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Tom tat:

Bai b4o danh gia kha ning mé rong mat cau cua cau dam hop bé téng cét thép du ung luc (BTCT DUL) tir 2
lan xe chay thanh 3 hoac 4 lan xe. Phuong an duoc stir dung trong nghién ctru 1a phuong an st dung cac thanh
chéng (SBWM). Phuong 4n nay da dugc nghién ctiu lan dau tién vao nam 2003 trong viéc nghién ciru mo
rong dam hop BTCT DUL tir 2 1an dén 3 hay 4 lan. Phuong phap phan tir hitu han duoc st dung trong nghién
ctru nham danh gia trang thai g suat va vong cua ban canh dam chi trong truong hop khéng hoic ¢6 st dung
thanh chng véi 03 khoang céach khac nhau lan luot 12 2 m, 3 m va 4 m. Két qua mé phong cho thiy tng suat
kéo theo phuong ngang cau giam 2,9 lan; d6 vong giam twong tng 2,98 lan ddi véi tredng hop sir dung thanh
chéng vai khoang céach céc thanh 1a 4 m. Nghién ctru gép phan b sung thém phwong an mé rong cau dam hop
BTCT DUL trong tuong lai.

Tir khoa: Phan tir hiru han; Dam hop BTCT DUL; Phuong phap thanh chéng mé rong cau.

Abstract:

This paper discusses how a two-lane prestressed box concrete bridge can be designed and constructed so that
it can be widened easily into a three- or four-lane bridge in the future. The methods presented are the strutted
box widening method (SBWM), which applies to concrete box girder bridges, and the strutted girder widening
method (SGWM), which applies to precast concrete girder bridges. The finite element method (FEA) was used
in this study to perform the tensile stress and deflection state of the girder in two cases non, and the use of
SBWM with 03 different distances of strut: 2m, 3m, and 4m, respectively. The results showed that the SBWM
with 4m of strut decreased by 2,9 times in the transverse tensile stress; the deflection is reduced by 2,98 times.
This study contributes to the widening method of the reinforced concrete box girder bridge in the future.

Keywords: Finite element method (FEA); Prestressed concrete bridge; Strutted box widening method.

1. Giéi thiéu Déi vai véi cac cau c6 cac nhip vira va nho, dac biét
la cac két cau nhip gian don, viéc mé rong phan
duong xe chay thém 2-4 m 1a kha don gian. Phuong
an thuong hay st dung 1a bo sung thém tir mot dén
hai dam chu két hop véi viéc mé rong xa mil md,
tru. Mot s6 phuong an khac doi hoi khi mé rong cau
can phai tang cuong thém md tru, bd sung thém hé
méng coc (khoan nhdi, coc dong, coc thép, ...) va
mé rong thém mé, tru méi true khi gac dam valién
két voi dam cii. Giai phap nay da ap dung & mot s6
cau tai nudc ta nhu cau Chanh Hoa— Québc 16 1; cau

Véi su phét trién nhanh chong cua kinh té van tai
trong nhitng ndm gan day, cing véi mat do giao
théng va Iuu luong giao thdng qua cdng trinh cau
ngay cang ting. Bé rong mot sé cong trinh cau qua
nhiéu nam khai thac tré' nén qua hep véi luu luong
giao thong hién hitu dan dén viéc thuong xuyén tin
tic giao thong, do d6 nhu ciu mé rong thém 1-2 1an
xe nham tang cuong kha ning thong hanh, giam Un
tac giao thong 1a hét suc can thiét.
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Xém ¢ Thuong Tin, cac cau trén Qubc 16 49 ma
rong bé rong cau tir 6 m 1én 7,5 m,... DS véi cac
cau I6n, nhip lién tuc viéc mé rong cau tré nén kho
khin hon do chiéu dai nhip 16n va mat cit ngang
thuong 1a dam hop do d6 viéc bd sung thém dam
tuong tu nhu la xay dung thém maot don nguyén bén
canh da lam cho chi phi xay dung lon. Do d6, viéc
nghién ciru, danh gia cac giai phap ma rong bé rong
dam hop, sau do lwa chon giai phap hop ly 1a hét suc
can thiét. Theo mot s6 nghién ctu trén thé gioi viec
mé rong, ting cuong ban canh dam hop sir dung
mét s6 giai phap nhu sau: (i) phuong phap st dung
thanh chéng (the strutted box widening method
(SBWM)); (ii) phuong phap st dung tang cuong
(iii) phuong phap st dung bé tong tinh nang siéu
cao (UHPC) ¢ I6p pha mat cau [1], [2];... Phuong
phap SBWM di dugc nghién ciu lan dau tién vao
nam 2003 boi Shushkewich [3] trong viéc nghién
ctu mé rong dam hop BTCT DUL tir 2 lan 1én 3-4
lan. Thong qua hai truong hop, tac gia da danh gia
viéc str dung phuong phap SBWM dé c6 thé mo
rong cau thi cong phan doan cd chiéu cao mit cat
ngang thay doi va khong doi doc theo chiéu dai
nhip. Sau d6, Shushkewich [4] c6 dé xuat cac giai
phép thiét ké dam hop BTCT DUL cho viéc mo
rong cau trong twong lai. Ngoai ra, mot s nghién
ctu khac da so sanh giai phap sir dung thanh chéng
va st dung suon bé tong nhu la suon tang cuong
(stiffened rid) ddi v&i dam hop ban canh rong [5]-
[7]. Tuy nhién, dbi véi céc thiét ké stra chira, giai
phap str dung suon tang cuong kha kho khan do
viéc thi cdng phuc tap va qué trinh hoat dong dong
thoi gitra bé tong sudn ting cudng méi bd sung va
bé tng ban mat cau hién hitu.

Hinh 1. Thanh chong thép ting kha nang chiu ly
cho ban canh dam hop trén duong Truong Chinh,
tuyén Vanh Dai 2, thanh phd Ha Noi.

Phwong phéap str dung thanh chdng bang thép nham
tang cuong cho phan canh hing caa dam hop gan
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day duoc &p dung cho cau ¢ duong Truong Chinh
trén tuyén Vanh Dai 2 tai Ha Noi (hinh 1). Tuy
nhién, day 1a cong trinh thiét ké mai. O Viét Nam,
hién nay chua c6 cong trinh thi cong mo rong, tang
cudng ban canh dam hop. Vi vdy, bai béo nay dé
cap dén giai phap mé rong dam hop bing phuong
phép sir dung thanh chdng, nhim danh gia tinh kha
thi caa giai phap ndy mong muén gidp cho ky su
lya chon phuong an mé rong cau cua Viét Nam
trong tuong lai.

2. Xay dung mé hinh két cau

2.1. Péi twong nghién ciru

Déi tugng nghién ciu cua bai bao 1a nghién cau,
danh gia kha nang mo rong cau Gianh,
Km625+500, Québc 16 1 (QL 1), tinh Quang Binh.
Cau béc qua sdng Gianh ndi thi xa Ba Bn va huyén
B Trach tinh Quang Binh. Cau Gianh duoc khai
cbng thang 5/1995 va khanh thanh nam 1998 vai
cac dac diém k¥ thuat nhu sau: So d6 két cau nhip:
L=374+58+90,6+120x 3+ 90,6 + 58 + 37,4
m: khocau: B=4x2+0,4x2+1,17 x 2 + 0,43 x
2 m =12 m; tai trong thiét ké H30-XB80.

MAT cAT TRY P3, P4,P5, P&
TYLE 150

MAT GAT GIDA NHIP
TVLE 1150

Hinh 2. M3t cét ngang trén dinh tru va gitra nhip cau
Gianh, Km 625+500, QL1, tinh Quang Binh.
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Giai phap duoc xem xét trong phuong phap mé rong phan duong xe chay 1a phwong phép sir dung thanh

chdng nhu dwoc md ta trén hinh 3.

ks

Hinh 3. Phuong 4n dy Kién ting cuong bang thanh chéng.

Phuong an st dung 1a thanh thép chdng bang thép.
Thanh chdng bang thép nham dam bao kha ning
chiu luc va khong lam ting dang ké tinh tai cua dam
chi. Phan bé téng lién két véi dam chi & ban canh
va suon dam cha s& duoc lién két véi dam hién hitu
thdng qua viéc khoan cdy cét thép thuong va lap
dung ludi cbt thép dé chiu lyc cuc bd ¢ hai dau cua
thanh chng. Khoan cay cét thép duoc thyc hién sau
khi d& d6i chiéu voi hd so hoan cong nham dam bao
viéc khoan cdy khdng anh huong dén cét thép du
g lyc hién hitu cia dam chii. Phuong an str dung
thanh chdng bang thép dam bao cho viéc thi cong
ma rong khdng can phai cAm cac phuong tién qua
cau va viéc thi cong nhanh hon so vi phuong an sir
dung thanh chdng bang bé tong.

2.2. Xay dwng mé hinh tinh toan

Pé so sanh va khao séat anh huéng cua su phan bd
ndi lyc twong ting Véi cac truong hop khi st dung
phuong phap SBWM. Nham giam thoi gian md
hinh, nghién cau tiép theo chi tap trung vao viéc

phan tich cuc b mot doan dam ciia cau Gianh nham
danh gia phan bb tng xuat ban canh cia dam hop.
Viéc mé hinh phan tir hiru han bang phan tu hitu
han (FEA) (hinh 4a). Do viéc phéan tich cuc bo nén
toan bo dam (ban day dam) s& duoc gan didu kién
bién la dat trén nén cang. Lién két gitra thanh chong
va sudn dam hay ban canh dam ciing sir dung lién
két cimng. Cac thdng sb vé dic trung hinh hoc, dic
trung vat liéu va tai trong tac dung duoc trinh bay
tai bang 1 va bang 2.

Céc ludi phan tir duoc phan chia thanh cac ludi
tam gi&c vai kich thudc canh 1 100 mm. Dam chi
duoc mo ta dudi dang phan tir Beam; thanh chdng
bang thép dugc mo ta dudi dang Column; cdt thép
dugc mo ta dudi dang Reinforcement trong mé hinh
phan tir hitu han FEA. Céc thong s6 vat liéu duoc
ldy theo hd so hoan cong cta cong trinh, theo do
cuong do chiu nén ctia bé tong twong dwong véi Cap
bé tong fc’ = 35Mpa. Thong s céc vat liéu khac
trong md hinh vat liéu duoc lay theo bang 1.

Bang 1. Thong sé vt liéu trong mé hinh.

Vit liéu
Hang muc ) (f M an hdi )
{li/l r(Jeg Ty Trong (kg/m3) Od;\l;l I;I:)n ol Hé sé Poisson
Bé téng dam chu 35 2356 30502 0,2
Bé téng dam doc u chdng 35 2356 30502 0,2
Thép thanh chéng 345 7709 197000 0,3
Cbt thép thuong 400 7709 197000 0,3
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2.3. Xay dwng mé hinh tinh toan

Tinh tai ban than dam cha duge xem xét trudce khi
lip dat hé thanh chéng thép, do do, khong co tac
dung Ién thanh chdng. Tinh tai phan 2 dugc xem xét
khi 1am lai lan can cau va tham lai I6p pha trén mt
cau, tai trong nay dwoc tinh toan trong bang 2. Hoat
tai dugc xem xét trong tinh toan la tai trong HL93

theo TCVN11823-2017. Theo do, ap luc banh xe
duoc tinh toan thanh mét ving anh huéng c6 bé
rong 830 mm va chiéu dai 600 mm xép léch tam ti
da vé& mot phia dé gay ra noi luc 1on nhat di véi
canh hang, cac hé s6 lan xe m = 1,2 va hé s6 xung
kich 1+IM = 1,33 phai dugc xét dén. Vay é&p luc do
mot banh xe laq = (72500 N x 1,2 x 1,33)/(830 mm
X 600 mm) = 0,23 Mpa.

Bang 2. Tinh tai phan 2 trong tinh toén.

Tai trong Ky hi¢u Gia tri Pon vi
Go chan, Iap cAan va (3ac cau kién DC2 7505 KN/m
bé tdng khac
Laop phu bé tdng nhua Asphalt DW 17,325 kN/m

2.4. M6 hinh cic phwong 4n két ciu

Pé danh gia duoc hiéu qua cua phuong 4n md rong
cau c6 sir dung thanh chdng. Két qua duoc tinh toén

trong cac truong hop sau: truong hop khong co
thanh chdng, truong hop cd thanh chdng (Hinh 4)
vai chiéu dai 2m, 3m va 4m.

(c) Thanh chéng voia =3 m.
Hinh 4. M6 phong dam va cot thép trong FEA.

ngang cau dudi tac dung cua tinh tai va hoat tai duoc

mo tai trén hinh 5.

3. Két qua va thao luan

Két qua tinh toan bang phan tir hitu han thu duoc su
phan b tng suat kéo cua bé tong theo phuong
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(d) Thanh chéng véi a =3 m.
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1530903 3061 806 4592 709 6123612

(a) M3t bang (ing suét trong truong hop khong cé thanh chdng.
Max : 3. 75e+000

Min ; 1.36e-001

(b) Phan bé wng suit trén mit cit ngang.
Hinh 5. Phan bd g xuét theo phuong ngang cau ¢ ban canh dam hop.

30.903 3061.806 4592.709 6123612

(a) Mat bang tng suét trong truong hop ¢6 thanh chéng a = 3m.

ax - 1.05e+000

T T LT

b) Phan bé wng suat trén mit cit ngang a =3 m.
Hinh 6. Phan bd ng xuét ¢ ban canh dam hop.
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Khodng céch giim céc thanh chéng b sung (m)

Hinh 7. Ung suat Ién nhat trong cac truong hop.

Trén mat bang hinh 5a c6 thé quan sat duoc trong
truong hop khong tang cuong bang thanh chdng,
g suét bat loi nhit nam doc theo sudn dam chu,
phan bét loi nhat nam & phia trén cling cua mat cat.
Trong trudng hop bd sung thanh chdng (hinh 6a),
phan tng suat 16n nhat giam, cac viing c6 (ng suat
I6n: Vi tri phia trén thanh chéng; vi tri tai trong va
tri tri suon dam chu. Tuy nhién, gié tri tng suat kéo
I6n nhat giam tir 3,75Mpa xudng 1 MPa, 1,05 MPa,
1,29 MPa tuong tng vai khoang cach gitra cac
thanh chéng lan luot 12 2, 3va4 m.

Hinh 7 biéu dién gia tri tng suat lon nhat trong

véi phuong an md rong phan duong xe chay ma
khong bo sung thanh chdng, tng suat kéo 16n nhat
3,75Mpa vuot qué (mg suat cho phép 2,95 Mpa.
Trong truong hop b tri thanh chdng véi khoang
cach 4 m, gié tri img suat kéo 16n nhat giam xudng
chi con 1,29 Mpa (giam 2,9 1an). Khi giam khoang
cach cac thanh vé 3 m, 2 m gié tri ung suat giam
twong ung 1a 18% va 22%. Déi véi thong s6 do
vong dau dam, theo tidu chuan Viét Nam thiét ké
cau trén duong bo do vong tai canh hing duoc gioi
han & muc 1a L/375, trong d6 L 1a chiéu dai nhip (&
day L = 3,0 m 1a bé rong canh hang dam). Do do,
L 3000

cac trudng hop: Khéng cé thanh chéng véi khoang d6 vong tdi da cho phép 1a —— = =—— =8(mm).
céch céc thanh chéng, a = 2,3 va 4 m. Nhu vay, ddi 375 375
A [ — A— — |
Sy S
E 7 b T S Gioi han do vong 8 mm ____i
:E 5 ___________:L _____ —+—Dg¢ vong tai dau canh dim (mm) E
& | i i i i
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Khodng cich gifra céc thanh chéng bé sung (m)

Hinh 8. D6 vong tai mép ban canh dam hop.

Giatri d6 véng l6n nhat tuong tng véi cac truong
hop duoc tinh toan va biéu dién nhu trén hinh 8.
Do vong 16n nhat truong hop khdng cé thanh
chéng 1a 4,55mm; khi bd sung thanh chéng d6
vong giam xudng twong tng 1a 1,65 mm (giam
2,75 1an); 1,36 mm (giam 2,98 lan); 1,1 mm
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(giam 4,13 lan) tuong Gng Vvoi truong hop
khoang cach cac thanh chéng 1a 4 m, 3 mva 2 m.
Nhu vay, so véi viéc b tri thanh chéng c6 a = 4
m, bd tri thanh chéng a = 3 m va a = 2 m giup
giam d6 vong thém 15% va 33%.
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Vay nén, viéc b6 sung thém cac hé thanh
chéng d6 vong canh dam gop phan giam rd rét do
vong cua dau canh dam va ting sy lam viéc an
toan cho két cdu. Po vong déu nho hon d6 vong
gi6i han cho phép theo tiéu chuan. Tuy nhién, gia
tri 4o vong nay chua tinh dén do véng tong thé
cua két cau nhip, viéc so sanh s& thuc hién trong
cac nghién cau tiép theo.

4. Két luan

Qua két qua nghién ctru vé phuong an bd sung
thanh chéng cho két cau nhip trong truong hop
ma& rong phan duong xe chay dbi vai mot cong
trinh cu thé mot s6 két luan c6 thé rat ra nhu sau:

e Viéc bd sung thanh chdng da chiing minh
hiéu qua rd rét trong viéc giam @ng suét 16n nhat
tai bé mat phia trén cua ban mat cau o vi tri lién
két voi suon dam hop. Két qua nay thu duoc
thong qua viéc tinh toan cuc bo trén mé hinh phan
tir hitu han. Ung suat giam 2,9 lan va do vang
giam 2,98 lan trong truong hop bd sung thanh
chbng véi khoang céch céc thanh 12 4 m.

e Khi khoang cach céc thanh chéng giam tir 4
m xudng 3 m va 2 m. Gia tri ing suét I6n nhat
giam tiép lan luot 1a 18% va 22%, trong khi d6
d6 vong giam tiép 15% va 33%.

Nhu vay, viéc mé rong phan duong xe chay
cling nhur md rong mat cau bang phuong an sir
dung thanh chéng 1a kha thi. Nghién ctru nay da
chiang minh tinh hiéu qua ctua phuong an, bo
sung vao mét trong nhirng phuong an mé rong
mit cau trong twong lai. Tuy nhién, nghién cau
mai chi dung lai ¢ danh gia hiéu qua cuc bo cua
mot doan dam, danh gia cha yéu theo phuong
ngang cau, chwa danh gia duoc tong thé cong
trinh cau. Trong céc nghién ctu tiép theo, nhém
tac gia can mo phong danh gia tong thé cong
trinh, sau d6 danh gia cuc bo. Mot trong nhitng
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hudng nghién ciru trong twong lai la tang cuong
ban mat cau dam hop bé tong cét thép bang vat
liéu ¢6 kha ning chiu kéo t6t nhu 13 bé tong tinh
nang siéu cao (UHPC), hoac ap dung ca hai
UHPC va thanh chéng.
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