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TOM TAT: Cau day vang (CDV) dam lai thép-bé
téng la dang két cdu c6 dam chd duoc tich hop
cac phadn dadm chd bang thép va bé téng theo
phuong doc cla ciu. Nho phan dadm thép cé
trong lugng nhe hon nén gidm duoc ndi luc va
bién dang, déng thoi tang khd ning vuot nhip.
C&u tao doan dam thép cé thé dang hop thép hay
két cau lien hop. Bai bdo phan tich muc dé anh
hudng cla cau tao doan ddm thép dén cac hiéu
Ung ndi luc va bién dang do hoat tai trong CDV
cé dam lai, ap dung cho mét cong trinh CDV thuc
t& & Viet Nam.

TU KHOA: Cau day vang dam lai, ddm hép thép,
dam thép lién hop, hiéu Ung ndi luc va bién dang
cla hé két cau.

ABSTRACT: The hybrid steel-concrete beam
cable-stayed bridges is a sfructure with main
beams that integrate steel and concrete main
beam sections along the bridge's longitudinal
direction. Because the steel beam has a lighter
weight, it reduces internal forces and deformation
and increases the ability fo span spans. The steel
beam sfructure can be in the form of a steel box
or a composite structure. This article analyzes the
influence of steel girder section structure on internal
force effects and deformation due to live load in
cable-stayed bridges with hybrid girders, applied to
a real (cable-stayed bridges) project in Vietnam.

KEYWORDS: Cable-stayed bridges with hybrid
girders, steel box girders, composite steel girders,
internal force effects and deformation of the
structural system.

1.DAT VAN BE

Cau dam lai thép-bé tong két hop dam chd bang bé tong
du Ung luc (BTDUL) va thép doc theo chiéu dai cau [1]. Trong
nhiing nam 1970, cac ky su ngudi Phap da dua khai niém nay
vao cac cau dam lién tuc, néi bat nhat la cdu Mathilde bic qua
song Seine & Rouen [5]. So véi cau dam bé téng truyén thong,
viéc két hgp doan dam thép trong nhip chinh lam giam déng
ké trong lugng ban than cdia két cau, tranh dugc suhinh thanh
vét nut khu vuc gilra nhip, tir d6 tang kha nang chiu nhip ctia
cau. O khia canh khac, cac phan dam b&ng BTDUL (PC) duoc
st dung & phan nhip bién hay mét phan trong pham vi nhip
chinh dé& phat huy cac uu diém tang do cuing, cdi thién én
dinh, gidm noi luc va bién dang do hoat tai & nhip chinh, giam
luc nhé & tru neo, gidm chi phi duy tu va va tiét kiém chi phi
xay dung. Cac uu diém nay nhanh chéng dugc ting dung cho
két cau CDV va da chiing t6 hiéu qua dac biét la doi véi cac
CDV nhip I6n. Trong Bdng 1.1 giGi thiéu thong sé cdu tao clia
mot s6 CDV dam lai trén thé gidi va Viét Nam.

Cho dén nay, viéc nghién ciu sau rong vé cau dam lai
thép-bé tong da duoc tién hanh cho ca céc loai cau dam
(khung) lién tuc va CDV. Cac nghién ctu lién quan nay c6
thé dugc chia thanh ba linh vuc chinh nhu sau: (i) Xac dinh
vi tri hop ly clia méi néi thép-bé tong trong nhip chinh; (ii)
DBanh gia cac dac tinh co hoc va hinh hoc pht hgp ctia méi néi
thép-bé tong va (iii) Phan tich phan ting déng ctia cau dam
lai thép-bé tong [3]. Trong nghién ctiu nay tap trung vao van
dé thur nhat thuc chat 1a van dé ty 1& chiéu dai ctia doan dam
thép trong toan b chiéu dai ctia dam chu trong CDV dam lai.

DPoan dam chi bang thép thudng c6 ciu tao dang hop
thép, tuy nhién thuc t€ khai thac cac cau thép cho thay do cau
tao mat cau bang thép maéng, dé rung déng 16n nén cé thé dan
dén cackho khan trong cau tao I&p pht mat cau dudng 6 t6. Gidi
phép khéc phuc dugc dua ra la sir dung loai dam hop lién hop
thép-ban bé tdng cét thép, tuy nhién giai phap nay cé xu thé lam
tang tai trong ban than nén can nghién cdu day da hon.

Bang 1.1. Théng s6 ki thuat cia mét s6 CDV dam lai

o P . ens So d6 cau chinh Vi trim8i néi | Chiéu daidoan | Chiéu dai con-xon BTCT Tylé
Tén cau (hudc-nam hoan thanh) o C e » . . P . :
day vang (m) to hop dam thép (m) & nhip chinh (m) Lyco /Leninn
Nagisa (Nhat - 2012) 25+105,15+19 Nhip chinh 39,15 44,4 va 24,45 0,3723
No Giang (Trung Quéc - 2007) 81+175 Nhip chinh 165,5 9,5 0,9457
Ha Mén (Trung Quéc - 2014) 135,65+209,15+135,65 Nhip chinh 190,15 9,5x2 0,9091
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Tén ciu (nuGc-ndm hoan thanh) So 136 cfiu chinh Vi trimé’i néi Chjé‘u dé'i doan Chié:u d?i con-xon BTCT Tylé
day vang (m) to hop dam thép (m) & nhip chinh (m) L‘hép Moty
Normandy (Phap - 1995) 6x43,5+96+856+96+6x43,5 Nhip chinh 624 116x2 0,7290
Tatara (Nhat - 1999) 2x52,75+ 164,5+890+257,5+62,5 Nhip bién 1.312 - 1,474
Can Tho (Viét Nam - 2010) 2x40+150+550+150+2x40 Nhip chinh 210 170 x2 0,3819
Cau Dao Russky (Nga - 2012) 60+72+3x84+1104+3x84+72+60 Nhip bién 1.248 - 1,1304
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Hinh 1.1: So' dé téng thé va mit cit ngang ddm chd cda cau Tatara

2.LUA CHON VI TRi MOI NOI GIUA CAC DPOAN DAM
THEP VA BTDUL TRONG DAM CHU

Viéc xac dinh vi tri m&i néi thép-bé téng trong thiét
ké cau dam lai thép-bé téng noi chung va CDV dam lai la
rat quan trong. Viéc sit dung dam thép trong nhip chinh
c6 thé nang cao hiéu suat co hoc, ddy nhanh tién do thi
cong va nang cao tinh kha thi cla cong trinh [3]. Tuy
nhién, diéu can thiét la phai can bang hiéu qua két cau
vGi cac can nhac vé mat kinh té khi xac dinh chiéu dai toi
uu ctia dam hép thép, vi dam hép thép thuang dat hon
so vGi dam bé téng [6]. Zhang va cong su [2] da tién hanh
mot nghién cliu toan dién vé thiét ké cau dam laiva chira
tdm quan trong clia viéc xem xét cac yéu t6 nhu hiéu suat
két cau, tinh kinh té va thai gian xdy dung trong viéc xac
dinh chiéu dai ctia phan thép.

Mot can nhac quan trong khac khi thiét ké cau dam lién
tuc la d@&m bao rang cac géi & cac tru bén khong bi nang 1én
dudi bat ky t6 hop tai trong nao. Van dé nay c6 thé duoc gidi
quyét moét cach hiéu qua bang cach st dung cac dam thép
nhe & gitia nhip chinh. Ngoai ra, viéc sit dung dam bé téng
& nhip bén c6 thé can bang hiéu qua trong lugng ban than
cia dam thép trén nhip chinh, tlr d6 tang cudng d6 cing két
cdu téng thé. Mot s6 nghién clru khac da dua ra dé xudt rang
déi vai cau dam lai, ty 1& nhip bién va nhip chinh phaila 0,4,
trong khi ty 1& phan thép trén nhip chinh phai ndm trong
khoang 0,4 dén 0,5. Nguyén ly chung dé lua chon vi tri hop
ly ctia m&i néi gitta phan dam thép va BTDUL trong két cau
dam lai bao gom:

- Tai viing 6 ndi luc va bién dang khéng qua 16n va
phuc tap;

- Dam bao tinh tuong duong va toan ven cla hé théng
két cau;

- Chuyén tiép dé cliing ém thuan;

-Pat cac chitiéu kinh té va diéu kién thuan lgi cho thi cong.

Tuy nhién, két qua tap hop & Bdng 1.1 chi ra rang, vi tri
mai nGi gitia phan dam thép - bé téng trong cac CDV thuc té
cing rat khac biét. Trén cac Hinh 1.1 va 2.1 gidi thiéu vi tri moi
ndi va chiéu dai doan dam thép ctia 2 CDV nhip I6n dién hinh
la cau Tatara (Nhat Ban) va cau Normandy (Phap) thé hién y
tudng cda thiét ké cac CDV dam lai con nhiéu khac biét.
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Hinh 2.1: So d6 téng thé va méat cdt ngang dém chu
cta cau Normandy

3. MAT CAT NGANG VA MOI NOI PHAN DAM
THEP-BE TONG COT THEP TRONG CDV DAM LAI

Do ap dung cho cac CDV nhip 16n nén mat cat ngang
dam chu lai thudng c6 dang mat cat hinh hop. Thiét ké moi
nGi la mot trong nhiing thir thach 16n nhat trong thiét ké
cac két cau dam lai. V& nguyén ly can c6 mét doan (vung)
chuyén tiép dd cuing ti phan thép sang phan bé téng, goi
la vung chuyén ti€p mai ndi (Steel-Concrete Join -SCJ).

Tai SCJ, suthay d6i dot ngdt vé do ciing clia vat liéu va mat
cat & ca hai bén dan dén sumat lién tuc vé két cau va giam kha
nang chiu luc clia két cau, c6 thé danh hudng dén suan toan clia
hé théng cau [4]. Vi vay, viéc dam bao SCJ c6 déc tinh co hoc tot
va lam cho su thay déi dé ciing va luc truyén dugc tron tru la
van dé then chét trong thiét ké cau dam hop lai.

Cau tao, tinh chat co hoc va d6 bén ctia mai néi thép-
bé tong (SCJ) déng vai tro lién két gilta cac phan dam thép
va bé tong trong dam chu lai da nhan dugc sy quan tam
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nghién ctru dang ké ctia nhiéu tac gia. Nhiéu nghién ciu
da dugc tién hanh dé kiém tra tinh kha thi vé cau tric, su
phan bé Ung suat, dac tinh truyén luc, dac tinh truot, kha
nang chiu luc, su thay déi do cling va hu héng do mai clia
SCJ. Nhitng nghién ctru nay cung cap nén tang ly thuyét va
hudng dan ky thuat cho viéc thiét ké SCJ. Mét trong nhiing
nguyén ly co ban dé thiét k& SCJ dugc ap dung la phai cau
tao va thir nghiém két cau méi n6i dé dam bao cho géc quay
cla bé mat bé tdng va thép & hai dau maoi néi bang nhau.
Trén Hinh 3.1 gidi thiéu c4u tao doan SCJ déng vai trdo mai
noi gitta dam thép va dam BTDUL clia CDV Ngoc Giang su
dung dam hép lai trén mot tuyén dudng sat cao téc 3 Trung
Qudc. Poan chuyén tiép SCJ bao gébm 3 phan: A - Vung lién
két thép vai BTDUL; B - Vung chuyén tiép tur thép - BTDUL va
C-Vung chuyén tiép d6 cling trong pham vi dam hép thép.

Dam hép BTDUL Doan SCJ Dam hép thép
\ s = + < ]

Sudn chiu cat ~

Bu I6ng chiu c&t

L 3000 L 3000 R 3500 50,

A-Viing lién két thép-BTDUL; B- Viing chuyén tiép thép-BTDUL
C-Vling chuyén tiép do cling dam hép thép

Hinh 3.1: C4u tao ctia doan dam chuyén tiép SCJ trén cau thuc té&

4, UNG DUNG KET CAU DAM LAI TRONG MOT SO
CDV NHIP LGN G VIET NAM

Mot s6 CDV nhip 16n xay dung 6Viét Nam da stirdung két
cdu dam lai d€ gidm ndi luc va bién dang trong cac b6 phan
clakét cau, dacbiétla dam chi & nhip chinh nhucau CanTho
hoan thanh nam 2010 ¢ sa d6 (2x40+150+550+150+2x40),
& nhip chinh dung doan dam hép thép kin dai 210 m. Gan
day, trong qua trinh thiét k& cau HS (Hoa Binh) c6 so do
(2x40+150+550+150+2x40), v&i nhip chinh 550 m tuong tu
nhu cau Can Tho cling da st dung doan dam hop thép &
gitra nhip chinh dai 210 m (Hinh 4.1).
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Hinh 4.1: B8 tri chung CDV HS (Héa Binh)
Mat cat ngang dam chd so sanh hai phuong an dam lai:
Phuong an 1 dung dam hop BTDUL va doan dam thép dang
hop thép kin tuong tu cau Can Tho. Phuong 2 dung dam
hop BTDUL, doan dam thép st dung mat cat ngang dang
dam thép hép hé - lién hop véi ban mat cau bé tong cot
thép (Hinh 4.2). K&t qua phan tich trinh bay trong Bdng 4.1.
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Hinh 4.2: Cac phuong an mat c5§ d5rp lai cho CDV HS
6 giai doan thiét ké

Bang 4.1. Két qua so sanh hai phuong an thiét ké cau HS: Phuong an 1: DAm lai hép thép - hép BTDUL;
Phuong én 2: Dam lai hép thép lién hop ban bé téng cét thép - hép BTDUL

Phuong an 1 Phuong an 2

LI ey R Dam hop BTDUL ﬁ::‘h';‘:’;';g Dam hop BTDUL Dam hop thép kin
Dién tich m/c ngang m? 0,16680 x 10? 0,23840x 10 0,16690 x 10 0,172940 x 10
Tinh tai ban than DC1 kN/m 41700,00 18.714,40 41.725,00 13.575,80
Mé6-men quan tinh chéng uén vai truc Y m* 0,62020 x 10° 0,17573x 102 0,61040 x 10° 0,60338 x 10
Mé-men quan tinh chéng uén véi truc Z m* 0,18174x 102 0,15917 x 10! 0,12859 x10? 0,17284x 10
g/:gi_r:: r? fulgir;gd“g?);?éscgﬁ vai trang thai kN.m +118.672,30 +43.185,50 +88.400,10 +107.118,30
M6-men am Max dam chti véi TTGHCD'1 kN.m -110.197,50 -81.000,50 -75.242,70 -53.280,70
Luc ct I6n nhat theo TTGHCD1 kN 16.664,40 5.400,60 14.471,90 6.630,80
Luc nén doc dam chd theo TTGHCD1 kN 182.828,40 14.800,60 128.192,80 13.200,00
Luc kéo doc dam chdi theo TTGHCD1 kN - 11.996,10 15.056,10
Luc cang I6n nhat trong cap vang kN 4.307,70 4.161,8
Do vong do hoat tai Max m 0,1975 0,6706 0,1889 0,6875
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Trén Hinh 4.3 gi6i thiéu bi€u d6 mé-men néi luc cla hai
phuang an so sanh dudi tac déng ctia té hop tai trong theo
TTGHCD1

* Nhdn xét: Hai phuong an dam lai clia cau HS trong giai
doan thiét ké dugc so sanh, phan tich véi cac diéu kién co
cung sa d6 bé tri nhip va chiéu dai doan dam thép bang
nhau. Két qué & bang 2 cho phép dua ra cdc nhan xét sau day:

- Tuy ¢6 cdu tao kich thudc chi tiét khac nhau nhung
dién tich mat cat ngang, dé ciing chéng uén theo phuong
doc va ngang cau va trong lugng ban than cda cac phan
dam hop BTDUL cla hai phuong an thiét ké la tuong tu.
Diéu nay thé hién rd vai trd doi trong, gitr 8n dinh va chi
tiéu kinh t€ la tuong ducng nhau. Phuong an 2 s dung
doan dam thép dang hop kin c6 két cdu nhat quan va su
chuyén ti€p do cling ctia dam ch ém thudn hon. Cu thé la
chénh léch mé-men quan tinh chéng uén quanh trucY cda
phuong an 1 la 35,29 lan va clia phuong an 2 1a 10,116 lan

- Phuong an 1 diing doan dam thép dang két cau hai hop
thép lién hop vai ban mat cau BTCT nham 2 tiéu chi: (i) Giam
khéi lugng thép dan dén tiét kiém kinh phi; (ii) Tang cudng
d6 cling cho ban mét cau, tranh dé rung 16n lam hu hong 16p
phd mat cdu nhu da xady ra 8 mot s6 cong trinh cau c6 ban
mat cdu bang thép kiéu Orthotrope. Tuy nhién, tinh tai ban
than tang 37,9% so véi phuong an dam hop thép kin.

- M6-men duong Max trong dam chd tai nhip bién theo
phuong an 1 tang khodng 34,2% so véi phuong an 2 va mo-
men am Max tai mat cat dinh tru thap tdng khoang 46,5% phu
hgp véi viéc tang tinh tai ban than. Tuy vay, & nhip chinh (viing
b6 tri doan dam thép), md-men duang Max lai gidm dang ké
(59,6%) trong khi mé-men am Max tang khoang 52,1%.

- Luc cat Max trong dam theo phuong an 1 tang khoang
15,2% tai g6i va giam khoang 18,5% trong pham vi nhip chinh.
Luc doc va luc cang trong cap chénh léch khoang 34% dén 41%.

-Dé vong tai vi tri gitra nhip dam chinh do hoat tai theo
hai phuong én chénh léch khong déng ké.

Jidergeey
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Hinh 4.3: Biéu d6 mé-men dam chd - TTGHCD1
cta hai phuong dn CDV dam lai HS
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5.KET LUAN

Két qua nghién cliu tng dung dam lai hop thép-hop
BTDUL da lam r6 thém mot s van dé quan trong sau day:

- Do giam dugc trong lugng ban than nén st dung két
cau dam lai cho thay ré hiéu qua giam ndi luc va bién dang
trong dam chd phu hgp véi d6 16n cha trong lugng ban
than doan dam thép cla hai phuong an so sanh khoang
34 dén 35%.

- Su chuyén ti€p dod ciing va muic chénh léch vé do ciing
gilra cac doan dam thép hay thép lién hgp ban bé tong cot
thép so vai dé cliing ctia doan dam BTDUL o lién quan truc
tiép va nhay cdm vdi su thay déi ndi luc va bién dang thé
hién r6 qua viéc xuat hién budc nhdy mé-men trén Hinh 4.3.

Két qua nghién ctiu cling cho thay su can thiét clia viéc
nghién ctu day dd hon vé vi tri t6 chiic méi néi, muc chénh
léch dé ciing cau tao va chuyén tiép do cling clia cac doan
dam thép va dam hop BTDUL trong két cau CDV s dung
dam chu dang két cau lai khi tng dung vao thuc té.

Tai liéu tham khao

[1]. Mingwei Mao, Zhi-Qi He, Gao Liu (2024), An
analytical method for determining the rational position of
joint section in steel-concrete hybrid girder bridges, Structures
Journal 69, 107431.

[2]. Arnaud, S., Matsunaga, N., Nagano, S., & Ragaru,
J. (2008), Behavior of a multiple spans cable-stayed bridge,
in J. Walraven, D. Stoelhorst, (Eds) Tailor Made Concrete
Structures: New Solutions for our Society, pp.807-813.

[3]. Agrawal, T.P.(1997), Cable-stayed bridges-parametric
study, Journal of bridge engineering, 2(2), 61-67, https.//doi.
org/10.1061/(ASCE)1084-0702(1997)2:2(61).

[4]. Camara, A, & Efthymiou, E. (2016), Deck-tower
interaction in the transverse seismic response of cable-
stayed bridges and optimum configurations, Engineering
Structures, 124, 494-506, https://doi.org/10.1016/j.
engstruct.2016.06.017.

[5].Chen,D.W., Au,F.T.K.,Tham, L.G.,&Lee, P.K.K. (2000),
Determination of initial cable forces in prestressed concrete
cable-stayed bridges for given design deck profiles using the
force equilibrium method, Computers&Structures,74(1), 1-9,
https://doi.org/10.1016/50045-7949(98)00315-0.

[6]. EN 1991-2:2003. Eurocode 1: Actions on Structures -
Part 2: Traffic Loads on Bridges.

[7]. Hoang Ha (12/2024), Phan tich anh hudng cua dang
lién két tru thdp va dam cha dén hiéu tmg néi luc va bién dang
trong két cdu CDV chiu tdi trong khai thdc, Tap chi Cau dudng
Viét Nam.

[8]. B& GTVT, H6 so thiét ké cdc cdu Can Tho va cdu HS
(Hoa Binh).

a R
Ngay nhan bai: 20/12/2024
Ngay nhan bai siia: 27/12/2024
Ngay chap nhan dang: 10/01/2025

. )

49






