimg ciia cau treo (hinh 3.9). Khi hé dao déng thi ngodi
cdc ngoai luc (nhu lye gio...) trén tiét dién con chiu tdc dung cia cac phan luc din héi
thanh treco S(x). Do ti€t dién cia ddm thyc hién chuyén vi géc ¢ cho nén cic phan luc
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nay xudt hign tai hai bén thanh dim cing s& khac nhau (§,#S,) va do d6 luc kéo ngang
dong trong hai day cdp ciing khic nhau.

Thong thudng dim cing sir dung trong cdn ¢6 truc d6i xing OY, mat khdc néu xem
chuyén vi ngang theo phuong Z 13 bé, ¢6 thé bd qua dugc thi sl dung céc phuong trinh
dao dong clia thanh manh ¢6 thé viét duge trong trudng hop nay :

~4 2
mzi§+ma?+s=P (3.31a)
Ox -
4 2 2
mT+Eng%—Gha?+nuza?=M (3.31b)
a_x & -
Véi S=S+S,, mp=b(S, - S, M, =N-bg. M, =N +bo (3.32)

trong do:
P va M - luc vAi mémen cudng bic tic dung trén tiét dién.
J; = Iysz - mdmen quén tinh cioa tiét dién
A
Jo = J‘deA - mOémen quan tinh quat clia tiét dién (m°®)
A
J - mémen qudn tinh khi xodn thudn tuy
7 - chuyén vi theo phuong Oy
@ - gbc xoay cla tiét dién ngang
r - ban kinh quén tinh
A - dién tich mat cat
G trang thai tinh hai day cdp déi xtmg, luc cing ngang tinh trong hai day cap bang
nhau va ki hi¢u 1a H,. Khi h¢ dao dong, luc cang ngang dong ciia hai day cdp la H 4 va
H,, . Néu goi q 1a trong lugng trén mot don vi dai clia h¢ (bao gom ca trong lugng cia
cép va dam), y = y(x) 12 ham biéu dién hinh déng clia day cdp & trang thdi finh, thi dé
dang nhan duge mdi quan hé sau day khi khéo sdt can bing mét phan t6 déay cip :

d2
- Trang théi finh: Hgdgz—qhﬁcHﬂ%Hl (3.33)
X
- Trang thédi dong
d’y 52111
S, =—(H, +H )| —L+
! d 8 [dx" x>
2 (3.34a,b)
d’y o'n
Sy =—=(Hy +H) —+—
? 2 5 [dx“ ox~
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Thay céc gid 1ri S,, S, tir (3.34) vao (3.32) va két hop (3.33) v6i chi y:

2 2 2 2 A2 2
“;-“Jm.a?;a@l-og_ba? (3.35)
ox ox~ 0x° Ox OX ox”

sau khi bd s¢ hang phi tuyén s& nhan duoc :

S=-y'(H,+H,) - 20,71 (3.36)
ox~
my=b.y"(H,g+Hy) - 2b2Hg e 3.3

)

Mat khéc néu qua su bién dang clia thanh treo, sit dung nguyén 1y cong kha di doi véi
day cép ta sé ¢6 cdc moi quan hé sau day:

E.F, . _
H, =y Jmix, 0dx =k [ (x, tdx
EE (3.38)
H,, = _L_ y" [na(x,dx =k [na(x. 0ydx
V6i L, - chiéu dai day cdp gifta hai cot
E F, - do ciing kéo cna diy cap
Thay (3.32) vao (3.38) c6 duoc:
H,y =k [n(x,t)dx —kb fotx,ndx
(3.39)

Haq = K fn(x, dx + kb [e(x, dx

Cic biéu thic (3.39) cho thay H,, va H,4 phét sinh 1a do dong thoi chuyén vi ditng
va chuyén vi xoay ¢ gay ra. Vay néu ki hiéu :

HE =k [n(x0dx HE =kb [otx, tydx (3.40)
thi (3.39) ¢6 thé viét duge:

H,,=H, -HY;  Hy=H]+H (3.41)
Do d6: H,, - Hyy=-2HY;  Hj+Hy=2H{ (3.42)

Thay bicu thitc (3.42) vao (3.36) va (3.37) co:

5

s=-2y"dY -H, 9T (3.43)
ax”
mp=2by HY —2b°H, 9°® (3.44)

2

ox
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Cuoi cung thay mq va S vao (3.31) thi dugc hé phuong trinh dao dong udn - xoén

cua hé:
gy, O, & ~2y"HF -2H on_p (3.45a)
Z PN d E oy 2 '
4 2 2
EJ, a—‘f ~(GJ, +2b"H, )9—‘2" - 2by "HY}' + mr? ‘Lg’ =M (3.45b)
ox X ot

Trong trudng hop luc cudng bic 14 tai trong gié thi trong cdc phuong trinh 3.45 luc P
goi 1a lyc nang; M 1a mémen khi dong. Céc dai luong nay la ham s6 cha van téc gi6 cia
cdc chuyén vi g, v cde dao ham ciia chiing. Vi vay khi xét dao dong khi dong ciia cdu
treo ta duge hai phuong trinh phu thuée 14n nhau.

3.2.2. Tinh tan s6 dao dong uon

Phuong trinh dao dong riéng uén va dao dong riéng xoan cha hé s& nhan duoc khi
P=0vaM=0. Liic d6 hai phuong trinh (3.45) 1a doc lap nhau. Vi hai phuong trinh ¢6
dang gidng nhau nén & day chi trinh bay cach gidi phuong trinh dao dong uan.

Phuong trinh dao dong usn cia céu treo (he cap-dam) dugce viédt:

2 ~d 2
9—-‘3—?+EJZ£-9—Hg§—g+i b0 (3.46)
g ot ox ox* H,
Mat khéc ta cé thé dat :
nx,0 = X)) (3.472)
HY = H,T(1) (3.47b)
Khi dé tir (3.40) ta cé:
f, = Ef Jxax (3.48)
L.H,

Véicha y Ide s¢ thue hién d6i véi tat ca nhip cdu.

Thay bi€u thitc (3.47) vao (3.46) ta dugc phuong trinh bién do:

ELXV-HX" - dex+ g -0 (3.49)
g H,
Phuong trinh vi tich phan (3.49) ¢6 nghiém téng quit dang:
X = Cysinkyx + Cycosh,x + Cyshi x + Cychh x + g,)]j; (3.50)
i

g
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trong do:

2 4 2 4
7SN LAY s SUPTC RS VN B AR § SRS
2 Va4 2 V4
k = q(’02;

gEJ,

Dé xdc dinh cdc hing s6 tich phan, ti€n hanh xét trudng hop cu thé (ddm mot

H
y=|—5 (3.51)

nhip) sau day:
+ Dot voi cde dao dong doi xing :
str dung cdc diu kién bién:
X=X =0vaX(Nh=X’1)=0
Thi tir (3.50) ta biéu dién duoc bén hing s6 tich phan theo H,
gHy 741 ol

C =-=4
' oH, 27 875
c,= s ZH1 (3.52)
- o'H, 2Z
4
H, 7-
C'g:%'.—lthh{
) (gHg 27 2
~1
Cy=- gaHd Z_
w'H 272
£
1 2,2 2.2
7= 2 gy 22 2N oY (3.53)
yo V4 ' Y

Thay (3.52) vao (3.50) dugc biéu thitc X(x) roi thay vao (3.48), sau khi thuc hién tich
phéan va chia cho H ta duoc phuong trinh tan so6:

242472

v Z+4l Ml Z-L ML y"I"Hg

BT

Z(Z-1)=0 (3.54)

t = thE S 5
JZo1 P2 Jzm 2 EFR 324240
véi f : d6 vong diém giita clia day cdp
Bing phuong phép thit dén, ta tim duge tin s6 dao dong ddi xing, sau dé thay (3.53)

vao (3.50) s€ duoc ham dao dong riéng:
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COS An i—x chi, i—x
32f & 1_Z+1 “\2 _Z—l‘ 2

X= 55—>—
v(Z* -1 H, 27 As! 27 Al

COS— cn—

2 : 2

+P67 voi1 cac dao dong phdn doi xing:

Trong cdc dao dong phan xing vi H;" =0 nén Hy = 0 1l d6 biéu thitc (3.50) c6 dang

X = C,sinkyx + Cyoo8h,x + Cyshi x + Cyehh X {(3.56)
Vi cdc diéu kién bién:
{
X(0)=X"(0)=0va X[—) =X”(i] =0
2 2
- Y
s¢ dugc phuong trinh tan s6 sm—2'- =0 (3.57)
Do do dol =nm n=2,4,6,..) (3.58)
202 H,
Tir (3.51) 6 o, = B E1, + (3.59)
I~ g n“m”

3.3. Vi DU TINH TOAN CAU TREO DAY VONG BANG SAP 2000

~ Nhu da trinh bay o trén dé tinh todn duoc noi luc cia ciu treo day vong hay tan s6
dao dong riéng cla cdu treo day vong chi mot nhip thor da rat phic tap. Nén trong
chuong niy gidi thieu véi tinh chat tham khao vige tinh toan cau treo day vong bang
SAP 2000. D& tién theo ddi trong muc ndy s& di vao viéc gidi quy&t mot bai toan cu thé
nhu sau:
Bai todn - “ Xét ciu treo mot day dim cimg cé dang nhu binh 3.10 dudi day. Cho
biét: do cimg ciia ddm cing EJ = const = 44.10°Tm® ; day c6 dién tich tiét dién F = 0,1m’,
+do cing E_.F, = 1,8333.10°T, trong luong don vi g = 0,78T/m.

- 28,84 200 o |a 2664 |

Hinh 3.10

O trang thdi ban ddu, day chiu toan bd trong lugng mat cdu vh ddm cing la tinh tai
phan bé déu véi cuong do q = 11,22T/m.
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Yeéu ciu xdc dinh néi luc va chuyén vi clia cdu treo khi ddm chiu thém tai trong tam
thoi, phan b6 déu véi cudng d6 p = 6T/m.

Dé gidi bai todn ndy bang SAP 2000 cdn thyc hién nhitng buéc sau :
+ Lap so d6 két cdu

+ Khai bdo cdc dac trung hinh hoc

+ Gan tai trong lén két cau

+ Tinh toan va xuit két qua

3.3.1. Lap so dé két cau

3.3.1.1. Ldp so do két cdu tir Excel

Phuong trinh day véng 14 phuong trinh Parabol bac 2 nén viéc mé hinh hod trong
EXCEL trudc r6i copy sang SAP 2000 1a hop 1y nhat. Cic budc 1am cu thé nhu sau:

Buoc 1: Xic dinh cde diém nit va toa do cdc diém nit twong iing nhut bang sau:

TYPE NAME Xl YI Z1 XJ YI Z]

LINE 1 -26.64 0 0 0.00 0 86.67
LINE 2 0.00 0 80.67 33.33 0 49.63
LINE 3 33.33 0 49.63 66.67 0 2741
LINE 4 66.67 0 2741 100.00 0 20
LINE 5 100.00 0 20 133.33 0 2741
LINE 0 133.33 0 2741 166.67 0 49.63
LINE 7 166.67 0 49.63 200.00 0 86.67
LINE 8 200.00 0 86.67 226.64 0 0
LINE 9 (.00 0 0 33.33 0 0
LINE 10 3333 0 0 66.67 0 0
LINE 11 06.67 0 0 100,00 0 0
LINE 12 100.00 0 0 133.33 0 0
LINE 13 [33.33 0 0 166.67 it G
LINE 14 166.67 0 0 200 0 0
LINE 15 3333 0 0 33.33 0 49.63
LINE 16 66.67 0 0 66.67 0 2741
LINE 17 100.00 0 0 100.00 0 20
LINE 18 133.33 0 0 133.33 0 2741
LINE 19 166.67 0 0 166.67 0 49.63

Sau chudn bi xong s liéu tién hanh copy va pase vao trong SAP, duoc hinh 3.11 sau:
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Buoc 2 : Khai bao cdc lién két
Sau d6 tién hanh gén cic lién két véi dit,
day 1a budc rdt quan trong quyét dinh dé
mo hinh hoé chinh xdc két cau. Cac lién két
ciia dam véi dat duge khai bido hoan toan
giong nhu dugc trinh bay ¢ tai liéu [1]
“Phan tich két cdu cau cong va cdu day
vang bang Sap2000” . Cac lién két cla cip y
v6i dat duge chon nhu la g6i ¢6 dinh Khi
mo hinh hoa trong SAP 2000. Tai vi tri day
vat qua dinh cot thap duge coi nhu 14 géi di
dong khi mé hinh hoé trong SAP 2000.
bPoi v6i cac lien két trong ban than két
cdu tién hanh khai bdo nhu sau: Cic day Hiah 3.11
treo dugc khai bdo la cdc phan tir Frame c6 hai dau duge giai phéng lién két (momen,
“luc cit, mémen xoan) coi nhu mot thanh hai diu chét. Dam duoc coi 13 mot thanh lién tuc,
(tai cdc vi tri lién Két gitta day treo va ddm Khong bi giai phong lién két). D6i véi day vong
do sur 1am viéc cua day khong cé moémen tai cdc vi tri treo ddy treo vao dam cho nén tai
céc vi tri treo day cén giai phéng lién két (moémen uén, luc cit, mémen xoan).
3.3.1.2. Lap so do két cdu truc tiép trong SAP 2000
Buaéc 1:Tién hanh tao luci
Tién hanh tao luGi sao cho niit ctia cdc phan tir phai thudc nit luéi sau dé ding céc

chitc nang do SAP 2000 hé trg dé hoan thién két cau, Dudi day 1a cic bude vé luéi
(hinh 3.12):

Modify Grid Lines

(DRl e s
Reshape Element " % gl 1
Add Special Joint X Location | | Click to:
Draw Frame Element

Draw Quad Shell Element l

Draw Rectangular Shell Element
Draw NLLink Element |
Quick Draw Frame Element |
Quick Draw Shell Blement
|
1

|| __AddGidLine

Shift+F7

. v Lock Grid
= Giue Joints to Grid |
= jres—— BT 7 Lock Giid Lines
@ Constrain Drawing to.., » I~ Snap to Gnd Lines |
..N.t;_-w Labels... ™ Glie Joints to Grid Lines M I
Hinh 3.12
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Buoc 2: Tién hanh vé két cdu

Chi tién hanh v& mot s6 chi tiét co ban sau dé sit dung cédc chitc nang ciia SAP 2000
dé hoan thién két cdu. C6 thé tham khio thém & cudn “Phdn tich két cau cdu cong va
cau ddy vang bang SAP 2000”

Buoe 3: Khai bdo cdc lién két

Tién hanh nhu bude 2 & phén 3.2.1.1 Lap so dé két céu tir EXCEL.
3.3.1.3. Lap so do két cdu tir Auto Cad

Buoc 1: Tién hanh vé két cau trong Auto Cad

V& binh thudng trong Auto Cad sau dé ghi vé file ¢6 dang *.dxf (hinh 3.13)

— AutoCAD 2000 - [mohinh]

[F File Bdit View Insert Format Took Draw Dimension Modify Express Window  Help
CZE SRR s DBY o~ 8 shu L Bae
|B e [VorSuwom | [@o s |
7 "' I AN

s I T‘mh /T
2inl” D iy B
R Y

Hinh 3.13. M6 hinh trone Auto Cad

Buoe 2: Import vao trong SAP 2000
Tién hanh nhu hinh 3.14 duéi day:

13 SAP2000 - mo hinh - [3-D View]

JR St View Define Draw Select Assign Analyze Display Design Options e

D New Mode|.. Criei
q=—  MNew Model from Template.

.'% Cpen ., Clrl+0
I Save Ciri+5

Sove As... Fi2

e i) . .-
Eapert

] SAPXN0 JOB

= | SAPS0
DXF
Print Setup., Ciri+p | Frameworks Plus
Print Graphics Chri+c |

Frint Input Tables, ,, CriH

Lzer Comments and Session Log.,.
Display InputyOutput Text Files.

Diviet sach\Sach 200 cau treo day vorg\ 28-11\mo hinh.SDB

E\MguyEn Hiu Mung\BM-Cang Trinh Giae Thdng Triann Phd\cau treo\cau trec 1 9th10. 508
EA\Nguyén Hfu Hing\BM-Cdng Trinh Giae Thang Thisnh Phd\mau freoizau treo19th 10{phituyen) SDB
EANguyén Hiu Hing\BM-Céng Trinh Gise Thang Thanh Philcau treo\zau trecl SDB

=+ Zl: e Bz wlaly| -

J¢ B Shift4F4

Hinh 3.14
Buoc 3: Khai bdo cac lién két

Tién hanh nhu buéce 2 ¢ phan 3.2.1.1 Lap so dé két c4u tir EXCEL.
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3.3.2. Khai bao dac trung hinh hoc va vat liéu két cau

3.3.2.1. Khai bdo ddc trung vdt liéu két cdu

Vé vat lieu dac trung quan trong nhat dé tinh todn chinh xdc 1a E (modun dan hoi)
clia vat liéu. Tuy thudc vao vat liéu do thuc t€ ma khai bdo vao bén trong muc dac trung
vat liéu cua két cdu nhu hinh 3.15 dudi day:

Chick to: Mistoriol Mame
Add Mew Matenal Type ol Maleial Type af Design
5 hotopc O Design
Madity/Shg dhs Prwobits Dok il T el Dt
ﬂo— U Vo S
- ‘Wisight pes Lrid Voilme [W i
| Moduus of Elssticty [igma000

| oot i [ —
Cotcl Themd Exporion. [T TT0ETR
| Shea Modie i

| R X

Hinh 3.15
Cic dac trung duoc dién vao bang trén, nhur da dugc huéng dan & cudn [1].
3.2.2.2. Khai bdo ddc trung hinh hoc két cau

Pac trimg hinh hoc duge khai bdo sau khi da khai bdo xong dac tnumg vat liéu cua ket
ciu duoe tién hanh gém céc bude thé hién trong hinh vé dudi day :

Hinh 3.16

Sau khi chon nhu trén xudt hién ti€p bang nhu sau (hinh 3.17):

Section Name ﬁ?
Praperties
.\ Ciosswacton |sdal maa o Seaton moduus abou 3 s ]
| Torsonsl constand fi Sedioniosknaiodzms 1 i

Momen of Ineria about 3 e [1 Pl modius o Jia 1!
Mo of Inatia aboct 2 s | Pl moddabos 20| [T
| Shea anmss in 2 deuction fi Risckn of Gt aboul Jae !
| Shear smsin 3 dimchon v Fradas of Gyeation about 2 s f [

e R
Hinh 3.17



Tién hanh dién cdc s6 liéu vao cdc 6 ¢ trén 1a hoan thanh xong cong viéc khai bio tiét
dién bay gid can tién hanh gan tiét dién.

3.3.3. Gan tiét dién

Pay la budc quan trong dé dam bao xem céc dac trung vé hinh hoc va vat liéu cla két
cau cé ding nhu thiét k& hay khong. Dé dam bao chinh xédc trong viéc gdn mat cat cn
Iua chon cach thitc chon d6i tuong cho phit hop. Vé co ban duge ti€n hanh nhu sau:

Bucoe 1 : Chon cac doi tuong can gan mét loai tiét dién nao dé

Puoc tién hanh nhu hinh miéu ta duéi day :

Select Assign Apalyze Display Design Dptions Help .

Hinh 3.18

Hmeppel

et Frastaty Seleotjon

Sau khi chon nhw hinh 3.18 can chon
phuong thite "lwa chon" hop Iy phu

hop voi muc dich.

View Oefme Draw Select RN Analyre Display Design Ophons  Hep
3 1 e b ad] e le ]..u:\‘..l.n’?\-‘
— Hections .
Releases,
Loeal Axes..,
End Offsets..
Cutput Segments..
Prestress...
P-Delta Fafce...

Frame Static Loads... ]

Hinges [Pushover)...
Group Mame...

Chear Diplay of Assigns

Hinh 3.19. Miéu td viéc gan tiét dién cho két cdau

3.3.4. Phan tich sir lam viéc cua két cau

Su lam viéc ctia két cau ciu treo bao gém hai bo phan co ban la dam, day vong va
day treo. DAm trong cdu treo 1am viéc theo hai truong khac nhau: dam ciing, dam mém;
Nén vé co ban ddm céu thuc t&€ vin duoc diing phan tir thanh (frame) ciia SAP 2000 dé
mo hinh. Con d6i véi day vong c6 hai ly thuyét tinh 1a tinh theo so d6 khong bién dang
vii tinh theo so dé bién dang. Tuy thudc vao ly thuyét tinh ma sir dung m6 hinh khac
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nhan. Néu tinh theo so dé khong bién dang thi c6 thé ding phén tir frame ¢6 d6 cung
chéng udn rat nho so véi do cing chiu kéo dé mo hinh. Néu tinh theo s d6 bién dang
thi vin diing phan tr frame cé d¢ clng chéng udn nho hon rit nhiéu so voi do cing
chong kéo-nén dé mé hinh nhung trong phan tif frame lic nay 6 xét thém hiéu ting P-
delta. D& hiéu k¥ hon vé hiéu tng P-delta xem muc 3.3.4.1. '

Ngoai ra vi cdu treo 1ia mot he én dinh kém trudc tdc dung cua tai trong dong, nhu
anh hudng cha gié, mua, hoat tai, dong dat... Dudi nhimg tadc dong niy viéc lua chon mo
hinh nhu trén mai chi xét dén sy phi tuyén vé hinh hoc s& khong phan dnh chinh xdc
biang mo hinh thay cdc day treo trén bing viéc mo hinh day treo bing phdn ti phi tuyen.
Vi vay khi phéan tich dong s€ thay déi mo hinh tinh todn cho phli hop vdi thue 1€ hon.

3.3.4.1. Gidi thiéu so b6 vé phan tich P-delta trong SAP 2000

Hic¢u tng P-delta vé ban chét c6 xét dén sy thay déi dic tinh cta ket cdu, day 1a mot
‘Yoai phi tuyén hinh hoc. Hiéu ting nay duoc sinh ra khi trén két cau tén tai luc doc va lue
ngang. Su lua chon nay 1a dic biét quan trong d8i véi cac loai két cdu cé do ciing nho,

* thudng duge st dung phén tich cdc loai ket céu nhr @ cdp trong cdu ddy vdng, cap trong

“cdu treo day vong va thap trong cau ddy vang.

Ban chat ctia viée phan tich két cau c6 xét them hiéu ing P-delta la tién hanh gial bai
todn lap dé xdc dinh ndi luc trong két ciu. K& qué clia 1an 1ap trude duge luu lai va st
dung 1am gia thi€t dé giai bai todn lan sau. Toan bo tu tudng duoc thé hién trong vi du
cu thé san: Cho mot két ciu nhu hinh v& dudi day (hinh 3.20) néu khong xét hieu ng
P-delta thi moémen & ngam cla ket cdu hinh (a), (b), (c) 1a M = F.L; Néu cd xét dén
hiéu dng P-delta thi momen tai ngam cha két cdu hinh (a) M = F.L; cta hinh (b)
M = F.L — P.A: cha hinh (¢) 1a : M = FL+P.A; & day A 1a chuyén vi dau cong xon.

| ey ey 2

P P
(a (b) (c

Hinh 3.20

Giai bai todn lap s& xay ra hai kha nang 12 bai todn hoi tu hodc bii todn khong hoi tu.
Néu bai toan khong hoi tu thi do nguyén nhan chinh sau:

- S6 1an lap qua it

_ Sai s6 cho phép qua nho

- Hoic 12 két cu bi mat 6n dinh

Hai nguyén nhan ddu la nguyén nhén do viéc giai todn con nguyén nhan thi ba la
nguyén nhan vé kha nang chiu dung cua két cdu. Nguyén nhan nay déng quan tam khi
giai bai todn ket cau.
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Xeét lam viéc thuc € clia két cdu va kha nang phan tich cia SAP 2000 cho thdy viéc
mo hinh hod két cdu c6 xét dén hiéu iing P-delta 12 hoan toan hop 1y khi d4p dung cho mé

hinh cdu treo day véng.

3.3.4.2. Gidi thiéu so bo vé phan ti phi tuyén trong SAP 2000

Phin tir phi tuyén dugc sir dung d6i véi mé hinh két ciu cuc bo phi tuyén nhu la:
gaps, dampers va isolators. Su 1am viéc phi tuyén chi duoc thé hién trong phén tich theo
lich str thoi gian (time-history) phi tuyén. Véi tat ca su phan tich khéc, phan ti phi tuyén

lam viéc tuyén tinh.

Nhu vay vé6i viéc giai quyét bai todn tinh thi khong cén dén phén tir Nllink trong
moé hinh hoa két cau. Chi khi xét dén time-history thi méi cdn phéan tir phi tuyén

trong mo hinh.

3.3.5. Gan tai trong lén két cau

3.3.5.1. Hoat tai

Vi du hoat tai qua ciu 14 doan xe H10

Viéc ti€n hanh khai bdo tai trong doan xe di duoc trinh bay rat ky trong cu6n "Phan
tich két cdu cdu cong va cdu day vang bang SAP 2000" (cling tic gi4) xin ban doc tham

khao trong tai liéu [1].

3.3.5.2. Tinh tai

Tinh tai trong vi du nay duoc quy déi vé thanh céc tai trong phan b6 déu tic dong lén

day va dam. Pugc khai bdo nhu sau

Buoc 1:Tao cac lép tdi trong

Define Static Load Case N

Khai bdo tricong hop tdi trong tinh
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Hinh 3.21



Budc 2 : Gan tdi trong

/: T rr—rT

—D

Chon cdc phan tit can gan tdi trong

Gan tdi trong lén két cdu

Hinh 3.22

K&t qua sau khi gan tdi trong xong nhu sau:

3.3.5.3. Gan luc P-delta

Hinh 3.23

Viéc gén luc P-delta dugc tién hanh nhu sau:
Buoc 1: Chon cde doi tugng cdn gan luc P-delta
Duoc tién hanh nhu binh thudng nhur gan tai trong tinh tai & trén

Buée 2: Tién hanh gdn luc P-delta

Bugce 1am nhu hinh 3.24 duéi day:

-Delta Fe

Hinh 3.24

Luc doc P-delta duge xéc dinh thong qua cong
thitc sau:

CX Cy .CZ

o day :

Py 12 luc doc P-delta va cx, cy, cz la cos clia géc
gitra truc 1 cta phin tir ddm véi truc X, Y, Z ciia
hé toa do cys tuong ting. DE tranh trudng hop
chia cho 0 ban khong xéc dinh hinh chiéu lén
bdt ky truc ndo cia hé toa do vuéng géc véi
truc 1 cta phén tir ddm.
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C6 hai cdch dé xdc dinh luc doc 1a dién vao 6 Force hoac dién vao mot trong céc 6
X...Y.., Z... Gid tri ¢ day la gid tri diwoc xde dinh ban dau hodc dioc gidi so bo khi
khong xét hiéu g P-delta

3.3.6. Bai toan phan tich dong cau treo

Cau treo day vong 1a hé két cdu bién dang nén viéc gidi quyét bai todn phan tich dong
12 véin dé rit quan trong. C6 hai néi dung cin quan tam la dao dong riéng cua hé va dao
déng cudng bic. Viée xdce dinh tan s6 dao dong riéng cla hé c6 thé ding cédc cong thic
gén diing hodc xdc dinh théng qua cdc mo hinh phén tir hitu han. Viée xac dinh biang
cdch mo hinh hod két cdu 16i xdc dinh thong qua cdc phan mém c6 san phu thuoe rét
nhiéu vio viéc mo hinh ho4 két cau. Sau day xin trinh bay cach xéc dinh tan s6 dao dong
rieng bang phan mém SAP 2000.

a) Dao dong riéng hé

Sur khai bdo dao dong riéng cua hé xin xem trong tai liéu [1]. Sau day chi gi6i thiéu
mo hinh hoan thién va mot vai mode dao dong cta hé. Do cdu la hé 1am viée khong gian
nén viéc xac dinh dao dong riéng ctia hé phai duoc xdc dinh trén cdc mo hinh khong
gian. Ta ¢c6 mo hinh khong gian cua ciu treo day vong nhu sau:

T8 SAP 2000 - ma hink_ b5 - [3-D Yiew]
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Hinh 3.25
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Trudng hop thit nhat:

B SAP2000 - mo hinh_bS

Hinh 3.26
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Hinh 3.27

101



Trudng hop thit ba :
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Cin luu ¥ 12 phii xdc dinh diing cdc tdn s6 cén xdc dinh ma bat céc mode cho phu
hop v6i muc dich.

b) Dao dong cudng bifc clia hé dudi tic dong cla tai trong gi6
(Phdn nay duoc trinh bay rat chi tiét trong chuong 4).

3.3.7. Chay chuong trinh va xir ly so liéu

3.3.7.1. Chay chuong trinh

Dé chuong trinh ¢6 xét dén hiéu img P-delta trude khi chay chuong trinh ta can nhap
cdc thong tin dé chuong trinh tién hanh xét hiéu ung P-delta. Dugc thé hién thong qua

cac hinh sau:

Tir thanh Menu vao Set Options.

Xudt hién bang nhu hinh duéi day

Hinh 3.30

P-Delta Parameter

Chon set P-delta Parameters

Hinh 3.31
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Tai bang trén cén chon cdc thong O sau:

- Maximun iteration : s6 1an 1ap max

_ Releative tolerance-displacements: Sai s6 1ap cua chuyén vi

- Releative tolerance-forces: Sai s6 lap cua luc

Ngoai ra trong muc té hop tdi trong P-delta cén chon diing trudng hop tai trong can
xét va hé s6 cin dua vao thém.

Cdn luu y la s6 lan ldp khong digc qua lon va sai s6 cia phép lap khéng duge qua
whé dé bai todn khéng hoi tu. Khi bai toan khéng hoi tu moi cong viéc co lién quan dén
viéc xét hiéu ing P-delta bi thodt ra.

3.3.7.2. Xu ly s6 liéu

Do dic thii cong viéc ¢ day la giai mot bai todn cu thé nao dé cho nén viée xu 1y 0
lieu khong khdc gi so véi truong hop khong xét dén hiéu ting P-delta. Phéin nay da duoc
giGi thiéu rat ky trong tai liéu [1]. 3 Sau day xin trinh bay mot s6 keét qua tinh dugc.

I8 SAP2000 - mo hinh - [Deformed Shape (TT)]
3¢ File Edit View Define Draw Select Assign Analyze Display Design Opth

nlzl@l <« 2@ ] 8|e|2|8|o|HE| v

Hinh 3.32. Bién dang cua két cau

- mo hinh - [ Axial Force.Diagram (T

3¢ File Edit View Define Draw Select Assign Analyze Display Design Options

@@l o] 2ll@ ] olelele| sl 3| w | e

Hinh 3.33. Biéu dé luc doc trong day
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I8 SAP2000 - mo hinh - [ Moment 3-3 Diagram  (TT)]

3% File Edit View Define Draw Select Assign Analyze Display Design Options Help
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Hinh 3.34. Biéu dé mémen uén

Xin nhac lai két qua sir dung cac phdn mém tinh todn phu thudc rit nhiéu vao ngudi
st dung phan mém dé. Moi y tudng mé hinh déu phai phit hop véi su 1am viéc thue €
cua két cau.
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Chuong 4

BAI TOAN PONG HOC
CAU TREO DAY VONG

4.1.CO SO LY THUYET

Hién nay két cdu cdu day néi chung va loai cdu treo néi riéng dang khing dinh tinh
uu viét cua no, khong chi vé mat kién triic my quan hay kha nang vuot nhip 16n ma ci vé
mat cong nghé thi cong. Tuy nhién ¢ Viét Nam hién nay viéc xay dung cdu treo nhip Ién
van con khd méi mé. Pa ¢6 mot s6 du dn trong nude hay hop tic véi nudic ngoai thiét ké
va ca thi cong cau day dang duoc xic tién trién khai khan truong, gép phin cho viéc ra
doi nhitng cong trinh cdu day hién dai ddu tién & Viét Nam.

Bai todn dong hoc cia céu treo ¢ day chu yéu giai quyét bai todn anh huong cia gié
d6i v6i cong trinh cdu. Pay la mot trong cdc vin dé khé khan doi véi cic ky su, chuyén
gia thi€t k& cdu cua Viét Nam, doi hoi phai ¢ su ddu tu nghién ctru k¥ cang, t6n kém.
Mot nguyén nhan giy nén su t6n kém d6 la cic phuong tién va dung cu thi nghiém qué
dat tién ma ¢ Viét Nam chua ¢6 va phai thué thi nghiém & nuéc ngoai. Trong pham vi
chuong nay s€ dé cap 6i 1y thuyét co ban vé gié va bién phdp tinh todn anh huong cia
g16 d6i véi cdu thong qua céc vi du tinh todn anh hudng cla tai trong gié d6i véi mot s6
cau treo day vong ¢ Viét Nam, Trung Quéc , Hoa ky:

- Tinh todn chong gi6 d6i v6i cau treo day vong H6 Mon-Quang Pong, Trung Qudc,
trong dé chdp nhan mot s6 s6 lieu da thi nghiém duoc.

- Tinh todn véi ciu treo day vong Tacoma, cay cdu da dé sap khi xay xong chura lau
dudi tac dung cua gié nhe.

- Tinh ki€ém todn 6n dinh gi6 cho cau treo day vong H-ling & Quang Nam.

4.1.1. Khai niém chung vé tai trong gié

Cong trinh cdu thudng duoe xay dung & noi tréng trai va chiu gié manh. Tai trong gié
tdc dung lén cdu phu thudc vao kiéu cdu (vi du cdu ban, cdu dan, ciu dim, ciu vom, céu
day, v.v...) cting nhu phu thuoc téc do gi6, huéng gi6, kich thudc va hinh dang cdu, céc
diéu kién dia hinh, ving khi hau noi ¢6 cdu, v.v... Néi chung, cic tic dong cta gi6 lén
cau thuong duoc xét theo cac dé muc sau :
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- Céic dp luc g1o tinh
- Tac dung dong hoc clia dong gié thoi

- Anh huéng clia cdc cong trinh Jan can lam thay déi hudng gié va cic dac trung cua
dong gi6. :

Khi tinh todn dnh hudng cta gié 1én cdc két cdu phip cau kiéu thong thuong, ngudi
thiét k€ cé thé chi quan tam dén xét dp luc gié finh. Nhung trong tinh todn cau diy vong
vi cAu diy xién, cdc hién tugng mat on dinh khi dong hoc cin phai duge chi ¥ nhicu
hon. Thudng thi &p lue gid finh ¢6 thé gay bién dang cho ket cdu nhip cau. Con tac dung
dong hoc coa gid thi 1am cho két cau bi rung hoac dao dong manh. Cdc cau day vong
cling nhu cdu day xién déu rdt nhay cam vé1 tac dong cla gioé, khién cho két cdu nhip
dao dong theo nhiéu dang thitc khdc nhau ¢ tan s6 thap va c6 thé dan dén hau gua phd
huy cdu. Néu ¢6 2 cdu dat qua gén nhau, ¢o the xay ra higu ung Bernoulli khi dong gi6
thoi qua khe ha giGa 2 ciu va gdy nguy hiém cho ¢a 2 cau dé.

Ap luc gi6 tinh lén cau duge tinh toan theo cic nguyén }y quen thuoe ctha Co hoc chit
long. Theo 1y thuyét Bernoulli thi khi c6 dong chat long 1y tudng tdc dung lén vat the,

mutc do tang dp luc finh s& bang muc do giam ap luc dong. Cuong do ap luc gio duge
tinh theo phuong trinh sau:

p=0,5CpV° (4-1)
trong do:
p - dp luc gid
p - mét do khong khi
V - t6c do gio
C - hé s6 1y lé (cdn goi h¢ s6 hinh dang), 1dy tuy thuoe hinh dang cua vat thé can
dong 210

Tri 56 ca C 12 khd nho d&i véi cdc cdu ki¢n hep vii c6 dang be mét thuon thodt gid
(dang luu tuyén), hoac s& 1a tri s6 tén d61 véi cau kign to rong va hinh dang khong thodt
gié ém thuan. Hop luc cla luc gi6 tac dung 1én vt thé can gi6é bao gém thanh phan luc
nang theo phuong thing ditng va luc theo hudng cna dong giod.

Su bien ddi clia t6¢ d6 gi6 theo chiéu cao va theo mic d¢ gb ghe caa dia hinh.

Gi6 ¢6 thé coi 1a sy chuyén dong nhiéu loan clia khong khi. Chuyén dong nay c6 dac
diém la khong quy luat va ludn thay doi theo thoi gian ciing nhu theo khong gian. Trong
tinh todn cong trinh thudng ding gia tri trung binh danh dinh coa toc do gié. Néu thanh
phin xung béng 0 thi chuyén dong dong gi¢ duge coi 1a ém déu.

Su khdc nhau giita t6c do trung binh va téc d6 that chinh 1a do thanh phin xung cua
t6c do, né gay ra hien tugng dong hoc trong cong trinh. Hau hél cac nude déu cd cic
nghién ciu khao st vé khi tuong va vé dugc ban dé t5c do gi6 trén khap linh thé & cao

dod 10m so véi mat ddt. Ban dé gié theo lanh thd cha Viét Nam di duge Tong cuc Khi
nrong thuy van cung cap.
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Ap luc gié 1én cong trinh diac trung bdi cot dp lue gid, xdc dinh theo t6c 4o gid véi
x#c sudt xay ra trung binh 1 1an trong 5 nam. Ap luc gié tinh todn cdn duge 1y phu
thuoc vio dang cong trinh. Trong céc tiéu chudn thiét k€ cong trinh cha nhiéu nuée
thudng xét toc do gid 1on nhit trong vong 100 nam dé thiét k& cong trinh cho an toan.

Su thay ddi toc do gid theo chiéu cao phu thudc vao dieu kién dia hinh, dia phuong.
C6 thé dé nghi mot quan hé sau dé xdc dinh téc do gié V,, ¢ chiéu cao h thong qua gid
tri t6c d6 V, & chiéu cao chuan h, = 10m.

V=V, (h/h)* (4-2)
Chi s6 luy thita o duge 14y tuy theo diéu kién dia phuong nhu sau :
- Noi mit nurde thodng a=012
- Noi khong cé rimg, thodng a=0/16
- Noi ¢6 rimg o =028
- Trong thanh phd ¢ =040

Toc do gi6 V, la tri s& trung binh trong mét khoang thoi gian nao dé. Déi véi cong
tFinh thi t6¢c do ndy cdn phai dugc hidu chinh tang 1&n do sir nhiéu loan chuyén dong clia
dong gi6, do 16c va v.v... Khi d6, doc theo cong trinh t6c do gid tai cdc diém la:

ViL =3, .V

trong do:

a, - thira 56 hiéu chinh, duoc x4dc dinh tuy theo bang 1 tuong tng vdi cic chi¢u dai
L, clia cong trinh va cao d¢ cua né (hay chiéu cao)

Bang 1

H (m) He s6 a, tuong (ng vdi chiéu dii Ly clia cong trinh, (m)
110 114 11,30 | 1124 | 11,21 | t1,18 | 11,16 | 11,14 | E1,42 | 11,10 | 11,09
330 11,24 | 11,19 L 11,06 | 14,13 | 11,12 | 11,80 | 11,09 | 11,08 } 11,08 | 11,07
- 350 11,20 | 11,15 | 11,13 | 11,11 | 11,10 | 11,09 { 11,08 | 11,07 | 11,06 | 11,06
770 11,07 | 11,13 | 11,11 | 11,10 | $1,09 | 11,08 | 11,07 | 11,06 | 11,06 | 11,05
1100 | 14,14 | 11,11 | 11,10 1 11,08 { 11,08 | 11,07 | 11,06 | 11,05 § 11,05 l],OSj

Tuong tu, ddi véi cOng trinh cao thi toc do gio tinh todn la
Vin = au- Vi
trong do:
a,, - thira $6 hiéu chinh, phu thudc vao chi¢u cao H ctia cong trinh nhur sau:

H(m)| 330 | 440 | 660 | 880 | 1100 | 1120 | 1140 | 1160 | 1180 | 2200 | 2220 | 2240
ay | 11,50 11,43 11,32111,26 11,221,199 (11,17 | 11,16 | 11,14 | 11,13 | 11,12 | 11,11
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Néi chung, téc do gid ting ti gid tri bang 0 & cao do sat mat dat cho dén mot tri s6
cue dai nao dé & chiéu cao chimg 0,5 - 1,0 km so vOi mat dat. Bé mat gé ghé cia dia
hinh s& can té su di chuyén cuiia dong gié. Hiéu iing nay giam dan theo chiéu cao va dén
mot do cao 8 ndo dé thi coi nhir khong con anh huéng nita. D6 cao dé goi 13 16p bién
cua khi quyén tr do. Phin khi quyén & bén trén 16p bién d6 goi 12 khi quyén tu do. Do
cao 16p bién ciing con goi 12 do cao gradient va téc do¢ gid ¢ do cao dé goi la t6c do
gradicn. Toc do nay s& khong thay déi theo do cao nifta. Cén luu § 1a khi néi dén (oc do
gio 6 mot dia phuong nio d6 thi thuong khéng phai 12 t6¢ do gio tai cao do mat dat ma
12 néi dén téc do gié tai cao do khoang 10m. Trén hinh 4-1 vé& bi¢u dé bién doi tée do
gi6 theo do cao so véi mat ddt. Con trén hinh 4-2 mé ta cdc biéu dé toc do gi6 & cic dia
hinh khidc nhau (vi du, trong thanh phé, viing nong than, viing bd bién).

]
V = Vg Const
- Gid Gradien
\_‘ig }
[
A / [}
Gid 10p bién
i \
4 V= V(z}
L 1 -

Hinh 4-1: Biéu do bich doi 16¢ do gid theo d6 cuo so vii mar dat
Ngoai cong thirc {4-2) di ndi trén, doi véi toc do gid con mot quan hé todn hoc khic
theo dang ham Logarit dd duge tic gia Liu dé ra tir nam 1991:
1
vV, = " V,In{h/h) {4-3)

trong dé: V- tdc do cit trugt hoac t6c do ma sit

V= yT/P

VOl
T - cudng do gidé o mat dat
p - mat do khong khi = 1,2256 kg/m* & cao do miit bién va ¢ 15°C
k - hiing s6 Karman, 14y gan diing bang 0.4 dua trén cdc thi nghiém (rong him thi
nghi¢m khi déng hoc va trong khi quyén.
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Hinh 4-2: Cac biéu db téc do gi6 o cde dia hinh khdc nhau

Néi chung "quy luit Logarit" duge cdc nha khi tuong hoc coi 12 diing hon & pham vi

ving khi quyén thap, con "quy lu4t luy thira” khéng dugc diing trong nganh khi tong
hoc. Tuy nhién do né don gian khi tinh 4p luc gié nén céng thitc theo quy luat luy thira
lai thudng duge diing trong céc tiéu chufin tinh todn céng trinh xay dung cia nhiéu nudc.

D61 voi mot k&t cdu khong qud cao so véi mit dat thi ¢6 thé chidp nhan diung téc do
gi6 trén bé mat dé tham khao suy ra tdc do gi6 cho tinh todn két cau. Diéu nay ding véi
da s6 cdc cdu g vimg néng thon. Tuy nhién cé thé mot by phan ndo dé cha ciu ching
han nhu ¢t thip clia cdc ciu day la khd cao so véi mat dat. Khi dé téc do gidé bé mat
khong thé duge diing nhu t6¢ do gié khong ché cho thiét ké toan bo ciu. Su tang toc do
gi6 theo chiéu cao ¢6 thé trd thanh mot dé muc quan trong can xét k¥ trong lic thiét ké
cén day. Phan nhé 1én qud cao cla cdu phai duge thiét k€ véi t6c do gié cao hon so véi
toc do gi6 duge ding dé thiét k& nhitng phén thap hon cla cdu.

Lay vi du cau Fred Harman & bang Texas (Hoa Ky) di xét :

- Toc do gié 110 m/h & 46 cao khoang 10m

- Toc d6 gid 160 m/h & cao dd mit cau xe chay, cao hon mat nuée séng 35m

- T8¢ do gié 195 m/h & cao do dinh thap ciu day, cao hon mat ciu 80 m

Daoi vdi cédc toc do gid nhur the ngudi thiét k& da tang thém 15 % tai trong [én thap va

lén tru cau.
4.1.2. Muc dich va phuong phap chong gié

Muc dich thiét ké chéng gié truée hét 1a bao dam trong giai doan thi cong cling nhu
trong giai doan su dung sau khi xay dung xong, ciu chiu duoc tdc dung tinh cia tai
trong gid toi da va tic dung dong do gid giy dao dong tao ra.

Vi gi6 tu nhién gay ra cic loai gid tao ra dao dong, nén trong thiét k& chong gid, doi
héi cé do an toan diy di giita t6c do gié t6t han gay dao dong nguy hiém so véi téc do
gi6 thi¢t k& nhim dam bdo su dn dinh chéng gié trong cdc giai doan thi cong, dong thoi
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doi héi bien do dao dong 16n nhit clia dao dong xody va dao dong lat nam trong pham vi
chip nhan duoc, tranh cho két cdu bi moi, ngudi kho chiu, chay xe mat an toan v.v..

Néu phuong 4n thi€t k€ cdu ban ddu khong ddp g yéu ciu chdng gio thi sua déi
thigt k& hoac ding cdc bién phap khi dong hoac bi¢n phép co hoc dé nang cao tinh 6n
dinh chéng gié clia két cdu hodc giam bién d6 dao dong cha gié gay dao dong.

Vi dic tinh ludng gié r6i trong khong trung va dic tinh khi dong ctia mat cat ngang
cdu 12 vat thé dang tuy y khong theo quy tic nao ca rat phic tap, nén hién nay chua ¢
cich ndo dé xay dung mot mo hinh todn hoc miéu td mot cach ddy do tic dung wong hd
gifta gié va k&t ciu, ma chi c6 thé qua con dudng nira todn hoc, nira thue nghiém hoac
hoan toan thuc nghiém dé tim 11 gidi gdn dung. Vi vay, thi nghiém trong 6ng khi dong
hoc 12 mot bién phdp quan trong khong thé thi€u trong viée thiét k€ chong gid cho cau.

Trong céc giai doan thiét k& cdu khéc nhau, c6 thé tuy tinh hinh ma sir dung céc

phuong phép thiét k&€ chéng gi6 va cdch thi nghiém ong khi dong c6 d¢ chinh xdc
khac nhau.
. Ddi v6i cdu 16n ndi chung, & giai doan thi€t k& so bo, c6 thé dung céc cong thitc
gin ding dé danh gid noi luc (ai trong giod tinh va dic tinh dong luc trong céc phuong
an. Sau khi da xé4c dinh phuong 4n, méi thong qua viéc thi nghiém 6ng khi dong cua
cdc mé hinh phan doan dé do cdc tham s6, kiém tra viéc chéng gié va phan tich cdc
loai dao dong.

D6i v6i cdc cdu quan trong, ngay trong gial doan thiét k& so bo, can chon loai hinh
khi dong qua thi nghiém 6ng khi dong dé 1am can cif chon tiét dién dam chii. Trong giai
doan thiét k&€ k¥ thuat, lai phan tich dao dong gié va ki€m tra viéc chéng gié mot céch ti
mi doi véi phuong 4n tiét dien di chon va xdc nhan lai két qua phan tich bang céc thi
nghiém &ng khi ddng mé hinh toan cau.

4.1.3. Céac yéu to quan trong trong thiét ké chong gié

4.1.3.1. Cdc tham sé ddc tinh ctia gié »

Qua viéc diéu tra, thu thap s6 licu d€ nim dac tinh khi tuong vi tri cu va dung
phuong phap chinh xdc dé xéc dinh cdc tham s6 hop 1y slr dung trong thi€t k€ chong gid.
Cén dac biét chd ¥ dia hinh dia mao, hudng gi¢ dac thi tai dia diém xay dung cdu d¢ c6
su hi¢u chinh can thi€t cdc tri 56 1ay trong quy pham.

4.1.3.2. Pdc tinh dong luc cau

Phan tich dic tinh déng luc cdu 12 co s& phan tich dao déng gié, can ding mo hinh
luc hop 1y va chi ¥ xir Iy chinh x4c cdc diéu kién bién. Cén so sdnh két qué tinh todn voi
cdu trong tu (16t nhat 13 ¢6 s6 liéu do dac thyc € d€ kiém tra lai tinh hop 1y, chac chén
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clia né, trong dé dac biét phdn dodn chinh xéc dao dong uén diing, udn ngang va xodn
dai xtng va xoan phan doi xing clia ddm chu & hai bac dau).

4.1.3.3. Tdi trong gic d6i véi cdu

Tai trong gi6é ddi véi cdu gdm hai phén tai trong gi6 tinh va tii trong gié dong. Tai
trong gié finh gém luc can, luc nang va mémen luc. Tai trong gié dong gom luc quan
tinh clia két ciu do chin dong cia gié gay ra. Vi gy ra dao dong cin mot thai gian kéo

dai nhat dinh nén c6 thé 13y gid (binh quan) trong khoang thoi gian dai 1am t6c do gio
thigt k& gay ra dao dong.

4.1.3.4. Toe do gio toi han dao ding trong tranh

Téc do gi6 t6i han dao dong trong tranh 12 toc do gié bat ddu 1am cho cAu phat sinh
dao dong trong tranh lan truyén (phat tan). Khi toc d6 gié bén ngoai thap hon toc do gio
t6i han thi dao dong yéu di. B¢ dé phong dao dong nguy hiém 1am hu hong ciu cin bao
dam sao cho téc do gi6 t6i han dao dong trong tranh cao hon t6c do gié chudn thiét k&
c6 thé xudt hién @ noi vi trf cdu vi c6 hé 86 an toan nhat dinh.

4.1.3.5. Anh huong dao déng gidt

Dao dong giat 1a dao déng cudng biic bién déi dudi tic dung cia luong gid roi. Anh
hudng dao dong giat my thuoe vaoe dac tinh dong luc cla cdu, dac tinh khi dong cha mat
¢t dam cha va dic tinh luéng gio réi.

4.1.4. Khai niém vé hiéu iing khi dong hoc doi voi cau day
4.1.4.1. Khdi niém

Ciic ket cdu cau treo day vong va cdu day xién déu duge tinh todn vé mat tinh hoc
duéi tic dung clia gi6 théi theo phuong doc cdu va theo phuong ngang cau. Tri s6 tai
trong gié dugc 14y wong ng vol téc do gio trung binh trong khu vuc ciu. Tuy nhién cic
cdu nay con chiu anh huong rat 16n cua céc hicu tng khi dong luc. Cho dén nay chua cod
phuong phép giai tich thuin tuy nao do chinh xdc dé tinh duge téc dung khi dong hoc
clia dong gid 1én két cau cau. Dé nghién citu cdc dnh huong d6 chi c6 thé can cii vao cac
thi nghiém trén mo hinh két cdu cdu trong ham thi nghiém khi dong hoc va thi nghiém
irén cac két cdu cdu thue t€ 161 réi Kinh nghiém va ket hop v6i cAc nghién ciu tinh toan
Iy thuyét ma hoan chinh dan }y thuyét tinh toin du bao.

Muc dich cua cic thi nghi¢m trong ham thi nghiém khi dong hoc 1a lua chon cic dic
trung do ctmg va dac trung hinh hoc cua k&t cdu cong trinh sao cho loai trir duge nguy

co phat trién cdc dao dong nguy hiém dusi tac dong gi6 véi cudng do du kien ¢ the s&
xudt hién trong khu vuc xay dung cdu trong thoi han khai théc cdu (vi du 100 ndm).
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Khi dong khi thi qua mot vat can (vi du d6 1a két cdu cAu hay 6t6, mdy bay, tén lira,
v.v...) s& phat sinh céc xody khi ldn luet ¢ hai bén trai va phai ngay sét phia sau két cdu
d6. Cic xody khi nity c6 thé khi€n cho vat thé can dong khi s& bi rung dong. Tan s6 phat
sinh cac xody khi phu thuoc vao hinh dang va kich thudc ciia vat can gid, toc do gid.

30 <R, <5000

200.000 < R,
5000 < R, < 200000

Hinh 4-3 : S0 d6 xudt hién cdc xody khi phia sau vt thé hink tron (R, ia hé s& Reynold)

Hién tuong dao dong do céc xody khi (tubng gi6é xody sau két cdu) da phat hién duoc
& nhidu cdu dudi tic dung cha dong gié va di duge Gido su Von Karman (nguoi Dic)
nghién cu ngay tir ddu the ky nay. Dé dinh gid cic tic dong can phai xét dén he s6

Reynold (R,) nhu sau:

R - VB 44

trong dé :
V - toc do gio
B - chiéu rong cau
v - d6 nhét cha dong khi (c6 thé 1dy bang 0,15 cm’/s)
f - tan so phat sinh xody khi ¢ phia sau vat thé (két cdu nhip)

h - chiéu cao ciia vat thé can gié (chiéu ddy ket cau nhip)
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M@6i quan h¢ gitra t6c do gio V, kich thude diac trung cua vt can h trong huéng vuéng
goc voi dong gi6 (chiéu cao hinh chiéu vat thé len mat phang dimg) va tin s phat sinh
@ ciia xody khi durge thé hién trong cong thiic tinh iri 86 Strouhal nhu sau :

S=wh/V | (4-5)

56 Strouhal ndy phu thuée hinh dang vat the dang c¢an gié. Vi dy moét hinh tru tron
dudmg kinh d & ¢6 s6 Strugal biang 0.22 va rit ra ;

w=10.22 .V/d

Trong Bang 2 ghi cdc gid tri clia s Strouhal twong dng véi cée dang mat cit ngang

ket cau khde nhau va hé s6 Reynoldd khéc nhau.

Bang 2

So Strouhal ciia cde mdr cdt dién hink

{ St S

| 3
30 | 50 1 500

! 10 . 0.13
0,13] 0.20/0,21 . 0.24
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3 5 r 7
1 .| 07107107 | 10 ‘=” S 013
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i 706 -
= D
R. | 40 |200] 10° e — 014
H : S, 0,13]0,17] 0,15 ZE‘ b T 0,12
D .
I R. | 10" | 10° |
S |0,14/0,13

L Ibr — 0.4

— —= 015
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S Strouhal ciia mdt cdr cdn

.
Hinh dang mat cit S, T1.1 T]_h
1 T 0,12 ~0,14 0,102 ~ 0,256 (0,167) 6
2 T/ 0,11 ~0,19 0,033 ~ 0,226 (0,115) 8.9
3 > . 0,101 ~ 0,153 (0,119) 8,4
4 ~ > _ 0,070 ~ 0,103 (0,085) 11,2 B
S O . 0,055 ~ 0,138 (0,086) 11,6
6 T T 0,05 ~ 0,13
7 ) 0,11 —
q F——— 0,17 ~ 0,19 0,045 ~ 0,200 (0,138) 725
9 | 0,16 —
10 | 0,15 —
i _

4.1.4.2. Xét vi du vé trang théi ciia vdt thé tru tron ndm trong dong gié thoi

Trén hinh 4-3 gi6i thiéu cdc trang thii cla viing xody khi dong gié théi ngang bao
quanh mot vat hinh tru tron (mét hinh dang khéng thuén) ¢6 thé dai dién cho tinh hudng
ma gi6 théi ngang qua mat két cdu dim cdu. Diéu dac biét 1a cdc xody khi 1én sinh ra tir
phia trén va phia dudi & dang sau vat try tron theo kiéu ¢6 chu ky nhat dinh. Chiing phan
b6 thanh 2 hang ngay sau vat thé tru tron va duge goi [a vét xody Karman. Vet x0dy nay
dao dong va giy ra dp luc lac giat len xudng that thudng doi véi vat the tru tron. Ap e
do mang dac tinh dong (bién déi theo thoi gian). Tdn s6 clia luc lac giat nay bing tdn s6
phat sinh cdc xody khi va ty 1¢ thuin véi tdc do gid. Trang thai khi dong hoc phu thuoc
tri s6 Reynold (R)).

Suu day ching ta xét ty my hon vé tinh huéng néi trén,
- Khi R, < 10 thi dong khi théi ém dém
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- Khi R, tang dan Ién, phia sau hinh tru tron xuat hién 2 xody khi ¢6 dinh, chiing 16n
dan lén rdi sau d6 tich khoi dong gié chinh khi ma R, = 40
- Khi R, > 50 bat dau xudt hi¢n nhiéu xody khi ldn lugt va sip x&p thanh haj dong

xody khi & phia sau vat thé. Trang thdi ndy ti€p tuc cho dén khi ma R, = 150,

- Khoang gid tri cta R, & giita 150 va 300 13 khoang gid tri chuyén tiép, dong xody
khi thing tr& thanh dong cdce xody khi nhiéu loan va cc xody khi duoc phit sinh ra mot
cdch hén loan khéng quy luat.

- Bat dau tir khi R, = 300 thi cdc xody khi lai phdt sinh theo chu ky va tinh trang nay
ti€p tuc cho dén khi R, = 2.10°

- Khi gid trj R, tang hon nita thi cdc xody khi lai phat sinh hén loan cho dén lic ma
R,.=5.10°

- Dén khi R, > 5.10° thi mét 1dn niia cdc xody khi lai duge phat sinh ra theo chu ky wr
phia sau hinh tru tron.

D6t v61 mot hinh tru tron ding yén thi tdn s6 xudt hién cdc xody kh{ dugc xéc dinh
bang 56 Strouhal (luu ¥ : S = 0,20 khi ma 11800 <R, < 19100).

Dic diém kich thich clia cic xody khi d6i véi hinh tru tron mém 14 su xu4t hién cdc
dao dong manh theo huéng ngang véi huéng gi6 trong mot khoang bien ddi nhat dinh
cua toc do gio.

Kinh nghiém cho thdy rang hinh tru tron dao déng theo hudng doc va hudéng ngang
v6i bien d6 ngdu nhién va pha ngu nhién v6i tan s& gin bing tin s6 dao dong tu nhién.
Khi téc d6 gié tang lén thi bién d6 dao dong ciing tang theo. Diéu nay dic trung cho ché
do chuyén dong ém ciing nhu chuyén dong nhiéu loan, nghia 1a khi R, > R_*, trong d¢
R.* la s6 Reynoldd twong ing véi sy miét sic chiu va gidm sifc cin bén héng thi dao
dong ngang giam.

Theo cdc quan sat thi nghiém thdy ring ing véi mot téc do gié nhat dinh thi tdn s6
phét sinh cdc xody khi tré nén gén triing v6i tdn s6 dao dong riéng ciia hinh tru tron
nam trong dong gié va bién dé dao dong clia hinh tru nay tang lén. Nhu vay da xdy ra
cong hudng gié, twong ng véi toc do gio t6i han va mat kha nang gidm chén cha hinh

try tron.
4.1.4.3. Xét vi du vé trang thdi cua bdn thang ding nam trong dong gid thoi

Hinh 4.4 cho thay trang thdi dong khi th6i qua mét ban dit thing dimg c6 2 mép vat
nhon, twong img véi cdc gia tri khéc nhau cia s6 Reynoldd.
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R, = 1000

Hinh 4-4 : Mo td cée dong khi xod y phia sau bdn thang dimng

- - Khi 56 Reynoldd con rit nho (R, =0,3) thi dong gi6 heon quanh céc mép vét phia
trén va phia dudi clia ban réi lai chuyén doéng ém thuén tiép tuc.

- Khi té¢ do gi6 tang len, tri s6 Reynoldd cling tang theo dén R = 10 thi dong khi bi
phan tach thanh hai dong & phia sau mép ban va 2 xody khi 16n xust hién d6i xing tao ra
viing xody ngay sit phia sau ban.

- Khi ma tri s6 Reynoldd ting dén R, = 250 thi hai xody Khi déi xing sau ban bi mat
tinh déi xiing va bi thay thé béi cic xody khi bién déi lan lugt theo chu ky lam thanh cac
vung xedy nhiu nhur trén hinh 4.4.

- Néu trj s6 Reynoldd ting cao dén 16n hon 1000 thi néi chung mot viing xody nhiéu
loan s& xudt hién phia sau ban. Liic nay khong c6 cdc xody khi 1én nita ma chi cé mot

chubi nhiéu xody khi nho & cac meép trén va mép dudi phia sau ban, xung quanh dé la
dong chay déu ém thuin.

4.1.4.4. Suy ludn ddu tién doi véi két cdu nhip ciu

Dai vdi két cau nhip cdu, tinh hudng phét sinh cdc xody khi ciing tuong tu nhu dai
vO1 canh mdy bay. Qua trinh bién dong lén xudng that thudng cla viing xody khi gay ra
cdc lue dong hoc thang ditng 1én didm cdu. Néu téc dé gio dat d€n midc nao dé khién cho
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tan s6 phdt sinh cdc xody khi gin xdp xi bang tdn s6 riéng clia ddm cau thi dim cdu sé
dao dong rat manh véi bién do 1dn dot ngot. D6 1a dang dao dong udn xay ra trong mit
phing ngang vdi huéng gié. Khi ma t6c do gié tang lén nita thi tdn s6 xut hién cic xody
khi s€ vuot qud tan s6 riéng cua két ciu khién cho mitc do dao dong cia cdu lai giam di.
Pén mot toc d gio cao hon nifa thi s phit sinh cic xody khi 38 khong theo chu k¥ nita.
Dé dam bao an toan cho két cdu thi cdc k¥ sw cdu luén phai thiet k& sao cho tan s riéng
cua két ciu nhip cau khdc nhiéu so véi tin sé phit sinh cdc xody khi.

Do anh huong cua cdc xody khi tdc dung ldn luot 1én vat can gié s& sinh ra mot liuc
chu k¥, hudng vuong géc vai hudng cha dong gié. Luc nay ¢ thé viél dudi dang quy
luat diéu hod nhu sau :

P=0.5 p V' Cg S sin(2nomt) (4-6)
trong do ;
S- dién tich hinh chiéu vat can gid lén mit phing vuong géc véi huéng dong gid.
Cs - h¢ 86, phu thuée vao hinh dang vat can gi6 (vi du d6i véi hinh tru tron 18y Co= 1)
Néu luc nao dé6 ma mot trong cdc tdn sd riéng clia két cdu tring véi tin s6 bigén doi
*cha lue kich dong P thi ¢6 thé xay ra dao dong cong hudng rat nguy hiém. Cic két cdu
cdu dam hay vom, khung bang BTCT thudng ¢6 khoi lugng rit 16n so véi khéi luong cia
cdc xody khi cho nén nhitng dao déng nhu thé chi coi nhu anh huéng cta do nhay cam
véi gié cua ket cdu. Cic dao dong nay khong thé gay ra ing sudl kén hodc su pha huy
cau. Nhung doi véi két cdu cdu day ¢6 trong lugng twong déi nhe vi nhip dai thi méi
nguy hiém nhdt chinh 1 céc qud trinh dong hoc phic tap, lién quan dén su phat trién
bién dang 16n ctia két cau nhip dang bi dao dong, din dén su bién déi theo chu ky cda
cdc luc khi dong dang tic dung 1én két ¢cdu nhip.

4.1.4.5. Xét trang thdi ctia bdn phdang nam nghiéng goc trong dong gié thoi

Néu dong gié gap mot vat can hinh ban phing nim nghiéng mét géc o so véi hudng
gid thi s& xudt hién dp fuc gidé dé 1én ban phang d6. Thanh phén cia ap liuc gid nay theo

. huéng cia dong gi6é duoe cdc nha nghién ciu hang khong goi [a "sic can bén hong”.
Con thanh phan dp luc vuéng géc véi hudng gié duge goi 1a lue nang (hinh 4.5). Géc o
dugc gol la géc huéng gié. Cong thie tinh luc nang 14 :
L=05pV'C.S (4-7)
trong do:

p - mat 46 dong gid

V - téc do gid

C, - hé s6 luc nang

S - dién tich ban phing can gié
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H¢ s6 luc nang khong c6 tha nguyén va theo kinh nghiém thi phu thuoc tuyén tinh
vao géc hudng pié o nhu sau :
C =aux (4-8)
He s6 ty 1¢ a cling 1a hing s6 va goi 12 doé déc cla duong cong ctia luc nang. Gid trj
theo kinh nghiém coa a thudng x4p xi bang 5. Déi véi nhitng bai todn dong hoc ciu treo,
¢6 tde gid d¢ nghi ldy a = 4. Nhiéu nghién ciu thue nghiem da chiing minh rang di¢m
dat lye nang § tai khoang [/4 bé rong ban phing ké tr mép trude ciia ban. Diém tuong
tng trén mat cat ngang duge dat tén [a tam khi déng.

0,254

Hinh 4.5: So d6 hiéng gio téc dung nehién & 800 VO var thé hinh ban phéing

Trong cdc so do tinh todn cdu treo c6 thé gia thiét rang khi xodn phan xe chay thi mat
cat ngang nhip s& xoay quanh mot truc, nim trong mit phing doi ximg doc ciia két cau
nhip. Boi vi tam khi dong (hinh 4-6) nim léch so véi truc xoan cho nén tic dong clia
~dong khi sé giy ra mémen xoin. P6i vdi cde tri 88 g6c o nho thi moémen xodn nay cé
thé ldy biéu thi gan ding thong qua luc nang. Xét dén céc cong thic (4-7) vi (4-8)
chiing ta ¢é:

Mxo:'in = ﬂ_" = Eal pV2 S (4'9)
4 4 2

Momen xoén rai doc néi trén s& gay ra bién dang xodn clia két cu nhip. Ching ta
nghién ciiu mot mo hinh don gian 1a mot ban cing duoc lien két vao mot {ruc quay bing
mot [0 xo dan héi. Ld xo ndy s& tao ra mot momen hdi phuc m khi ¢6 géc quay o

m=cu (4-10
trong do: ¢- tri s6 dac trung cho dé citng cia 16 xo

Di nhién ring vé6i toc do gié V va d6 cing ¢ nao dé coa 16 xo thi (rang thai té1 han
cua so do tinh todn dang xét s& 12 tinh hudng khi ma gid tri cia momen héi phuc, xuat
hién do luc dan hoi cta hé théng, can bing véi tri 56 ciia mémen xodn do lye khi déong
gay ra, nghia la :

m=M
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coL = Z—a. (p V*Sui/2) 4-1D

Chia phuong trinh (4-11) cho ¢ va viét né duéi dang sau ;

1bal ,
-~ === 5 VS)a=0 4-12
( =13 p VS) (4-12)

Boi vi o # 0 nén dién kién x4c dinh téc do, tuong tng v6&i trang thai téi han s& 13 khi
thanh phan trong d&u ngoic clia cong thikc (4-12) hudng téi 0
Tir dé dugc :
8¢
Vg = |— {4-13)
Ih bap
Toc d¢ nay 6 ten goi [a t6c do phan ky, con chinh hién tugng xoay moét két ciu dan
héi trong dong khi va su xust hien moét trang thdi can bang t6i han nao dé duge goi la
hién tuong phan ky.

L
il

C6 the t6ng quat hod cdc két qua nhan duge doi véi trudmg hop xodn mot ban dan hoi
c6 do cing Gl va mép doc cha né bi lién két chéng quay. San day dua ra cich gidi dudi
dang ma tran v6i so d6 ban din hél néi trén di duge phan chia theo doc nhip thanh mot
$6 doan c6 chigu dai bing d va sir dung cic ky hiéu sau:

@ - véc td gbe quay d6i véi cac diém giira clia méi doan

M - véc to cac momen clia cdc luc khi déng

L =d/(GJ,).C - ma tran anh hudng géc quay ciia cdc doan ban

B - chiéu rong ban

a=4
q=0,5.v*
Khi d6 tuong ing véi cong thic (4-9) ¢6 thé viét:

M = qdbp (4-14)
do ¥ nghia vat 1y cia bai todn ma s& cé:
¢=LM (4-15)

Tir d6 chiing ta nhan dugc h¢ phuong trinh tuyén tinh, tuong tr vé ¥ nghia véi phuong
trinh (4-9):

(C-1E) ¢ =0 (4-16)
véi: A =Gl / (qd® b) (4-17)
Diéu kién tén tai nghiém clia hé phuong trinh 1a:

IC-2ElI=0
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Gi4 tri nghiém 16n nhdt A, cla phuong trinh dic trung ndi trén tuong img vdi bidu
thie (4-17) s& chinh 13 t6c do t6i han nho nhat cha dong gié. Dé xdc dinh nghiém A, nay
thi cdch don gidn hon ¢4 13 ding phuong phdp luy thira. P6i véi t6¢c d6 phan k¥ (mat 6n

dinh ngang), s& co :
V= & (4-18)
d“.b p.i,

Can luu ¥ ring tinh chit dan héi cla so d6 tinh todn dang xét dd duoc biéu thi qua ma
tran L, con tinh chét khi dong hoc clta so d6 dd duge biéu thi qua ma tran qdb’E

Loi giai néi teén chi twong ding véi diéu kién coi luc quén tinh khéng ¢6 anh hudng gi
dén két qua tinh todn.

Tri s& t6¢ do phan k¥ (mat 6n dinh ngang) cho phép chiing ta hinh dung vé nguy co
cua téc do gié cao.

4.1.4.6. Xét trang thdi cua két cdu nhip cdu ddy

Ma tran L ciing c6 thé duogc 14p ra cho mot so d6 két cau khéng gian diy da ciia cdu
‘ day dé phan énh duge ddy di diéu kién vé lién két gilta ddm ciing vé6i cdc day cdp clia
cdu, cling nhu phan dnh duge su phan b6 lai ndi luc trong cde day cédp chiu luc cla cau
treo khi dat tai khéng doi xitng 1én két cdu nhip ciu.

Tuy nhi¢n cdn luu ¥ rang su phd huy cdu do gi6é ludn xay ra do dao dong qua 1én.
Nhu vay 161 giai ddy di hon cha bai todn vé trang thai nguy hiém cla ciu treo sé& phai
xét dén luc qudn tinh va mang dic tinh dong hoc. Cach dat bai todn nhu vay doi hoi phai
nghién citu mot kiéu dao dong clia hé théng véi tén goi 1a dao dong flutter.

Ngudi ta dd nghién ciu 1y thuyét vé flutter ciia mét ban 1ién két dan héi véi 2 bac wr
do trong dong gié. Nhung rit ti€c 1 chura ¢6 19 gidi téng qudt cho cdc hé théng phiic tap
hon nira vi nhitng khé khan vé mat todn hoc. Hon nita bai todn flutter cdon bi phic tap
hoa thém boi phai xét dén anh hudng gidt clia céc xody khi déi voi hé théng két cau nim
trong dong gi6. Dang dao dong nay c¢é tén goi rieng la dao dong flutter giat, Ly thuyét
* vé hién tugng nay con chua hoan thién va & nhiéu nuéc cdc nghién citu déu di theo con
duong dung thi nghiém mo hinh két hop véi 16i giai 1y thuyét dé phuc vu thiét k€ ngay.

4.1.5. Bai todn co ban vé dong hoc két cau can
4.1.5.1. Vé cdc bai todn dong hoc co bdn

Cic két ciu cdu hién dai ngay nay déu nhe hon va do d6 nhay cam hon vdi cic van dé
ddng hoc. Vi thé trong thi€l k&€ cau luén phai chid ¥ dén viéc tinh todn dao dong. Céic dao
dong chia két cau nhip cau cé thé chia ra 2 loai :

1- Loai dao déng nguy hiém vé mit cuong do (do méi) doi véi két cu.

2- Loai dao dong anh hudng dén sitc khoe va tim - sinh ly cia ngudi qua cau

121



Nhu vay moi tinh todn dong hoc d6i v4i cdu déu phai vira dam bao an toan két cau va
vira dam bao su (ién nghi trong khai thdc cau.

Vin dé 8n dinh khi dong ciia cdu cdn phai dugc kiém tra khong chi déi vei diéu kién
khai thidc ma cd déi véi céc diéu kién trong thdi gian dang thi cong. Chinh trong luc thi
cong thudng x4y ra cic tinh huéng bat loi nhdt vi cdc tdn s6 dao dong riéng lic nay déu
thap va ty s6 giita tan s6 dao dong riéng xodn vdi tan s6 dao dong riéng udn c6 thé chi
gin bang 1 (rdt nguy hiém). Dac biét d6 1a tinh huéng khi dang thi cong cau treo. Do
vy ching ta phai quan tam k¥ dén tinh toan 6n dinh khi dong hoc ctia cdu nay.

Cic dao dong khi dan héi, hap thu nang luong cla dong khi ¢6 thé chuyén thanh hién
twong flutter néu gap mot s dicu kién nhat dinh. Cdn phan bi¢t 2 loai 1a flutrerr 6 dién
va flutter giat.

Néu dong khi théi qua két cau mot cdch ém a thi c6 thé quan sat thay flurter c6 dién.
Khi t8c do gié y&u, ciac dao dong khi dan héi s€ bi tat dan do tic dung giam chdn sin co
clla ban than két cdu. Khi téc d6 gié tang lén mii s& ¢6 thé dén thoi di€ém ma kha nang
giam chén déi véi mot trong cde dao dong nao dé trg nén bang 0. Nhu vay di dat dén
trang thdi t6i han thir nhat cha flurter, s€ dan dén sy tang rat nhanh bi¢n do dao dong voi
tdn 50 tuong ing. P61 véi cac két cdu nhip cdu thi hién tugng flurter ¢o dién nay thudng
mang dac tinh mat én dinh do dao dong udn-xoin két hop.

Hién twong fluttter giat xut hién khi ¢6 nhiéu loan dong gi6é sau khi di qua mét két
cdu vat can gi6 cé hinh dang khong luu tuyén va hién tuong niy mang nhiéu dac tinh
dao dong xoan. Khi dé su phét sinh cdc xody khi s& gay ra cac luc khi dong, cic luc nay
gay ra dao dong. Néu tdn s& xuat hién cia cdc xody khi gin tring véi tin s6 rieng cua
két cdu sé din dén cong hudng (futter giat). Tuy theo tdc do gié va tinh chat giam chéan
ctia ban than két cdu mi céc dao dong cong hudng ndy cb thé gay phd huy hodc khong
giy pha huy nhung déu gay ra moi két cdu. Trén thuc t€ cac dic trung cua dao dong khi
dan héi phiic tap hon nita va con gay nhiéu khé khan hon nita cho viéc giai quyét trict dé
van dé nay.

Lich sir xay dung cau trén khip thé gidi da cho thdy rd viéc 1& di hay xét khong day
di dén cdc hiéu ng khi dong hoc c6 thé dan dén tham hoa phd huy cau (cau Tacoma).

Trén day ching ta méi néi dén dao dong clia két cdu dim ciing, nhung cdc cot thip
cdu treo ciing bi dao dong dudi tac dung cha dong gié. Lay vi du trudng hop cdu Sitka o
Hoa KV, cdu nay ¢6 2 ddm hop, cdc day xién dugce bd trf trong 2 mat phing thing dimg.
Cot thdp cha ciu dang thang dimg c¢é mat cit chi¥ nhat: doc cdu bang 92 ¢cm, ngang ciu
bang 122 cm, chiéu cao cot thap 12 30,5m. Ngudi ta di thudng xuyén quan sit thdy cdc
¢ot thap dao dong trong mat phing vuéng gbc véi mit phang bé tri cic day xién. Dao
dong nay do gi6 théi doc cdu vA gay ra nhimg xody khi ma tdn s6 clia ching g vdi toc
do gié ¢ 10,8 - 11,7 m/s 12 trung vdi 1an s6 dao dong riéng udn cha céc cdt thip. Bien
d6 dao dong 1én nhét & dinh cot thdp dat dén 14,3 cm khi tdn s6 bang 1,17 Hz. Khi dé ¢
day cot d4 xuat hién Gng sudt bé sung bang 33 MPa.
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Nhu vay tic dong clia gi6 1én cong trinh néi chung cé thé xuét hién nhu sau.

Gi6 tao ra dp luc tinh (tai trong tInh), diéu niy luon luén duoc xét dén lic thiét k&
cau. Cdc tdc dong xung giat ciia gié s& gy ra cdc tuc kich dong khién cong trinh bi dao
dong. Nhitng cdu kien mém ctia két cdu, nhu 1a day cdp, thudng c¢6 mit cét hinh tru tron,
khi toc do gié dat dén tri s6 nhat dinh ma tdn s6 phét sinh cdc xody khi tring véi tin sé
riéng cua cdu kién can huéng dong gid (vi du 1a cdp), s&€ gy ra cong hudng va ciing gy
ra cac img suit b sung.

Cudi cung, trong nhitng két cadu khd mém, cé mat cat ngang Khéng tron, ¢6 thé phat
trién din din su mat 6n dinh khi dong rdi din dén pha huy két cau.

Niue vdy ¢ thé nhan xér rang bai todan dong hoc quun trong nhdat déi voi cau ddy
vong la hai toan khi déng hoc.

4.1.5.2. Tinh todn gan diing cdc tdn s6 dao dong riéng cia cdu ddy

Hi¢n nay & nude ta ciing dd khd phd cap cac chuong trinh may tinh dua trén phuong
. phap phan tir hitu han ¢6 khé nang gigp cdc k¥ su thiét k€ tinh todn kha nhanh chéng va
'lchl'nh xdc vé cdc tan s6 dao dong riéng cha két cdu nhip cdu. Vi du, chuong trinh SAP
2000, chuong trinh STAAD-IIL v.v...

Tuy nhién trong nhiéu tinh todn thuc hinh vin cin dén cic cong thitc tinh todn gin
ding dé ¢6 thé nhanh chéng ddnh gid gin ding chap nhan duoc vé céc tdn s6 dao dong
riéng cla ket cau nhip, nhdm phuc vu cho viéc tinh todn 6n dinh khi dong clia cdu day
xién va cau day vong. Vi th€ sau day dua ra mot vai cong thiic théng dung.

- Tdn 56 dao déng riéng uon:

Néu xét so d6 dam chi ¢6 | diém khéi luong tap trung thi bing cich thay tai trong

don vi p = | boi trong lugng ban than cha két cau ta cé:

0‘)2 = g!ymax
tir dé duoc
1
fB =" g
27[ yl‘tl{l,\'

Dua trén rdt nhiéu két qua do dac cdc cdu day, ngudi ta d3 nhan xé( ring cong thiic
nay c6 sai s8 xap xi 10 %.

Néu xét so d6 dim ciing cha cdu day ¢6 khai lugng rai déu chi khong tap trung nhu
trén thi cong thite sé€ chinh xdc hon nhu sau :

po=bl 8 (4-19)
27

YI’!'IHK

trong dé : y,,,, 12 bién dang finh 16n nhét cia hé théng dudi tic dung trong lugng ban
than ket cau.
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Vi du d6i v6i cdu Rio Parana, véi do vong 1,4m thi s& ¢6 tin s6 dao dong riéng udn 1a

fy=nt 281 _ga7m
o1 Y 1,40

Tdn s6 duo dong riéng xodn:

DGi v6i cdu day ¢6 mat can khd mém, t4n s6 xoan thudng 6 thé tinh gin ding suy ra
tir tan s6 udn theo coéng thic
_ by

f
r2r

(4-20)

trong do: r - ban kinh xoay
b - khoang cdch ngang cdu gilia cdc day
D6i v6i cau day c6 mat cdu cing, tén sé riéng xodn phu thude truc tidp vao do cling
chdng xoan cia mat cat ngang cdu G.J nhir sau :
1 [G]

=— = 421
2LV I (#-21)

fr
trong dé :
I - mémen qudn tinh cyc trén mét don vi chiéu dai cta két cau nhip
J - hing 6 xoin
L - chiéu dai nhip chinh clia cdu
4.1.5.3. Vé cdc nghién citu on dinh khi dan hoi
Su 6n dinh khi dan héi cha céu phu thuge vao cic yéu 16 sau day :
1- Dang hinl hoc ctia két cau nhip cdu
Xét cdc dung mart cat ngang chung cta ddm ciing. Dang nay ¢ thé thuoc loai én dinh
khi dong hoc hoac thudc loai dé mat on dinh khi dong hoc. Cac dang miit cit dim dic
hoac mat cit chit H cia cdu ki€u dan hé va nhimg dang mat cit khong thuon khic déu
c6 thé bi mét dn dinh kh{ dong. Lay vi du mat cit cdu Tacoma - Hoa Ky (di bi gié pha
huy nam 1940) 1a dang hinh chit H. C6 thé tang kha ning én dinh bing cich chon dang
mat cat thuon dé thodt gi6 hodc cic mit cit hé c6 hé giing chéng gié & cao do mat xc
chay. Céc cdnh ciia mdy bay 1& mot vi du dién hinh vé dang mit cat thuon thoat gié tot
nhung két cdu cdu thi khong thé dimg dang mat cét d6 duoc.
2- Céc tan s6 duo déng riéng ctiu két ciu cdu
Dang mat cit két cdu nhip cdu c6 thé ¢6 kha nang chiu xoin kém hoic khoé. Mot vi
dy vé dang mat cit chiu xoén tét 12 dang mat cit hop kin hoac mat cét kiéu dan cao c6
maét cdu kin va h¢ théng giang chdng gié ¢ phia dudi diy din. Dang mit cit két ciu hinh
chir H 1a dang kém chiu xodn. D¢ 6n dinh kh{ dan héi s& duge ddm bao néu két cau nhip
cO ty sO giita tan s6 riéng xoan va tin sé riéng udn clia két cdu 12 di 16n (ASCE, 1952).
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3~ Tinh chdt gidm chdn co hoc clia két cdu cdu

D¢ 6n dinh khi dan héi clia két cau nhip cdu cé thé duge ci thign bing céch ting ty
s0 gidm chan cd hoc cla cdu, nghia I3 tang ty s6 cha h¢ s6 dém nhét va hé s6 dém 16i
han. Trong qua trinh chuyén dong, noi ma s4t s@ ting [én trong hé két cau va cé higu
ting nhu mot luc 1am tdt ddn dao dong.

Mot 56 nghién citu vé tai trong gié trén cc ki€u ciu khic nhau vi cac phuong phéap
tinh toan chiing da dugc trinh bdy trong nhidu i licu, tuy nhién do ban chit cuc ky
bat dinh cua luc gié va su phiic tap clia céc tinh todn nén cic Tiéu chuin AASHTO
(1992, 1994, 1998) déu dua ra nhiing tri s¢ thuc nghiém vé 4p luc gi6 cho céc kiéu cidu
khic nhau.

Hi¢u ing dong hoc clia gié duge xét dén chii yéu trong cdc ciu day vong va ciu day
xién. Tan s va bién do dao dong clia cau 13 cdc ham s6 cha luc gié bién déi that thudng
va cdc dac tnmg dong hoc ciia cdu tao két cau nhip cdu.

4.1.6. Cac luce khi dong hoc

4.1.6.1. Xét truomg hop tong qudt vé tdc dong tuong hé cia vit thé c6 hinh dang
bdt ky véi dong khi

Mot dam cimg clia cdu day dang dao dong trong dong gi6 ¢6 thé kich thich gay ra
cac xody Khi v6i tan s6 phét sinh nhat dinh, nhiing xody Khi nay toa ra tir cdc mép bién
cua ddm ciing ctia cdu day. Khi d6 chiing gay ra xung 4dp luc, cé thé phan tich thanh cic
thanh phén theo hudng dong khi (siic cdn hong) va thanh phédn vuodng gée véi dong khi
(lue nang).

Néu tan s6 phat sinh cdc xody khi triing véi tan s6 dao dong riéng thi s& xay ra cong
huéng dao dong véi bién do rat 16n, dic biét 12 trong truong hop két cdu ¢6 kha nang
giam chin y&u. Véi cdc gée hudng khic nhau clia dong gid ciing s& xuat hién cic luc
nang, gay dao dong udn trong mat phang thing ding, vi gay ra cd dao déng xodn nita,
néu tan s¢ cla hai dang dao déng nay xap xi bang nhau.

Cdc nghién ctu tir sau sy kien sup d cdu Tacoma & Hoa Ky nam 1940 dén nay di
khang dinh dwoc két luan 1a phéi thist k& két cdu sao cho céc tin 6 riéng cua dao dong
x0dn va dao dong udn s& khic nhau khd nhiéu dé diam bao an toin cho cau. Gido su
J.Mathivat (nguti Phip) dd ching minh riing ty s néi trén nén bang khoang 2.5 13 t6t
nhiit. Nhung 18i khuyén nay méi chi ¢é gid tri d6i v6i cdc nhip cdu khong 16n va déi vei
giai doan thi€t k& so bo. DE két luan chinh xdc d6i véi méi cin day cu thé con can phai
tién hanh thi nghiém mé hinh trong ham thi nghiém khi déng hoc.

Dudi tac dung clia dong gi6 thi trong mat cét ngang nhip cdu, thém vio cdc ndi luc
(inh hoc, con phai ké dén 3 téc dong la:

- Tai trong nam ngang T

- Téi trong thang ding N

- Tai trong mémen xoin M
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Cac tdc dong nay lai phu thuoc vio cdc yéu (6 sau day :

- Ap luc gi6 q

- Hinh dang mat cit két cdu nhip (heé s6 Cr, Cy,.Cyp)

- Géc tac dung cda gi6 1én két cdu nhip o

Céc ddc trung dinh lugng cha hinh dang mat cit ¢6 thé tim thay trong cac ai liéu dua
trén rdt nhiéu két qué thf nghiém trén khap the gi6i. Vi du, d¢ xdc dinh cédc hé s6 hinh
dang C;, Cy, Cy; chi 6 cdch 13 1am thi nghiém (trén mo hinh ching han). So dé dat (ai
lén mat cit ngang cdu nhu hinh 4-6

T=C.qhi
N =Cy qh! (4-22)

Vol
[ - chiéu dai c4u
h - chiéu day téng cong clia két cdu nhip

B - chiéu rong két cau nhip

Hinh 4-6: Cdc lyc khi dong T, N, M

4 Ct i CN i oM
2 2 2
16 ~— A 18 - 16
2 T L./ 1.2 1.2 i
0-8 """" - T 0.8 P 0.8
0,4 —— 0.4 /] 0.4 [T
(.4 [#3 -0.4 53 -0.4 / N
-0'8 0.8 /] 0.8 7 o
12 az W SN
16 18 16
2 Ll L 2 Ll L -2 1 T
-10° g7 -2¢ 0“2°4°6°8°10° 10787 -2°0°2°4°6 8710 -10° 67 =28 02 2v4eB g (¢
= [Te)
= [+a] ] [fa)
2160 % | 30850 © 3500 1 o e~ =3871 e

Hinh 4-7: Cic hé s6'Cy, Cy, C,, A0T v6i 4 hink dang mdt cdt ngang dién hinh
ldy tuy theo géc 161 ciia dony giéd tac dong lén két cau nhip.
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Hinh 4-8: Mo 14 hién tiwong flutter

Trén hinh 4-7 mo 14 cdc ket qua thi nghiém d6i véi 4 hinh dang mat cat ngang dién
hinh. Cic duong cong biéu dé coa mbi hé 56 duoc v tuy thude gée tde dung caa dong
gi6 [én két ciu nhjp. Hién tuemg flutter khi Xdy ra ¢ mic do cao s& kéo theo sy nhiéu
loan ciia dong khi sau khj d; qua mat cat ket cay nhip (hinh 4-8). Thyc ra, neu hinh dung
mit cat khong thuon, khé thost gi6 ém thuan thi hien tuong xody khi nhiéu loan s@ xay
ra phia sau mat ci1 din dey nguy co dao dong cong huong.

Trong trudng hop tong quat, tic déng cta gid len cong trinh s& 1am xuit hién cdc Tuc
dong hoc gém : stc can ben hong, Iue nang vt mémen xoan.

Gid trj rai doc nhip cta cdc luc d6, t4c dung I&n két cau nhip dai / s& |3

- Luc can bén hong W=TH=qBC, (4-23)
- Lyc nang q4,=N/=qB Cn (4-24)
- Mémen xoiin m =M/l =qB% M (4-25)

q=05pV? (4-26)
trong d6

7 - chiéu dai két can nhip

B- chiéu rong mat cit ngang dam

C; - heé s6 khong thi nguyen, phu thuoc vao tri s6 goc hudng clia dong gié vi hinh
dang mat cat ngang {duoe xdc dinh bing thuc nghie¢m)

P - mat do khong khi

V - téc do gi6.
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Céc luc khi dong phu thudc vio téc do gié cling nhu géc huéng ciia gid, hinh dang va
kich thudc mat cit ngang vat thé. Céc dd thi ctia hé s6 C, déi véi cdc dang mat cat khac
nhan, nhan dudc tir ¢cdc thuc nghiém véi mo hinh clia mot d6t ddm cimg trong ham thi
nghiém gi6 khac nhau (hinh 4.9). Dé&i v6i cdc vat thé hinh ling tru c¢6 mat cit nhiéu géc
canh thi cdc hé s6 ¢, thuc t€ 1a khong phu thude vao s6 Reynold.

N1
B

B=12.2m CN
£
g — cT CN
N2 g h=2.44m 0,35 g%/ 0. /?/hw 03
N3
0,3 0.4 0.2
B=23,8 ‘ ’ { ' N3
- h:B,BD:': 0,25 NN 02, /}/ 0.1 /
.20 0 Nﬂﬂwﬂ/ 0 :%({
0.15 0.2 //// 0.1 ’f;"f ”
0,4 LA A 0,2

010
T 1 :E‘J'E*/ r _.f/
0,05 & . 0.6 A 0,5
0 1 ! 1 8] 1 1 1| a 1| ([
8°.4°(° 4° 8° _B° -4° (07 4° 8° 8T 470" 49 8°

B=12,2m
&ﬁ h=244m

Hinh 4-9: Céc bidu dé hé s6 C, twong ting v6i mot vai dang mdt cdr ddm ciing cia cdu ddy

4.1.6.2. Vé cic déc diem cua luc khi djng

Khi dong khi tic dong 1én mit cat vat thé dudi mot géc niao dé thi s€ xudt hien luc
nang, diém dat va huéng clia luc nang phu thuéc vao hinh dang va cdc tham 56 cha mit
cat ngang. D€ 1am vi du chiing ta xét mit cat hinh chit H nhu hinh 4.10. Vi tri hop luc va
huémg cuia cic luc nang L, , L, vi L, tuong ting v6i 3 trang théi 6n dinh khi dong:

i- Khi h/B < 0,08 va L, thi trang thai s& 2 Iy tuéng, mit cit 1a 6n dinh doi véi dao
dong thing dimg ciling nhu déi v6i dao dong xoan.

2-Khih/B =008 - 0,24 va L, thi d6 12 tinh huéng thudng gap nhét, tuong tng véi
lic mat cit khong én dinh vé chiu momen xoan.

3- Khi h / B > 0,24 tic 12 tinh huéng hén hitu, it gap nhal, bat loi nhat ca vé chiu
momen xoan va chiu mémen udn.

Céc hé 6 khi dong cla luc nang va clia momen xoan (hinh 4.7) cha 3 trang thdi do
tyong ing vdi céc gid tri duong va hodc am clia dao ham :

- Truding hop 1: ¢ >0, c'y>0

- Trudng hop 2: ¢ >0,cy<0

- Truong hop 3: ¢ <0,cy<0
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Hinh 4-10: So dé tdc dung cia lyc ndng Ién mdt cdt hinh chit H

fon :
RE0.05]
B %0.3 ;PVA :%,10
06 // /ﬁw
0.2
| 747

0,2

2

ac

0,2 |—-
-0,4

0,6

DA / J '
A 0,8

C, i
05 -1,0

4 CM

T

220N 008
0'10\\\“ 0,06 /
0,04 / P,

BP0

w

16 12 -8 -4 4 8 12 a

/ 0.0‘\
/
/

0,06
N Yo, 10

v

— 0,0
' N
Q
0(1 0,10 ﬂ

Hinh 4.11: Biéu d6 hé s Cy va Cyy mar cdt hinh H

Dic tinh phan phdi cha dp lue khi dong theo bé rong mat cdu khi g6c hudng cha gio

bang 5 do dugc VE trén hinh 12,

il

il

nE = 0,16

a=5"

-0.5

-1.0

Hinh 4-12: So 46 phan bé dp 1

W8 =033

]
0,5
aol

we khi dong lén mat cit hinh H
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4.1.7. Khai niém vé tinh toan flutter

Bai todn én dinh clia mot vat thé dan héi nam trong dong khi lién quan dén mot
chuyén nginh co hoc dic biét, d6 1a 1y thuyét khi dan héi véi pham vi ting dung chu yéu
trrde day 1a trong nganh hang khong.

Tuy nhién cac hi¢n tugng khi dan hoi nhu hién twong phan ky (divergence) va hién
tuong flutter 1a dac trung khong chi doi véi cdc két cau mdy bay ma ca do6i véi cic két
cau civ treo day véng va cau treo day xién.

Ly thuyét phdan ky: 1a 1§ thuyét vé dang xoén cla sy mét én dinh tinh, trudc tién da
duge nghién cliu ting dung cho cdnh mdy bay. Tuy nhién ngay ca trong [inh virc két can
xay dung ciing di cé nhiéu thanh tuu nghién ctiru vé van dé én dinh uén -xoin két hop.

" Ly thuyét flurter: 1a ly thuyét vé dao dong k€t ciu trong dong khi cling duge phdt trién
trude tién cho cdc ing dung cua nganh hang khoéng. Nhung nganh k¥ thuat xay dung cé
nhitng v4n dé riéng clia minh. Bai toan flutter 14 bii todn kiéu méi cha ly thuyét 6n dinh
dan héi va yéu cdu phai cé mot dudng 16i gidi quyét méi dac biét.

4.1.7.1. Cac cong thitc tinh todn chinh

Tan s@ phat sinh xody khi phu thudc vio do 1dn coa toc do gid. Néu tan s§ d6 gin
bing mot trong c4c tdn s6 dao dong riéng udn cua két cdu chang han thi c6 thé ¢6 nguy
co xay ra cong hudng. Nguy co nay chi bi han ché bai kha niang khing chan cla két ciu
thé hién qua dac trung 3.

S Strouhal c6 gid tri trung binh bang 0,20 déi véi moét hinh tru tron véi dudng kinh
14 h, hoic gi4 tri trung binh bing 0,10 dén 0,20 d&i v6i mit cit két cdu cdu cé chiu day
12 h (gid tr1 0,10 trong ting véi tinh huéng khi ¢6 cdc xody khi chi phat sinh & mét bén
chia mit cit). C6 thé tinh todn t6c do gid 161 han bang phuong trinh (4-5). Noi chung céc
két qua nhan dugc 1a khong phu thuée s6 Reynold (s6 R, bing khodang 10° + 107). Do 16n
cla cic luc chu ky ndy sinh ra s& phu thudc t6c d6 gié va hinh dang mat cit ngang. Mot
két c4u nhip thanh manh va thuén gié s& 14 hinh dang hop 1y nhat xét theo quan diém
chiu gio tét. '

Cé thé danh gid luc chu k¥ nhu phan luc déng twong ng:

Fit)=F_ sinm ¢ (4-27)
trong do:
o (Re,S) - xung dong cta cdc xody khi

F,=(p V¥/2)Ch
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p - khéi lugng riéng cla khong khi (x4p xi bang 1,3 kg/m’)
C - h¢ 58 dac trung chiu lyc clia mét cat ngang nhip, phu thuéc f va V

nl/k V :
V(t)= ~———p—Chsinot 4-28
(t) s B p2 . (4-28)

'rrong do:
& - sudt gidm logarit (18y gan ding bang 0,05)
1/ k - d6 mém lién quan dén téi trong trén mot don vi bé mat cdu (F,/ b)
B - chiéu rong két can nhip

Bién d6 dao dong s€ la:
F
B = < Yinh (4-29)

trong dé: 4., - bi€n dang tinh do Iuc F,, gay ra
Trong truimg hgp ma V = thy/S thi cé kha ndng gay kich dong va tir phwong trinh
" (4-29) ¢6 thé it 1a :
ky = EE = E@ L (4-30)
6B 8 B282

4.1.7.2. Hiéu chinh két qud tinh todn dua trén két qud thuc nghiém mo hinh

- Cac cong thic trén day chi la xét cho trudng hop 1y thuyét chung. Trén thuc t€ cén
phai hi¢u chinh cdc két qua tinh todn 1y thuyét theo nhitng két qua thu duoc tir thuc
nghiém trong ham thi nghiém khi déng hoc (hdm thi gid).

Tra1 véi hién turong cong huong, cdc luc duge cung cdp nang lugng trong trudng hop
flutter ndy 1a boi sy chuyén dong cha chinh két cau. Su mét 6n dinh thudng duge biéu thi
trudc bang hién tuong flutter (sy bong bénh trong dong gié). Trén hinh 4.14 cho mot

" hinh anh don gidn hod ctia tinh hudng ma cé sit 1éch pha bang n/2 giita dao dong udn va
dao dong xoan. Bit ddu tir mot t6c do gié nhdt dinh (goi 14 téc do gid t6i han V han) thi
két cau nhip nhan duoc thém phdn nang luong ma né khong thé triét tién di bing kha
nang tu gidm chin. Khi dé s& xay ra chuyén dong udén va xoén két hop do cic luc khi
dong vé6i cdc bién do ting nhanh dot ngdt dén ndi pha huy két cau.

Cac k¥ su cdn phai thi€t k€ sao cho t6c do gié gidi han ddi véi mot cdu treo day vong
14 cao hon moi tdc d6 gi6 thuc € ¢6 thé xudt hign & vi tri cdu trong sudt cudc doi clia
clu dé, vi du 100 nam (tvong dng véi mot mibe do an toan nao dé dinh trudce). Trong

truong hop ciu day xién ngudi ta cd xu huéng chon két cdu nhip ¢6 do ciing chéng xoin
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cang 16n cang tot bing cdch chon ki€u bg tri cdc cdp xién trong 2 mit phéng bén thay
thé& cho céch b6 tri cdp xién chi trong 1 mit phéng ding gilia tim cdu. Hon nita cac cap
xién hai bén con nén duoc bé tri chum dau trén ctia cdp vao dinh cot thip hinh chir A.
Con trong trudng hop cdu treo ddy vOng ngudt ta thudng tim cdch md rong mat cat
ngang ciu hay b tri cip chinh c6 ché lién két truc ti€p vao hé ddm mat cau. Mat khac,
mat cau cang réng thi cang c6 kha niang chéng cdc dao dong do gi6 16t hon. Céan phai
trdnh thiét k€ cdu tao nhimg cdu nhip dai ma lai hep bé ngang nhu cdu Tacoma (xin
nhéc lai ring cdu nay dai 853m vi rong 12m, nghia 1a ty 1¢ B/L = 1/70. Nhu vay ty I¢
nay qud lén).

Phuong phdp nita gidi tich clia Kloppel (1967) da két hop tinh todn t6¢ dd 61 han nho
Iy thuyét ctia Theodorsen véi su hiéu chinh nhd he s6 tri€t giam n xét dén hinh dang ket
c4u nhip. T6c do t6i han s& duge tim ra can c theo mot bi€u d6 nhu da v€ trén hinh
4.15, tuy thudc vao ty s6 £ giita cc tan s rieng Xoan va tan sd riéng udn, cling nhu tuy
thuoc kbéi lugng va nira bé rong b ciia cdu. He s6 7, pbu thuéc hinh dang mat cat va &
duoc it ra tir cdc thi nghiém trén mé hinh 4.16.

15 “ T
1] Dao déng udn

Dao dong xofn
0.5 A
4]

o
0.5 1

-4 A

A5
Hinh 4-13
- ¢ T
- T _—

Gié

Hini 4-14
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Gié trj cia h¢ s6 1 vao khoang 0,8 d6i v6i két cdu ban hodc hop méng thuon gié, gis
tri nay c6 thé giam dén 0,1 d&i véi mat cit dang hd nhu kiéu ciia ddm cé suon.

Tat ca cdc dang mat cat ngang gdn ding cha két cdu nhip thuc t& hién nhién 13 chua
duge thi nghiém trong ham khi dong hoc. Phuong phédp nay chi la gin ding. Tuy nhién
no cho phép chiing ta udc lugng nhanh chéng xem liéu mét ciu day cé nhay cam hay
khong voi hién tuong flutrer (b6ng bénh trong dong gi6), trong diéu kién ma chiing ta
chi ¢6 rat it théng tin vé dang hinh hoc clia cdu, v& trong lugng ban than cha c4u, do
cing cua né va kém theo nhimg tinh todn cdc tin s6 dao dong riéng uén va tin s6 dao
dong rieng xoan. Céc t6c d6 gié téi han vita tinh ra s& duoc so sanh véi cic t6c do gié
manh nhét da di€u tra do dac dugc trong su6t thoi gian it nhat 12 30 nam & cong truong.

Ngodi ra, ddng gid c6 the tic dung theo huéng géc o so véi phuong nam ngang, diéu
nay cang lam nghiém trong thém tinh huéng mét én dinh. Thuc t€ géc nay khong vuot
qui trj s6 3 dén 9 do (tri s6 trung binh 1a 6 do), diéu niy din dén su giam ti€p theo cla
hé s6 1 tuy theo dang cita mat cit :

Doi véi két cdu nhip ¢6 mat cit ngang dang thudn gis:

, Nazs/Ma=o=1/2 (4-31)

Pai v6i két cdu nhip hinh hop:

_ Na=g/Nuco=1/3 (4-32)

Trén hinh 4.17 gi6i thiéu so d6 b6 trf mo hinh thi nghiém mot dét k&t cau nhip cau

day trong him khi déng hoc. M6 hinh nay duoc treo béi cdc lién két dan héi kidu 1o xo
d¢ cho phép mo phéng chuyén déng udn va chuyén dong xoan.

Hinh 4.17 : So d6 mo hinh thi nghiém cho cdu Meules & Phdp
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Gid tri caa hé s6 1 vao khoang 0,8 d6i véi két cfu ban hoac hop méng thuén gid, gis
tri néy c6 thé giam dén 0,1 d6i voi mit cat dang hé nhu kiéu cira ddm 6 suon.

Tat ¢4 cac dang mat cit ngang gin ding clia k&t ciu nhip thyc t& hién nhién 13 chira
duogc thi nghi¢m trong him khi dong hoc. Phuong phédp nay chi 1a gdn diing. Tuy nhién
né cho phép chiing ra udc luong nhanh chéng xem licu mot cdu day c¢6 nhay cam hay
khong véi hién tuong flutter (béng bénh trong dong gid), trong diéu kién ma ching ta
chi ¢6 rat it thong tin vé dang hinh hoc ctia cdu, vé trong lugng ban than cla cdu, do
cing cua né va kém theo nhiing tinh todn céc tin s6 dao dong riéng uén va tin s dao
dong riéng xoan. Cic téc do g16 61 han vira tinh ra s& dugc so sénh véi cdc tdc do gi6
manh nhat di diéu tra do dac dugc trong suct thoi gian it nhat 14 30 ndm & cong trudng.

Ngoai ra, dong gié ¢6 thé tic dung theo hudéng géc o so véi phuong nam ngang, diéu
nay cang 1am nghiém trong thém tinh huéng mat én dinh. Thyc t& goc nay khong vuot
quad tri s6 3 dén 9 do (tri s6 trung binh 1a 6 d6), diéu ndy din den si giam ti€p theo clia
h¢ s6 n tuy theo dang clia mat cé |

Dai vai két cdu nhip c6 mat cit ngang dang thuén gié:

_ MNoa=g/ Nazg=1/2 (4-31)
D6i véi két céu nhip hinh hop:
T]u:ﬁ/r]a=0= 1/3 (4-32)

Trén hinh 4.17 gi6i thiéu so dé b trf mé hinh thi nghiém mot dot ket cdu nhip ciu
- day trong hdm khi dong hoc. M6 hinh nay dugc treo bdi cde 1ién két dan héi kidu 16 xo
dé cho phép mé phong chuyén dong uén va chuyén déng xodn.

N
Vi
..... - 3\... ,-.':‘. .
- - e )
. ok
B
by

Hinh 4.17 : S0 dé mé hinh thi nghiém cho ¢du Meules d Phap
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4.1.8. Phuong phap tinh toan két cdu vé flutter xoan

Ban chat ciia phuong phép 12 ding dong thdi nghiém cua bai todn 1y thuyét vé dao
dong xoén va mot s8 biéu thitc nhan dugce tir thue nghiém. Puding 161 nay sé nang cao
déng ké do chinh xdc cua két qua gidi.

Cac tham s6 dac trung cla flutter 1a:

- Téc do téi han Vi,

- Tan s6 dao dong vong o,

Bing thuc nghiém két hgp véi tinh todn ching ta ¢é thé x4c dinh mdi quan hé giita
téc do (61 han va tdn s6 dao dong flutter d61 voi cdc dang mat cat khdc nhau.

Céc nha khoa hoc Pitc da nghién ctiu nhiéu moé hinh dang khdc nhau trong ham thi
nghiém khi déng réi xac dinh duge t6c do téi han flutter vi cdc tin s6 vong tuong ting.
Chiéu dai mé hinh khoang 1,22 + 2,00m, chiéu rong 0,40 - 0,46m; chi s6 logarit tit dao

. dong khi xoén va khi uén tuong ting la 0,005 va 0,1010.

~ Trong cdc kéi cdu binh thudng, sy tat din dao dong duoc quyét dinh boi cic dic diém

* ciia hé théng, ndi ma sét trong c4c lién két va ndi ma sét trong vat liéu cta céng trinh,

“nghia 12 céc dac tinh giam chan cla két cu. N6 duoc dac trung bang hé s6 phan ra ning
lwong dao dong cha hé thong két cau v, = 8/ 7. Trong d6 & - chi s6 logarit cha dao dong.

Khi dong khi théi qua quanh vat thé s& xuit hién hiéu ting giam chén khi déng (v,),
gay ra chuyén dong ciia vat thé trong dong gi6é dé. He s6 téng cong phan ra nang luong
dao dong la

Yie="k t Ya (4-33)

Trong céc trudng hop ma y, 18y gid tri am thi xudt hién sy kich thich khi dong hoc.
Codn néu vy, 14y gid tri am thi s& xay ra dao dong tang dot ngot.

Trén ca s& cdc diéu ndi trén vi cde nghién citu khdc nita, chiing ta tinh todn tham sé:

S=Bog/ Ve (4-34)
~ma gid tri cha né doi véi mat cat .
dang hinh chit nhat hep tuy thudc h
vao ty s& gilta tdn s6 riéng xolan o, 1.2 < %
va tdn s6 rieng udn o, di duge vé 08 \ PR
trén hinh 4.18; Xét hai tinh huéng ' N
la: ¢c6 ké dén tinh gidm chan (theo 0.4 L\ \h—-—-——
thuc nghiém trén moé hinh, nét vé S
II) va khong ké dén tinh giam chén -
(theo 1y thuyet, nét vé I), tooww 228 3 35 odad
Loi gidi ly thuyét ctia phuong Hinh 4-18
trinh vi phan dao dong xodn nho (i tri ca tham s6'S tuy theo ty $6 o,/ o,
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cGa thanh thanh mong cho phép xdc dinh t6c d¢ flutter t6i han nhu 12 ham s6 cha tin
s vong.

L4y tich phan gin ding cta phuong trinh thit hai cia hé (4-34) cho chiing ta dé xic
dinh toc do flurter . -

| 1
EJ, [0".dz+ (G, -Nr) [0 .dz
0

VI'2 — 0
2 2 |
yEr -S—,,Jrlp.B'zkm jeEdz
B~ 2 5

(4-35)

trong d6 da xét dén quan hé gifta tdn s6 va tdc do cua flutter, nghia 1a tham s6 S.

DGi véi céu treo day vong mot nhip cdn phai thém vao dé cing chdng xodn thudn tuy
GJ, mot thanh phan 0,5 Hb?, véi H 1a luc ddy ngang, b ia khoang cdch gitta cac thanh
treo do theo chidu rong clia mat cit ngang. Khi ta cho ham s6 tiém can gin dung 6(z)
twong tmg Vi cdc diéu kién bién khi xodn, c6 thé nhan dugc cong thiic doi véi cic
. trudmg hop khdc nhau.

Sau day ta xét mot vai dang dac trung cla dam. D6i véi dim cong xon dai / toc do
gi6 tdi han la :

1/2
2 a2
V= n | 2G) [ HI, nq _ N Tl (4-36)
24B| a.pk, |\ Glg 4i- Gl
r=(y+J1)/F (4-37)
a=1+2mr*Y (pk, B (4-38)

trong do :
B - chiéu rong mit cit ngang
GJ, va EJ,, - cdc do cimg clia mit cit ddm (thanh) khi chju xoan
p - mat do khong khi, bing 0,129.10° T/m*
N - lire nén trong dam (thanh)
k., - dao ham clia hé s& momen khi dong, 1dy theo thuc nghiém (do1 véi mat cat
dang ban phang mong k,, = 1)
Iy, Iy, F - twong img 1a cic mémen qudn tinh va dién tich mat cit ngang
m - khéi lugng rai doc cua két cau nhip.
D61 véi cdu treo mot nhip dai L va luc ddy ngang bang H thi tée do gi6 t61 han bing:

s 7 1[2
v | 261 | B, RS N Hb?  Nr’ ¥ (4-39)
" 1Bl apk, |Gl 7 2GI GI,
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trong d6, luc nén N téc dong 1én ddm ciing c6 thé bang 0 hoic bing luc ddy ngang H
tuy theo céu tao cta cdu. Khi H = 0 chiing ta nhan dugc cong thic d6i v6i dam nhip goi
gian domn.

Sau diy xét mot vi du tinh todn theo phitong phap d@ noi d trén

Dim c¢6 so dé cong x6n trong qua trinh 1dp ghép véi do dai phin hang L = 200m va
rong b = 40m. Cac tham s6 dac trung cua két cau nhip la:

El, =0

GJ, = 4. 10" kN.m?
m = 20,4 T/m
r=15m

k, =1

p =0,129.10 % T/m’
w, /=22

S =067

Khong xét dén tinh gidm chin cia két cau.
Tinh todn theo cong thic (4-36) dugc két qua o = 2,33 va V= 104,5 m/s
Tan s6 flutter la:

o= V;8/b = 1,75 (don vi do 1a 1/s)

Tri 86 o ndm trong khoang giifa t4n s6 dao dong uon va tdn s6 dao dong xoan. Poi

khi dé 1am gia tri so bo c6 thé 14y 0, = 0.5 (0, + o).
Khi o = 1 s& ¢ téc do t6i han phan k¥, ¢ vi du nay 1a vp, = 159,6 m/s

Néu ciing thire hién céc tinh todn nhut trén nhung ¢6 ké dén tinh giam chan khi $ = 0,2.
Ching ta nhan duge o = 1,118, con t6c do flutter s& 1a v = 150,9 m/s.

Nhu vay, viéc xét dén tinh gidm chén s& nang cao d¢ chinh xdc xdc dinh téc do 161
han flurter. Tri s6 két qué s& 16n hon kha nhiéu. Ti day suy ra rang trong thuc hanh thi€t
ké néu bd qua khong xét tinh giam chan thi s& thién vé€ an toan ma lai don gian tinh todn
hon. Con trong thue hanh kiém dinh cdu ci thi rat can phdi xét tinh gidm chan dé két
qua chinh xdc cao hon.

Cic cong thic néu ra trén day chi yéu danh cho dang mat cat ngang hinh chit nhat
hep {(khi xdc dinh céc luc khi dong). Tuy nhién ciing ¢6 thé 4p dung cédc cong thirc dé
cho c4c dang mit cit ngang khéc, bing cach dua thém vao t6c d6 t6i han flutter mot he
s6 hinh dang mit cat dua theo cdc tai liéu thye nghiém cia K. Kleppelia (hinh 4.19).
Phuong phép tinh todn di néu ra s& c6 dit d chinh x4c va kha don gian d€ sir dung trong
lic thiét k& so bo.
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Hinh 4.19 : H¢ 56" hinh dang ctia cde mdt ¢dt
T6c d6 flutter xodn c6 thé tinh dugc ca déi vdi cdc he théng phuc tap hon, néu sit
dung cdc phuong phap s6. -
Tuong tu v6i viéc xc dinh téc do phan ky trong trudng hop cy thé (xem cong thiic

(4.39) cao:
1 2‘?“lmin
VT B apkoa (440
a.pk A,

Nhw vay, phuong phap tinh todn d6 én dinh khi dong 1a khd téng quét v di don gidn
d¢€ st dung trong thuc t€ thiét k€ cau.

4.1.9. Nhimg bién phap cau tao dé tranh mat én dinh khi dong cho két ciu ciu day

Trén co s& cdc két qua nghién ciu ciing nhwr téng quit hod cic kinh nghiém thiét k&
va khai thic cc cdu treo nhip 16n Nguoi ta da rit ra cdc bién phap céu tao cho phép ngan
ngua su phat trién cdc dao dong nguy hié’m. cla ket cdu cdu rong dong gi6. Cic bién
phép d6 trude hét nhim ting do cing chéng xoin nhur:

- Diing ket cdu ddm cing c6 mat cit hinh hop;

- Dat hé thong day cép treo ¢6 cdc thanh treo nghiéng (chit khong phai chi c6é cic
thanh treo thing diing nhu thong thudng);

- Cai thién dang luu tuyén clia mat cit ngang dim cho thodt gié dé dang hon ma
khong géy ra cic xody khi phia sau né:

- Tang chiéu rong mat cau.

Cac ket qui nghién cin méi day vé thi nghiém khi dong hoc clia mé hinh cdu cho
phép nhén manh ring cdc he théng nhiéu day xién véi 2 mit phing day kiéu dong quy
khong bi xudt hién nhiing dao dong khi dan héi nguy hiém. Céc cu treo cé day xién bé
sung va ddm ctmng c6 chiéu cao nhd véi ty 1& h/L = 1/300 vi ¢6 dim cing dang luu tuyén
cling td ra an toan nhu vay.

D& thiét ké céc cdu day méi cdn phai 1am nhiéu th{ nghi¢m trén mé hinh. Ciing cdn
quan trac theo ddi cic cdu day dang khai thac dé san dé rit kinh nghiém va dé ra nhiing
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kién nghi phuc vu huéng dan thiét k€ cho cic cau mdi sau ndy. Vi du & nudc My cé
huéng dan céc diéu kién dé dam bao 6n dinh khi dong hoc cho cic cdu treo nhur sau:

- Chiéu cao ddm cing, do giita cdc dudng truc cia ma trén va ma dudi (m):

h> L(8,33 +L) (4-41)
1000 305

- Do cimng chiy uén cla ddm cimg (tinh bing don vi kNm®):

1,474b110
2 - — ¥

vH

EJ (4-42)
trong dé:
L - chi€u dai nhip chinh, m.
b - chiéu rong ciu, do giita cic thanh treo, m.
h - chiéu cao cot thép, m.

Dé dam bao 6n dinh khi dong hoc cdn phai thiét k&€ hinh dang mat cit ngang dam
cling sao cho miit cit ngang tuong @ng véi luc gié nang nhd nhit. Ngoai ra phai ddm bao
" yéu cdu vé do cimg hop 1y (ty s6 hop 1y gilta cdc tdn s6 dao dong xoan va dao dong udn).

Theo ¥ kién clia nhiéu chuyén gia thi dé ddm bao dn dinh khi déng hoc, tin s dao
dong xodn cin phai 16n hon 2- 3 14n"so véi tdn s6 dao dong uén trong mat phing thang
ditng. Néu dang mat cit ngang ddm ciing 13 dang thudn va thodt gié t6t thi ty s6 nay cé
thé giam con 1,5 - 2,0. Vi du d6i véi mét cdu treo & MY ¢6 nhip chinh 600m va nhip |

bién 240m, ddm ciing 12 dang hop thodt gio t6t thi ty s6 gilta tdn s6 xodn véi tin s6 uén
" nhu sau:

- P61 véi dang dao dong thir nhdt 12 0,48 : 0,147 = 3,2.

- P61 véi dang dao dong thi hai 12 0,80 : 0,145 =5,5.

D61 véi cau day xién c6 thé 1ay vi du cdu qua s6ng Rein véi miit cit dang hé cha dam
cimg. Nhip ddm dai 319m. Ty s6 cha tdn s6 dao dong riéng xodn véi tin s6 dao dong
riéng udn theo dang dao dong thir nhdt 12 0,54 : 0,38 = 1,42.

Vi cac chi s6 logarit cia dao déng riéng uén bing 0,18 va ciia dao dong riéng xoan
bang 0,07, dua trén cic nghién ciu trong hdm thi nghiém khi déng hoc da chimg t6 do
an dinh khi dong clia két c&u nhip 12 t6t. Sau nay qua thuc t€ khai thic cdu cling thdy
nhu vay.

Ldy vi du vai cdu day xién & nuéc Nga c6 mit cat ngang gém 2 hép néi v6i nhau
bang ban canh trén. Chu ky dao dong riéng thang dimg nhur sau:

- D61 véi cdun qua séng Dnhép & Kiép, T, = 2,31 gidy, T,= 1,17 giay

- B6i véi cdu qua séng Secsni 6 Trerepov, T, = 1,63 giay, T, = 0,92 giay

Cic cau nay dang khai thac binh thudng.
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Doi v6i cdc cdu day xién thi qua thyc t¢ cho thdy chiing ¢6 rat it kha nang hoic
khong c6 kha nang xay ra dao dong cong hudng véi bien do 16n bai vi ¢ hiéu ung giam
chin 1am tat din dao dong. Diéu nay di thdy r6 khi thi nghiém cdu c6 nhip 90m &
Sturgat (CHLB Piic). Yéu t6 co ban anh huéng dén dao dong chinh 1a chidu dai khic
nhau cia cdc day xién trong két cdu nhip.

Céc cdu day c6 (ru thap hinh chit A thutng cé d6 cing khong gian dic biét 1on. Tuy
nhi¢n néu bé qua cdc nguyeén téc da néu trén thi trong cac cdu day s& xuat hién nhimg
dao dong 16n do gi6. Lay vi du mot cdu diy & Canada nhip dai 218m, chi ¢6 ] day & méi
bén tru thap. Cdu nay xay dung xong thi ¢é bién dé dao dong qud 16n. Sau dé phai co
bién phap gia cudng dé giam dao dong 1a: dat thém céc canh thodt g16, bit kin phan ddy
clta miit cat ngang dé chuyén tir dang mit ct hé thanh dang mat cat kin. Cic bién phép
nay dd duge thit nghiém trong him thi nghiém théi gié va cho két qua t6t. Véi géc
nghiéng vat t6t uu cha bo canh thodt g16 méi duoc thém vao mat cit ngang dam cimg vi
khi ddy mait ¢t da duoe bit kin thi bien d6 dao dong thing ding giam xuong ding ké.

Khi mudn nhan dinh so bo vé do én dinh khi dong cla két cAu cdu ching ta cé thé
can it vao cdc dac diém cha biéu dé hé s6 khi dong ciia mémen xoan: cu thé 11 cdc gia
trl am cua dao ham s& ching t6 kha nang chiu gié kém cua cong trinh.

V¢ mat vat liéu thi nén dung ddm ciimg BTCT. Do trong luong I6n va do kha nang tit
dao dong nhanh cha két cdu BTCT (tit nhanh gdp 2-3 lan so véi két cdu thép). Céc cdu
day xién-dém ciing BTCT thuc ra khong gdp van dé bat loi nao vé khi dong hoc. Lay vi
du cau Columbia & My c6 nhip chinh 299m, di gap con gi6 bio 16n trong thai gian dang
thi cong. Chiéu dai doan cong xén dugc treo bai cdc day xién lic dé khoang 150m.
Nhung ty s6 gita tdn s6 dao dong riéng xodn vdi tdn s6 dao dong riéng uén bing 1 4
(theo dang dao dong thit 1), nén can dam bao an toan. “

4.2.MOT SO Vi DU THUC TE

4.2.1. Vi du kiém todn én dinh cdu treo Hé Mon- Quéng Dong, Trung Quac
I Cdc sé' liéu co ban

1.1. Kich thuée két cdu

Khau do 888 m
Chiéu réng ddm B: 356 m
Chiéu cao ddm H: 3012 m
Khoing cich giifa cdc cdp chi Be: 33 m
Ty s8 Uf: 10,5

Chiéu cao cich mat nuéc ctia dam gia cuong z: 60 m
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{1.2.Ddm cung

Dién tich A: 1.229 m*-
Moémen qudn tinh xoin J: - 50955 m*
Moémen qudn tinh ngang J,: 124.3917 m*
Moémen quan tinh ding J4: 1.9786 m’
Trong lugng don vi dai cia dam my: 18335.7kG/m
Momen quan theo trong luong don vi dai ¢hia dam J @ 1743030
Maédun dan héi E: 2.1E+11N/m*
Médun cat G: 80770000000 N/m*
1.3.Cap chu
Dién tich A_: 0,285 cm?
Khdi luong don vi dai m,: 2396,9 kG/m
Modun dan héi E 2E+11 N/m?

1. Xdc dinh téc do gié co bdn, toc do gié chudn thiét ké, toc do gio kiém tra

2./.Téc do gid cobdn

U20 = 40 m/S
U]U = 33.44 m/s
Lay t6c do gié & khu vue nay la U, =33.44 m/s

2.2.Téc dp gid chudn thiét ké’

k, =147 U; =49,16 m/s

Téc d¢ gi6 chuan thiét ké & giai doan thi cong Uy =41,2%9m/s

2.3.T6c dd gid kiém tra duo dong

n= 1,206 (U,l=71,14 m/s
2.4.Tée do gié tamg trin

G, =1,38 Ug=67.84 m/s
I1l. Tinh todn ddc trung dong luc

3.1. Tdn xudt ubn thing dimg dot ximg bdc 1

W = 231295 fy =0,168 Hz
3.2. Tdn sudt udn thing ditng phdn doi xing béc 1
f = 84,57 f', =0,12 Hz

3.3. Tdn sudt xodn doi xitng bdc 1

f =0,35 Hz



3.4. Tdn sudt xodn phdn doi ximg bdc 1
Hg = 132228439 f:] =0,44 Hz
IV. Du dodn én dinh dao dong

Luy =18.968818 T}, =8,78
Khi xofn déi ximg véi tdn s& f¥ =035105 V,=109,71 m/s
Khi xoén phan d6i ximg véi tan s6 f¥ = 0.440459 V= 137,65 m/s
Van téc gid thuc t€ 1a: 99,83 m/s
Van t6c gié ding trong thi cong 1a: 79,87 m/s
Cip béc an todn dao dong c6 thé phan doan theo cong thitc
minTg =357

Viy cén phai phan tich chon hinh dang khi doéng va chdn dong can thi nghiém &ng
khi dong mo hinh cau.

V. Phdn tich tdi trong gié hudéng ngang

T4i trong tran gié hudng ngang tic dung 1én ddm:

g=1.225kg/m’
Ug = 67.836384 m/s
C, =13

P, = 11036.50N/m
Tai trong gié hudng ngang tic dung 1én cdp chu:
d.=0.6m
C;=0.7
P, =130191 N/m

Sau khi ¢6 tai trong nhu trén cé thé ding cdc phuong phap thong thudng dé tinh todn
noi luc theo phuong ngang cua dam.

VI. Kiém tra on dinh luc finh
6.1. Kiém tra su phdt tan xodn do lic tinh
Luy = 18.968818 '

Cly, = 1.07
K =10.775847
Téc do gid 161 han phat tén xoan ctia chu treo

L= 134.67 m/s
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6.2. Kiém tra udh cong theo hudng ngang do lyc tinkh
Ca=0.812  h¢ s¢ luc can cua dim, 14y theo thi nghiém
C'. =457  lay theo thi nghiém
e =f/f, =2.0920783  Ts=4518.541587
K =3.5398681 Ms = 26.00538864
K, =13.18158
Toce do gi6 t6i han uén cong huéng ngang ctia ciu treo
Uy, = 16474 m/s
4.2.2, Vi du tinh dao dong riéng cau treo Tacoma, M

Viduniy dung ly thuy€t cong huong don gidn, nén khong di dé mé ta st ed sup do
clu dudi tic dung cua gié dong nhung ciing du tao ra duge mot mo hinh dao dong don
~ pidn dé phan tich cau. Cau treo day vong i két ciiu rat thanh manh ¢é khéi luong phan
b6 va do cimg phan bo. Mac dit hé mat ¢du néi chung 1 rai déu theo doc cdu, cac cdp
. chu. 14 be phin ¢chi y&u two ra do cimg, lai thay dé6i vé do doc va luce kéo gilta c4c tru
“thdp. Cdc s6 li¢u ban diu sau day ve ciu Tacoma da thu duwoe tir cdc nguén thong tin

khdc nhau:

1- 8o liéu co ban

Sa lid¢u vé hinh hoc
L =2800 ft = chiéu dai nhip, do gitta cdc thap ciu.
h =232 ft = dé vong 1ém nhat cla cdp
b =39 ft = chi¢u rong do giita 2 cip
d'= 17 in = duéng kinh cip
h/f =0,0829 = 1/12 = ty 6 d¢ vong/ nhip
b/f=0.0139 = 1/72 =ty $8 b rong/ nhip

SO licu vé trong luong:

W, = 4300 fb/ft = trong luong mit cau/edp/ft

W, = 323 /b/ft = rong lugng dam /fcdp/tt
W =Pi/d x (17/12)° x 0.082 x 490 = 632 /b/it cla cip
W, = 1/2 x (4300) + 320 + 632 = 3105 /b/ft = trong luong dng cong mi

I ¢dp phii chiu

P=W/g=3105/32,2 - 96,4 /b x ft* x s = khoi lugng 16ng cong/l/cap



2- Cdc gid thiét va khoi luong diing khi tinh todn

Luc kéo trong cdp:

Hinh 4.20 v& bi€u dd cdp nhu vat thé tr do giita thdp va di€m giira nhip. Cdp & giita
nhip coi nhu nam ngang, d6 ciing 1a thanh phédn nam ngang cta luc kéo cép tai dinh cot.
Vi€t can bang phuong trinh mémen & cot bing 0, ching ta cé:

ZM,=232T-3105 x 1400 x 700 = 0

suyraT=13,1 x 10° /b

Thanh phin thang ding cia luc kéo cdp & dinh c6t bang luc nén xudng tdng cong

3105 x 1400 x 4,347 x 10° {bs.
Nhur vay huee kéo téng cong & dinh cot 1a:

T, =10° x (13,112 +4,35%) = 13,82'x 10 fbs.

1400

f

T
o
-
T

+

WT x 1400

Thap
Nhip giira

Hinh 4.20
B&i vy ta c6 thé bd qua dao déng nhé ciia cép kéo doc nhip, ngoai ra d6 cing chong
udn cha sin nhé trong uén duge xdc dinh khong déng k€ d6i v6i cdu treo day vong,
Momen qudn tinh khéi luong xodn

Hinh 421 gia thiét mat cdt ngang twong duong cla cau d6i véi moémen quan tinh khéi
luong cure:

2
J doi v6i san = mb¥/12 = 4320 x E— =17.000
2 12
7 d6i véi dam va cap = 2 x 222 x| 22| = 92 400
32,2 2

Toan bo J = 39.400/b.s>
B¢ cimg xodn:

D6i véi cau Tacoma Narrows dim va mit la ca hai mit cat hd, d6 cing xodn cung
cdp bdi ching 14 nhd trong so sinh véi d¢ citng xoan cung c4p béi cap. Xac dinh cap cdp
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cdch b ft vé mot bén va dudi moémen xodn T. Cho ba vi tf lién tiép i-1, 1, i+1, tuong
duong v6i khoang cédch cép nhu .h‘m'h 4-22. Dinh nghia lai cho phdn tir cia ma tran do
cung trong muc 6.3 phuong trinh 6.3.1 i liéu {2], do cung & vi tri i tuong duong véi luc
ngang F khi chuyén vi y, = 1.0 véi toan bo chuyén vi khic, bao gém y, |, y,,,... bing 0.

| b -l
632
Cép
4300 =
323 | _— | Dam ciing
@ - sa
—_——— n
Hinh 4-21

Cho mat cat ngang & vi tri i 12 quay nhd, 9, ta c6 ¥; = X.®@ = (b/2).0, va thanh phin
" thing diing ciia luc kéo T2 ;

F=2T@= 2T 2 g T0O

Hinh 4.22

Momen xoan cda cdp la F.b = T.b%.0/x va do cimg chdng xoédn ciia cap duge dinh

nghia nhu la mémen xodn trén chiéu dai don vi clia cdp, 1a T.b° Ib.ft/rad/ft
T.b*= 13,11 x 10°x 392 = 19.900 x 10° /b.fi’

Dao dong thang dimg

V6i T va p hing s6, ching ta ¢6 thé phan tich dao dong thing dimg clia ciu nhu 13
khoi luong phan bé uén p trén don vi chiéu dai kéo dai dudi mémen xoin T giita hai
thdp cing la /ft. V6i diéu kién bién y(0,1) = y(I,t) = 0 nghiém t8ng qudt phdi thoa min
phuong trinh:
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sinﬂ =)
c

. . vl
Phuong trinh nay duge thoa man boi — = 7,27, 3n,...nm
C

n T .
hoic f, =—  [— n(so mode)=1.23...n
2FNp
¢ = f— =song lan truyén vin toc
P

Khin =1 ta ¢é mode co ban; khi n = 2 ta ¢d mode thd hai nhu hink 4.23 | Thay cic
so lieu wr div licu ban dau, 1a ¢é:
n 13,1

f, = o x 10° = 0,0658n cps = 3,59n cpm
2x2800Y 06,4

Tan 0 ciac mode

mode | (mode chinh): f, = 3.5%pm

\ mode 2: f, = 7,18¢cpm
Pl mode 3if, = 10,77cpm

mode 4;f, = 14,36cpm

Hinh 4-23

Do déwg vodn

Ngay cau Tacoma do sap. ngudi ta ghi duge van t6¢ gié 42mph di kich thich moét
val mode dao déng. Mode vuot (roi hon ca dang di chuyén thang ding véi diém & nhip
gitta, (s€ duge tinh trong muc san). Su chuyén dong ndy dot nhién thay déi thanh
chuyén déng xodn véi nit & gitta nhip véi chu ky 4s va tich lai bien do 16n gan 45°
trwde khi sup do. -

Xac dinh nhu 1a thanh phan bg déu, phuong trinh xoén ¢6 thé duge ghi lai nher sau:

2’0 K aE?

o

Nghiém ctua phuong trinh la:
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0(x,t) =(sin co\/gx + Bcos w\/%x)(c sin mt + D coswt)

G diy s6 hang P.L.dx = J dugc xdc dinh nhu 1a mémen khéi lugng cuc va s6 hang
[ Gdx = K la do ciimg chéng xoén ciia chiéu dai dx.

Véi diéu kién bién 6(0,t) = 6(1,t) = 0 tdn s& tu nhién duge tim thiy tir:

sinm il=0
V K
mq’ll =m0, 27,..0%
K

D61 véi niit & gidta nhip n =2: 2nf, \j}; =2n

vay ﬂ,:l\/g ;T2=I\/I=2800-1/M><103=3,94S
27T K 19900

Diéu nay phit hop v6i chu k¥ quan sét 1a 4s.

4.2.3. Vi du tinh 6n dinh gi6 véi cau treo Hling - Quiang Nam
4.3.2.1. Khi chua thiét ké chong gio

f. Cdac scﬁ’fr’éu co hdn

1.1. Kich thuéce két cau

Khiu do 144m
Chiéu rong ddm B=2.5m
Chiéu cao dam H =0.40m
Khoang cach giita cdc cdp chu B, =4.60m
Ty so i/f=9.60
Chiéu cao cdch mit nude cia ddm gia cudomg z =10.00m

1.2. Dam ciing
Dién tich A = 0.472m?
Moémen quén tinh xoin J4=0.00002162m°
Momen quén tinh ngang J, =0.00m*
Momen quén tinh dimg J, = 0.00223848m*
Trong lugng don vi dai cia ddm my = 938.70 kG/m
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Momen quén tinh theo trong luong don vi dai ctia dam J_ = 1743030kG.m%m
Modun dan hoi E = 210000000000N/m"
Maédun cat G = 80770000000N/m*

1.3. Cép chi

Dién tich Ac = 0.005524cm?
Khéi luong don vi dai m, = 400kG/m
Maodun dan héi E, = 200000000000N/m"

H. Xdc dink toc dg $i6 co bdn, 160 d gi6 chudn thiét ké, t6c do gié kiém tra
2.1. Toc d6 gi6 co ban

U,p = 40.00m/s

U,y = 33.44my/s
Lay toc do gié & khu vuce nay 1a: U,p=33.44m/s
2.2. Téc d6 gio chuin thiét k&
K, =147
Uy = 49.16m/s

Téc do gi6 chudn thiét k& & giai doan thi cong Uy, =41.29m/s
2.3. T6c do gi6 kiém tra dao dong
p=1206
[U,J=71.14m/s
2.4, Toc dd gio timg tran

G, =1.38

U, = 67.84m/s
HI Tinh todn ddc tring dong hec
3.1. Tan xuat uon thang ding déi xing bac |

W = 17387.00

fr =0.53 Hz
3.2. Tan sudt usn thang dimg phan dsi xting bac 1

{=15.00

fy =029 Hz
3.3. Tén suat xoan déi xdng bac |

" =0.94 Hz
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3.4. T4n suit xoan phéan déi xiing béc 1
H,= 1473694.30

f' =044 Hz
IV. Dut dodn 6n dinh dao dong
luy = 46.11
T}, =13.69
Khi xoén déi xing véi tin so f* =0.3573 Hz
thi van 16¢ gi6 téi han la V,=12.23m/s
Khi xo4n phan d6i xing véi tin s6 f¥=0.4442578 Hz
thi van toc gi6 téi han la Vo= 15.20m/s
Van toc gié téi han thyc t€1a : 11.13 m/s

minT}, =30.3
Vay cin phai thi nghiém trong hdm thi nghiém chéng gi6.
Vi van t6é¢ gi6 tdi han thap nhét la: 11.13m/s
nho hon van tdc gié kiém todn: 71.14m/s
nén két cdu khong 6n dinh véi giod.
4.2.3.2. Két qud khi thiét ké chong gi6
I- Cac dac tinh déng luc
1- T4n suft udn thing ditmg d6i xing béc 1 f}, =0.525Hz
2- T4n sudt uén thiang dimg phan d6i ximg bac 2 b =0.287 Hz
3- Tén suit xodn doi xing bac 1 f! =0.938 Hz
4- T4n sudt xo&n phan dgi ximg bac! f, =0.444 Hz
H- Du dodn tinh 6n dinh dao dong
Téc do gié gidi han dao dong la: 121.127m/s Thoa min

Gid tri min T} & 3.792 Thoa man
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Chuong 5

KIEM TRA HU HONG
CAU TREO DAY VONG

5.1. NHUNG HU HONG PHO BIEN

Nhitng hu hong chi y€u thudng gap trén bé mat cic két ciu thép thuong 1a do su pha
hoai boi an mon kim loai, su suy thoai vat lieu dé thuong kéo theo hién tuong giam kha
nang chiu luc cta vat liéu, phat sinh pha hoai de céc loai tai trong khai thdc va do su qua
tai trong qud trinh sir dung cong trinh.

Gi trong két cdu thép nhin chung phat trién rit da dang, n6 cé thé 1a 16p gi déu trén
toan bo bé mat ciia mot chi tiét hoac gi sau thanh diém, két qua 1a gdy nén mot s6 cac hu
hong sau:

- Lam giam chiéu day chi tiét

- Lam thing bung dim, 1am mat sau dién tich vao mép cdnh dim

- Lam gi mat tiép xlic giira hai chi tiét ap sdt nhau

- Lam sii bé mat, 1am truong n& phan chi tiét gitra hai chi tiét lién két

D6i v6i két cn bé tong thuong c6 nhiing hu hong sau:

- Kich thuée thiét k& khong du dap g tai trong hién tai

- Thiéu 16p chéng thdm tham chi khong c6 ca 16p asfant, banh xe chay truc ti€p l1én
ban mat bé tong diéu d6 din dén cic hu hong: bién dang co hoc, mit v& ban mat cau,
tham chi sap d6 cuc bo.

Phét hién va dédnh gid ding cdc hu hong clia cdu treo dé 6 bién phép xir 1y thich hop,
kip thoi déng vai tro quan trong trong viéc dam bao an toan khai thic ciu treo. Két qua
ki€m tra, kiém dinh cic cong trinh ciu treo day vong nhan duge mot s hur hong dién
hinh sau c6 thé anh huéng truc tiép dén kha nang chiu luc ctia cdu:

3.1.1. Hé day cap chinh, neo

Cép dung phd bién & cdu treo 13 loai ¢6 c4u tao cdc soi xoan quanh 1 soi & giita goi 1a
161 theo nhiéu I6p véi cdc bude khic nhau. Trong cép mém 16i & giita bang soi day gai,

152



tim ddu chéng gi. Ciu tao ciia cdp nhu vay khéng dam bao tinh chéng thim déi vai
nuée chay doc cdp. Ngay ca trong truong hop cép kin, trong dé céc s01 16p vo duoe tao
thanh cédc tiét dien cé dang kin khit soi nay bén sgi kia va mac du sir dung ca cic san
pham bio vé géc dau nhung cfing khong trénh khoi tinh trang nuoe tham. Khi bi thdm
nude, nude s& chay doc theo dudng cdp va gay gi & nhitng diém trit nudc.

Gilra cdc day cdp c6 khoang 25% 16 rong va rit dé nhay cam véi su dn mon, dac biet
can phai nghién ctru dén vi tri céc diém trix nude phu thude vao cau tao hinh hoc cta he
treo. Khi cdp dugc sip xép theo 16p, cdc diém trit nude chinh 1a;

- Bdy dudi cdp gan con neo, dac bigt néu né duoc dat trong ham neo bi 4m.

- Phian ddy Parabol giita nhip

- Xung quanh cdc gong lién két day deo

- Quanh gong cédp gén hé neo

- Trong long b6 cdp trong trudmg hop cdp duoc bé thanh chimm.

- Céc hu hong cuc by cira 16p bao vé

- Céc bien dang cta day cap 1 diéu kién thun loi d€ nuée vao (di qua céc ban dém...)

- Nhig vat can cia nuée chay doc cdc day cdp (chd néi day treo)

- Nhimg viing bao quan thudng xuyén hoac gin nhu thudng xuyén trong moi trudng
am uét (budng neo, viing cay cdi, viing béng t6i...)

Tinh xdm thyc co hoc ctia da 'y cap:

- Tiep xic cha cdc loai ky sinh gilta day cdp va moi trudng (phan mat ngoai cap ciing
nhu 6 phén ti€p xiic giita cap va ban mat) hoic giiia chiing véi nhau

- Tinh xam thue do luu thong di lai (cép gitr)

bé dam bao cho cic phén cdp bi gap uén hoat dong 16t, cic day cdp cdn phai dim
bao lam that sach ké ca cdc con lan dé sao cho dién tich ti€p xiic khong bi san bén ra
hoac bi an mén. D6i véi cdc day neo va cdc dai, con phai dam bio cdc chi tist dé6 khong

_bidon. _

Phin neo giita cic day neo véi ban mat 1a mét phdn dac biét, mét vai gidi phap sir
dung di din dén nhitng sai s6t nhu bi mai mon do xoay 0 khép hay bi an mén do tic
dong nudc tich tr va cde rdc rudi. Viée diéu chinh do cing day cia cong trinh dam bao
cho céng trinh hoat dong thich hop.

Ngoai ra trong cau treo con ¢ thé xuat hién mot s8 cc hu hong khéc:

- Céc hién tuong dong hoc sinh ra khi hoat tai di qua thudng bj khuéch dai do dic
tinh cita cong trinh. Hién twong nay xdy ra 6 moi diém cia két ciu.

- Céc ¢on neo cdp 1a diém c6 dinh cling, né c6 thé chiu céc luc dot bicn, cdc con
chém trong c6n néu ché tao qud mém s& dé dang bj bien dang gay tyt cdp trong con.
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Mot khi xay ra hién tuong nhu vay s& dén dén vi¢c phan phéi lai luc cang trong heé treo,
noi luc trong céc sgi cdp khong con dong déu nita, ¢6 soi phai chiu tai qua 16n so véi kha
nang chiu tat thiét k& vén cé. '

He diéu chinh cdp bang tang-do thudng bi gi néu khong duge bio dudng thudng
Xuyén, & dang két cau nay thuong §dy ra su tap trung iing suét & phan ven két hop véi gi
c6 thé gay nitt & d6.

Trong cau treo cdn quan tém 161 cée chi tiét sau:

- Céc cap

+ 56 lugng c6c cdp so véi thiét ke
+ Khoang cich gifta cdc céc cap trong mot méi lien ket
+ D6 chic chan khi bit cée.
+ Céc hién twong hu hdng quanh cée cap (gi - ditt sgi)
- Puli, khuyeén cép
+ Budng kinh va céc kich thuée khac ¢6 phit hop véi loai cap khong
+ Nirt v
+ Ri,‘kc;t
- Ban néi cép
+ Chiéu dai doan dan néi
+ Hinh ding, buéc so day c6 ding chiéu quy dinh khong
+ Céc hu héng quanh viing dan, néi (gl - it soi)

Tém lai céc hur héng chi yéu la: Cép chi bi gi, nd hodic mai mén 1am giam yéu tict
dién chiu lyc. Tai deo lién két, dim ngang vdi day deo bj gi, giy hong. R cdc thanh neo
cdu tao tir thép tron chon sén trong bé tong hé the.

5.1.2. Day treo

Trong cdc cdu treo & nude ta, day treo thang diing chit yéu ding céc thanh thép tron,
han hiru ¢6 cong trinh dung day treo thang ditng bing cap. Céc day treo thing dimg c6
c&u tao phan trén lién két v6i cap cha, phén dudi lién két véi hé¢ mit cau. Céc day treo
nay chiu cdc lyc khdc nhau, phu thudc vao ciu tao va vi tri ciing nhu dang hinh hoc cha
hé treo va hé mit cdu.

Céc day treo thang dimg dung thanh thép tron thudng cdu tao tir hai nhénh, lien két
v&i nhau bang nhiing thanh ngang, & dau méi thanh thudng han céc chi tiét néi chot véi
tru ddm va hé day, it thdy cédc hu hong & 56 day treo dai, ¢6 ching chi Ia sir khong chinh
Xdc v€ do dai mbi nhdnh gay phan b6 luc khong déu. Cac day treo thing ding dang nay

154



¢ gan giita nhip chi ¢6 mét khép ngin va cimg ¢6 kha nang bi dift do khong tinh dén céc
mo men uén thay déi phét sinh trong day treo do céic chuyén déng tuong d6i clia he mit
cdu voi day trén. Céc day treo thing dimg lam bang cép ciing c6 nguy co bi gi giéng nhu
¢ cdp chii, dac biét 1a & phan du day treo phia dudi, tai vi tri ¢dp di vao con, lién két day
treo thang dimg vao hé miit cau. '

Céc md om déu trén clia day treo thang dimg cé thé bi truet , gay ra su phén phéi lai
lyc cang, 1am tang thém luc trong cac day treo thang ditng bén canh g4y nén hiéu iing
day truyén. Dac bi¢t & cdc day treo thing diing gén tru c¢6 do déc day chi 16n nén dé
tudt, trugt v& huéng gitta nhip.

5.1.3. Hé g6i cau

Gé&i cau néi chung & phén 16n cdc cong trinh Jam nhiém vu truyén phan luc g6i xudng
mong tru va cho phép khe co din cita hé mit cdn lam viéc binh thuromg. Trong céu treo
g6i cau khong 1am viéc hoan toan gidng nhu vay, né déng vai tré quan trong hon nhiéu,

- Truy¢n phan lyc g6i thing ding, thay déi nhanh va thuéng Xuyén

- Chiu cdc chuyén vi hay hue doc rét 16n, luon thay déi va khong gidng nhau khi hoat
tai di qua.

- La noi ti€p nhan luc ngang do gi6 sinh ra

Nhitng b hong chinh dic trung cha céc loai g61 nhu sau:

- Bi mai mon

- Bi tach roi cdc diém 6 dinh (ban mat hodc géi twa)

- Sai léch ciia khoi xay g6i tira lic ddm nén

Su t6n tai va thay d8i nhanh clia cic lue khong gian tdc dyng 1én géi thuong am cho
g0i chéng hu hong ma phén lén céc g6i nay da khong dugce tinh toan ddy da diing theo
su 1am viée da dang ctia né. Sy xuéng cdp nay 1am tang do gio, kéo theo sir va dip ngay
cang manh, gay nén luc dong trong két cdu ngay cang 16n, gay hu hong géi cdu, 1am dap
vG khoi bé tong ké goi.

Hom nita nhiing vin dé do lyc dap & céc g6i tua thudmg nay sinh ra nhimg hu hdng vé
g6i ¢4 dinh tham chi d4n dén nhiing hu héng cta chinh cdc ddm.

5.1.4. Tru cong

. C6 hai dang tru cong:

«) Dang ngam cing.: Dang céng nay thudng bing két cdu bé tong cot thép, cling cé
nhiing cong trinh ¢ cdng cAn ngam ché tao tir thép hinh. Tru céng ngam phia dinh cdng
thudng duge dat g6i do cdp di dong. Su chuyén dich cia g6i cap do hé théng con lan
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dam nhén. Bui va gi dan din ngin cdn chuyén déng cla cdc con lan, tham chi lam liet
hoén toan. Trong trudng hop d6 khi hoat tai di qua, cng céu phéi chiu cac luc rat 1én.
C4c lyc nhu vay khong duge du kién trude nén din dén cic hu hdng, dac biét 1a nitt &
chén céng.

b) Dang 6 khép & chdn céng: Vé nguyén tic céng loai nay chi duoc tinh todn thiét
ké dé chiu luc nén tuy nhién do d¢ linh déng clia khép chan cdng khong dam bao, céng
c6 thé phai chin cic mé men uén phu. Ngoai ra trong trudng hop cdng c¢é dang hinh
khung, gap ti trong khéng d6i xing s& gay nén xoén vin cdng. Trong trudmg hop dé
lien k€t ngang trén qui ciing hay khéng di cing déu 6 thé 12 nguyén nhan giy ra
nhimg bign dang khong binh thudng cho cdng cu.

5.1.5. Hé dam mat cau

Trong cic mat cau treo & nudc ta cé két cdu cling nhu vat liéu 1am mit cdu rit da
dang (gé, bé tong, ban thép beé tong lien hop...). Ngodi cdc hu héng thudng thdy & mat
cdu néi chung con c6 cdc hu hdong mang dic tinh két cau treo.

Nhitng hu hong déc trung chr yéu lién quan dén van dé m4t én dinh (vénh, vong) do
cdc nguyén nhan:

- Hé mat cdun khong da cing

- Cac goi tua bi kep

- D9 cang con "qud mém"” (cdc d€ qud long va day cdp ddu khong dib cang, tai trong
qua lén...)

Da s6 cdu treo & nuée ta c6 hé ddm mém, ¢6 thé xem cdu tric hé mit cdu gém céc bo
phan riéng biét, ndi véi nhau bang chdt lién két doc 1ap vao cic dﬁy treo thang dimg. Su
suy yé€u ctia cac day treo thang ding nay hay sy trugt clia odc 1ién két chiing véi cdp chii
dan dén su bién dang cic chi tiét tuvong ting, v& 14u dai cé thé phd hang cong trinh. Cic
bién dang thuong gap la: '

- Bién dang téng thé theo chiéu doc cdu dudi tic dung clia tinh tai

- Bién dang tong thé theo chiéu ngang cdu do viéc tut ma 6m céip day treo thing dimg.

- Bién dang cuc bd do phan b6 lai luc cang trong hé treo hoic do xe qu4 tai di qua

- Bi€n dang cuc bd dot ngét sinh ra do va cham ciia xe ¢é trén ciu.

Niit gay ddm doc khu vuc 1/4 nhip va gin nhip giita. Ngoai ra con ¢6 mét s6 hu hong
thudng gip khdc ¢6 thé anh hudng dén diéu kién khai thac binh thudng cfia cong trinh,
cling nhu lam gidm tudi tho, d6 bén céng trinh. Thang ké s& lieu diéu tra cic hu héng
thudng gip & cic cau treo day vdng, phong dodn nguyén nhan hu hoéng dugc trinh by &
bang 5.1 (goi { 1a dudng én véng):
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Bang 5.1

(Hai Phong)

- Mai mon cip chi ¢ gida nhip

- Tai deo cua day deo bi gt mat
tiét dién

Teén cdu Hu hong Nguyén nhan
1 > 3 4
Hé day
] Bén Tiat |- fiang 27 em b;lll 20 nam Cip chu bién dang du
{Quang Tri) |- Gi ¢dp chil gin hé the Do bao dudng khong tét
’ - Mai mon cdp chu & gilta nhip ! Do thiét ké
I~ Tai deo cua day deo bi gi mit Do bio dudng, do thiét k&
U tig dién
_. 2 Bao Nhai |- ftang 4 cm sau 20 ndm Cip chu bién dang du
(Lio Cai) |- Gicdp chit giin hé thé : Do bao dudng khong tat
- Tai deo cua day deo bi gi mat Do bio dudng, do thiét k&
liét dién . :
_3__ _};E'I_All- .f.-(-a'.i.ng 24 cm sau 20 ndm Cip chi bién dang du

Do bao dudng khong tot
Do bao dudng, do thiét ke

4 Coc Pai |- ftang 4 cm sau 20 nam Cép chi bién dang dv
: (Ha Giang) - Gi cdp cht gan hé thé Do bio dudng khong tot
- Tai deo ciia day deo bi gi mat Do bao dudng, do thiét ké
1iét dién
5 | Hang Tom |- {tang 12 cm sau 20 ndm Cap cha bién dang du
{Lai Chau) |- Cip cha bi dit 8 soi nho do by Do chién tranh
dan ban
¢ neo
[ Bén Tat |- Rithanh neo thép & vi tri ti€p giap | Do thiét k&€ khong hop 1y, do
(Quéng Tri) v6i bé tong hé the bao dudng
- Thoat nudc hdp bao vé neo tac Do bao dudng, do thiél ke
2 Bio Nhaj |- Gi nhe thanh neo thép Do bao dudng khong tot
(Lao Cai) |- Hop bio vé neo 4m udt Do bao dudng khong tét
3 Kién An |- H6 thé dp luc, khong quan sédt duge
| (Hai Phong) |- Nhimng vi tri quan sit duge nhin
chung con 16t
4 Coc Pai |- Thanh neo thép gi nhe | Do bdo dudng khong tét
(Ha Giang) |- Hép bao vé neo am wat Do bao dudng
5 | Hang Tém |- Gi bé mit cdc cdu kién thanh neo | Do thiét k&, do bao dudng

(Lai Chau)

- Thodt nuée hé the tic

De bae duting, do thiét ke
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]

2 3 4
Tru cong
I'| BénTit |-Ricic thanh thép kinh t3 hop Do bao dudng khong tét, do thiét ke
(Quang Tri) | (gi mat trong) Do bio dudng, do thiét ke
- Hop bao vé cdp & mu riia héng
2 | BaoNhai |- Sirt v& bé tong than try do bj Do chién tranh
(Lao Cai) | dan bin
3 Ki€n An |- Gi cdc thanh thép hinh t6 hop Do bao dudng khéng t6t, do thigt lg
(Hai Phong) | (gi mat trong) Do béo dudng, do thiét ke
- Hép bao vé cdp & mu rira hong
4 C6c Pai |- Sirt v bé tong than tru do bi Do chién tranh
(Ha Giang) | dan bin
3 | Hang Tom |- Géi con lan dinh tru khé m& Do bao dudng
(Lai Chéu) | bdo dudng, gi nhe
Hé ddam mar ¢du
1 Bén Tat |- Tai deo d4m ngang gi hong, gay Do bdo dudng khong tét, do thiét ke
(Quang Tri) | He dim gi & vi tri n&i chét ddm doc
2 | BaoNhai |- Bén bé tong lip ghép hu héng, Do thi€t k€, thi cong va bio dudng
(Lao Cai) caR kénh khéng t6t
- Hé dam gi nang & vi tri dudi khe Do thi€t k€, do bao dudng
cdc ban lap ghép Do thiét ké, do bio dudng
- Tai deo dim ngang gi nang
3 Kién An |- Gdy dim doc Do thi¢t k&, do bio dudng
(Hai Phong) | - Ban BTCT Yip ghép bi cip kénh
4 C6e Pai |- Ban BTCT hu hdng cép kénh Do thiét k&, do bao dudng
(Ha Giang) | _ys dim gi & vi tri khe ban lip ghép | Do thiét ké, do bio dutng
5 | Hang Tém |- Ban BTCT hu héng cap kénh Do thiét k€, do bao dudng
(Lai Chau) |- Hé ddm gi & vi tri khe ban lip ghép | Do thiét k€, do bdo dudng

Nhing hu hong trén day ngoai do nguyén nhan khich quan la chién tranh con lai chi
yé&u la cdc nguyen nhan chi quan c6 thé han ch€ dugc.

5.2. KIEM TRA, PHAN TiCH TINH TRANG CAC BO PHAN KET CAU

5.2.1. Nhimg van dé chung

Tai nan, su c6 cla cdu treo & nudc ta xay ra déu do nguyén nhéan nhimg hu héng ciia
cdc bo phan két cdu khong dugc phét hién, dénh gid va xir Iy kip thdi, ding mmic. Diéu
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nay cho thiy viéc phan tich va ddnh gi4 ding tinh trang k¥ thudt, nang luc chiu tai cia
cic bo phan két cdu ciu treo dang khai thac dé c6 nhing gidi phdp xit 1y thich hop, kip
thai dong mot vai tro rit quan trong.

Kiém tra, phan tich tinh trang k¥ thuat, dénh gi4 nang luc chiu idi cia cdu treo day
vong dang khai thic cin dac biét chi § dén nhimg bo phan két ciu chit yéu nhw: cdp
chit, tru c6ng, mdu neo va hé thé. Nhig bé phan ma sy hu hdng cha ching ¢ thé dnh
hudng truc ti€p dén an toan khai thdc clia cau.

D6i v6i mbi bo phan két cau, sau khi xem xét téng thé, cdn tap trung ki€m tra, phan
tich danh gi4 tinh trang k¥ thuat nhitng vi tri thudng c6 hu héng, khuyét tat.

Sau khi phan tich cdc hu hong, khuyét tat, ddnh gid tinh trang k¥ thudt cua b6 phan
k&t caun s& danh gid duge nang luc chiu tai hién tai cling nhu tudi tho, dé tin cay cua bo
phan két cdu dy. Nang lyc chiu tai chung cha toan cdu s€ dugc x4c dinh, khéng ché boi
nang luc chiu tai cia bo phan k&t cau yéu nhat.

5.2.2. Kiém tra, phan tich tinh trang céc bo phan két cau

5.2.2.1. Hé day

a) Ddy chu

" Nhu chiing ta di bi€t, day chi 12 bo phén chiu luc chi yéu cha ciu treo. Day chu

thudng 1am bang cdp (bén 6 cic sgi thép cudng do cao), cd biét c6 mot vai cdu treo dan
sinh, day chti 1am béng sgi thép CT3 dudng kinh ¢8 (ciu Po Ha) hodc b6 thép ¢5 cudng
do cao. Tu nhitng nim 1980 tr&r vé trude, cac cdu treo sit dung cép theo tiéu chudn clia
Lién X6 cii. Gan day mot s6 cdu treo mdi xay dung sir dung cdp thép clia Nhét Ban theo
tieu chudn JIS 3525 (1977).

Phan tich danh gid tinh trang k¥ thuat cia cdp, cin xdc dinh duogc chinh xac cap 46
thudc ching loai ndo, cac dac trung hinh hoc chia né ra sao.

Nhiing vdn dé chung vé cdp thép ding cho cdu treo:

+ Phan loai cap: C6 rat nhiéu cach phan loai cép, tuy nhién duéi géc do quan 1§ k¥

-thuat ta ¢6 thé phan theo hinh dang mat cit ngang clia day cdp. C6 loai day cép xoan
bing day thép tron (cdp xoén tran), c6 loai xoan bang day thép tron va diy thép hinh Z
boc ngodi (cdp xoan kin). Cdp xoén kin ¢6 hé s8 chén chat rat 16n (0,865) so voi cap
xoan trdn (0,45 + 0,60).

Cép xodn kin rat phit hop dé 1am céu treo vi bién dang nhé do dé han che dugc bien
dang cha cu khi chiu tai trong vi déng thoi rat thuan loi khi st dung cac vat liéu nhu
Polyme dé bao vé cap.

Cip x0an trin c6 thé c6 16i cing hodc 16i hitu co. Loai cip xoén trin ¢6 16i hitu co c6
modun dan héi nhd, gay bién dang Ién cho cdu khi chiu tai, sau mot thdi gian cau
thudmg bi vong du. Néu so cung dudng kinh, cdp xodn kin ¢6 luc chiu kéo diit cao hon,
do mai mon thap hon.
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Dudi day gidi thiéu cic dang mat cit theo cach phan loai nhuy trén

 rrdsarnabas
)

3
= sa v wnenn [ rarpuwasnay

he 2t

a) Cap xodn trdn 16i ciing by Cdp xodn tran 16i hitu cor ) Cdp xoan kin 16i ciimg

Hinh 5.1: Cdc dang mdt odr cdip

+ Xac dinh duding kinh cdp: D€ ki¢m tra, dinh gi tinh trang k¥ thuat cula cip can xdc
dinh ding duong kinh cdp. Do dudng kinh cidp cé thé dung thude cap c6 do chinh xic
0.1mm. D61 voi day cip 6 16p ngodi ¢6 56 nhém soi (tao edp) I¢ thi khong ding thude ma
phai do chu vi day cip bang mot bing thép rong khong qua Smm réi tinh ra dudmg kinh.

+ Neo cdp bing khuyén cdp va cée cip véi cip mém, xoin tran:

Vi cdp ¢6 duong kinh tir Sémimn (r& xuéng, khuyén cdp cdn 6 duong kinh (D) toi
thiéu 12 250mm, duwdng kinh va s6 luong cée cip ciing duoc quy dinh cu thé. Quy cich
bat céc cap quy dinh theo hinh v& sau (hinh 5.2):

Khnivén cap

Coe cap
Hinh 5.2: Quy cdch bat ¢éc cdap
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+ Modun dan héi sgi cdp:

Vi cdp ciing xodn kin, médun dan héi gin nhu khong thay doi trong qua trinh sir
dung. Véi cdp xoan tran, dac biét 1 véi loai ¢é 16i hitu c0, modun dan héi cia soi cdp c6
su thay doi theo thoi gian: dudng kinh danh dinh cuta soi cdp giam di, modun dan héi
tang. Dic diém nay cdn luu y trong khi kiém todn ciu treo dang khai théc.

Cong thiic xdc dinh moédun dan héi ciia soi cdp xodn tran nhu sau:

E,j.fr') =o.E, v6i a =cos® p.cos” £

Trong d6:
EE;- modun dan hoi ctia sgi cdp xodn trin

E;- modun dan héi cta thép co ban

€ - gbc nghiéng gira truc tao cdp so v6i truc bé cap
¥ - géc nghiéng gitra soi cdp va truc tao cap

(dai lugng s va & xdc dinh tai thoi diém cén tinh)

Kiém tra, danh gid tinh trang ky thudat

ll

Khi kiém tra ddnh gi4 tinh trang ky thuat clia cip, cin chii y xem xét ky mot s6 ché
dé bi gi, diit nhu:

+ Vitri cdp chi ngap trong dat: day 13 vi tri cdp dé bi gi nhat, nguy hiém nhat vi vi tri
nay kho ki¢m tra, bao dudng ma lai luon c6 dé 4m cao, day nhanh t6c do gi thép. (Cdp
cdu Ngoi Bo bi diit cdp chi tai vi tri nay)

+ Vi tri cdp chi vat qua mu riia dinh tru c¢éng: cin kiém tra su bién dang cha cdp, su
NG va su mai mon cha cép.

+ Vi tri cdp chi neo vao mdu neo: néu cp chil neo bang con neo, cin kiém tra su
tudt, bién dang cta con neo. Néu cip chii bt vong qua khuyén cdp va neo biang céc cip,
cin kiém tra tinh trang gi, né ctia cép, su tuot, long coc cap.

+ Vi tri cdp chi lién két véi ddm
ngang gitra nhip : kiém tra su gi ciia
‘cdp vi day la khu vue tu nuée, cap
dé bi gi. Kiém tra va dénh gid mic
do mai mon soi cip do chuyén dich
tuong doi gilta soi cip va md 6m
cdp khi c6 hoat tai.

Khu vuc diém tu thuy déi véi
day chu bang b6 soi &5 cuong do
cao cdn xem xét k¥ su gi clia cdc

soi phia trong bo cap. Hinh 5.3 : Cau treo ddy vong
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Xéc dinh ti&t digén thuc cia cdp :

Muc do hao hut ti€t dién lam viéc cha cdp: Cdc tao thép xoan cla sgi cdp co thé
khong bi hao hut & ciing mot tiét dién, nhimg néu pham vi hu héng ciia céc tao thép nam
gén nhau thi cén phai tinh todn (iét dién hao hut 12 téng hao hut ctia cdc tao thép. Kién
nghi khi pham vi hu hong ciia cdc tao thép trong khodng 1,5m (trén 3 1an budc xodn) véi
cdp ¢6 dudng kinh tir $56 tré xudng thi hao hut dugce tinh 13 téng cic hao hut cla cic tao
thép ¢ dé.

Cdc sot cdp chu rai song song thudng c¢é tinh trang cdc s¢i cdp 1am viéc khéng déng
déu. D¢ danh gid su 1am viéc cla cdc sgi c¢dp c6 thé sir dung thiét bi kiém tra luc cang
trong ¢dp. Cao dac xdc dinh duong cong va dudng tén finh clia cdp chi & thoi diém kiém
todn cling 1a mot cong viéc quan trong phuc vu cho viéc ddnh gid tinh trang cép chi. Khi
cdp chu bién dang du, cdc thong s6 nhu dudng tén cdp, modun dan héi cla sgi cap thay
d6i dan dén thay déi noi lyc trong cic bo phan két cdu cna ciu khi chiu lyc.

b) Ddy deo

Can kiém tra dénh gid su chiing, xoc xéch clia day deo: khi céc cép long, tudt, vi tri
day deo iién ket vdi cdp cha bi dich chuyén theo xu hudng 1am chiing day deo, cic day
deo bi x0c xéch, trang thdi chiu luc chung cia toan cdu thay déi theo chiéu huéng bat loi
cho hé dam, mat cau xuat hién do véng 16n.

Ki¢m tra su gi, hu hong cdc tai deo, bulong quang: tai deo thép & vi tri phia dudi han
vao day deo cau tao tir thép tron thudng bi gi, gidm yéu tiét dién chiu luc do vi tri nay
thuong ban, 4m thap vi nuée chay doc theo day deo gay ra. Cin xdc dinh dugc chinh xdc

-vi tri, miic d¢ hao hut ti€t dién chiu Iuc dé kiém todn ban thép tai deo chiu ép mat, kiém
todn xé rach.

O vi tri giita nhip, cép chi lién két véi ddm ngang bing cdc day deo ngan hoic
buldong quang. Cin xem xét tinh trang phd héng cdc day deo va bulong quang do chiju
uon khi mat cau c6 bién dang qua 16n hoic céu bi lac ngang do gié.

Trudng hop day deo bang cdp, ki€m tra, phan tich tinh trang sgi cdp, tinh trang neo
cdp hinh cde (ki€m tra su gi cha con neo, su bign dang cla cdc neo...) hoidc khuyén cédp
va c6c¢ cap nhu déi véi cdp chu.

5.2.2.2. Hé neo

a) Ho thé

Vi loai ho the trong luc, can kiém tra sy sut, trugt hd the, kiém tra su dich chuyén
chia hé the. Néu hé the ndm trong khu vic dia chat phic tap (c6 nudc ngim, khu vuc
thudng xuyén co sut truot...) thi viéc 1ap hé thong méc dé thudng xuyén theo di v dinh
gia sy dich chuyén ctia hé thé 1a hét sitc cin thiét.

Kiém tra bé téng hé (hé: s xuat hién céc vét ndt, sitt vy, chat luong be tong. Co thé
sir dung céc phuong phdp thi nghiém khong phd hoai nhu siéu 4m, thir cudng dé be tong
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bang sting bat ndy Schmidt, do dién thé, do dién trd... dé danh gid cuong do, do dong
nhat cuia bé tong ho thé, kha nang gi ¢6t thép bén trong.

Hinh 5.4: Ham neo cdap Hinh 5.5 : Chi tiét neo day cdp chu

V6i hé thé dp luc: can ki€m tra su sut truot clia ban dp luc, kiém tra su 6n dinh 4p luc
dat trude ban.

Kiém tra tinh trang hop bao vé neo: diéu kién vé sinh, tinh trang thoat nuéc ... Thuc &
cho thdy, khi cdu khéng c6 hop biao vé neo hodc khu vire nay bin, &m uét, cic bo phan
két cdu quan trong nhu méu neo, cép cha, khuyén cdp, céc cdp... sé nhanh chéng bi gi,
hong gdy nguy hi€ém dén an toan khai thic céng trinh.

b) Mdau neo

Kiém tra tinh trang 1am viéc (su gi, bién dang...) ctia cdc chét ic hodc don ganh neo
gilt cap chu, tinh trang cla cdc ban thép chiu ép mat ¢ miu neo.

Kiém tra do gi ctia mau neo tai vi tf ti€p gidp gilta bé tong va mat thodng, c6 thé duc
bé tong xung quanh mdiu neo sau vao
2-+3cm dé kiém tra sau d6 ding keo Epoxy
trdm vé lai. Mau neo bi ngam trong bé tong
h6 thé nén can xdc dinh dugc dé léch truc
mdu neo v6i cdp chi theo cdc phuong dé
kiém todn médu neo chiu kéo uén tai vi tri
ti€p gidp gitta bé tong va mat thodng.

Miu neo la moét boé phin dé hu hong
nhung lai hét siic quan trong trong viéc
quyét dinh nang Iuc chiu tai cta ciu do vay
can kiém tra, phan tich va ddnh gid chinh
xdc tinh trang k¥ thuat cia né dé cé thé
danh gid ding nang luc chiu tai chung cua
ca cau,




5.2.2.3. Tru cong

Kiém tra mic do gi véi céc cau kién thép cita tru cdng nhu: cot try, hé gidng lién két,
hép bao vé cap dinh tru, chét ac chan tru (d6i véi tru khép).

Kiém tra xdc dinh vi trf cdc vét nitt, sit v& d6i véi tru éﬁi]g bé tong. Kiém tra, ddnh
gid chit lugng bé tong bang cdc phuong phap nhu déi véi be tong ho the,

Xdce dinh d6 nghiéng lech tinh caa tru cong theo hai phuong: doc va ngang ciu. Xéc
dinh d6 van, xoan cia tru cong. So sdnh véi cic s& ligu cua thi¢t k€, quan 1y. Tru cdng bi
vin xoan vo dé (thudng xdy ra véi tru khdp, cdp chu bit ¢d dinh uén dinh tru céng) 13
do luc cing trong cap chil thugng luu vi ha luu khic nhau, Khi dé cin sic dung thi¢t bi
dé xdc dinh lue cang tinh trong cdp chit nhim c6 bi¢n phép xir 1y thich hop.

Trudng hop tru ngam bi nghieng theo phuong doc cdu ra phia séng (vi du do nén
moéng bt x6i) thi do nghiéng cha tru cdn duce xic dinh chinh xdc va theo déi thudng
. xuyén dé€ c6 bién phdp sta chira, gia ¢6 thich hop vi khi d6 Ivc téc dung léch tam trén
dinh try tudn ¢6 xu huéng tim tru nghiéng thém. Di¢u ndy di xdy ra d6i véi mot s6 ciu
xdy dung trude day.

V61 tru cung, phai kiém tra, xdc dinh vi tri tinh ciia g6i con lan nhim xdc dinh do
léch tam cua luc nén tac dung vao try cong. Kiém tra tinh trang gl cla cdc con lan, thét
26i nham xdc dinh hé s6 ma sdt thich hop khi kiém todn tru.

Kiém tra su lam viec cia he théng chéng sét, tinh trang hop bao ve cdp, mu ria
dinh try

5.2.2.4. Hé dam mat cdu

Xac dinh duong cong tinh mat cdu, so sinh véi cdc s6 li¢u thiet k&, quan 1y. Thue 1€
cho thiy, sau mot thai gian khai théc, cap chu c6 do gidn du, mat cdu bi véng xudng.

Kiém tra xdc dinh cdc cong vénh, bign dang, giy hong dam, cdu ki¢n din thép. Kiém
tra muc d6 gi cdc cau kién ddm, dan thép dac bi¢t 1a & vi tri khe ban BTCT lap ghép, vi
tri n6i chdt ddm doc.

Kiém tra tinh trang cdc tai deo, lién kel dim ngang voi day deo, xem mue do gi, xé
rich, tinh trang buléng lién ké&t, dudmg han lién két. Céc tai deo dim ngang thuong bi gi,
gidru y&u tiét dién do vi tri nay thuong bi dong nuée, dit cat ban. Can xdic dinh chinh
xdce vi tri, midc do hao hut tiét dién tai deo dé kiém 1odn €p mat, chéng xé rach ban thép.
Céc ta: deo clta day deo & gin giita nhip thuéng bi giy bulong, mdéi han lién két do chiu
udn I6n khi mat cdu dao dong tic ngang do gi6.

Kiém tra chat luong ta vet, van l4t mat cau, tinh trang dinh dia, buléng lién két vii
mat gd. Kiém tra chat lugng bé tong, tinh trang sut v@, gi 6t thép clia ban BTCT, lién
két ban BTCT tap ghép véi he dam, kiém tra tinh trang tach 16p bé tong va thép déi véi
ban Robinson.
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5.3. PANH GIA NANG LUC CHIU TAI CAU TREO DAY VONG

5.3.1. Nhirng van dé chung

Diénh gia nang lyc chiu tdi bao gém su tdng hop tdt ca cdc két qua theo dai 1au dai,
két qua tinh todn, do dac cdc tham sé co hoc va hinh hoc & cdc tinh hudng lam viéc cla
cong trinh. Cong trinh s& duge ddnh gid theo trang thai gidi han vé cuong do, vé niit va
bién dang. Két luan s& cho biét 1ai trong nhu thé nio thi dugc phép tac dong lén cong
trinh véi mikc do an toan nao dé di cho trude.

D6i v6i moéi bo phan két cdu, sau khi xem xét tinh trang 1am viéc ctia bo phan két
cdu, kicm tra nhimg vi trf ¢6 hu héng, khuyét tat, xac dinh dugc mic d6 hu héng, cdn
danh gid nang lyc chiu tai hién tai clia bo phan ket cdu dy. Sw lam viée chung cna toan
bo cau c6 theé duoc xem xét, danh gid bing két qua do dac, thir tai céu.

Nang lyc chiu tai chung cla toan cau s& duoc xdc dinh, khéng ché boi nidng luc chiu
tai cia bo phan ket cau y€u nhét ¢6 (thé xem xét dén két qua do dac, thir tai dé loai bo
nhitng y&u td bat thudng.

5.3.2. Kiém toan danh gia nang lire chiu tai

Sau khi ki€m tra, xdc dinh hu héng, so d6 chiu luc cia cac bo phan két cdu, tién hanh
kiém todn bo phan két cdu theo so dé chiu lyc da xdc dinh nhu cdc bai todn sitc bén vat
liéu thong thudng. Trong kiém todn cdu cén luu ¥: Su thay déi médun dan héi, dién tich

tiét di¢n cdp chi s& lam thay déi noi luc, bién dang chuyén vi ciia céc bo phan ket cu,

Tri s6 ung sudt kéo do uén cdp & vi trf vat qua mu riza dinh try céng, vi trf vong qua
khuyen cdp ciing can duge xét dén déc biét khi cdp chi 13 b6 soi song song. Cic s6 liéu
ki€m todn va két qué kiém todn mot cong trinh cdu treo day véng & nudc ta & trang thai
ban diu va trang thdi sau khoang 20 niam khati théc dugce trinh bay trong bang 5.2:

Bang 5.2: Két qud kiém todn mét s6 cdu treo ddy vang é nudic ta

Trang thdi ban diu Trang thdi sau
Tinh Bocing | Lyc | Bocing | Bocimng | Luc | Do cimg
TT| Ten ciu tai Hoat tar cap kéo | ddm mat cap  |kéoditt| ddm mat
(T/m) EoFy (T)| dit cu EF, (M1 (T ciu
(T) | Egly (T) E,), (T)
|1 2 3 4 5 6 7 8 9 10
1 BT 2.658 HI10 96600 | 1160 10490 119146 028 9441
(Quing Tri)
2 BN 2.438 | 10.4T+4.8T| 219796 | 1450 23058 197816 | 1305 20752
(Lao Cal)
3 N 1.116 | 1xeldT 00502 | 469 6312 72402 376 5681
(Ha Tinh)
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(Bang 5.2 tiép theo)

NE 3 4 5 6 7 s 9 | 10
4 CB 1516 HI3 IR1004 | 939 | 4536 | 144804 | 751 | 4082
(I1& Tinh) ) |
s | bL  [1.216! 1xel69T | 172800 | 1120 | 5314 | 155520 | 1008 ;4783
! {(Hi Tinh} | i | '
|61 CR 1206 | IxeI8T | 172800 | 1120 7 18814 | 155520 | 1008 | 16933
I {Nghé An) !
7 cp 2264 | BT+4,8T | 150536 | 1160 | 10408 | 135482 | 1044 | 9367
(Hi Giang) ; I

Qua bang 5.2 ta nhin thay h¢ s6 an 10an cla cdp chil thudng duce thiét k& 1on hon 2
va tap trung ¢ khoang 2,5+3.

5.3.3. Thur tai cau

Thu tidi cau nham danh gid sy lam viée chung cia cdc bo phan két ciiu trong céng
trinh. Tuy thuoc két qua kiém tra, ddnh gid hién trang cic bod phan két cau clta cdu ma
quyét dinh ¢dp tai trong thit. Thong thudng tdi trong tht khong nho hon 809 tai trong
thiét ke.

Sir dung cic thiét bi do bién dang, chuyén vi, dao dong va thiét bi do duc... dé do dac,
dinh gid su lam viéc cua cdc bo phan két cau trong su 1am viéc chung cta ca céng trinh.
Thu thap va xu ly cdc $6 liéu do dac theo nguyeén tac thong ké dé thu duoc cic 50 lieu da
do tin cay nhim ddnh gid ding tinh trang 1am viéc ciia cdc bo phan két cau.

Sau khi k¢t [uan ve tinh trang ky thuat, nang luc chiu tdi cta ciu cin dua ra nhimg
kién nghi, giai phdp cho céng tic quan Iy khai thic cdu

5.4. GIAI PHAP SUA CHUA TANG CUGNG
5.4.1. Hé day

5.4.1.1. Day chu bi giam yéu tiét dién

Nguyén tac: tang cudng cho cip chil phén i€t dién mdi ¢6 kha nang chiu kéo 16i
thiéu phat bang phan tiét dién bl mat.

Néu cdp chu bi gi mat phan dn ti€t dién, ¢6 the cat han va thay the bing mot doan
ting do thép. Hai clu cat ra duge bit vong qua puly thép ¢ hai ddu tang do va neo giif
chat bang céc cdp. Bién phdp ndy phuc tap & chd phii ¢6 thiét bi kéo va giit cdp dé luc
cang trong cdp hong bang 0 truede khi cit cap. Tuy nhién, uu diém ciia bién phdp niy co

su dung tang do thép dé diéu chinh luc cing trong doan cdp sau nay.
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Neéu phin ti¢t dién cdp chit bi mét khong I6n lam, bién phdp don gidn va kinh t& 13 b
phin ti€t dién bi mat bing thép thuong. Hai bén vi tri can tang cudng duge bé tri cdc ban
op (kieu Curie) lién két chat v6i cdp chi. Cde thanh thép thuong duge han tryc ti€p lén
céc ban 6p nay. Kiéu tang cudng nay don gian, dé thi cong, tuy nhién phén tiét dién ting
cudng khi d6 chi tham gia chiu hoat 1ai.

Song song véi viée bl tiét dién cho cdp chi, giam nhe tinh tai cing 13 mot bién phip
dé tang kha ning khai thidc v6i hoat tdi cdu. Tuy nhién, luong gidm nhe tinh tai 11 bao
nhiéu cho phit hgp d¢ mat cdu khong ¢6 nhitng bién dung gay nguy hai dén hé dam, day
deo... cling cin duge tinh todn cu thé.

5.4.1.2. Gi hong tai deo dim ngang

Céu tao cta tai deo dam ngang thudng lam khu vuc nay dong nhiéu dat, cdt bdn, am
udt. P6 chinh 14 nguyén nhan gy gi cdce tai deo. Khi d6 cic chét dc duoe bG tri thém
cie butdng quang va cdc don gdnh d& dudi dam ngang.

5.4.2. Hé neo

Céc thanh nco bing thép tron chon giff trong bétong he the thudng bi gi & vi tri sdt
- v6i thanh bé tong cha ho the. Khu vue nay rat khé duge tang cudmg bang phuong phap
bit tiet dién. Do viy, phuong phép thuéng duoc dp dung dé ting cudng ning luc chiu tai
cla cdu la chuyen phin noi lue do tiét dién bi hao hut cha neo cii phéi chiu sang cho neo
m&i. Neo méi khi duge ba tri phia trude hodc phia sau-nim trén ciing mot dudng thang
V6i neo ¢l (song song voi truc tim cdu). Cc thanh neo méi dugce gilr vao vi tri khic clia
ho thé cii hodc viio mot hé thé mdai.

5.4.3. Tru cong

Tru cong thép thudng duge t8 hop tir thép hinh biang ban gidng véi lién két han hoic
tan dinh. Sau mot thoi gian dai khai théc, cdc két cau ndy thuong bi gi & mat trong clia
thép hinh, gi nang nhat & khu vuc chéan tru céng. Tang cudng tru céng ciing dua trén
nguyeén tac "bi ti€t dién" hao hut. Tuy nhién, mot chii y quan trong néu sir dung han dé
lien ket cdc tigt dién bo sung vao cot tru [a cdn thiét k& vi tri va trinh tu han dé khong
anh huong 16i kha nang chiu lue cla cot (vi trong qué trinh sira chita, ¢ot tru vin luén
chiu luc nén 16n).

5.4.4. Hé dam mit caun

Dém doc gitta nhip bi nit gay do khong da do ciing chéng udn, do hién tuong méi.
Hi¢n nay hu hong nay thudng duge sira chita bang cdch thay the doan dam doc méi hoac
han bé sung tiét di¢n thép cho khu vire ddm bi hdng. Trén phuong dién thiét k&, céc nhi
thiet k¢ dang hoan thién xu hudng thiét k&€ khu vire ddm doc giita ciu ¢é do cing 16n,
tham gia chin hoat tai ciing véi he day.
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5.5. MOT SO VI DU KIEM DINH CAU

5.5.1. Vi dy kiém tra, phan tich danh gia tinh trang ciu treo BT

A- Gidi thiéu chung vé cdu

Céu treo BT ndm trén quéc 16 X tai ly trinh Km 685 + 850, bic qua song B&n Hai
thudc dia phén tinh Quang Tri. Cdu duge xay dung vao nam 1973 va dua vio sir dung
nam 1974 véi cdc thong s6 k¥ thuat chi y&u nhu sau:

+ K&t cdu nhip : 1 nhip dai 100m (khoang céch hai tru cdng)

+ Khé cu: 4m + 2 x 0,75m

+ Hé mat ciu : cdc dim ngang bang thép hinh chit I 465, khoang céch giita cdc dam
12 Sm. Dam ngang lién két véi cdp chi thong qua day deo bing thép tron. He ddm doc 12
loai dam khép gém 6 ddm I 360 dit trén ddm ngang. Theo chiéu doc cdu, d4m doc chia
thanh 4 doan va duoc ndi lién tuc thong qua cdc chot.

Mat céu biang BTCT lién hop vsi hé ddm doc.

Giang gi6 bing thép géc L8Ox80xR0.

Lan can cau bing thép

+ Tru cong: Céng cdu 12 loai tru khép. Méi tru gém hai cot, khoang cach hai cot la
6m. Moi cot duge cau tao tir 2T 465 t6 hogp véi nhau bing ban ging. Phia trén hai tru cot
cong duoc lien két v6i nhau bing 1 465, phia dudi cot tru duoc lién két véi than (ru
BTCT thong qua chét ac ¢ 130

+ He diy: Cap dung 1am day chd 1a hé cdp mém Gb56mm. Toin cidu cé6 10 bé mébi bén
5 b6 cdp vat qua dinh tru neo vao hé thé. Day deo gém hai thanh $b30 t8 hop thanh cap
duoc lién két véi day vong va hé dam ngang théng qua hé chét.

+ H6 the : 1a loai hé thé trong luc bang BTCT dat céch tru céng 30m. Diu mébi soi
cip chi duge neo biang 4 thanh ¢30 u6n trdn va neo giit trong khéi BT.

B- Khdo sdt hién trang cdu

B-1. Hé day

Céap dung 1am day chd 1a h¢ cdp mém &56mm. Toan cdu ¢6 10 bé (mébi bén 5 bé) cap
vat qua dinh tru, neo vao hé the & hai b, Trude nam 1994, ddu cac b6 cap & vi tri hd the
ti€p gidp v6i dit 4m nén bi gi nhiéu. Nam 1994, céc soi cdp ndy di duoe sita chifa cy thé
nhu sau:

+ O hé thé phia Quang Tri: toin b 10 dau cdp di duoc stra chifa bing cach: cat bo
phan cdp bi gi khong an toan; méi ddu cdp duge thay thé bing thanh ting do $350. Sau
khi di neo xong, tién hanh d6 bé tong thém khsi be tong phia trudc.
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+ 0 hé the phia Quang Binh: chi sira chita ba d4u cdp tang dudi, hé phia thirong luu,
Con lai 7 dau cdp chira dugc sira hién tai da bi gi nhiéu, dac biét 12 phia dudi khuyen
cdp, noi thudng bi 4m ust va dong nude. Khuyén cdp sét vao thanh bé¢ tong clia ho the
khong thé kiém (ra ddnh gis chat lugng duge.

V1 tri cdp chi vt qua mu ria dinh tru nam trong hop béo vé di han Kin, khéng thé
maG dé kiém tra duoce. Quan st tir hai cira lat hat ben hop béo vé vao phit hién thay cdp
chu trén mu rixa déu & (inh trang kho, khong duoc boi m& bao dudng, nhiéu 16 td vo lam
trén sot cdp, trén mu rita, 1am cho Cap trén mu rila cang kho va tang 16c do gi, ldo ho4
01 thép caa cdp.

Tat vi trf ddm ngang gitta nhip, cdp chu ¢é chuyén dich 4cm vé méi phia so véi m4
6m cdp khi ¢6 hoat tii nén cé hién tuong soi thép phia ngoai cua cdp chi bi mai mon. Vi
tri nay can phai dwgc chi ¥ boi md bio dudng thuong xuyén dé gidm ma s, giam qu4

- trinh mai mon cap.

. Tai céc vi ui khdc, cdp chi nhin chung con t6t, bé mat cdp chii duge boi md bao
«dudng. Do chu vi cip thu dugce ket qua C = 1700mm — dudng kinh d = 54,1 lmm. Géc
nghiéng gifta soi cdp va trye tao cdp : w = 20° géc nghiéng gilta truc tao cdp so vdi truc
b6 cap @ £ = 20°;

Day deo duoc cau tao tir 2¢:30 lien k&t véi cdp chi thong qua mé 6m cdp, lien ket véi
dam ngang qua cédc tai deo. Nam 1994, do nhiéu tai deo & dim ngang bi gy bulong lien
két, bong bat méi han nén da duge stra chita bang céch tng cuong mot dai thép h22 bii
véng qua chét ac 50, phia dusi tién ren, bat buléng vio mét thanh thép do (loai
L100 x 100) duéi ddy dim ngang. Tuy nhién két cdu tang cuong nay chi dam bdo dam
ngang va chot $b50 duge lien két chic chén. Trén thuc t€ ban thép day 12mm ciia tai deo
lien két vao day deo da bi gi néng, néu ban thép nay bi xé rich thi ciing 4nh huong dén
an toan khai thic cu, do vay can chii ¥ kiém tra thudng Xuyé€n cdc tai deo nay.

B-2. Hé neo, 116 thé

Hé the 1a loai hé the trong luc bang BTCT dat cich tru cong 30m. Pau méi S01 cdp
chu duge neo giir vio he the thong qua 4 thanh thép 30 uén tron va dugce neo giir trong
khoi bé tong.

- H6'thé phia Qudng Bink:

H6 the phia Quang Binh khong duge d6 them khéi be tong ¢ phia truéc nhu he the
phia Quing Tri. Khio st tinh trang cac thanh neo thép $30 nhan thay: Tai vi tri tiép
giap giita be tong v mat thodng, cdc thanh neo cdp nay bi gi. Do kich thudc gtita céc
mau neo véi nhau va kich thude gifa mau neo véi thanh trude he the ri hep nén chi
kiém tra duoc mot 3 thanh cu thé nhu sau:
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+ Ho thugng o

« Cum 2 day trén; cdc thanh phia dudi gi sau trén 2mm. Céc thanh phia trén khong
khao sit duge ‘

« Cum 3 diy duéi : Cic thanh phia duéi gi sau trén 2mm. Cic thanh phia trén khong
khao sdt duge. Ban thép diing han vao neo gl sau t6i 4mm

+ H& thé ha luu:

e Cum 2 day trén: Thanh thugng luu 2 thanh phia duéi gl siu trén 2mm. Cic thanh
phia trén khong khio sdt duge. Thanh ha luu 2 thanh phia dudi c6 mot thanh gt khodng
[mm, thanh ¢on lai gf sau 3mm. Céc thanh phtia trén khéng khao sdt duge.

» Cum 3 day duéi: cdc thanh phia dudi gi sau dén 3mm. Cic thanh phia trén khong
khao sdrt duge.

- HS thé phia Qudng Tri:

Nam 1994 ho thé phia Quang Tri duge dé thém mét khéi be tong & phia trude véi
muc dick chiu hoat téi. Trude khi dé them khdi be téng nay, cic dau cdp chi bi gi duge
cat va thay bing cdc thanh tang do $50 sau dé cang lai cap nhung chi tiét déng vai tro
hét suc quan trong trong kha ning chiu lyc chung cta toan ciu I3 thanh neo thép &30 lai
khong duge dé cap dén. Hé so ket qué khao sit va thuyét minh thict k€ sita chira khi do
khong dé cap gi tdi tinh frang cic thanh neo thép nay. Véi didu kién hién c6, khong thé
khao sdt duge tinh trang cua cic thanh neo thép nay.

Nam 1994 ca hai h6 thé phia Quang Binh v Quéng Tri déu duogc x&y ho bao vé neo
o phia truse. Cic hé bio vé neo cla hd th€ Quang Tri nhin chung kho réo, thodt nude
tot. Bdy cdc hé bao vé neo clia hé the phia Quing Binh nhiéu ban dat, 4m udt, thoat
nude kém. Pay 1a mot trong nhiing nguyén nhan [am tang toc d¢ gi cdc cdu kién neo
bang thép.

Tom lai: Céc thanh thép $30 neo vio beé tong cha hé the dé giit cdc ddu cap 56 da bi
gi nang. Hién nay khong c6 diéu kien dé dinh gia duoc cu thé. Nhiing ddu cép tai vi uri
vong qua khuyén cdp ciing bi gi nhung cting khéng ¢6 diéu kien d€ kiém tra. Truée ho
the phia Quang Tri dudgc dé them khéi be tong ¢6 trong luong khoang 140 tan. Gidj phap
ky thuét nay chua cé do tin cdy cao. Néu cdc thanh thép $30 tep tuc gi (vi giita khéi be
tong méi d6 véi khai bé tong cii van ¢6 khe ho, nuée vin ¢6 thé ngdm theo khe hés nay
gay gi thép), khi d6 khdi bé tong dé them s& khong da trong lugng dé git luc ngang do
hoat tai va tinh tdi cha mit cau. Mat khdc néu khéi bé tong dé thém bi lin (hi cédc thanh
neo thép d30 con lam viée & trang thai bat lgi hon nhiéu.

B-3.Tru cong

Cong cau la loai tru khdp, mébi try gom hat cot, khoang céch hai cot 1a 6m. Méj cot
dugc ciu tao tir 21 465 16 hop v6i nhau biang ban gidng. Phia trén, hai cot tru cong duoc
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licn ket vat nhau bang I 465, phia dudi cot tru duoc lién két véi than tru BTCT théng qua
chot b 130.

Giang ngang ctia ¢ hai tru cong 1 465 (dat nim ngang) duoc don vi quan 1y dé nhua
dudng dé chong gi. Cira lat clia hop bdo vé cdp va mu rita trén dinh try cong bi roi, hong
(trén try cong Quang Tri mat 1 cita phia ha luu, trén tru cong Quang Binh mat mot cira
phia thuong luuw), cde cura cdn lai bi gi khé nang. Céc tdm 16n cia hop bdo v¢ bi gi.
Trén gidng ngang ciia tru ¢éng phia Quang Tri, tim ton Op ngoai da bi gi thing vi phat
hi¢n thay c6 ciy co6 moc (i trong ra (diéu nay ching to phia trong ¢6 nhiéu dit cat bin
am uat).

Cic mu rta teen dinh tru cong khe, khong duge boi mé bao dudng. Trén mu raa va
¢dp cha 6 nhiéu 16 10 vo biang dit. M4 om cap trén mu rla tru cOng phia Quang Binh
mat mot bulong lien két. He theng chéng sét nhin chung con t6t. Kim thu [6i va cdc day
dan con lién tuc, khong bi gi mdt 1iét dien. Bé ngoai cdc nhanh tru ¢dng bing thép hinh I
465, 16p son bao vé nhin chung con 6, thép khong bi gi nhung phat hien thay cic viy gi
thep day 161 2+ 3mm & 16 thodt nude chan tru cong. Phia trong tru cdng céc ciu kien
thép di gi khd nang. Nguvén nhan din dén gi thép bén trong 12 do hdi nude tich  vi ¢dc
tim (6n 6p bio vé khong tuyét dei kin. khong thodng gié da can tré su bay hoi cta nude,
Mat khdc. ciing chinh nhimg tim ton 6p nay da gay kho khén cho don vi quan 1§ trong
viéc ki¢m tra va duy tu bao dudng. Nam 1994, khi sta chira cdu. ban tén 6p phia dudi
chén try cong do bi gi nhidu da thay the vi han lai. Bung [ 465 bi gi nang ciing di duoc
han cdc suon ting cuong bang thép ban day [2mm, cao 720mm.

Hi¢n nay. do roan bo cdc nhdnh tru eéng va bin giang ngang lién két déu bj bit kin
nén khong Ki€m tra va ddnh gid chat lrong duge. De cé the kiém tra duge cdc nhénh try
coéng va giang ngang lién két, cin phal mo cdc tdm ton 6p phia ngoai. Mat khac, trén
phuong dién quin 1y va khai thac ciu cling cin loai bo cdc tdm 16n 6p nay d€ tranh tinh
trang dong hoi nudc ben trong gay gi thép. Chat ¢130 o chan tru céng kho m& bao
dudng. Cdc ¢ cu o bulong chon san trong bé tong be tru bi gi gan nhu mit han. Ban thép
de tru br g1 nhe,

Bé¢ tru BTCT nhin chung con (o, khong ¢6 ddu hi¢u hin, chuyén vi, Than be tru
khong ¢6 cdc vét nit hay st va déng k€. Thir cirong do be tong tru bang sdng bat niy
Smitch cho k&t qua cuong do be téng bé tru & vao khoang 350 + 380kG/em?.

B-4. 1H¢ didm mdt can

He dam doc, giang gié chua c6 gi hu hong 1on. Dam doc bi gi nhe tai cdc vi tri n6i
chot do nue trén mat cdu chay xudng. Cic dim doc bién bj gi tai vi tri ti€p gidp giita
bung va cdnh dudi ddm, phia m4 ngoai cau do dong dal cdt ban va nudc mua hat.

Dam ngang bi gi tai vi tri tiép glap gitra bung va cdnh dudi, dic biet 13 & méa dim phia
Quang Binh do gi6 Lio théi gay dong dat cdt ban. Pdu cdc dam ngang va cic tai deo
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ddm ngang dugc don vi quan 1y nhua dudmg bao vé sau khi sira chita cdu nam 1994, qua
trinh gi khong phét trién.

Ban mit ciu bang BTCT lién hop véi dam doc nhin chung con t6t nhung do khéng ¢6
hé théng thodt nudc mat cdu va g chin banh dé lién theo chiéu dai ciia mébi doan ddm
12 25m, nén toan bd nude trén mat cu chay xudng cac khe hé & vi tri khép néi ddm doc
gay gi hé dam doc, ddm ngang & vi tri ndy. Nam 1994, sau khi sta chita cdu, dam doc,
dam ngang & cdc vi tri nay ciing da duge quét nhua dudng bao vé nén da phan nio han
ch€ duge qud trinh gi ddm. Thir cudng do bé 16ng bang siing bat ndy Smitch cho két qua
cudng do bé tong ban trén 400kG/em™.

C- Do dac trang thdi fing sudt bién dang

Theo dé cuong kiém dinh ciu treo BT, da tién hanh chét tdi do dac trang thai ing suat
bién dang cla cdp chi, day deo, tru ¢céng, ban BTCT mit ciu.

Do iing sudt cdp chi do hoat tai véi cdc so d6 x€p tai cho ca nhip vi x&p 1/2 nhip. Két
qua do dac thuc € cho thdy: Chét tru cong van lam viéc, khong ¢é su sai khdc ting luc
gilra hai ddu Quang Tri v Quang Binh cla cling mét diy do. Bang 1 va bang 2 thé hién
két qua do ttng suat cdp chu,

Ké&t qua khao sat cap chi di duoc xdc dinh duge : Géc nghiéng gilta sgi cdp va truc
tao cap: ¢ = 20° ; géc nghiéng gilta truc tao cdp so v6i truc bo cdp & = 20° ; Modun dan

hoi cita cdp chit xdc¢ dinh theo cong thiic sauw:

E 2 =B v6i a=cos'r.cos't = 0,62 > E TP =0,62x2.100.000 = 1.302.000 kGfcm®

cip

Cdp chu tai vi tri do xem nhu khong bi hao hut tiét dién. Dién tich ciap chd &56 xdc
dinh theo quy trinh cla Lién X6 cii: F = 11,8178cm".

Vi két qua do tng suit trong trong cdp chu theo cdc so do tai trong, ta xic dinh duge
luc cang dugce trong cic cip chu (do hoat tai) v6i cdc so do tai trong dé:

N'. = O-'I.Fi

Luc cang trong cac cap chi do hoat tai

Sau khi do dac ding sudt cic bo phan : Cip chi, day deo, bin mit cdu... cé mot s6
nhin xét sau:

- Gid tri iing suat 16n nhat do hoat tai do dugc 1a 490,99kG/cm? tai cap chit 6 10 (soi
ngoai cling ha hru) tng vdi so d6 tai trong 1C. Luc cang trong soi cap chu nay do hoat
tai la 5802,42kG.

- Véi tat ca cdc so do x€p tai chinh tam, léch tam thugng luu va léch tdm ha luu, trong
cac soi cdp chi déu xudt hién ing suit kéo, khong xudt hién ting suit nén do hoat tai.

- Ké&t qua do dac cho thay: Duéi tac dung ciia hoat tai chinh tam, trong cum day ha
luu phat sinh luc cing 16n trong cum day ha luu.
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- Két qua do luc cing trong diy deo do hoat (ai cho két qua khong 16n. Gid trj fuc
cang Ion nhat do duge 12 1267,04kG & day deo thuong luu, gid tri ¢ng suat do hoat tii
khi d6 1a 98,67kG/em’™.

- Gid tr] ing sudt ddy ban BTCT mat cdu do hoat tai 16n nhét xdc dinh duge 13
10,97k G/em”. Vi gid tri ing sudt nay ddy ban mat cdu chura bi niit.

Sau khi do dac do vong mat cau, do thay doi dutmg tén f, chuyén vi dmh tru cong do

hoat tai ¢é mot s nhin xét sau:

- Do vong 16n nhit do hoat i xdc dinh duoe [ 392mm tai dinh dam ngang thuong
luu, mit 56 10 so d6 tai trong 1B. Véi ciing so dé tai trong nay, ndt s6 5' véng Ién nhat
VG gid tr1 do véng la 66mm. Mat cdu bign dang theo hinh chit S véi chenh cao do diém

vong nhat va diém véng nhat 11 456mm.

- VGi 30 d6 xEp tai nira nhip. d6 véng mat cau 1én nhat thu duoc 1a 317mm tai nit 5

phia ha luu, so d6 xép tai 2C. Do véng 16n nhat thu duoc 1a 172mm tia nidt s6 5 phia ha

» luu. Mat cau bién dang theo hinh chit S véi chénh cao d6 diem vong nhit va diém véng
'nhit 1a 489mm.

- Cc d6 vong déu 12 dan hoi vi sau khi rai ra khoi cdu, tri s6 doc khong tai lai trér vé
Xap X1 tri s3 ban ddu, khong ¢é hién wong bien dang du hodc két cdu bi xo léch.

- Chuyén vi dinh tru céng do hoat tdi phit hgp vé&i quy luat chiu Tuc clia két ciu va gid
tri nho, nam trong pham vi cho phép.

- - Tri s6 thay doi duong ten ¢ip chi khong on. Su thay d6i dudng tén cip chi phu hop
VOl quy ludt chiu lue caa két cau.
D- Kiém todn mét s bo phan ket cdu chinh
D-1. Kiém toin cap chii
- Kiém toan cap chi, xéc dinh not luc trong cap chia do tinh tai

- Do hién tuong cdu yéu, luu luong xe trén tuyén khong 16n nén phén hoat tii khong
kifm todn véi ci doan xe ma sir dung luon ket quéi do dac Tue cing trong cép chil véi tai
trong thir di néu & phan trén.

- Céc thong s6 k¥ thuat co ban:
+ Céip cha $56:
Dién tich mat cit cde soi day thép F = 11,8178¢m?
Khoi luong 1m cdp m = 11,099kg
Luc kéo dut cdp = 11.600 kG

Modun dan héi (xét thoi diém hién tai) E E“" = 1.302.000kG/cm’
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+ Sa dé tinh
Géc nghiéng cdp neo so véi phuong nim ngang: « = 22,13°
Puong tén tinh cha s¢i cdp f = 10,24m
Chiéu dai nhip vuot L = 100m
Céin e vio cdu tao chi tiét cic bo phan két cdu, tinh todn duoc tn 6 finh tai rai déu
trung binh:

Qi = 2,1875 T/m
He s6 vuot tai ciia tinh tdin, = 1,1
Luc cing trong cdp do finh tai: S, = H/cosa

_ N, Q|
8.f

Trong dé: H 1a luc ngang do finh tii xdc dinh theo cong thirc: H,

Thay s6 vao ta cé H, = 293731,69 kG; vay §,=317091,33 kG

V&i mot soi cdp luc cang trung binh do finh tai 1a: S = 31709,13 kG

Luc cang trong cdp do hoat tai : St dung tri s6 Iuc cing én nhat do dugc trong cédp do
hoat tai thir: ™ = 5802,42 kG

Lyc cang téng cong trong soi cép: Sesp = SPy Sp =37511,55kG

Luc kéo dit cdp 1y thuyét Sis thuyer = 116000 kG. Néu xét 16i h¢ s6 giam kha nang do
cap bi gi hodc mon: n = 0,9 thi ta ¢6 luc kéo dit cdp thuc &[Sy, o1 = 0,98y thuyet =
104400 kG

Vdi tai trong thir Scip < [Sihye ¢l Ay dam bdo an toan
D-2. Kiém toin neo

Bo phan nguy hi€m nhét cin ki€m todn 13 thanh neo thép $30. Can cit vao cic két
qua dd khao sat dugc, trong phan kiém todn dudi day dé thien vé an todn xem cdc thanh
thép neo $h30 bi gi theo duomg kinh chi con $26.

Cac thong s6 ky thuat co ban:
86 thanh nco cho mét soi cép chi: 4 thanh
Di¢n tich tinh todn méi thanh F,, = nd%/4 = 5,3066 cm’

Cuong do chiu kéo tinh todn cta thép neo: dé thién vé an toan, ta cing xét tai su
giam khd ning 1am viéc ciia vat lieu thép CT3 bang h¢ s6 triét giam: n = 0,9

IR, ] =0,9.1900 = 1710 kG/em?
So do tinh: C4u kién chiu kéo diing (am.

Luc cang ma nco phai chiu: lue cing ma 4 thanh nco thép $26 phai chiu bang Iuc
cang tinh todn bang luc ciing tinh to4n cho mét soi cdp b 56; S=37511,55 kG.
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Kha nang chiu kéo cho phép ciia cum 4 thanh neo thép $26
15,0} = 4 Fy-[R] = 36297, 14 KG viy [S;e0] <5

Mic du tinh todn dua vao nhiéu gia thiét thién vé an toan nhung két qua kiém todn
trén cho thay cic nco thép déu da ¢ trang thai nguy hiém.

E- Két luan va kién nghi

E-1. Két ndn

- Kich thuée céc bd phan ket cau va kich thudc téng thé cia cong trinh khong c6 sai
khéc gi nhiéu so véi trang thdi cau sau khi duoc sira chita nam 1994. Puong tén cap chu
tang so v6i dudng tén do nam 1994 khoang 3cm. Médun dan héi cia soi cdp tang chut it
so v6i gid tri tinh todn ndm 1994.

- Cép chil khong c6 hign tugng by nd, tuy nhién vi trf trén mu ria dinh tru cong kho
@ bao dudng c6 thé gy gi, 130 hod soi cdp. Cdp chu tai vi tri dam ngang gitta nhip co
hién tugng soi thép bi mai mon do ¢6 chuyén dich tuong déi so v6i md 6m cdp khi cd tai

nén can duge boi md bao dudmg thudng xuyén vi tri nay dé giam ma sdt, giam mai mon
cap. Céc vi tri khic cap chii nhin chung con tOL.

- Céc day deo nhin chung con (8, chi cén chu ¥ kiém tra thuéng xuyén céc tai deo
thép da bi gi dé c6 phuong dn xu 1y kip thoi khi c6 su co.

- C4c ho thé khong c6 diu hiéu lin hay chuyén vi, tuy nhién hop bdo v¢ neo duge
cau tao chua di rong di gy kho khan qua trinh kiém tra,bdo dudng hé neo. Thoat

- nwée ho thé phia Quang Binh bi tic gy moil frudng 4m u6t, bit 1gi cho cac cédu kién
neo bang thép.

_ Céc thanh neo thép 30 cha ho the phia Quang Tri khong thé khao sat dugc do co
khoi bé tong tang cudng hd thé. Cdc thanh neo thép $30 clia h6 thé phia Quing Binh
chua khao st k§ duge tinh trang cia ching do kich thuée do kich thude gifta cdc méu
neo véi nhau va miu neo véi thanh trude hé qua hep nhung nhiing két qua khao sat thu
dirge vi kiém todn cho thdy : Cdc thanh neo ndy da & trang thai chiu luc nguy hiém, cdn
c6 bién phép tang cudng ngay dé dam bao an toan khai thic ciu.

- Tru céng bi bit kin bang cic tdm ton 3mm nén chua khao sat ky duge, tuy nhién
nhiéu ddu hiéu cho thay bén trong tru céng da gi khd nang. Khu vyc mu raa can dugc
bio dudng slra chita cac hu hong nhw dd phan tich O phan hién trang.

- Ban mat cdu bang BTCT con kha tdt nhung do khong cdu tao hé thdng thodt nudc
mit cdu nén nuéc trén mat céu chiy tryc ti€p qua cac khe ban BT & vi tri ndi dam doc
gdy gi ddm doc va dim ngang O Vi tri nay. Dam doc bién bi gi nhe & khu vuc ti€p giap
giita bung va cdnh dudi clia ddm cén dugc cao gi, son bao dudng.

K&t qud thir nghiém céu treo BT :

+ Gid tri luc cang xdc dinh duge trong cap chii vin ndm trong pham vi cho phep
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+ Gid tri ing suat trong day deo khong I6n, nim trong pham vi cho phép

+ Gid tri ting suat ban ddy be tong nho, nam trong pham vi cho phép

+ Cdc gia tri do vong, do véng clia dudng cong mat ciu véi cic sq do chat tai
nam trong pham vi cho phép. Khong ¢6 hién tuong gay khiic dot ngot cia duong
cong mat ciu,

+ Chuyén vi dinh tru cong, do thay déi cia duong tén cha cap chu phu hop véi quy
ludt chiu luc cta két cau va c6 gid tri khong 16m.

Két luan : Véi tinh trang ky thuat hién tai, chi dugc phép tam thoi khai thic ciy treo
BT véi tai trong khai thac 8T, xe qua ciu don chiéc. Trong thai gian 10 thang phai tién
hanh st chita tang cuong cho hé neo. Néu khong sira chita kip thoi, phai cdm cidu dé
dam bao an toan cho nguoi va phuong tién.

E-2. Kién nghi

Théo b6 hop bao ve ¢dp 0 mu rua dinh try cong, thio bé céc tim ton 6p than tru cong
va giang lién két ngang. Mo rong hop bao vé neo, duc be tong tai vi tri mau neo. thio
tam thép dinh vi céc thanh thép 30 ciia ho the phia Quang Binh

Stra chita h¢ théng thodt nuge cua hd thé phia Quang Binh

Thiét k€ va thi cong b sung hé¢ théng thodt nude mat cdu véi cdc 6ng din nude mat
xuong qud cao do cinh dugi dam doc dé dam bao tudi tho cho hé dim mat cau.

Thiét ké va thi cong b6 sung hé cip neo va tang cudng cho neo va hg thé hién tai

B6 sung bién khong ché khoang cich 16i thiéy gilta xe qua cdu la 50m.

Cao gi, son bio vé he théng lan can, dim doc bién

Thi€t ke lai hop bao ve cdp & mu riia dinh dé dam bao dé kiém ta va bao duong cip

Kiém tra dinh ky cdc bo phan két ciu, dac biét luu y dén cdc thanh neo thép ¢ 30, tai
deo dam ngang dé c6 bién phép xir 1y thich hop khi cdn thiet.

5.5.2. Vi du ho so kiém dinh cau Y

A- Hién trang ciu
1. Giéi thieu chung

Cau day xién Y nam tren duong noi
Bac - Nam, vuot qua sudi Y, thuoc dia
phan xa X.

Tieu chudn ky thuat:

- Cdu xay dung vinh cim.
- Tai trong thiét ké hai doan xe H13. Hinh 5.7: Bo 11y chung cau
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- Khé ciu K7 + 2 x 0.25m.

- Song khong thong thuyén.

- Muc nuée thiét ké: Hyy, =45.5 nuée dénh 0.3m.

- Ciu thiét k€ theo Tiéu chuan 22TCN 18-79.

2. Hién trang cdu

So d6 cau: 15 4 36m + 15 (m) lién tuc.

Chiéu dai toan ciu: 66m.

Ciu gém 2 mé, 2 tru.

a) Dam chu:

Dam cha 13 hé dam lién tuc 3 nhip, theo mat cét ngang cAu cso hai phién dim b6 tri
trong mat phiing ctia day vang. Méi phién dim gém 2 dam H 500x300mm, khoang cich
‘tim hai phién dam la 600mm dii cho thiét bi ciia bo neo di qua. T hop dam bang duong
han, néi cac doang béing bulong tinh ché d22.

\\ ¥
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Hinh 5.8: Cdu tao dam doc Hinh 5.9: Hé lién két cdac dam doc

b) Hé lién két doc:

C6 dang chit K, méi khodng dai 4.0m, riéng hai khoang dau rong 2.85m, va hai Khoang
giita cdu tao thanh bat chéo chir X thanh ctia hé lién két doc ding 1 L125 x 80 x 8mm.

¢) Hé mdit cau va mdt cdu

Chiéu rong dudng xe chay: 7m

Chiéu cao dam chu: 0,5m

Mt cdu duoc cdu tao bang tdm ban BTCT 300 duogc cau tao thanh timg tim lap ghép,
kich thude clia mot tm : chiéu dai 3,99m, chiéu rong 3,745m, day 0,18m.

Lién két cdc tAm ban mat ciu bang cich han cot thép chd tuong (ng véi cac thép cho
& 4 gée clia tim ban mat cdu sau khi dém 16t bang gidy dau
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Lép phtt mat ciu bang BTXM 200 luéi thép dé, chiéu day trung binh 16p phi 8cm.
Lan can bang 6ng thép d76

Hinh 5.10: Cdu tao mar cdu
d) Tru thap

Go6m hai cot cao 10,34m, méi cot duoc ciu tao bang mat cat té hop gém hai thép
H 500 x 200 dat ciach nhau 600mm theo phuong doc cau. Cot duge phan thanh hai
khéi: Khéi ddu tru thdp la doan thanh dai 3.8m, khéi chan tru thiap 1a doan nghiéng
géc o dai 6,35m.

Hinh 5.11: Hé lién két thap cau Hinh 5.12: Lién két day vang véi thap cau

Theo phuong ngang cdu, tru thap 12 mot khung ciimg chan ngam vao tru bang 8
bulong d36. Hé lién két ngang tru thip cao 2,5m dugc chia thanh 3 khoang gom cédc
khung bat chéo hinh chitr X thanh ngang 2 U 200 x 80, thanh ding thanh xién bang 3
L160 % 100 x 14.
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¢) Day treo xién

O tru thap cdc day xién duoc bo tri theo 3 tdng, dung thanh bar va cédc phu kién kém
theo clia hang VSL.

Khoang cdch tim hai hé day vang: 8,2m.

1) Géi cau

G6i cau duoce lam bang thép, gém hai géi ¢6 dinh va 6 gé6i di dong

Chiéu cao g6i ¢6 dinh: 0,6m

Chiéu cao g6i di dong: 0,8m

Hinh 5.13: Céu tao goi cau

g) M6
M6 M1 kiéu tudng bang BTCT, méng dat vao tang cudi soi
M6 M2 bang BTCT, méng dat vao ting dé voi.
B. Noi dung thu tai
1. Ddng ky trang thai khéng tai ciia céng trinh
Do dac kich thuéc thuc t€ cua cong trinh.
Po tric doc tim ciu.
Xdc dinh cuong do bétong tai cic bo phin bang phuong phép khong pha huy.
2. Do itng sudat
Do tng suit ddm cht ¢ 6 mat cat gém:
Mat cat I : 1/4 nhip bién
Mat cat IT : 1/2 nhip bién
Mat ciét I1I : 1/4 nhip gitta
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Mat cat IV : 1/2 nhip giita
Do (ing suat tai cdc mat cat chi yéu cta thdp céu.
Tai dinh tru thdp I : phia dudng Bic.
Tai dinh tru thdp 2 : phia duong Nam.
Do g suat trong cac day cdp vang: 24 vi tri tai 12 day cap.
bo {mg sudit tai cdc mat cat chu yéu cla thdp ciu.
Do tng suat ban BTCT mat céu.
BPo ung sudt ddm ngang.
3. Do véong
Do do vong dam chl ¢ 6 mat cit gém:
Mat cat 1 : 1/4 nhip bién.
Mat cat IT : 1/2 nhip bién.
Mat cat [H : 1/4 nhip giita,
Mat cat IV : 1/2 nhip giia.
Tai dinh tru thép I : phia duong Béc.
Tai dinh tru thép 2 : phia dudng Nam.
4. Do duo donyg
Do dao dong két cau nhip tai 1/2 cha nhip bién va nhip giita.
5. Do hin va chuyén vi ngang dinh tru
Do do lin va chuyén vi ngang ca hai tru thdp. Trén mbi dinh tru b6 trf 3 diém do.
6. Do dg lin va lwe nhé o mé
Do do lin va luc nhdé & mé M2 phia dudng Nam. Trén mé b6 tri 2 diém do.
7. Bo ciwdng dg bétong
Xdc dinh cudng do bétong bang phuong phap khong phd huy tai cic bo phan:
Tru: than cot va xa mii.
M@ : than m& va tudng dinh.
C. Tdi trong va cdc so doé tdi trong
I Tdi trong tnt

Go6m 8 xe IFA v6i 6 xe thudng va 2 xe nang :

Xe |: Bién s6 ... tai trong 11,10 (tan).
Xe 2: Bién s6 ... tai trong 11,50 (tan).
Xe 3: Bién s6 ... tai trong 11,80 (tan).
Xc 4: Bién so ... tai trong 11,30 (tan).
Xc 5: Bién s6 ... tai trong 10,80 (tan).
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Xe 6: Bién s ... tai trong 10,76 (tdn).
Xe 7: Bién s& ... tai trong 12,30 (tan).
Xe 8; Bién s0 ... tai trong 12,50 (tan)
So do xe thir tai va bé tri xe theo cdc sa d6 xem phdn phu luc.
2. Cde so dé i trong
So dé tdi trong 1.
Sor d6 tai trong 1 dé do ing sudt va do vong & mit cit 1/4 nhip bién.

Xép 2 xe nang sao cho truc sau clla 2 xe roi vao mat cat 1/4 nhip bién, 2 xe duge xép
ciach nhau I,Im.

Sor dé tai trong 2:
So d6 tai trong 2 dé do dng sudt va d6 véng & mit cit 1/2 nhip bién.
Xép 4 xe thanh 2 hang (trong d6 ¢ 2 xe nang) sao cho truc san cta 2 xe ning roi vio
- mat cit 1/2 nhip bién, cdc xe § 2 lan dugc x€p cich nhau 1,1m.
‘l' Sor dé tai trong 3.
 Sodé tii trong 3 dé do ing sudt va do vong & mat cit 1/4 nhip giita.

Theo chiéu doc ciu ¢6 2 xe x&p thanh mot hang sao cho truc sau ciia xe nang roi vio
mat cat 1/4 nhip giita.

Theo chiéu ngang cdu x€p 2 xe cdch nhau 1,1 (m).

Hinh 5.14: Su dé xép tai 114 nhip giita

So do tat rong 4:

So do tii trong 4 dé do tng sudt v d6 vong 6 mit cat 1/2 nhip gitta.
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Theo chiéu doc cdu ¢6 4 xe xép thanh mot hang sao cho truc sau cla xe nang roi vao
mat cat 1/2 nhip giira.

Theo chiéu ngang ciu xép 2 xe cich nhau 1,1 (m).
So do 1di trong 5 :
S0 do tai trong 5 dé do ting sudt tai tru thép | (phia dudng Bic).

Theo chi¢u doc cau ¢6 4 xe xép thanh mot hang sao cho truc sau cua xe nang roi vao
mat cat cach tru thap 1 mot khoang 9,05 (m).

Theo chi¢u ngang cu xép 2 xe cich nhau 1,1 (m).
So dé tdai trong 6:
So d6 tdi trong 6 dé do tng sudt tai tru thap 2 (phia duong Nam).

Theo chicu doc ciu ¢6 4 xe xép thanh mot hang sao cho truc sau cla xe nang roi vao
mat cat cach tru thap 1 mot khoang 9,95 (m).

Theo chi¢u ngang ciu xép 2 xe cich nhau 1,1 (m).

Hinh 5.15: So do xép tai 1/2 nhip chinh

So do tai trong 7:
S0 do tai trong 7 dé do chuyén vi dinh m& va mi tru thép.

Trong so d6 nay chi ding mot xe, cho xe chay qua cdu véi tc do v, =40 Km/h, r6i
phanh dot ngot.

So dé tai trong 8.:
So do tai trong 8 dé do dao dong két cau nhip.
Trong so doé nay chi ding mét xe, cho xe chay qua cau véi téc do 20 + 40 Km/h, xe
chi dimg lai khi khong con anh huong dén dai luong do.
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So do 1di trong 9.
So dé tai trong 9 dé do 1in mé M2 phia dudng Nam.
Theo chiéu doc cdu ¢d 2 xe x€p thinh mot hang sao cho truc sau ciia xe nang roi vio
madt cit dinh mé.
Theo chi¢u ngang cau xép 2 xe c¢dch nhau 1,1 (m).
So do tii trong 10:
Su d6 tai trong 10 dé do 1an tru thdp 1 (phia dutng Bac) .
Theo chiéu doc ciu ¢6 2 xe x€p thiinh moét hang doc sao cho truc sau cla xe nang roi
vilo miit cit dinh tru.
Theo chiéu ngang ciu xép 2 xe cdch nhau 1,1 (m).
So do tai trong 11:
So dé tai trong 11 dé do lue nho tai géi M2 (phia dudng Nam).
. Theo chi¢u doc cdu ¢6 4 xe x&p thinh mét hang doc sao cho truc sau clia xc ning roi
_vao mat cat cach tru thdp 1 (phia duong Bac) 16,25 (m).
Theo chiéu ngang cdu x€p 2 xe cdch nhau 1,1 (m).
So da tdl trong 12:
Sor d6 tii trong 12 dé do (mg sudl nén cha day cép ving s6 | (phia dudmg Bic).
Theo chiéu doc ciu ¢6 2 xe x&p thinh mot hing doc sao cho truc sau clia Xe ning roi
viio ma¢ cat cich tru thdp 1 {phia dudmg Bac) 8,7 (m).
Theo chiéu ngang cau x&p 2 xc cdch nhau 1,1 (m).
So dé tai trong 13:
So dé tai trong 13 dé do ing sudt kéo cia day cdp vang sd 1 (phia duong Bac).
Theo chiéu doc cdu ¢6 4 xe x&p thinh mot hang doc sao cho truc sau cua xe nang roi
VAo mit ¢it cdch tru thap 1 (phia dudmg Bic) I8 (m).
Theo chiéu ngang ciu x&p 2 xe cdch nhau 1,1 (m).
So do i trong 14:
So d6 tai trong 14 d€ do ing sudt nén cla day cdp vang s6 3 (phia dutng Bic).
Theo chiéu doc cdu c6 3 xe x&p thinh mot hing doc sao cho truc sau clia xe nang roi
viio mat cat cdch tru thap 1 (phia dudng Bac) 3,8 (m).
Theo chicu ngang cau xép 2 xe cdch nhau 1,1 (m).
Serdé tai trong 15:
So d6 tai trong 15 d¢ do ting suit kéo cua diy cidp vang s6 5 (phia dudng Bac).
Theo chiéu doc ciu cé 3 xe x&€p thanh mét hang doc sao cho truc sau cua xe niang roi
vao miit cat cdch tru thap 1 (phia dudmg Bac) 11,3 (m).

Theo chiéu ngang cu x&p 2 xe cdch nhau 1,1 (m).



D. Thiét bi do

Ten-zo-met so sénh (hing Proceq - Thuy S%)

Ten-zo-met cg hoc (Nga, Trung Qudc)

May do 1tng sudt dién Digital Strain Meter DMD 20A (CHLB Puc)

Chuyén vi k¢ (hiing Mutyo - Nhat Ban)

Macxim6p do vong

Miy do dao dong SDA 830A (Nhat Ban)

Siing bat ndy (hang Schmidt - Thuy Sy)

E. Két qud do thit tdi trong

Ket qua do thir tai trong thong ke trong phin phu luc.

F. Nhdn xét vé két qud thit nghiém ciu

1. K€t qua do ting sudt dim

56 liéu ttng sudt 1én nhat

Mt cit " ;
Thé nén (kG/em™) Thé kéo (kG/em™)
1/4 nhip bién -220.50 126.00
1/2 nhip bién -238.00 182.00
1/4 nhip giita -231.00 136.50
[ [/2 nhip giita | -216.30 210.00 J

' Cic tri 86 ting suit theo phuong doc cdu va ngang cdu do duge ¢ cdc mat cat déu
khong 16n hon va nhé hon cic tri 86 du kién theo ly thyé&t. Cac tri 56 Ung suét kéo chi va
ung sult nén chi do & sudm dém 13 kh4 nhé.

2. Két qua do ung sudit day

Day cap vang | 56 li¢u tng suat 16n nhét (kG/em?)
] 471.50
2 221.00
u 3 576.10
4 413.00
) 3 314.60
B 6 401.00

Cac trt s6 tng suat theo phuong doc ciu

tmg sual nén chi do & sudn dim 13 kha nho.
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3. Két qua do img suat chan thap

Didu do S6 liéu tng sust 16n nhat (kG/cm?) |
Khi tai & vi tri nhip bien
13 65.10
14 10.50
15 -31.50
Khi tai & vj tri nhip gitta *—i

-128.10
-126.10
63.00
4. Két qua do dao dong
Ymin {Mm) Yin l+p Tan 56 f (Hz)
2.430 3.013 1.371 2.63
3.730 4.380 1.29§ 2.50

Két qua do dao dong ket cau nhip cho thay tin s6 dao dong f khong nim trong pham
vi khong ché€ clia quy trinh, quy pham va phi hop véi do ciing chdng uén cia dam.
. Téc dong xung kich do doin taj (rong gay ra co tri s6 12 phit hop.

5. Két qua do do vong dong

Vi tri do b6 véng 16n nhat (mm)

Nhip bién 3.902

Nhip giita 5.47

Do véng cda ddm chu do duge dusi tic dung ctia tdi trong thir tai cdc mat cit déu nho
hon nhiéu so véi trj s6 ty thuyét du kien va chua dén 10% so v6i giGi han cho phép trong
PN L
quy trinh thi€t k& hién hanh f = ——
400

6. Két qua do luc nhé & goi cdu

f» Diu do ing suat (kG/em®) Luc nhé (kG)

F—— ] 1‘_ 2520

| 2 } 48.30

1512.00

2898.00
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7. Két qua do chat ligng bé tong biang phuong phép khong pha huy
Str dung sing SCHMIDT do dutge cudng do bé tong tai cdc vi tri:

Vi tri do Cuong 40 bétong (kG/em?)
Tru thip 1
; Than cot 350
Xama 350
Tru thip 2
| Thiin con 350
Xi mi 350
Mg M1
Than mé 300
Tuong dinh | 320
Ma M2
B Than mo I 300
Tudng dinh 320

G. Két lugn va kién nghi

Cau dam bao kha nang théng xe nhu thiét k&
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I- So liéu ban dau

Tinh ¢iu treo diy vong theo so do bign dang

Chiéu dai nhip chinh Ln:

Mui tén gitta nhip 1a 1

Chi¢u cao thip ciau Hy,

Chia dim thinh 6 doan , 5 diy treo ditng:
Chiéu daj doan nco 1a: La,Lb

Goe nghiéng cita day neo tea, teb

Trong luong don vi caa cdp trco g
B cimg EJ ctia dam ciing:

Po cing EF cia day cdp treo:

Trang thii ban diu :

Trong luong mat ciu va dam cimg q:

Téi trong tam thoi:

IL. Tinh toan

1- Xdc dinh céc 6 lidu G trang thii ban diu

Phu luc 1
TINH CAU TREO THEO SO PO BIEN DANG

L, =200

) =20

H,, = 26.64

n =6

1 =33.333333
Ia = 26.64

b =26.64

Cos(8,) = 0.7071068
Sin(0y) = 0.7071068

O trang thdi ban ddu day chiu toan bo téi trong Q"

e, =45d0o

Oy, =45do
cos(8) =0.7071068
g =0.78

EJ = 44000000
EF = 1833300
q =11.22

p =6

4o =q+g

q, =12

Moo = 4, *Ln/8
Mo = 60000
My, = 33333333
Mg, = 53333333

m

m
m

m

t/m

t/m

t/m

T/m

T.m
T.m
T.m
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My = 60000 Tm
Mgs =33333333 Tm
Vi day chiu toan bé tai trong nén: Myq- Hp*Y =0
Hy = Mﬂmax/f
H,  =3000 tén
Phuong trinh truc day cdp | parabol bac 2
biém X y f-y
| -66.66667 2.8888K88Y I1.1111¢1
2 -33.33333 22222222 17777778 |
3 0 0 20
4 33.333333 22222222 17777778
5 66.666667 8.8888889 tLIn |
Ma tran Ys:
T Ys=] 1101111 17.777778 20 17.777778 | 11111111
T
YS= 11.111111 17.777778 20 17.777778 11,1111
Xdc dinh cdc s6 liéu hinh khic cua day:
Nhip tea o sino COsCt l,ﬂ'cosrx2 coso’
1 (0.3333333 18.43494G 0.3162278 .9486833 1.1111111 0.853815
2 0.2 11.309932 | 0.1961161 0.9805807 1.04 0.942866
3 0.0666667 38140748 0.066519 0.9977852 1.0044444 0.9933702
4 -0.066667 -3.814075 : -0.066519 | 09977852 1.0044444 (3.9933702
3 -0.2 ; -11.30993 [ -0.1961161 0.9805807 1.04 0.942866
6 -0.333333 -18.43495 | 0.3162278 0.9486833 1.1111111 0.853815
i 63111111 5.5801024

2) Xic dinh céc s0 léu cua day

Xic dinh D, va D,

Dni = gz*Li3f|2

Xidc dinh he s6
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D,, = 1877.7778 T"'m
D, = 1877.7778 T'm
(2=15784.5513 T.m




Xicdinh hé so A, v, n

Lipma trin §

A =35.549344 T
v = 30305820 T
1= -2996.633

s=[ 0120112 -0.129597 0133038 | -0.129597 0120112 ]
S, = ‘ 0126112 -0.129597 -0.133038 1 -0.129397 -0.120112 ‘
Xdcdinhcvad
Ta can lap ma trin M,
Cudng do tai trong 16ng cd 2 trang thai
Q=g+p+y
Q4 = 18 T/m
dmax 90000 T.m
M, = 50000 80000 906000 80000 30000
T
Mgy = 503000 80000 90000 80000 50000
Tinh¢:c=Q *$*M,
¢ =-2.59E+08 ¢*
Ta cin lap ma tran Ytb, tacé Yib= Y
d = Q*S*Y
d=-5748575T
3) Xde dinh cdc 56 lieu cia ddm
Lap ma trin A*
4 | 0 0 0
1 4 1 0 0
0 ] 4 | 0
0 0 1 4 ]
! 0 0 0 ! 4
A* 5.051E-07 1.263E-07 0 0 0
1.263E-07 5.051E-07 1.263E-07 0 0
0 1.263E-07 5.051E-07 1.263E-07 0
0 0 1.263E-07 S.O51E-(7 1.263E-(7
0 0 0 1.263E-07 5.051E-07 N
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Lap ma tran B* va Bo

2 -1 0 0 0
-1 2 -1 0 0
0 -1 2 -1 0
0 0 -1 2 -1
0 0 0 -1 2
B* = 0.06 -0.03 0 0 0
-0.03 0.06 -0.03 0 0
0 -0.03 0.06 -0.03 0
0 0 -0.03 0.06 -0.03
0 0 -0.03 0.06 |
Lap ma tran W
Wwi= 11111111 T.m’
W= | 11111111 nrtnn IRRRRENE 1111111 ‘llllll.ll |
4) Lap ma tran C
Ta chon Hy, cua H
H,=4500 T
Ta ¢é diéu kién 3000 H,,< 4500
Ta chon H, : H,;,=4000T
H,*A* = P (.0020202 0.0005051 0 0 0
0.0005051 0.0020202 0.0005051 0 0
0 0.0005051 0.0020202 (.0005051 0
B 0 0 0.0005031 0.0020202 0.0005051
|0 0 0 0.0005051 | 0.0020202
C=| 0.0620202 -0.029495 0 0 0
-0.029493 0.0620202 -0.0294949 0 0
0 -0.029495 0.0620202 -0.029495 0
0 0 -0.0294949 0.0620202 -0.029495
0 0 0 -0.029495 0.0620202 |
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C' = | 24.15135] 16.879896 11.342677 | 6.9708017 | 3.3151044
16.879806 | 35494029 | 23850698 | 14.657782 | 6.9708017
11342677 | 23.850698 | 38.809133 | 23850698 11.342677
6.9708017 14.657782 | 23.850698 | 35.494029 16.879896
33151044 | 6.9708017 11.342677 16879896 | 24.151351 |

5) Xde dinh N* No,Z.G

N* = -W/6EJo-Y*B
{-1/6EJo) -3.79E-09

L 0.00042 1 0.000421 | -0.0004209 j -0.00042 1 ' -0.000421 f
Y*B:LO.I333333 li 0.1333333 | 0.1333333 j 0.1333333 f 0.13333337
N*:E-0.|33754 [ 0.133754 |-0.1337542[ 0.133754 [ 0.133754 }
NO:E-8.381016 | -13.08828 j-14.605409[ -13.08828 | 8381016 |

Z = (Hy, *N*+M *B)*C"

Hp*™N* =1 -5350168 | -535.0168 | -535.01684 | -535.0168 ’ —535.016{}
M *B = | 600 600 600 600 } 600
L
| ]

Hy"™N*+My*B= | 64.983165 | 64.983165 | 64.983165 | 64.983165 64.983165

Z=| 4071.8341 | 6358811 | 7095.8041 | 6358.811 [40?1.8341
1
G = (C-1)*A*
B 1.433E-05 1.301E-05 8.74E-06 |  5.371E-06 2.554E—(;!
1.301E-05 | 2.307E-05 | .838E-05 1.129E-05 5.371E-06
8. 74E-06 1.838E-05 |  2.562E-05 1.838E-05 8.74E-06
5.371E-06 1.129E-05 1.838E-05 |  2.307E-05 1.301E-05
| 2.554E-06 |  5.371E-06 8.74E-06 1.301E-05 1.4335-05|

191



6) Xidc dinh cidc ma trdn S

So = Q*§*

So = | 6947919  749.6612 | 769.56526 | . -749.6612 | -694.7919 |
S, =50.G -0.032234 | -0.052673 1 -0.0594187 | -0.052673 | -0.032234 \'
$,=$,.G 2.03E-06 | -349E-06 | -4027E-06 | -349E-06| -2.03E-06
$,=5,G -1.34E-10| -2.31E-10 | -2.67B-10| -231B-10{ -1.34E-10
S, =5,G -§.84E-15| -1.53E-14 | -1.768E-14 | -1.53E-14 | -B.84E-15 |

7) Xac dinh céc hé 36 Wi

Wo = So*Z
(2820077 | -4766954 | -5460753.6 | 4766954 | -2820077 | -20652816
Wo = | -20652816

W, = 5,*Z-50*No

S,Z
So.No

W, =

W, = $,*Z-5,*No

S,.No=

W, =

Wi = 5;%2-5,%No

Sy*Z =
S,*No =

W3=
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-131.2509  -334.9385
5823.0621 9811.7746
-43863.5

-0.008272 -0.02222
0.2701525 0.6894006
-2.876466

-5 44E-07  -147E-06
1L703E-05  4.574E-05
-0.00019

-421.628Y
11239.815

-0.028539

0.8678346

-1.89E-06

3.874E-05

-334.9385
9811.7746

-0.02222

(.6894006

-1.47E-06

4.574E-05

-131.2509
5823.0621

-0.008272

0.2701525

-5.44E-07

1.703E-03

-1354.008
42509.48Y

-0.089525

2.7869409

-5.93E-06

0.0001843



S*¥2 = 3.6E-11 -9.74E-11  -1.253E- -9.74E-11  -3.6E-11 -3.92E-10

Sy*No= [.I2E-09  3.028E-09 3.9E-09 3.028E-09 1.12E-09  1.22E-08

W, = | -1.26E-08

Ta thdy W, qud nho nén dimg lai & day

8) Xac dinh cdc hé s6 a,

a,=-1.63E+10 a,=-3.115689
a, = 70425917 a, = -0.00014
a,=34131.482 a = -1.63E+10

d] A+ azﬂJ\2+ a":,A;‘i‘ 34.A4
1.634E+10
Sai 6 0.005735 %

Gial phuong trinh trén ta tim duge A
A=210.145 tin

1() Xdc dinh ndi lue trong hé

Ta ¢d luc cang trong ddy Hc
He = Hy+A
He =4210.145 tan

A*G = 0.0030112 0.0027333 0.0018367 0.0011288 (0.0005368

0.0027333 | 0.0048478 0.0038621 0.0023735 0.0011288

0.0018367 0.0038621 0.0053846 0.0038621 0.0018367

0.001 1288 0.0023735 0.0038621 0.00484738 0.0027333

0.0005368 1 0.0011288 0.0018367 (.0027333 0.0030112 ¢
-

E= 1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 | 0
0 0 0 0 1
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A*G

G =

.f'\;"*(_]l

1l

AEGH =

Gt = |

0.0027333 |

0.0005368

0.0030112 0.0018367 | 0.0011288
00027333 | 0.0048478 | 0.0038621 | 00023735 0.001128%
00018367 | 0.0038621 | 00053846 | _ 00038621 | 0.0018367
Gooiima | 00023735 | 00038621  0.0048478 | 0.0027333
00005365 | 00071288 | 00018367 | 0.0027333 0.0030112 |
A963E-10 | 7214E-10 1 7093E-10]  S5416E-10|  2.8Y3E-10
T B0 L TI96E-09 | 1263E-09 1  9986E-10!  5.416E-10
7.003E-10 | 1.263E-09 1.485E9 1 263E-09 | 7.093E-10
SAIGE-10 | GO86E-10 | 1263E:09 |  1.196E-09 |  7214E-10 |
2893F-10 | SAIGE-10|  TO93E-10|  7214E-10 4.863F-10 |
o TR0S | SASGEUS | 3.132E.05 | 2392E05 |  1278E0S |
 3.186E-05 5.28F-05 |  5.578E-05 A41E-05 | 2.392E-05
[ 3.32E-05 5.578E-05 6.557E-05 5.578E-05 3.132E-05 |
2.397E-05 441E05 | 5.578E-05 S28E-05 |  3.186E-05
B |278E-05 | 2092E-05 |  3132E-05|  3I86E-05|  2.147E05 |
S6IE-14 1 4A67E-14 | 48I7E-14|  4005B-14 |  2251E-14
T a307E0a | 7436E.14 | S31E-14|  7067E-14|  4.005E-14
A%176-14 | 8.373E-14 | 9.687E-14 |  8373E-14 |  4817E-14
A 00SE 14| 7067614 | 8373E-14|  7436E-14 |  4.367E-14
[ 2251E-14|  400SE-14 | 4BITE-1 | 4367E-14 2.621@-14_]
2431E07|  40S3E-07|  447E-07 | 3TITEO7 | 2.089E-07
4053E-07 | 6.901E-07 777607 |  6559E07 |  3.717E-07
44707 7TTE07 8 99E-07 7.77E-07 4.47E-07 |
3717607 | 6.559E-07 777E-07 | 6901E-07 |  4053E-07
!__ 2089E-07 |  3717E-07|  447E07 |  4.053E-07 2.4315-07_‘
[6376-18 | 2807E-18 | 3.199E-1§ |  2.736E-18 |  LS66E-1 |
2 ROTE-18 | 4.836E-18 | 5.543E-18 | 4.765E-18 |  2.736E-18
3 I99E-18 | 5.543E-18 | 6.402E-18 |  5.543E-18 |  3.199E- nﬂ
2 736E-18 | 4.765E-18 |  5.543E-18 |  4.836E-18 |  2.807E-18 |
[S66E-18 | 2.736E-18 |  3199E-18 | 2807E-I8 | L637E-I8




0.2230645 | 0.3787142

A"G'= 3193E-09 5.474E-09 6 238E-0Y 5.336E-00 3.054E-09
5.474E-09 9 43E-09 108 1E-08 9.292E-09 5.336E-09
6.238E-09 | 1.081E-08 | 248E-0% | 08 1E-0% 6.238E-09

5.336E-09 9.292E-09 1 081E-08 943E-09 ;  5.474F-09
3.054E-09 5 336E-09 6.238E-09 5.474E-09 3.193E-09 |
09970101 | 0002702 | -0.0018058 -0.001105 -0.0003524
10.002702 0.9952043 | -0.0038071 20.00233 © -0.001105 |
-0.001806 -0.003807 0.99468 -0.003807 -0.001806
-0.001105 20.00233 | -0.0038071 0.9952043 0.002702
-0.000524 0001105 | -0.001805% -0.002702 0.9970101 |
A*No = -1761.229 2750436 | -3069.2537 2750.436 1761.229
W Z+NNo = 2310.6055 3608.3748 4026.6404 3608.3748 2310.6055 |
2310.6055 3608.3748 4026.6404 3608.3748 2310.6055
Momen cudi cling
M=| 22814771 [ 35585362 | 39693993 | 35585362 | 22814771 |
11y Xidc dinh chuyén vi cla ddm
H¥Y | = ‘ 46779.389 | 74847.022 842029 | 74847.022 | 46779389
M, ~M-H=Y T =] 93913404 | 15944416 | 1827.7007 | 1594.4416 | 939.13404
V= 0.4341182 | 0.3787142 ] 0.2230645




Phu luc 2

CHUONG TRINH PASCAL

USES CRT, DOS, PRINTER, GRAPH, tootY4;

LABEL

tt, ma, nhan, nhanl, nhan2;

CONST

Mcu:array [1..17] of real = (0.000184, 0.000203, 0.000232, 0.000254, 0.000289,
0.000317,0.000371, 0.000407, 0.000472, 0.000518, 0.000579, (¢.000743, 0.000953,
0.001231, 0.00158Y, 0.002035, 0.002560);

Tlr:array [1..17] of real = (0.021, 0.0227, 0.024, 0.0258, 0.0273, 0.0294, 0.0315,
0.0339,0.0365, 0.0392, 0.0422, 0.0486. 0.057, 0.0665, 0.0785, 0.0926, 0.108);

Soh:array [1..17] of integer = (20, 21, 22, 23, 24, 25, 27, 28, 30, 31, 33, 36, 40, 45,
50, 55,600 ;

VAR

Name:string [24];

filhh:text;

choice, ykien:char;

no. nd, 1 i, Id, Idn, iirinteger,

XX, 1, fvng, ki, k2, ¢, fe, .
12, alfa, Ineo, tea, teh, SImax, nc, ncl,
nep, ptr. Ps, kc, gntt, hh, b, bl,
f1, flc, te, lc, qge, In, w1, tdn,
gdn, kn, kd, wd, tdd, qdd, tg, dmc,
Fd, bl, dl, bg, hg, qnic, qph, nph,
qttt, qng, ur, ts, ra,

rh, la, Ib, teta, A0, RO, Rut, Rug,
g, lme, blg, max, wl, nM, Mt, Mh,
xn, X0, X, buoc. ¥, y2, R, Md,
d_o:real;

dels, t, m, g, d, q. h, f:
array [0..5] of real:

A 77, a, ail, ana, bbn, bbo :

array [1..50] of real;

yiarray [0..5, 0..50] of real;
dng, hng, zn, mn, rl, m:real;
fv, flzarcay | 1..50] of real;

{

PROCEDURE vi_du:
BEGIN
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I: =120; b: =54 bl:=4; {13]: =10
ncl: =6; flc: =0.000115; tc: = 0.0105; e: = 21000000;
ln:=6.4; kn: = 4; Fd: = 0.000568; qng: = (1.3;

nd: = 6; lg:=0.8; bl: = 0.8; dl: = 0.03;

bg: =0.15; hg: =0.15; nph: = 0.7; hh: = 12.5;

tea: = 20.6: teh: = 20.6; la: = 33; 1b: = 33;

ttr: = 2.8; ts: =7.6; k2: =4 kt:=1.7;

necp: = 150; fvng: = 0.3; alfa: = 0.000012; kc:=2.5;

A0 =0.2; BO: = 0.4: Rut: = 20000; Rug: = 1400;
Llig:=0.6; Imc: = 4.3; blg: =0.2; xn: = 30;
t1]:=30; 112]: =30; t[3]: = 30, xo: = 30;

dels [1]: =-0.5; dels[2]: =-0.3:

END; { of vi_du)

{= !

PROCEDURE Gioi_Thieu;
VAR gr, gm:integer;
BEGIN

ECHO; ECHO;
clrser:

gr: = detect;
initgraph (gr, gm, ") ;
seteolor (1) ;

rectangle (0, 0, getmaxx, getmaxy) ;

sctbkeolor (2) ;

rectangle (10, 10, getmaxx-10, getmaxy-10) ;

setcolor (4) ; settextstyle (1,0, 3) ;

outtextxy {getmaxx div 10, getmaxy div 25, TRUONG DAI HOC GIAO THONG VAN TAI

HA NOI'S ;
ECHO:;
setcolor (3) ; settextstyle (1,0, 3) ;

outtextxy (round (getmaxx/3) , round (getmaxy/8.75) , ' KHOA CONG TRINH')

ECHO;

setcolor (14) ; settextstyle (0, 0, 2) ;

outtextxy (round (getmaxx/3.56 ) + 12, round (getmaxy/4.5) .’ BO MON CAU HaMY ;
setcolor (14) ; settextstyle (3,0, 5) ;

outtextxy (round {getmaxx/d ) + 12, ROUND (getmaxy/3.5) ," DE TAI) ;

ECHO;

setcolor (14) ; settextstyle (3, 0, 5) ;

outtextxy (round (getmaxx/27) , round {getmaxy/2) , 'THIET KE CAU TREO DAM MEM N
ECHO;

setcolor (blue) ; settextstyle (1,0, 1) :

ECHO:;

readln;

closegraph;

END; | of gioi_thicu }

{ }
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PROCEDURE Nhap_sl:

LABEL cuoi, fg, gg, feg. gge. fege, ggeg
VAR

hoi:char;

kiemtra:integer,

BEGIN

window (1, |, 80, 23) ;

textbackground (cyan} ;

textcolor {yellow) ;

clrscr;

Framecolor (2. 1, 78, 5, lightmagenta, whitc) : clrser;
writeln (' SO LIEU TINH TOAN') ;

goloxy (20, 3) ; write {('NOI DUNG % ;

gotoxy {46, 3) : write ('! KI HIEU} ;

gotoxy (56. 3) ; write ("' DON VI

GOTOXY (66, 3) ; WRITE ( ! GIA TRI') ;
Framecolor (2. 6, 68. 25, BLUE, YELLOW) ; clrser:
WRITELN (1. Chiéu dii nhip

WRITELN (2. Khodng cdch hai cip chi

WRITELN (3. Kho cdu

WRITELN ('4. Do voug max & trong thai diém chua chiu hoat tii
WRITELN ('5. $6 luong cip cha chon so b
WRITELN (6. Dién tich mit ciit ngang 1 bo cip
WRITELN (‘7. Trong hrong don vi cua cip
WRITELN ('8. Luc kéo dinn cho phép

WRITELN ('9. Modul din héi cua vat li¢u cip
WRITELN ('10. B¢ rong b ng 1 n

WRITELN (11, S0 lugng dam doc

WRITELN (' [2. Trong lugng riéng g6 mat cau
WRITELN ('13. Khoing cich 2 dam ngang
WRITELN (' 4. Chié¢u dii dam ngang

WRITELN ('15. Chiéudaybngln

writeln ('16. Do vong nguge

writeln {'17. Bé rong 1 tdm van gé mat ciu

WRITE ('18. Sira 16i tir dau {céin stra {1..18), khong stta: 00" 5
gg:framecolor (69, 6, 78. 25, blue, yellow) ; CLRSCR;

1 1mh;
'b

Tbl
'3
Tncl

! flc

I'nep
‘e
bl
''nd
Mg
Pkn
Pn
tdl

' fyng
'blg

readln (1. b, b1, [ 3], ncl, fle, ¢, nep, €, bl nd, tg, kn, In, dl, fvng, blg):

Repeat

Gotoxy (1, 18}
Kiemtra: = 0;
Readln {kiemtra) ;
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t/m'y;
P
ty/m™y;
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tdam') .
be/m'y
fm');
'm";
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''m';



case kiemtra of

1:begin Gotoxy (1. 1) ; readln (1) ; goto fg: end;
2:begin Gotoxy (1, 2) ; readln (b) ; goto fg; end;
3:begin Gotoxy (1, 3) ; readln (b1} ; goto fg; end;
4:begin Gotoxy (1. 4) ; readln (f|3]) ; goto fg; end;
5:begin Gotoxy (1, 5) ; readln (ncl} ; goto fg; end;
6:begin Gotoxy (1, 6} : readln (flc¢) ; goto fg; end;
7:begin Gotoxy (1, 7) ; readln (ic} ; goto fa: end;
8:begin Gotoxy (1, 8) : readln (ncp) ; goto fg; end;
9:begin Gotoxy (1,9) ; rcadin (e} ; goto fg; end;
10:begin Gotoxy (1, 10} ; readln (bl) ; goto fg; end;
11:begin Gotoxy (1, 11} ; readln (nd) ; goto fg; end;
12:begin Gotoxy (1, 12) ; readin (tg) ; goto fg; end;
13:begin Gotoxy (1, 13) ; readln (kn) ; goto fg; end;
14:begin Gotoxy (1, [4) ; readln (In) ; goto fg; end;
15:begin Gotoxy (1, 15) ; readin (dl) ; goto fg; end;
16:begin Gotoxy (1. 10) ; readln (fvng) ; goto fg: end;
17:begin Gotoxy (1, 17} ; readln (blg) ; goto fg; end;
18:begin ClrSer; Goto gy: end,

End; {case)

fg-until (kiemtra = 0} ;

Framecolor (2, 6, 68, 23, BLUE, YELLOW) ; clrscr;

WRITELN ('1. Bé rong g& chén binh 1 bg ! m);
WRITELN (2. Chiéu cao g chan binh ' hg ! m);
WRITELN ('3. Hé s6 trong luong phu ' nph ! 7);

" WRITELN (4. Chiéu cao tru céng ' hh ! m);
WRITELN ('5. Géc nghiéng cta day neo so véi phuong ngang :') ;
WRITELN ('6. Géc nghiéng neo trii ' tea ! do);
WRITELN (7. Géc nghiéng neo phai ! teh ! do);
WRITELN ('8. Chiéu dai nim ngang cita diy neo 1) ;
WRITELN (‘9. Neo trii P la T m');
WRITELN (' 10. Nco phai ' 1b 'omy;
WRITELN ('11. Trong luong rii déu cua doan nguoi: 'ogng ! oym™);
WRITELN ('12. Trong luong truc trude cua 016 Powr )
WRITELN ('13. Trong lugng truc sau cua 616 bots Pt
WRITELN ('14. Khoang ¢iach gitra 2 truc cila oto 'kl ' m';
WRITELN ('15. Khoang cich giita 2 tim badnh sau ctia 6t6 k2 ! om);
WRITELN ('16. Hé 58 giin nd nhiét cta vt liéu lam cdp Poalfa b )
WRITELN ('17. Hé $0 an toan cdp ke P

WRITE ('18. Sita 15i tir dau ? (can sira (1..18), khong sua: 0) ) ;
ggg-framecolor (69, 6, 78, 25, blue, yellow) ; CLRSCR;

readln (bg. hg. nph, hh} ;

writeln;
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rcudln (tea, teb) ;
writeln;
readln (la, Ib, gng, ttr, ts, k1, k2, alfa, ko) ;
Repeat
Gotoxy (1, 18);
Kiemtra: = (;
Readln (kiemira) ;
Case kiemira of
I:begin Gotoxy (1. 1 ; readln (bg) ; goto fgg; end;
2:begin Gotoxy (1, 2) ; readln (hg) ; goto feg; end;
3:begin Gotoxy (1. 3} ; readln (nph) ; goto fgg; end;
4:begin Gotoxy (1, 4) ; readln (hh} ; goto fgg; end;
5:begin Gotoxy (1, 5) ; writeln (#7, #7) ; goto fgg; end;
6:begin Gotoxy (1, 6) ; readln (tea) ; goto fgg; end;
~7:begin Gotoxy (1, 7) ; readln (teb) ; goto fgg; end;
. 8:begin Gotoxy (1, 8) ; writeln (#7, #7) ; goto fgg; end;
" 9:begin Gotoxy (1, 9) : readln (la) ; goto fgg; end;
"‘]O:bcgin Gotoxy (1, 10} ; readln (Ib} ; goto fgg; end;
I'l:begin Gotoxy (1, 11} ; readln (qng) ; goto fgg; end;
12:begin Gotoxy (1, 12) ; readln (tir) ; goto fgg; end;
13:begin Gotoxy (1, 13) ; readIn (ts) ; goto fgg: end;
l4:begin Gotoxy (1, 14) ; readin (k1) ; goto fgg; end;
15:begin Gotoxy (1, 15) ; readln (k2) ; goto {gg; end;
16:begin Gotoxy (1, 16} ; recadln (alfa) ; golo fag; end;
17:begin Gotoxy (1. 17) ; readln (alfa) ; goto fgg; end:
18:begin ClrScr; Goto ggg; end;
End; {casel
fgg:until (kiemtra = ) ;
Framecolor (2, 6, 68, 25, BLUE, YELLOW) : clrscr:
WRITELN ('I. Chiéu dai tAm véin gb
WRITELN (2. Chiéu dai vdn gb tinh todn
"WRITELN ('3. Cutng d6 chiu udn tinh todn coa gé
WRITELN (4. Cudng dé chiu udn tinh todn cia thép
WRITELN ('5. 84 hiéu thép dim ngang
WRITELN (6. Mémen chéng uén ddm ngang
WRITELN (7. Trong lugng udn vi dim ngang
WRITELN (8. 86 hiéu thép dam doc
WRITELN (9. Momen chéng uén dam doc
WRITELN ('10. Trong lugng don vi dim doc
WRITELN ('l 1. Lugng di¢u chinh day cidp sau khi lap dim ngang
WRITELN ('12. Luong diéu chinh day cép sau khi lip dim doc
WRITELN ('13. D6 chénh nhiét do khi lap dim ngang
WRITELN ('14. B¢ chénh nhiét do khi lip dim doc
WRITELN ('15. Do chénh nhiét do khi lip mit cau
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Hme
Hig
'Rug
' Rut
''Idn
''Wn
' Tdn
tld

''wd
! Tdd

Pe{l]
Pe[2]
Tt[3]

m’
my;
T/m™) ;
T/m™) ;

m");
T/m' ;
0.
m3) ;
T/m’);
m’) ;
m’ ;
do(C');
do C)
do N ;



WRITELN ('16. Chiéu dai dat tai doan ngudi tinh tir dau ciu
WRITELN ('17. Khoang cich tinh tir ddu cdu dén truc sau 6to
WRITE ('18. Stra 161 tir dau 7 {can sua (1..18}, khong sta: 0) ") ;
gggg: framecolor (69, 6, 78, 25, blue, yellow) ; CLRSCR;
readln (Imc, 11g, Rut, Rug, Idn, Wn, Tda, Id, Wd, Tdd,
dels [1], dels [2], ¢ [1]. t 2], L |3], xn, x0) ;
Repeat

Gotoxy (1, 18);

Kiemtra: = O

Readln (kiemtra) ;

Case kiemtra of

1:begin Gotoxy {1, 1} ; rcadln {Imc) ; goto fggg; end,
2:begin Gotoxy {1, 2) ; readIn (11g) ; goto fggg; end;
3:begin Gotoxy (1, 3) ; readln (Rug) ; goto fggg; end,;
4:begin Gotoxy {1, 4} ; readln {Rut) ; goto fggg; end;
S:begin Gotoxy (1, 5) ; readIn (Idn) ; goto fggg; end;
0:begin Gotoxy {1, 6) ; readln (Wn}; goto fggg: end:
7:begin Gotoxy {1, 7) ; readln (Tdn) ; goto fggg; end;
&:begin Gotoxy (1, 8) ; readln (Id) ; goto fggg; end;
9:begin Gotoxy (1, 9) ; readln {Wd) ; goto fggg; end;
1G:begin Gotoxy (1, 10 ; readIn (Tdd) ; goto fggg: end;
11:begin Gotoxy (1, 11) ; readln (dels [ L]) ; goto fggg; end;
12:begin Gotoxy (1, 12) ; readln (dels [2]) ; goto fgge; end;
13:begin Gotoxy (1, 13) ; rcadln (T |1]) ; goto fggg; end;
14:begin Gotoxy (1, 14) ; readin (T [2]) ; goto fggg: end;
15:begin Gotoxy (1. 15) ; rcadln (T |3]) : goto fggg: end;
l6:begin Gotoxy (1, 16) ; readIn (xn) ; goto fggg: end;
17:begin Gotoxy (1, 17) ; readln (xo) ; goto fggg: end;
18:begin ClrScr; Goto gggg: end;

end; {casc}

fgggountil (kiemtra = O) ;

END; { of Nhap_sl }

m);
m);

{
PROCEDIURE Menul;
BEGIN
- y
window (1, 1, 80, 25) ;
TextBackGround (green) ;

clrser;

frameZcolor (17, 7,57, 15, red, red} ;
frameZcolor (20, 8, 60, 16, white, blue) ;
Writeln (") ;

writeln (" M&i ban nhap s6 li¢u:') ;
WRITELN { 1. Tirvi du'y ;



writeln { 2. Tt ban phim ") ;
writeln (' T. Thodt ra’) ;
texicolor {yellow + 128) ;
write (' Mé&i ban chon 7
choice: = readkey;
echo;
cuse choice of

"1 Vi_du;

2" Nhap_sl:

“T": halt;
cnd; {case}

END; { of Menul }

{
PROCEDURE Tinh_ban_mat_cau;
Var c, mm, hig :real; -
BEGIN
fmmem -1

al: =0.2; b0: = 0.4;
ptr: = L.1*1.4%ttr;
ps: = LIFL4*s;
nn: = round (l/kn) -1;
gntt: = 1.4*%gng*bl;
c: = BO + 2%dl;
MM: = ps* (L1g/2-c/4) /4;
hlg: = SQRT (6*MMY/ (1.2*Rug*big) ) ;
dme: = (Trunc { 100%*h1g) + 1} /100,
END; { of Tinh_ban_mat_cau }

{

PROCEDURE Tinh_dam_doc;
VAR
c, a, b, Mt, Mh, M, g, Wdd:real;
BEGIN
- ———— }
¢ = A0+ 2*dmc;
q: = Tg* (2*bl*dl + bg*hg + dmc*Ime) /nd;
{bo qua trong lueng bin than dim doc, coi (inh tai phan b déu trén cic dam doc |
Mt = L.1*q*SQR (kn) /8;
if kn> = k2 then
begin
ar=K2*¥Ps/ (Pu + Py) ;
b: = K2*Ptr/ (Ptr + Ps) ;
Mh: =( (kn + a) ¥*Ps + (kn + a-2*¥K2) *Ptr - 2¥Ps*ua) ;

end
else Mh: =kn*Ps/8;  {theo nguyén tic Vincle}
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m: = Mh + Mu;
Wdd: = M/Rut;
=1k
repeat
=i+ 1;
until Meu {i]> = Wdd;
tf (i>17) or (i = 1) then begin
Writein (" Gid tri tinh & ngoai bang tra ')
Writeln (" Haly chon cie Zid tri sau:’) ;
Writeln (' Thép chiil ¢6 mé men chéng uén » ="', Wdd: 10:6, 'm3") ;
Write (" wd<m3> = Vs readin (wdy
write (' Td<T/m> =") : readln {Tdd) ;
write (" Id =" : readIn (1d) ;
end
else begin wd: = Mcu [i]; Tdd: = TIr [i]; Id: = Soh {i}; end:
END; | of Tinh_dam_doc !
f== =)
PROCEDURE Tinh_dam_ngang ;
VAR max, wi, M, Mt, Mh, Lyl y2, Rireal:
yearray [ 1..200) of real:

n, iinteger;

R: = (Tdd*nd + Imc*dme* Ty + 2%bg*hg*Tg + bl*d1*Tg) *kn/2;
Mt: =R*kn/2; {tinh gén ding}

Mh: = Ps* (b-k1} /4:

M: = Mt + Mh;

W1:=M/Rut;

=0

repeat

=i+

until Mcu [il> = W1;

‘ 1iE(i>17) or (i = 1) then begin

Writeln (' Gia trj tinh & ngoai bang tra ') ;
Writeln Thép chir I ¢6 mod men chéng uén > =", W1:10:6, 'm3’);
Writeln (' Hay chon cdc gig tr sau:'};
Write (' wn<m3> ="} ; rcadln (wn) ;
write {f Tdn<T/m3> ="} ; readln (Tdn) ;
write (' Idn =" ; readin (Idn) ;
end

clse begin wn: = Mcu (i}: Tdn: = Tlr [1}; Idn: = Soh [1]; end;
END: { Tinh_dam_ngang }
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PROCEDURE ttoanl;
BEGIN

R ——— }
window (1, }, 80, 25) ;

textbackground {cyan) ;

clrscr;

Framecolor (15, 10, 65, 15, lightmagenta, white) ; clrscr;

tinh_ban_mat_cau;

Tinh_dam_doc;

Tinh_dam_ngang;
END;

{ N }
PROCEDURE ttoan;
BEGIN

fomee )

ru: = pi*tea/180;

rb: = pi*teb/180;

lIe: = 1% (1 + &*sqr {f [3]) / 3*sqr (1)) } *ncl;

qc: = kefte;

fo: = nc*flc;
gdn: = nn*tdn*n;
gdd: = nd*tdd*l;
gmc: = {imc*dme + 2*bl*dl + 2*bg*hg) *1g*l;
gph: = nph*qe;
Ineo: = ne*hh/ (1/sin (ra) + 1/sin (rb) ) ;
11: =1 + la/ {cos {ra) *cos (ra) *cos {ra} ) + b/ {cos (1b} *cos {rb} *cos (rb) } ;
12: = | + la/sqr (cos (ra) } + Ib/sqr (cos (rb) ) -
hh* (sin (ra) /cos (ra) + sin (rb) fcos (rb) ) ;
q101: = 1.2*%qc/l;
q[1]):=1.2* (qc + qph + qdn) /I;
q [2]: = 1.2% (gc + gph + gdn + gdd) /1;
q13]: = q [2] + 1.5%qmc/;

END; { of Ttoan }

{
FUNCTION dd (qtd, gngd, ptrd, psd:real) :real;
VAR
r, z:array | 1..6] of real;
dig:real;
BEGIN
EEIIEE——— !
if ptrd = 0 then
dd: = sqr (gtd + gngd) ¥*I*L*L/12

else
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begin

xx: =1/2;

r[i):=({-xx-k2) *pir + (1-xx) *ps) Al + g [3]%1/2;
r 2] =r{1]-q [31*xx;

r3]:=r[2]-ps;

1[4): = ]3]-q [3]*k2;

r{5): =t [4)-ptr;

I

il

r[6): =-q[3]%1/2 - (PS*XX + ptr¥ (xx + k2)) A,
2[1]:=xx;z[3]: =k2: 2 [5]: =1-xx-k2;

=1 dtg =0,

repeat

if r [i]*r [i + 1] >0 then
dtg: = dtg + z [i]* (SYr{r [il) + ABS (r [i]*r [i + W+sarirli+ D) /3
else
dtg: = dtg + z i]* (sqr(r[i]) - ABS (r DPFrfi+ 1)+ sqr(rii+ 1]))/3;
n=1+2;

until i>5;

dd: = dtg:
end;
END; { of dd )
[= =}
PROCEDURE Tinh_h (var h:real; dels, t, d, hO, d:real} ;
LABEL ttt;
VAR

al,bli, x1,a, b, ss. buoc:real:
vl ¥2, tich, dgiua, rl, r2, ym:real;

Function f (x:real) real;

begin
fo=al*x*x-b11 + x*x*x;
end;
R — }
BEGIN

a:=0; b: = 99999: ¢¢: = 0.001; buoc: = 0.01:
tt: al: = e*fo*dQy/ (2% *hO*h0) -hO + e*fc/11* (dels + alfa*t*]2) ;
bll: =e*ferd/ (2411) .
rl:=a;r2: = b:
Y=y y2: =F(r2) :
tich: = y1#*y2;
if tich<0 then
begin
repeat
dgiva: = (r1 +12) /2;
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ym: =t (dgiua) ;

if ym <> 0 then begin
if ym*y1 >0 then begin rl: = dgiua; y1: = ym; end
clse begin r2: = dgiug; ¥2: = ym; end

end
until abs (r2-r1) <ss;
x1: = dgiug;

end
else if tich=0then if y1 = Othen x1: =l else x1: =2
else begin
window (1, 1, 80, 23) ;
textbackground (cyan) ; cleser;
Framecolor (10, 8, 70, 16, lightblue, white) ; ¢lrscr;
writeln (‘'Khong c6 nghi¢m trong khodng nghiém di cho ) ;
write ('Cho doan khao sdt [a, b =) ;
readln (a, b} ;
goto i,
cnd;
h:=x1:
END; { of Tinh_h }

PROCEDURE Tinh_h1 (var h:real; dels, t, d, hQ, dO:real)
LABEL tut;
VAR

al, bll, x1,a, b, ss, buoc:real:

y1, y2, tich, dgiua, r1, r2, ym:real;

- -

Function { (x:real) :real;

begin

fo=al®*x*x-bll + x*x*x;

end:

{eem S — !
BEGIN

e —— )

a: =k b: = 99999; ss: = 0.001; buoc: = 0.01;
ttetal: = e*fe*d0/ (2*11*h0*h0) -h0 - e*fc/11* (dels + alfa*t*12)
bll: =c*fc*d/ (2%11) ;
rlhi=a;2: = b
ylo=f(rl); y2: =1(r2);
tich: = y1#y2;
i tich<0Q then
begin
repeat
dgiva: = (r] +12) /2;
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ym: = f {dgiua) ;
if ym <> 0 then begin
if ym*y1 >0 then begin rl: = dgina; yl:=ym;end
else begin r2: = dgiua: y2: = ym: end
end
until abs (r2-r1) <ss;
x1: = dgiva;
end
else if tich = O then if yl = Othen x1: = rl else x|: = 17
else begim
writeln ('Khong c6 nghi¢m trong khodng [a, b] ) :
window (1, |, 80, 25) ;
textbackground {cyan) ; clrser;
Framecolor (20, 8, 60, 16. lightblue, white) ; clrscr;
writeln ('Khong ¢4 nghiém trong khodng nghié¢m di cho ') ;
write (‘Cho doan khdo sit [a, b] = ) ;
gotoxy (37,15 ;
readin (a) ; gotoxy (40, 1} ; readln (b) ;
gotoxy (45, 1) ; writeln ('] ;

goto tut:
end;

h: =x1;

END; { of Tinh_h1 }

(mmmmmmas =}
PROCEDURE Tinh_m (var mmax, fmax, smax:real; h, qi2, gngl, ptr2, ps2:real) ;
BEGIN

if ptr2 = 0 then mmax: = (qug2 + q12) *1*1/8

else
mmax: = qI2*Xx*1/2 - gt2*xx*xx/2 + { (1-xx) *ps2 + (I-xx-k2) *ptr2) *xx/l :
fmax: = mmax/h:
smax: = h¥sqrt (1 + 16%fmax *fmax/ (1%1) ¥
{tinh m gdn ding tai diém dat truc sau ciia 616
END: { of Tinh_m }

PROCEDURE Tinh_f (g1, h:real; iinteger) ;
BEGIN
e }
Fori:=0to (nn + 2) do
begin

z [i}: = kn*;
Md: = gt* (1*7.1i]/2-SQR (z [i]) /2) ;
y iy, 1): = Md/h;
end;
END; { of Tinh_f
{= |
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PROCEDURE DDEQ:
VAR
r, Rr, s, f1, £2, chdai:real;
z, 7zz:array [ 1..50] of real;
BEGIN

T )
{---Tinh chi¢u dii day deo---}

chdai: = O
Rr: = (Tdd*nd + Ime*dmc*Tg + 2*bg*hg*Tg + 2*bl*d|*Tg) *kn/2;
fori:=1 tonndo
begin
z [i]: = kn*i;
fle = 4*%F [31*2 [i]1* (-2 |1]) /sqr () ;
f2: = 4*Fvng*z [i]* (1-z [i]) /sqr (1) ;
afi]: = (f [3] + Fvng) - (f] + 2) ;
aaa [i]: = a [iI|*E*Fd/ (Rr + E*Fd) ;
{ Khoang cich giita cip va mit cdu & giita nhip = 0 )
chdai: = chdai + a [i];
end;
chdai: = chdai + chdazr;
rn=0;
fori:=1lte(nn+ 1) do
begin
zz [i}: = kn*i;
s: = [ [O]%4%22 [i]* (l-zz [1]) /sqr (1) ;
ag [i]: = sqrt ((s-r) * (s-r) + sgr (kn) ) ;
r=§;
end;
END; | of Ddeo |}

{

PROCEDURE Nguoi_dat_lech;

VAR ( dng, hng, z, m, r], rreal;
fv, ff:aray [1..50] of real; }
z:real;

dng: = sqr (q [3]) *I*L*L/12 + sqr (qnutxn) *xn*xn* (4%)-3%xn) / (12*}) +
gntt*q [3{*xn*xn* (1/2-x/3) ;
TFinh_h (Hng, C, O, dng, h [3],d [3]} ;
m: = gnte*xn* (2¥%-xn) / (2*1) + q [3]%1/2;
rl:=qntt*SQR (xn) / (2*1) + q [3]*1/2;
For i: = 1 to (nn + 1) do begin
z: = kn#i;
if z< = xn then mn: = rn*z- (gntt + q 130 *z*z/2
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else mn: = r1* (1-z) - ¢ |3)*sqr (I-z) /2;
ff [i]: = mn/hng;
fv [1]: = 4*fvng*z* (1-2) /1/1;
bbn [i]: = fv [i] - (ff [i] - y [3, i]} ;
end;
END; { of Nguoi_dat_lech }

PROCEDURE O_TO_dat_lech;
VAR
dtg, h_o, z1, mo, rl, r2:real;
ro, zzz:array [1..6] of real;
fv, ff:array {1..507 of real;
BEGIN
{ R
ro [11: = ( (I-xo-k2) *ptr + (1-xo0) *ps) /1 + q [3[*1/2;
ro[2]:=ro[1]-q [3]*xo;
ro [3]: =ro |2]-ps;
ro |4]: =10 |3]-q [3]*k2;
, 1o 5] =ro [4]-ptr;
ro [6]: = -q [3]*1/2 - (ps*xo + ptr* (xo + k2) ) /1;
zzz {1]: = xo0; zzz [3]: = k2; zzz [5]: = -x0-k2;
in=1; dig: = 0,
repeal
if ro [1]*ro [i + 1] >0 then
dtg: = dig + zzz [i]* (sqr (ro (i) + ro [i|*ro [i + 1] + sqr {ro {i + 1) } /3
else
dig: = dtg + zzz [i]* (sqr (ro [i]} - ro {il*ro [i + 1] + sqr(ro [i+ 1)) /3;
=1+ 2;

untif 1>3;
d_o: = dtg;
Tinh_h (h_0,0,0,d_o,h[3],d[3]):
r2:=q [3]*1/2 + (ptr* (I-x0-k2) + ps* (1-x0) } /1
_ rli=q[3]*1/2 + (ps*xo + ptr* (xo + k2 ) /I;
Fori:= 1to (nn + 1) do begin

zl: = kn*(;

if zI< = xo then mo: = r2*z71-q | 3|*z1*71/2

else if (z1>xo0) and (zl< = xo0 + k2) then mo: = r2*z] - q |3]*z1%*z1/2 - ps* (z]-x0)

else mo: = r1* (1-z1) - q [3]*syr (1-z1) /2;

ff [1]: = mo/h_o;

fv [i]: = 4*fvng*z1* (1-21) AN,

bbo [i]: = fv [i] - (ff }i] - y [3,i]) ;

end;
END; { of O_TO_DAT LECH }
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PROCEDURE KETQUA;
VAR nc2:integer;

BEGIN

B — }

Clrser:

ne:=ncl;

ttoan:

window (1. 1, 80, 253 ;

TextBackGround (green) :

clrser:

frame2color (17, 10. 57, 15, red, red) :
framc2color (20, 11, 60, 16, white, blue) ;
Writeln ("' ;

texteelor (white + 128) -

Write ! >>.. .dang tinh todn..."} ;

Echo: Echo;

ttoan;

m (3] = q [3]FIFI/8;

W3] =m [3)/[3):
D|3]:=dd(q|3],0.0,0);

S[3l =R I3]Fsqrt (1 + 16%F [3]*F [31/ (1*1) ) ;

D [4]: =dd {(q [3], O, ptr, ps) ;

Tinh_h (h 14].0,0,d {4], h (3}, d [3]) :

Tinh_m (m [4], f [4], s [4], h [4], q 13], 0, ptr, ps) ;
{- —

Di5]: =dd (q{23], gnit, 0, ) ;

Tinh_h (h [5],0,0,d [S].h[3],d[3]);

Tinh_m (m [5), £ {51, s [5], h {5}, q 13]. gntt, 0, 0y ;
1-- : -}

if 5 [4]< =5 [5] then smax: = s | 5]

else smax: =5 |4];

nc2: = round (ke*smax/ncp) ;

if (nc2 mod 2y = G then ne: = ne2

else nc: = ne2 + 1

{- J

Ttoan; {tinh lai sau khi da chon duoc so luong cap}
m [3]: = q | 3]*1*1/8;

h[3):=m[3)f[3];

D [3): =dd (4 13].0.0. 0y ;

$ [31:=h [3PRsqrt (1 + 16* [3PFF [3]/ (1*1) ) -
Tinh. [{g[3].h[3].3):

{- -1}
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D[4]):=dd (q{3), 0, ptr, ps);

Tinh_h (h [4],0,0,d[4], h [3],d 3]} ;

Tinh_m (m [4], f [4], s [4]. h [4], q {3, 0, ptr, ps) ;
e S

D[5i: =dd (q [3], gntt, 0, 0) ;

Tinh_h (h [5],0,0,d (5], h[3},d[3]):

Tinh_m (m {5], f {5], s [5], R [5], q(3). gntt, 0, 0) ;
- S }
d[2]:=dd{(q[2].0,0,0};

tmh_hl (h [2],0,t[3],d {2], h [3).d[3]};
Tinh_m (m [2],|2]. s [2], h [2], ql12],0,0,0);
Tinh_f{q (2], h[2).2):

d[1:=dd(q{1,0,0,0);

tinh_hl1 (h [1], dels [2],¢]12],d [1), h [2].d 121
Tinh_m (m [1], f[1), s [1], b 1), q(1],0,0, 0;
Tinh_f(g[1],h[1].1);

d|0]: =ddiq[0},0,0,0};

tinh_h1 ¢h [0]. dels [1],t[{],d [O], h[1].d | 1h;
Tinh_m (m [0], £ [0], s {0], h [0], gql[0].0,0,0);
Tinh_f(q[0], k ]0], 0):

{ - }
O_TO_DAT_LECH;
R — }
NGUOI_DAT_LECH;

{ e )
ddeo;

dels [0): = 0; dels [3]: = 0; dels [4]: = O: dels [5]:=10);
window (1, 1, 80, 25) ;
TextBackGround (grecn) ;
clrser;
frame2color (17, 10, 57, 15, red, red) ;
frame2color (20, 11, 60, 16, white, blug) ;
Writeln (") ;
texteolor (white + 128) ;
Writeln (' >>>..d4 tinh xong...<<<') :
Echo; Echo; Echo;

END; { of KETQUA }

{

PROCEDURE VE;
VAR y1,y2,1,y, TLX. TLY, z, GD, GM:Integer;
ra, rb, tea, fvng, 1, hh, fireal;
ch:char:
a:real;
X, kn, yl1. y21:integer;



BEGIN
{ -1
- = 120: hh: = 11 ; f: = 10.4; fvng: = 0.3; kn: = 4;
tea: = 20.6; ra: = tea*pi/180; rb: =ra;
gd: = detect;

initgraph (gd, gm, ' ') ;

setbkcolor (2) :

rectangle (10, 10, getmaxx-10, getmaxy-10};

setcolor (4) ; settextstyle (1. 0. 3):

outtextxy {round (getmaxx/3) , round (zetmaxy/9) . SO DO CAU TREQ DAM MEM'} ;
setcolor (5) ; settextstyle (1, 0, 3);

outtextxy {round (getmaxx/3) , round (getmaxy/3) , 'TL 1: 10.000" ;

TLX: = 3* (GetmaxX div round (1)) div 4

TLY: = GetmaxY div 25 div 2;

SetBKcolor {black) :

Setcolor (lightmagenta) ;

SetLineStyle {0, 0, 3} ;

Line (45*TLX. 25*TLY. 44*TLX. round ( (25 + hh) *TLY} ) 1

Line (45*TLX, 25*TLY, 46*TLX, round { (25 + hh) *TLY) ) ;

Line (44*TLX, round ( (25 + hh) ¥*TLY), 46*TLX, round { (25 + hh) *TLY) );

Rectangle (40*TLX, round ( (hh + 25) *TLY) , round (50*TLX) , round ( (hh + 28) *TLY) };
Line {round ( (45 + 1) *TLX) , 25¥TLY, round ( (44 + 1) *TLX) , round ( (hh + 25} *TLY));
Line (round ( (45 +1) *TLX) . 25*TLY. round ( (46 + 1) *TLX) , round ( (hh +25) *TLY) );
Line (round { (44 + 1) *TLX) , round { (hh + 25) *TLY) , round ( (46 + 1) *TLX) , round ( (hh +
25 *TLY) ) : delay (5003 :

" Rectangle (round ( (40 + D) ¥TLX) , round { {hh + 25) *TLY), round { (50 + 1 *TLX) , round ( (hh
+ 28 *TLY) ) ;

SetLineStyle (0, 0. 1) :

Setcolor (lightred) :

a: = hh*cos {ra) /sin (ra) :

Line (45*TLX. 25*TLY. round ( {45-a) *TLX) . round { (hh + 25) ¥*TLY) ):

Line (45*TLX, round ( {25 + hh) *TLY), round ( {45-a) *TLX) , round ( (hh + 25) *TLY) } ;
SetLineStvle (0. 0. 3):

rectangle (round ¢ (41-a) *TLX), round ( (hh + 25) *TLY) , round { (45-a) *TLX) , round ( (hh
+ 27V *TLY Y ) .

SetLineStvle (0. 0. 1)

Line (round ( (45 + 1} *TLX) , 25*TLY, round { (45 4+ 1+ a) *TLX) , round ( (hh + 25) *TLY) )
Line (round ( (45 + 1) *TLX) . round ( (25 + hh) *TLY) , round { (45 + | + a) *TLX) . round {
(kth + 25) *TLY) );

SetLineSivle (0.0, 33

Rectangle (round ( (45 + 1+ a) ¥TLX}, round ( (hh +25) *TLY) , round ( (49 + 1+ a) *TLX) , round {
fhh + 27 *TLY1) .

For i: = U to round (1*TLX) do begin

y: = round (4*£*iANCk (1-i/thx) ANFTLY)
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Putpixel (i + 45*TLX, (25*TLY +y) , lightred) ;

Putpixel (1 + 45*TLX, (25*TLY +y + 1) , lightred) ;
cend;

SetLineStyle (0, 0, 3) ;

For 1: = 0 to round (1*TLX) do begin

y: = round (-4*fvng*i/tlx* (1-i/tlx) JI/I*TLY) ;

Putpixel (i + 45*TLX, (25*TLY + y -+ round (hh*tly) ), lightred) ;
Putpixel (i + 45*TLX, (25*TLY + y + round (hh*tly-1)) , lightred) ;

Putpixel (i + 45*¥TLX, (25¥TLY + y + round (hh*tly + [)) , fightred) ;
Putpixel (i + 45*TLX, (25*TLY + y + round (hh*tly + 1)}, lightred) ;

end;
SetLineStyle (0, 0, 1} ;
Scteolor (lightred) ;
x:=0;
Repeat
X=X+ kn*TLX;
yI11: =25*TLY + round (4*PFx/tlx* (I-x/lx) AA¥TLY)

- ¥21: =round ( (25 + hh) *TLY) -round (4*fvng*xAlx* (1-x/t1x) A1*TLY) ;

vine (x + 45*TLX, y11, x + 45¥TLX, y21) ;
until x>round (I*TLX-20) :

delay (500) ;

ch: = readkey;

echo;

closegraph;
END; | of Ve }

{
PROCEDURE KETLUAN;
BEGIN

Clrscr;

Framecolor (2, 1, 78, 5, lightmagenta, white) ;
writeln (¢ S8 liéu da tinh todn’) ;

writeln (" Noi dung ''Ki hiéu
Framecolor (2, 6, 78, 24, BLUE, YELLOW) ; clrscr;

‘writeln ('1.T8ng chiéu dai day cap D cap
writeln (‘2. Téng trong lugng cap trong nhip lqe =
writeln (3. Trong Juong ddm ngang ! gdn
writeln (‘4. Trong lwong dim doc 'qdd
writeln (‘5. Trong luong mit ciu ' gme
writeln (‘6. Trong luong phu kién ' qph
writeln ("7.86 cip cha ''nc
writeln ('8 56 hiéu thép dam ngang !'Idn
writeln ('9.56 luong dam ngang !'nn
writeln ('10.588 hiéu thép ddm doc '1d
writeln ('11.88 luong ddm doc ''nd

tdonvi !,'Gidtr!);

'm "' le + Ineo:6:4);
'T ', qe:6:3);
'T ", gdn:6:3);
'T I, gdd:6:3);
'T ', qme:6:3);
'T ', gph:6:3);
! bo P nc:6);

U Idn:6);
''nn P nn:6);

I', Id:6);

" nd:6);



writeln (' Bam Enter dé tiép tuc..)

readln;

f15l:=m|5)h (5]

Framecolor (3, 5, 75, 0, BLUE, YELLOW) : clrser;

Writeln (' -——---- L — R
Writeln (' ! Dai luong ' Frnax ! Smax 'H ! Delta "y
Writeln (! Thit tu '<met> !<Tan> ! <Tan> P<Met> 1
711 [ S ——— ! t-- -1 - -

fori:=0to 5 do

Writeln ("1, 23, "1 F[0]:8:4, ' 17, s [i]:8:4, " 1,
h[1]:8:4," 1", dels |i]:8:4." V) :

writeln (" Bim enter d¢€ tiép tuc..') ;

readln;

END: { of KETLUAN }

{
PROCEDURE Menu2;

LABEL t. 1. 2. tdv. cuoi:
VAR z, zz:array | 1..50] of real;
BEGIN

1 window (1, 1, 80, 25) ;
TextBackGround (green) ;
clrscr:
frame2color (17,7, 57, 15, red, red) :
FramcZcolor (20, 8, 60. 16, White, vellow) :
-Wnteln (' M&i ban in két qua’) ;
WRITELN (' 1.Ra man hinh’) ;
writeln (' 2.Ra mdy in ") ;
Writeln (' T.Thodt ra™ ;
textcolor (Magenta + [28) :
write (' Mai ban chon 7' :
choice: = readkey;
echo;
" case choice of

"I":Begin
tl:window (I, 1, 80, 23} ;
TextBackGround (green) ;
clrscr;
frame2color (17, 6, 57, 17, red, red) ;
frameZcolor (20, 7, 60, 18, white, blue) ;
writeln (' Két qua’ ;
writeln (' a. S6 liéu thiét k&) ;
WRITELN (' b.D6 véng) ;
writeln ¢ ¢.Chiéu dai day treo ) :
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writeln
write!n ('
writeln ( f.
writeln ('

d. Céc diém danh déu trén cap ') ;
e. Khéi lvong vac liéu 'y ;

Sodé ciu ' ;

g. Thoit ra Menu In két qua’) ;

textcolor {  white + 128) ;

write (' Mai ban chon ) ;

cheice: = readkey;

echo;
case choice of
‘a":begin

Framecolor (2, 1, 78, 5, lightmagenta, white) ; clrscr;
writeln (' 56 liéu tinh todn'y ;

gotoxy (20, 3) ; write ('Noi dung ") ;

gotoxy (46, 3} ; write ('! Ki higu ) ;

gotoxy (56, 3) ; write (' chuyén vi") ;

GOTOXY (66, 3) ; WRITE ( 1 Gia tri') ;

Framecolor (2, 6, 78, 24, BLUE, YELLOW) : clrscr:
Chiéu dai nhip

Khoang cach hai cdp chi

Bé rong cdu
D6 vong max & trang thii chua chiu hoat tai
56 luong cdp chi chon so b6

Dién tich mat ¢t ngang 1 b6 cip

Trong lugng don vi clia cip

Luc kéo dit cho phép

Modul dan hoi clia vat liéu cdp

WRITELN ('10. 86 liéu dim ngang:') ;

WRITELN ('}
WRITELN (2.
WRITELN (3.
WRITELN (‘4.
WRITELN (5.
WRITELN (6.
WRITELN (7.
WRITELN ('$.
WRITELN (9.

WRITELN (‘11

WRITELN ('12. Trong lugng ! m dai

WRITELN ('13. Khoang cach 2 ddm ngang
WRITELN ('14. Chiéu dai ddm ngang

WRITELN ('15. Momen qudn tinh

WRITE ('Bim enter dé ti€p tuc...") ; readin;
Framecolor (2, 6, 78, 25, BLUE, YELLOW) ; clrscr;
. 50 lieu dam doc:') ;

WRITELN ('16
WRITELN ('17
WRITELN ('18

WRITELN (26

. 86 hi¢u thép

. 50 hiéu thép

. Trong lugng 1 m dai
WRITELN {'20.
WRITELN ('21.
WRITELN ("22.
WRITELN ("23.
WRITELN ("24.
WRITELN ('25.

Khoang cich 2 dim doc

56 Tugng dam doc

Momen quén tinh

S6 liu phan mat caw:’) ;
Trong luong riéng g mit ciu
Bé day ban mit cdu
.Bérongbngln

l f'm
b 'm
bt !'m
fl[3] 'm
nc! !bo
fle !'m?2
te 't/m
ncp Mt

e P't/m2
[dn !

tdn !t/m
kn !'m
In 'm
wn  !'m3
Id !

tdd !t/m
kd !'m
nd !dam
wd I'm3
tg !t/m
dme!'m
bl I'm

V1 4:2y
Pobr4:2)
V. bl: 6:4);
P [3]): 6:4)
tV.nct: 6:4) ;
1, fle: 8:6);
P'ote:6:d)

P nep:6:4)
' e6:4);

I, Idn:4) ;
V' tdn:6:4) ;
', kn:6:4) ;
1 1n:6:4) ;
Pown:g:6)

I', id:6) ;

V', tdd:6:4) ;
U kdi6:4)y
I nd:4)
', wd:8:6) ;

[, tg:6:4});
", dmc:6:4) ;
I, bl:6:4) ;
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WRITE ('Bim cnter dé ti€p tuc.."} ; readln;
end; { of 'a'}

'b':begin

tdv:window (1, 1, 80, 25) ;
TextBackGround {green) ;

clescr,

frame2color (17,6, 57, 17, red, red) ;
frame2color (20, 7, 60, 18, white, blue) ;
WRITELN (" b6 véng:") ;

writeln (1. Khi chi c6 day khéng ') ;
writeln (" 2. Khi d treo ddm ngang ') ;
writeln (' 3. Khi di lao dam doc ) ;
writeln (' 4. Khi hoan thién %) ;

writeln (' 5. Khi 6t6 dat léch ) :

writeln (' 6. Khi doan ngudi dat léch ') ;

writeln ('

T. Thodt ra Menu Két qua'y ;

textcolor (white + [28) ;

wrile (
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Mai ban chon 7 ;

WRITELN ('27. Chiéu day b ng 1 n ' dl !'m [, dl:6:4) ;
WRITELN ('28. Bé rong g chan banh !' bg !'m 1, bg:6:4);
WRITELN ('29. Chiéu cao g& chan banh ' hg I'm I, hg:6:4) ;
WRITELN ('30. Hé s6 trong lugng phu ! nph ! |, nph:6:4) ;
WRITELN ('31. Chiéu cao try cong ' hh Im I', hh:6:4) ;
WRITELN ('32. Géc nghiéng cuia day neo so véi phuong ngang @) ;
WRITELN ('33. Gée nghiéng neo tréi ' tea tdo |, tea:6:4) ;
WRITE ('Bidm enter dé tiép tuc...") ; readln;
Framecolor (2, 6, 78, 23, BLUE, YELLOW) ; clrscr;
WRITELN ('34. G6c nghiéng neo phai !' teb !do |, teb:6:4) ;
WRITELN ('35. Chiéu dii nim ngang cua day neo 1) ;
WRITELN ('36. Neo trdi ''la !'m I, 1a:6:4) ;
WRITELN ('37. Neo phai b 'm I, 1b:6:4) ;
WRITELN ('38. S6 liéu doin ngud:') ;
WRITELN ('39. Trong lwong rai déu Pogng 't/m2 I, gng:6:4);
WRITELN ('40. S& ligu 6t0: ') ;
WRITELN ('41. Trong luong truc trudc Poar Mt I", tr:6:4} ;
WRITELN ('42. Trong lugng truc sau ' ots 't I, t5:6:4) ;
WRITELN ('43. Khodng c4ch giita 2 truc ' k1 !'m ', ki:6:4);
WRITELN ('44. Hé s6 gidn n& nhiét coa vat lieu 1am cép ' alfa ! I, alfa:8:6) ;
WRITELN ('45. D6 vOng ban dau cia mit cdu !' fvng !'m I, fvng:6:4) ;
WRITELN ('46. Chiéu dai tdm vin gb ' Ime !'m ', Imc:6:4} ;
WRITELN ('47. Chiéu dai van gé tinh todn ' llg !'m [, lg:6:4),
WRITELN ('48. Cudng do chiu udn tinh todn ciia gb ! Rug !'T/m2 1, Rug:8:4);
- WRITELN ('49. Cutng dé chiu uén tinh todn clla thép ' Rut !'T/m2 |, Rut:8:4);
WRITELN ('50. Hé s6 an toan cap ' ke ! I, ke:6:4) ;



choice: = readkey;
echo;
window (1, 1, 80, 25) ;
textbackground (cyan) ; ¢lrscr;
Framecolor (14, |, 68, 6, lightmagenta, white) ; clrscr;

writeln;
case choice of
'1:begin
Writeln (' Trang thdi day chi chiu tu trong:") ;
write (' diém tinh “khoang cich ! do veng ")

Framecolor (14, 7, 68, 24, blue, white) ; clrser;
For i: = 0 to (nn + 2) do begin
z |1]: = kn*i;
writeln (' Ledl,t! Lzli]:6:2 " ! Ly l0,i]:6: 4
if (i=13)or(i=30)then begin
- WRITE ('Bim enter dé tiép tuc..") ; readln; end:
end;
- goto tdv;
t end;
'2:begin
Writeln (' Trang thai day chiu ty trong, ddm ngang:") ;
write (' diém tinh ! khoang cach ! do vong " ) ;
Framecolor (14, 7, 68, 24, blue, white) ; clrser;
For i: = 0 to (nn + 2) do begin
z [1]: = kn*i;
writeln (' L3, Lz 162, ! Lyl il6:4
if (i = 15) or {i = 30) then begin
WRITE ('Bam enter d€ tiép tuc..") ; readln; end;
end;
goto 1dv;
end;
‘3" begin
Wiiteln (' Trung thai day chiu ty trong, dam ngang, ddm doc:’) ;
write (' diém tinh ! khoang cich ! d6 véng ') ;
Framecolor (14, 7, 68, 24, blue, white) ; clrscr;
Fori:=0to(nn+ 2) do begin
z [1]: = kn*i;
writeln (' S ! Lzfie:2 ) ! Ly [2,1]:64);
if (i=15) or (i = 30) then begin
WRITE ('Bdm enter d€ tiép tuc..) ; readln; end;
end;
goto tdv;
end;
'4":begin
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Writeln Trang thdi day chiu toan bd tinh tai:") ;

write (’ Piém tinh ! khodng cich ! dé ving "J;
Framecolor (14, 7, 68, 24, bluc, white) ; clrscr;

For i =0 to (nn + 2) do begin

z [1]: = kn*i;

writeln (' L3, ! Lz [1]:6:2 )" ! Ly (3,164 )
if (i = 13) or (i = 30) then begin

WRITE (‘Bam enter dé tiép tuc..) ; readln; end:

end;
goto tdv;
end;
'5":Begin
Writeln (" D& vdng cua mit cdu khi 6t6 dat léch:) ;
write ( diém tinh ! khoang cich ! do vong ') ;

Framecolor (14, 7, 68, 24, blue, white) ; clrscr;
Fori: =0to {nn + 2) do begin
7 1] = kn*i;
writeln (' 13, ! Lz [i1]6:2 ! ! ', bbo [i]:6:4 };
if (i = 13} or (i = 30) then begin
WRITE ('Bdm cnter dé tiép tuc..') ; readln; end;
end;
goto tdv;
end;

'6":Begin
Writeln (" d6 vdng cia mit cau khi doan nguoi dat léch: ;
write (' diém tinh ! khodng cich ! do véng ' };
Framecolor (14, 7, 68, 24, blue. white) ; clrscr;
For i: =0 to (nn + 2) do begin
7 [1}: = kn*1;
writeln i3 ! AN H VA ! ', bbn [i]:6:4 ) ;
if (i = 15) or {i = 30) then begin
WRITE ('Bim enter dé tiép tuc..") ; readln: end;

end;
goto tdy;
end;

end; { casc }

cnd; { of 'h' )

'c": Begin
window (1, 1, 80, 25) ;
textbackground {cyun) ; clrser;
Framecolor (14, 2, 66, 8, blue, white) ; cirscr;
writeln (' Chiéu dai day treo ;") :
writeln (' "y
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writeln (! diémtinh ! khodng cich ! chiéudai !');
write (' ! ! 1"y

Framecolor (14, 9, 66, 25, lightmagenta, white) ; clrscr;
for i: = 1 to nn do begin
zz |1]: = kn*i;

writeln (' Poe3d ) ! Lzz[i]:6:2 " ! ", aaa [1]:6:4," ') :
if (i=15Yor (i = 30 then begin
write (' Press cnter to continue...’) ; readln; end:
end;
End; { of '¢' }
'd":begin

window (1, 1, 80, 25) :
textbackground {cyan) ;

clrser;

Framecolor (14, 1, 66, 7, lightmagenta, white) ; clrscr;

writeln (' diém dinh ddu cdp : ) :

writeln (' "}
writeln (' ! diém tinh ! khoang caich  1I'):
write (' ! ! "y

Framecolor (14, 8, 66, 24, blue, white} ; clrser;
fori:=1to(nn + 1) do begin

writein (' ! T3, Laal[i]:6:4 ' "
if (1=15) or (i = 30) then begin
write { Press enter to continue...') ; readln; end:
end;
cnd; | of 'd'}

‘e":ketluan;

frve;

v :GOTO ¢ :

End: { of Case ! }
GOTO t1;

End; { of ] i

'2"Begin

t2:window (1, 1, 80, 25) ;
TextBackGround (green) ;

clrser;

frame2color (17, 6, 57, 17, red, red) ;
frame2color (20, 7, 60, 18, white. biue) ;

writeln (' Két qua’) ;

writeln (' a. 86 liu thiet ké ) ;

WRITELN (' b. do véng') ;

writeln (' c. Chiéu dai day treo ") ;

writeln { d. Céc diém ddnh dau trén cap ) ;
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writeln (' c. Khai lugng vat hiéu '} ;

T. Thoat ra Menu In két qua ') ;
textcolor (white + 128} ;

Maoi ban chon 7,

choice: = readkey;

writeln ('
write {

echo;
case choice of
'‘a:begin
writeln (LST,' SO LIEU TINH TOAN' ;
gotoxy (20, 3) : write {LST, 'NOI DUNG ") ;
gotoxy (46, 3) ; write (LST, T KI HIEU'} ;
gotoxy (56, 3) ; write (LST, "' DON VI'};
GOTOXY (66, 3) ; WRITE (LST, '! GIA TRI'} ;
WRITELN {LST, '1. Chieu dai nhip P 'm
‘WRITELN (LST, 2. Khoang cach hai cap chu 'b
WRITELN (LST, '3. Kho cau I bl
- WRITELN (LST, '4. Do vong max o trang thai chua chiu hoat tai! f [3]

‘WRITELN (LST, '5. 5o luong cap chu chon so bo ' ncl
WRITELN (LST, '6. Dien tich mat cat ngung 1 bo cap e
WRITELN (LST, '7. Trong luong don vi cua cap 'tc

WRITELN (LST, '8. Luc keo dut cho phep ! nep

WRITELN (LST, '9. Modul dan hoi cua vat lieu cap le
WRITELN {LST, '10. So lieu dam ngang:

WRITELN (LST, '11. So hieu thep ! Idn
WRITELN (LST, "12. Trong luong 1 m dai 'tdn
WRITELN (LST, '13. Khoang cach 2 dam ngang 'kn
WRITELN (LST, '14. Chieu dai dam ngang 'In

WRITELN (LST, '15. Mo men quan tinh wn

WRITELN (LST, '16. So lieu dam doc:
WRITELN (LST, "17. So hicu thep ' Id

WRITELN {LST, '18. Trong luong 1 m dai ' wdd
WRITELN (LST, "20. Khoang cach 2 dam doc tkd
-WRITELN (LST, 21. So luong dam doc ''nd
WRITELN (LST, '22. Mo men quan {inh !'wd
WRITELN (LST, '23. So lieu phan mat cau:'};

WRITELN (LST, 24. Trong luong rieng go mat cau tg
WRITELN (LST, '25. Be day ban mat cau dme

!
!
WRITELN (LST, '26. Be rong bang lan ' bl
WRITELN (LST, 27. Chieu day bang lan 1 dl
WRITELN (LST, '28. Be rong go chan banh ! bg
WRITELN (LST, '29. Chieu cao go chan banh ' hg
WRITELN (LST, '30. He so trong luong phu ! nph
WRITELN (LST, '31. Chieu cao tru cong ! hh
WRITELN (LST, '32. Goc nghieng cua day neo so voi phuong ngang
WRITELN (LST, '33. Goc nghieng neo trai ! tea
WRITELN (LST, '34. Goc nghieng nco phai ! teb
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WRITELN (L.ST, '35

- Chieu dai nam ngang cua day neo :);

WRITELN (ST, '36. Neo trai ' la 'm P la:8:4);
WRITELN (LST, '37. Neo phai ' 1b 'm P, 1b:8:4);
WRITELN (LST, '38. So lieu doan nguoi:');

WRITELN (LST, ‘39. Trong luong rai deu I'gng  't/m2 !, gqng:8:4):
WRITELN (LST, '40. So lieu o to: ¥

WRITELN (LST, "41. Trong luong truc truoc ot Tt P84
WRITELN {LST, '42. Trong luong truc san I oty Yt P ts:8:4);
WRITELN (LST, 43, Khoang cach giua 2 truc ' k 'm Poki:B:4);
WRITELN (LST, '44. He so gian no nhict cua vat lieu lam cap ! alfa ! ', alfa:8:6);
WRITELN (LST, '45. Do vong ban dau cua mat cau ' fvng 'm U, fvng:8:4);
WRITELN (LST, '46. Chicu dai tam van go ' lmec !'m I, Imc:6:4);
WRITELN (LST, '47. Chieu dai van go tinh toan Pilg 'mo ' 11g6:4);
WRITELN (LST, '48. Cuong do chiu uon tinh toan cua go ' Rug !'Tm2i, Rug:6:4);
WRITELN (LST, '49. Cuong do c¢hiu uon tinh toan cua thep ' Rut  !'T/m21", Rut:6:4);
WRITELN (LST, '50. He so an toan cap I ke ! ', ke:6:4);

end; { of 'a' }
'b'rbegin

« forii: = 0 to 3 do begin
-Case ii of

O:Writeln (LST, ' Trang thai day chi chiu tu trong:'};
I:Writeln (LST. ' Trang thai day chiu tu trong, dam ngang:');
2:Writeln (LST, " Trang thai day chiu tu trong, dam ngang, dam doc:’);
3:Writeln (LST, ' Trang thai day chiu toan bo tinh tai:"):
end; | case |
writeln:
writeln (LST, "
writeln (LST, ! diem tinh ! khoang cach !
write (LST, "! ! !
Fori:=0to (nn + 1) do begin
writeln (LST, " W3, Nz )62 ) !
end;

")

"y
N

do vong

Ly [, i]:6:4);

end;
goto t2;
énd; {of b}
'c’: Begin
writeln (LST,
writeln;
writeln (LST, " )
writeln (LST, ' diem tinh ! khoang cach ! chieu daj " );
write (LST, " ! ! I
fori: =110 (an + 1) do
writeln (LST, ' i3
goto 12;

End; { of ¢' |

Chieu dai day treo : ');

Lzlil6:2,r Laliled4,t 1y



'd":Begin

~ End; { of 2}

T :exit;
End; { of Case }
END; { of MenuZ }

' lc + Ineo:6:4);
', qe:6:3);

I, qdn:6:3});

I', qdd:6:3);

I, gme:6:3);

', qph:6:3);

', nc:6);

I', Idn:6};

I', nn:6);

writeln {LST, " Diem danh dau cap : ');

writeln (LST," '),

writeln (LST," A 5
writeln (LST,’ ! diem tinh ! khoang cach !');

write (LST, " ! ! "y,

fori: =1to{un+ 1) do

writeln (LST,' ! L3t ' aa |1:6:2 . m;
goto 12;

end; | of 'd'}
'e':Begin
writeln (LST, '1. Tong chicu dai day cap ' leap !'m
writeln (LST, 2. Tong trong lueng cap trong nhip ' gqe= IT
writeln {LST, '3. Trong luong dam ngang ' gqdn I!T
writeln {LST, '4. Trong luong dam doc ' gqdd T
. writeln (LST, '5. Trong luong mat cau ' gme T
writeln (LST, '6. Trong lueng phu kien !' gph I'T
- writeln (LST, 7. So cap chu ' nc ! bo

_writeln (LST, '8. So hieu thep dam ngang ! Idn
“writeln (LST, 9. So luong dam ngang ' nn !'nn
writeln (LST, '10. So hieu thep dam doc ' Id ' Id:6)
writeln (LST, "I 1. So luong dam doc ' nd ' nd:6);
Writeln (LST, " —ommmr oo e e
Writeln (LST, ' ! Dai tuong ! Fmax ! Smiax 'H ! Delta
Writeln (LST, ' ! Thu tu '<Tan> ! <Tan> ! <Tan> I <Met>
Writeln (LST, " - emem oo e b R
fori:=0to 5 do

Writeln (LST, ' ! 3t b L84 b s ]84, ey
h[i]:8:4," 1", dels |1]:8:4," 1");

gota t2;

end;
End; { of Case 2}
goto t;

{
{
BEGIN | Matn Programme }
gloi_thieu;
Menul;
Ketqua;
Menu?Z;
SoundEcho; echo;
END.
i
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