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LOI NOI DAU

Cdu treo la logi cGu trong dé bé phdn chiu luc chinh la déy cdp do vdy tdan dung
duge hét thanh tuu ciia khoa hoc vé sy lam viée cia vt liéu. Chinh vi ¢6 wu diém
néy nén cau treo vuot duve khdau do rdt lon ma cde logi két cdu khdc khong lam
duoe. Vi du nhu cau Akashi Kaikyo ¢ Nhdat Bdn vwot duge nhip 1991m. Cing vdi
thé gidi nudc ta cing dd xdy dung rdt nhiéu cde cdy cdu treo ddy véng, tiép dén
trong duw dn xod cdu khi & néng thén ching ta con xdy dung nhiéu cdy cau treo day
vong nita. Dé ddp ing nhu cdu cia thuc té chiing téi cho xudt bdn cuén "Thiét ké
cau treo dday vong'. Cudn sdch dude bién sean véi hy vong cung cp cho cdc sinh
vién, kY sw va hoc vién cao hoc nganh Xdy dung céng trinh giao thing mét tai liéu
ngdn gon va di ding dé phén tich tinh todn va thiét ké cdu treo néi riéng hay hé

treo noi chung.
Cuén sdach bao gém 5 chuong va phin phu luc vdi néi dung nhu sau
Chuong 1: Gidi thiéu co sd thiét ké cau treo déy véng
Chuong 2: Trinh tu thiét ké so bé mét cdy cdu cu thé

Chuong 3: Hudng dan si dung mét phan mém tinh todn trén co sd phdn tich
két cdu cdu treo day vong bang Sap 2000

Chuong 4: Van dé dong lie hoc cdu treo

Chuong 5: Kiém tra va phén tich cde hit hong céu treo déy véng

Phén phu luc cé néi dung tinh cdu treo theo so do bién dang va chicong trinh Pascal.

Pdy la cudn sdch ddau tién cé tiép cin dén nhiéu vdn dé mdi cilia cong nghé cdu
treo, nén cing gdp nhiéu khé khdn va phic tap, vi vdy khéng tranh khoi thiéu sot.
Chiing t61 mong nhdn duoe cdc l0i phé binh va cdm on cde ban doc gop y dé gitp
cho cubn sdach ¢6 chdt lugng tot hon.

Moi ¥ kién dong gop xin giti vé Nha xudt bén Xay dung - 37 Lé Dai Hanh - Ha NGi

hode Bé mén Cong trinh giao théng thanh phé, Pai hoc Giao théng Vén tai Ha Noi
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Chuong 1

CO SO THIET KE
CAU TREO DAY VONG

1.1. GIOI THIEU

1.1.1. So luoc lich sir phat trién cia ciu treo day vong hién dai

Cdu treo day vong hién dai phdt trién tir thé ky XIIX dua trén co s& su phit trién cla
cac dang két cdu cau va cong nghé san xudt thép. Cau Jacobs Creek duoc xdy dung o
My niam 1801 theo thiét k& ctia Finley, cé nhip giita 21,3m. Dic diém néi bit clia céu la
c6 dim chi dang dan dé tao ra do ciing can thiét déi vdi cdu va tao su phan bé tai trong
qua thdp treo cdp vi thé di han ch& dugc ding ké bién dang cla cap. Ciu Clipfton vdi
nhip gilta 214 m, 1a cdu treo day vong cé nhét hién con dung cho 6 t6 qua lai, duge khéi
cong xay dung nam 1831 va dugc hoan thanh nam 1864 & nudc Anh, sir dung loai xich
sat rén.

1. Su phit trién ctia chiéu dai nhip chinh tir nita cuéi thé ky XIX 6 nude My

Trong the¢ ky XIX, nudc My 14 noi xay dung nhiéu ciu treo nhip dai nhit. Phuong
phdp 1ap day cdp kiéu “quay to” (AS method) sir dung cho cdp kim loai dang song song
do Roebling dé xudt, di duge dp dung 14n ddu tién khi xay dung ciu Niagara, véi nhip
chinh dai 246m, hoan thanh nam 1855. Cong nghé nay sau dé duge dp dung & cau
Brooklyn vdi nhip giita dai 486m, hoan thanh nam 1883, & day day thép da 14an diu tién
duge st dung. Cau Brooklyn dugc coi 14 cay cdu day vong hién dai dau tién dugc xay
dung suét trong 14 nam d€ bac ngang song New York East.

Tiép dén, nam 1903, cAu Manhattan véi nhip gitfa 448m va sau dé it lau, nam 1909
cau Willtamsburg véi nhip giita dai 448m duge xay dung trén doan thugng luu cla cling
dong song. Cdu George Washington béc qua song Hudson & New York dugc hoan thanh
nam 1931 véi nhip gita dai 1067m; thap c4u bang thép cao 180m; day chi ding 4 bé
cidp, méi bo cép ¢6 dudng kinh 90 cm; dim cing dang dan thép rong 32,3m, cao 9,1m;
dung cho 6 lan xe, dén nam 1962 cai tao va nang cdp du ding cho 14 lan xe. Trong nam
1936 cau qua vinh San Francisco- Qakland, 1a cay cdu day vong kép véi nhip giira la



704m va trong nam 1937 cdu Golden Gate v&i nhip gilta 1280m; thdp bang thép cao
227m; day chi dung 2 cdp, mbi cdp c¢6 dudng kinh 90 cm duge xay dung trén khu vuc
vinh San Francisco.

Nam 1940, cdu Tacoma-Narrows véi nhip gita 853m, 16n thit ba trén thé gidi lic bay
gi®, cé dam ciing kiéu dam I dac. Ngay khi xay dung xong két cdu nhip cdu da xudt hién
dao déng udn vdi bign do 1én t6i 8,5m xay ra cung véi dao dong xoan. Ciu nay bi dd sap
duéi téc do gié 19m/s vio thoi diém chi 4 thdng sau khi hoan thanh. Sau tai nan nay, vin
dé thiét k€ chiu gié trd thanh van dé c6t yéu d6i véi cdu treo day vong. Tuy vy cdc su
6 ciu treo chi lam tang thém mide d6 than trong Khi thiét k€ ma khong hé han ché bude
phat trién cta cdu treo. Cdu Tacoma Narrows méi di duge xay dung lai nam 1950 véi
chiéu dai nhip twong tr cdu cd nhung di cai tién st dung ddm cimg ki€u dan.

Cau Mackinac Straits véi nhip gilta dai 1158m duoc xay dung nhu fa cdu treo day
vong 16n tuong duong véi cu Golden Gate nam 1956 va ciu Verrazano Narrows véi
nhip gifta 1298m, gilt ky luc th& gidi sau khoang thoi gian 17 nam, duge xay dung
nam 1964.

2. Xu hudng mdi trong két cdu & chau Au tic cuéi chién tranh thé gici thit 2 toi
nhitmg nam 1960

Cau treo day vong duce xay dung phd bign & chau Au, ngay ca khi nhip giira ciia
chdng khong yéu cau qua dai. _

Tai nuéc Anh mac du cau Forth Road, véi nhip gilta 1006m duge xay dung str dung
dang dan diy, cau Severn v6i nhip gitta 988m xay dung vdi dim hop va day treo cdp
chéo nam 1966. Thiét k& doc ddo nay da cach mang hod cong nghé cau treo day vong.
Cau Humber vdi nhip giita dai 1410m 1a cau dai nhat thé gidi trude nam 1997 duge xay
dung theo cong nghé tuong tu nhu cau Severn. Tai B6 Dao Nha, cdu 25 de Abril duogc
thiét k€& cho tai trong xe lira va 6 t6 duge hoan thanh nam 1966 véi nhip chinh 1013m.

Niam 1998 ciu Great Belt East v6i nhip chinh dai 1624m dugc hoan thanh & Dan
Mach, ¢6 ddm cling dang dam hop (ding thi 2 the gidi hién nay).

3. Su phdt trién 6 chéu A tir thdp ky 70

Tai Nhat Ban viéc nghién ctu dé xuit két cdu cau Honshu Shikoku duge bat ddu boi
Hoi k¥ su cong trinh Nhat Ban nam 1961. Cong nghé thiét k€ cdu treo diy vong nhip 16n
ap dung & cau Honshu Shikoku, da anh hudng quyét dinh t6i cau tao ciia cdu Kanmom,
hoan thanh nam 1973 vdi nhip giita dai 712m sau d6 1a cdc cdu Namhae hoan thanh niam
1973 & Han Qudc véi nhip chinh dai 400m, ciing nhu cdu Hirado hoan thanh nam 1977
véi nhip chinh dai 465m.

Cau Innoshima véi nhip chinh 770m duge xay dung nam 1983 la cay cdu day vong
dau tién trong du 4n ciu Honshu Shikoku, tiép theo sau cdu Ohnaruto dugc hoan thanh



nam 1985 véi nhip chinh dai 876m diing cho tai trong dudng sit c6 du kién phat trién tai
trong xe trong tuong lai. Du 4n cau Honshu Shikoku cai tao va nang cép céng nghé nam
1988 dé slr dung phit hop cho cdu dudng tau cao t6c. Tuyén nay bao gém hé théng hang
loat cdc cau treo diy véng nhip 16n nhu 1a cdu Minamti Bisan Seto véi nhjp chinh 1100m,
cau Kita Bisan Seto v&i nhip chinh 990m va cdu Shimotsui Sento vdi nhip chinh 910m.
Ciu Akashi Kaikyo hoan thanh nim 1998 véi nhip chinh dai nhat the gidi 1991m, thé
hién su tich lu§ kinh nghiém cong nghé xay dung cau treo tir trudc téi nay.

Tai Thé Nhi K cdu Bosporus vdi nhip chinh dai 1074m duogc xay dumg nam 1973 vdi
kiéu dang twong tu nhu cdu Severn, cling thdi gian nay cdu Bosporus thit hai véi nhip
chinh dai 1090m dugc khéi cong xay dung sau dé doi tén 1a cdu Fail Sulta Mehmet,
duge hoan thanh nam 1988 sir dung day treo thang ding thay cho céc day treo chéo.

Tai Trung Qudc cdu Tsing Ma (Hong Koéng) cho xe lra va 6 to di chung véi nhip
chinh 1377m dugc hoan thanh nam 1997. Ciu qua séng Xi Li Yangtze v&i nhip chinh
900m va cdu Jing Yin Yangtze vdi nhip chinh 1385m dang dugc xay dung [1]. Ca hai
cdu treo déu c6 dam hop cimg va thdp chinh bang bé tong. Xay dung cu treo nhip lén
c6 khau do khoang 1000m 1a van dé dang dugc quan tam hién nay. Mot s6 du an xay
dung cédc cdu treo c¢d chiéu dai vuot nhip 16n hon ciing dang duge hinh thanh.

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

Trong nhitng nam chién tranh, hé théng cdu céng ciia nude ta bi ddnh pha nhidu. De
phuc vu kip thai cho tién tuyén can phai khoi phuc lai nhitng cay cau di bi phd hoai. Khi
dé viéc xay dung civ cdp, cdu treo 1a mot trong nhimg giai phap hop 1y va nhanh chéng
nhit. Cho dén nay, ciu treo day véng vin gilt mot vi tri quan trong trong giao thong
mién nui, phuc vu déc luc cho cong cudc phat trién kinh t€ x3 hoi viing sau, ving xa &
nudc ta.

Nhitng vi tri vugt song ma c6 khau do thong thuyén 16n (vi du & cdc clra song 16n) thi
viéc sir dung cdu treo s& c6 uu diém Vi it Iam xdo trén ché do dong chay tu nhién clia
song, mang lai hiéu qua thiét thuc vé kinh &€ k¥ thuat. Hon nita, céc cdu treo thudng tao
dang vé dep va 1a diém nhan kién tric giita khu vuc d6 thi 16n.

( Viéet Nam da bat ddu xay dung nhiéu cdu treo ban vinh ciru tir nam 1965. Nhiing
chiéc cdu treo déu tién 1a loai cdu cdp kKhéng cdng, chi ¢é mot he day (hinh 1.1) vdi khau
do tir 80+120m. Loai cdu nay di dugc thiét k& thanh dinh hinh ciu cép da chién khong
cbng, ing dung réng 1ai trong thi ky chién tranh (1965-1975),
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Hinh 1.1. S0 d6 cdu treo khong cong



Ddi v6i cic loai cdu khdu d6 tir 120 + 200m thudng 4p dung loai cdu cdp cé cong

(hinh 1.2)
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Hinh 1.2, So dé cdu treo ¢6 cong

bay la loai cdu hai hé day: h¢ day dué6i gébm hai cum day chi va hé cap mat cau: hé
day trén gém hai cum cdp chi vit qua céng try. Hai hé day dugc neo giit bing cic hd
the riéng biét.

Mt cdu cha ciu cap khong cng va cdu cdp cé cdng gébm dam ngang bing thép, gb
dat trén hé cip mat ciu (hinh 1.3)
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Hinh 1.3. Mdt cdt ngang cdu treo loai ¢é cong va khéng cong

Vao nam 1965, 1966 di xay dung cdc cdu qua Séng Lo, khau do 104m; cidu Ky
Ciing ¢6 khau do 120m. Nam 1967, xay dung ciu cdp Viét Tri v&i khdu d6 225m, cdu
Puéng khdu do 190m. Nam 1969 xay dung cdu Do Quan (Nam Dinh) khdu do 190m,
v6i s d6 cap chir duoc b6 tri theo dang bat chéo 2 day. Sau thai ky nay hang loat ciu
treo diam ciing dd dugc xay dung nhu cdu Bio Nhai, khau d6 140m; c4u Hang Tém khdu
do 140m; cdu C6e Pai, khdu dé 100m; ciu treo Cira Rao, khdu d6 130m. Nam 1980 da
thiét k& ciu treo Song Héng, chiéu dai todn cdu 13 1206m. Nam 1983 di xay dung xong
toan bo két cu bén dudi, sau d6 da thay déi bing ciu cing dan thép vi khéng mua dugc
cdp (nay 14 cau Chuong Duong).



Trong nhig nam gin day mot s6 dy 4n cdu treo méi da duge dé xudt cdu Thanh
Thach (Quang Binh), cdu H'ling (Pic Lic), cdu Thuian Phudc (Pa Nang)... Dac biét
trong du 4n xay dung cAu Nhat Tan (Ha No¢i) c6 dé xudt phuong 4n ciu treo diy vong véi
cic dac diém chon so bd: khdu d6 nhip chinh 500 + 600m nhip bién 145 + 180m, chiéu cao
thép tinh tir mat xe chay ~70m, khoang cich giifa cdc thanh treo giit dim ngang 1a 10 + 12m.

Vien KHCN GTVT di lap cdc dé 4n dinh hinh thiét k€ ciu treo véi cic loai hoat tai
nhd nhu doan xe H8, H10. Trén co s& tham khao dé dn nay, nhiéu cdu treo cho giao
thong mién niti da duge thi€t k& va xay dung dudi dang ban vinh cinu.

1.1.2. Chi tiéu k¥ thuat cia mét so cau treo trén thé gidi

So do va kich thude co ban cila mot s6 cdu treo day vong nhip 16n trén the giéi duge
trinh bay trong bang 1.1.

Bdng 1.1: Kich thuéc cdc cdu treo ddy vong nhip l6n trén thé gidgi

T Niam
STT Tén céu Tén nuée | hoan Chiéu dai cdc nhip Loai Ghi chu
thanh
1 2 3 4 5 6 7
I | Akashi Kaikyo Nhat 1998 960+1991+960 3 nhip 2 chst
2 | Great Belt East Pan Mach | 1998 535+1624+535 lién tuc
3 |Humber Anh 1981 280+1410+530 3 nhip 2 chét
4 |Jing Yin Yangtze | Trung Qudc | 1999 336.5+1385+309.34 nhip don
5 |Tsing Ma Trung Quac | 1997 455+1377+300 lién tyc duong bo
va xe lira
6 | Verrazano Narrows My 1964 370.341298.54+370.3 3 nhip 2 chét
7 | Golden Gate My 1937 342.9+1280.2+342.9 3 nhip 2 choét
8 |Hoga Kusten Thuy Dién | 1997 310+1210+280 3 nhip 2 chét
9 | Mackinac My 1957 | 548.6+1158.2+548.6 3 nhip 2 chét
10 | Mianami Bisan-Seto | Nhat Ban | 1988 274+1100+274 lién tuc dudng bo
va xe Ira
11 | Fatih Sultan Mehmet | Tho Nhi Ky | 1988 210+1090+210 nhip don
12 | Bosphorus Thé Nhi Ky | 1973 231410744255 nhip don
13 | George Washington My 1931 185.9+1066.5+198.1 3 nhip 2 chét
14 | Kurushima Kaikyo 3 | Nhat Ban | 1999 260+1030+280 nhip don
15 | Kurushima Kaikyo 2 | Nhat bén 1999 250+1020+245 2 nhip 2 chot
16 |25 de Abril B6 Dao Nha| 1966 | 483.4+1012.9+483.4 lien tuc dutmg bd
va xe lira




(Tiép bang 1.1}

Oukland Bay

1 2 3 4 5 6 7
17 |Forth Road Anh 1964 | 408.4+1005.8+408.4 3 nhip 2 chét
18 | Kita Bisan Seto Nhat Ban 1988 274+990+274 lién tuc duong bo
va xe lira
19 | Severn Anh 1966 304.8+987.6+304.8 3 nhip 2 chét
20 !Shimotsui-Seto Nhat Ban | 1988 230+4940+230 nhip don ¢6 dudmg bo
midt thira va xe lia
21 | XiLing Yangize Trung Quoe | 1997 22549004255 nhip don
22 |Hu Men Zhu Jiang | Trung Quoc | 1997 302+888+348.5 nhip don
23 | Ohnaruto NhatBan | 1985 93+330+876+330 3 nhip 2 chét | dudmg bo
va xe llra
24 | Tacoma Narrows 2 My 1950 335.3+853.4+3353 3 nhip 2 chét
25 jAsKoy Na Uy 1992 17348504173 nhip don
26 {Innoshima Nhat Ban | 1983 250+770+250 3 nhip 2 chét
27 | Akinada Nhat Ban | 2000 25547504170 3 nhip 2 chét
28 | Hakucho Nhat Ban | 1998 330+720+330 3 nhip 2 choét
29 | Angostura Véneduéla | 1967 28047124280 3 nhip 2 chét
30 | Kanmon Nhat Ban | 1973 178+712+178 3 nhip 2 chat
31 [San Francisco- My 1936 356.9+704.1+353 .6 3 nhip 2 chét

1.2. HE THONG KET CAU

1.2.1. Cac bo phan cia két ciu ciu treo

Heé théng két cau chinh cita mot cdu treo day véng duoc thé hién trong hinh 1.4

1. Ddm/dan ciing: Két cdu doc dé chiu va phan bd tai trong hoat tai, hoat dong nhu la
dam cimg va dim bao 6n dinh khi dong hoc cho két cdu.

2. Cap chinh: T8 hop cdc bé sgi cdp song song, 12 bd phan chiu luc chinh cia ciu,
nang d& didm/dan ciing va hé mat cdu va truyén tai trong qua thap cdu téi try va nén
moéng. Su truyén tai tir dim/dan 1én cdp chinh duge thuc hién thong qua cic day treo
hodc thanh treo.

3. Théap céu: Két cdu trung gian thang ding, chiu luc tir cdp chinh truyén dén roi

truyén tai trong xudéng dén nén méng.

4. Khéi neo: khéi bé tong nang dé giit neo cdp chinh va hoat dong nhu 12 b phan
chiu lue sau cling cia cau.
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Hinh 1.4. Céu tao cde b6 phdan chinh cida cdu treo ddy véng

1.2.2. Phan loai cic cau treo day vong

Cau treo day vdng ¢é thé duge phan loai theo s6 nhip, cdu tao cua ddm ciing, loai day
vong va phuong thitc neo cap.

1. Phan loai theo 56 luong nhip

Cau treo day vong thudng cé so d6é mét nhip, hai nhip, hoac ba nhip day vong véi hai
thdp va cdu nhiéu nhip day véng vdi ba hoic nhiéu hon ba thip (hinh 1.5). Ciu treo day
vong ba nhip duge sir dung phd bién nhat. Trong cdu day vong nhiéu nhip, chuyén vi
ngang cta dinh thip ¢6 thé ting ddng ké khi tai trong chi dat trén [ nhip do d6 cén quan
tam ding muic t6i cdc bién phdp ciu tao dé kiém sodt dugc chuyén vi clia thép céu.
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Hinh 1.5. Cdc loai ¢du treo ddy véng
a) I nhip; b) 2 nhip; ¢) Nhiéu nhip
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