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Abstract. Joints in segmental box-girder bridges not only connect segments but also ensure
the transmissibility of external forces (i.e., the longitudinal force, bending moment, torsion,
and shear force) between adjacent segments. At the “dry joint” of 2 segments, where there is
no reinforcement, the longitudinal prestressing tendons mostly take the bending moment
while the shear key and the frictional force resist the shear force. When an eccentric load is
applied on the girder, it induces torsion causing a harmful addition of shear stress at the joint.
Therefore, the evaluation of the effect of torsion to the shear resistance of the shear key is
essential to ensure its performance. This study investigates the behavior of a segmental box-
girder bridge under eccentric loading using numerical simulations. The research results can
help engineers properly design dry joints for such segmental bridges.
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Tom tit. M01 ndi trong cau dam lap ghép phén doan ngoai nhiém vu nbi ghép cac dt dam
thanh két cau hoan chinh thi phai dam bao truyen luc gitra cac d6t dam nhu luc doc, moé men
u6n, md men Xoan lyc cit.. Dic trung cua dam lap ghép phan doan su dung mdi nbi kho 1a
tai vi tri mdi n01 khong c6 cot thép thuong, do do cot ‘thép dy tmg lyc dong vai tro chiu mo
men udn, lyc cit sinh ra ing suét tiép tai vi tri mdi ndi s& do khoa chdng cat va ma sét tiép
xuc cua bé mit bé tong dam nhiém. Khi tai trong dat 1éch tam hay co tac dong giy ra mo
men xoan tai vi tri mbi nbi, mo men X04n niy s& sinh ra ung suat tlep phu thém. Viéc danh
gia anh huong cua m6 men xoan dén kha ning chiu lyc cta moi n01 noi chung va khoa
chéng cit noi riéng 1a can thiét, nham dam bao viéc thiét ké mbi ndi 14 an toan. Bai bao
nghién ctru ung xtr ctia ciu dam hop lién tuc lap ghép phan doan dudi tac dyng cua tai trong
léch tam thong qua phuong phap mo phong sé nham gitip viéc tinh toan mdi ndi va két cau
hoan thién hon.

Tir khoa: Tai trong léch tam, m6 men xodn, dam lién tuc, strc khang cit, dam hop lip ghép
phan doan, Gmg suat cat.

© 2019 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Ngay nay, mit cat ngang két ciu nhip dang hop duoc sir dung rong rai cho cau nhip 16n
bé téng cét thép dy ung luc do c6 nhitng wu diém vuot troi nhu: c¢6 tinh 6n dinh cao, kha ning
chiu xoén tét... Bén canh cac nghién cau cai tién st dung dang mat cat hinh hop cho nhiing
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nhip 16n hon thi viéc st dung cdng nghé thi cong tién tién nhu cong ngh¢ thi cong l3p ghep
phan doan (céc dot dam duoc duc tai nha may, xudng...van chuyén dén cong trudong va Iap
ghép thanh két cdu nhip nhd médi ndi va cép du tng luc) cho phép chuyén mén hoa va diy
nhanh tién d6 thi cong.

Mot sb du an Ion d3 va dang dang trién khai & Viét Nam hién nay nhu dy an Tan Vi —
Lach Huyén, thanh phé Hai Phong [1], du an tuyén Metro Bén Thanh — Sudi Tién [2], thanh
phé H6 Chi Minh,... 4p dung cdng nghé thi cong lap ghép phan doan két ciu nhip st dung
mdi ndi khoa chdng cit cung keo epoxy va cap du (ng lrc, mat cit ngang dam dang chir U
hay mit cét hinh hop.

Mét trong nhirmg wu diém cua mat cat hop 1a kha nang chiu xoén tét. Tuy nhién trong
“Nghién ciru anh hudng ciia xodn dén gia tri ng suat - bién dang cua mit cat ngang dam
hop” ndm 2015 cua Lé Ba Khanh, Pham The Hung [3] ddi voi dam hop lien khdi da chi ra
x04n lam thay ddi gia tri, chiéu cua ung suat va bién dang. Ung suat tiép tai vi tri chu vi mat
cit dam tang khoang 20%.

Véi mat cit ngang dang hop nhu dy an Tan Vii — Lach Huyén [1], kha nang chiu x0én
cia mat cat hop 1a tuong d6i tot, tuy nhién do dic thd thi cong theo cong nghé lap ghép phan
doan, din dén c6 kha nang két cau bi pha hoai tai vi tri méi ni trude khi pha hoai tai cac mat
cat khac. Viéc phé hoai tai mdi ndi xay ra khi khoa chéng cét bi pha hoai duéi tac dung cua
g suat cat co thé do lyc cat hodc do déng thoi luc cat va md men xoan gay ra (tai trong dat
Iéch tam).

Téc gia Prof. Dr.-Ing. G. Rombach [4] trong nghién ctiru cdng b6 nam 2002 di chi ra rang
anh huong cia xoin d6i voi mat cat ngang dam hop ldp ghép phan doan khi xép tai léch tam
1a dang ké.

Nam 2010, 2011, M.A. Algorafi va cac cong su [5, 6] da tién hanh thi nghiém 6 dam,
chiéu dai mdi dam 3m duoc lap ghép tir 3 khdi dac san, 3 dam b tri cap du tng luc ngoai chay
thang, 3 dam b tri cap dy ung hyc ngoai dat gay khuc thé hién trong Hinh 1. Chi tiét vat licu,
bd tri cap va diém dit lyc thé hién trong Bang 1.
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Hinh 1. Cdu tao va bé tri cdp trén mau thi nghiém.

Bdng 1. Ddc tinh vdt liéu, bé tri cap va dg léch tdm cua tdi trong thi nghiém.

s | Cuong | M6 dun polech | Di€n | Dien | Géc
0 . A NV A tich ich A, | Lucdu
" dobé | danhoi Loe s tam cua tic Xiéncua | ,
hiéu N A a Botricap | ... A , ung luc
dam tong bé tbng taitrong | A__ Key cap o (kN)
(MPa) | (MPa) (mm) (m?) (m?) (rad)
Cl 49 34000 | Cép thang 0 0,15 0,01 0 82
C2 47 34000 | Céap théng 100 0,15 0,01 0 77
C3 49 34500 | Cép thang 200 0,15 0,01 0 87
D1 47 34000 Cép xién 0 0,15 0,01 0,1351 93
D2 47 34000 Cap xién 100 0,15 0,01 0,1351 74
D3 43 34500 Cép xién 200 0,15 0,01 0,1351 93
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Trong d6 Agm: Axay la dién tich tiép xuc phan phang va dién tich chan cac khoa chdng cit
tai vi tri mai ndi.

MGi dam b tri 2 tao cap dy tng luc loai 7 soi duong kinh 12,7mm (theo tiéu chuan ASTM
A 416-85 Grade 270), dién tich mdi tao 1a 98,7mm?, luc cing trong mdi tao cap 1a 30kN.
Vi dic tinh vat ligu, céc tac gia tién hanh thi nghiém uén 3 diém t6i khi dim phé hoai va két
qua thi nghi€ém thu duoc thé hi¢n trong Bang 2.
Bing 2. Két qua tai trong thang dieng khi phd hoai mau thi nghiém.

S6 hiéu dam thi nghiém Cl|C2|C3|D1| D2 | D3
Do 1éch tdm cua tai trong (mm) 0O | 100|200 | O 100 | 200
Tai trong thang dang 16n nhat thi nghiém (kN) 190 | 150 | 159 | * | 172 | 160

() khéng ghi nhan duoc gid tri luc thang ding khi pha hoai mau.

Két qua nghién ctiru thuc nghiém cho théy, khi tai trong dat 1éch tdm thi kha nang chiu tai
trong thang dimg ctua dam déu giam so voi trudng hop tai trong dat ding tdm. So sanh dam thi
nghiém mang s6 hiéu C1 va C2 thi kha ning chiu tai trong thang ding cua dim C2 giam
21,05%.

Tir cac phan tich trén ta thdy anh huong cua xoan dén kha niang chiu tai khong chi ddi véi
dam hop toan khéi ma ddi véi ca dam lap ghép phan doan khi thuc nghiém. Do dé can co
nhimg nghién ciru cu thé hon nham danh gia anh hudng cua xoan ddi véi kha ning chiu tai
trong ctia cau dam bé tong cdt thép 1ap ghép phan doan.

2. TINH TOAN MO PHONG SO

2.1. Thong s6 két ciu

Tién hanh tinh toan md phong sb két cau cau gém 5 nhip lién tuc, mit cit ngang mot hop 2
suon, thi cong theo cdng nghé Idp ghép phan doan timg nhip (Span By Span — SBS). So d6 két
cau nhip 52980+3@60000+52980, dugc thé hién Hinh 2, cac nhip duoc lap ghép tur céc dét
dam duc san, noi voi nhau bang cap du tng lyc trong va cap du ang luc ngoai. Méi nbi dam su
dung khoa chdng cat khong xét dén anh huong cia keo epoxy. Trén mdi nhip si dung méi ndi
loai A (Type A) cho cac mit cit gan dinh tru, méi ndi loai B (Type B) cho mat cét giira nhip,
mat cat ngang chi khac nhau vé chiéu day suon dam va bé tri khoa chéng cit ¢ swon dam duoc
thé hién & Hinh 3 va Hinh 4.

52980 3@60000=180000 52080
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Hinh 2. So dé két cau va bé tri méi néi.
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Hinh 3. Mat cat ngang tai vi tri moi nai loai A (Type A).
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Hinh 4. Mt cdt ngang tai vi tri moi nai logi B (Type B).
2.2. M6 hinh vat liéu

Vit li¢u bé tong str dung trong mo hinh phén tich dugc lay theo mo hinh vt li¢u tuyén
tinh. Céac théng so dau vao cua vat li¢u duoc lay theo tiéu chuan TCVN11823-5:2017 [7],
AASHTO 2012 [8], va dugc khai bao nhu sau:

Bdng 3. Cac thong so vat liéu bé tong.

o L o | Tiéu chuan ap
TT Thoéng so6 Ky hiéu Giatri Pon vi dung
1 Cuong do6 bé tong f'c 50 MPa
2 Mb dun dan hoi E 35749 MPa
3 | Trong luong riéng v 2400 Kg/m?® Tcggcl)igz}
4 Hé sé poisson L 0,2 '
5 | Giéi han chiu kéo fy ft=025Vf'c | 1,77 MPa
6 | Gisihan chiu cit fc 0,77 4,95Mpa | AASHTO2012
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Anh huong ciia co ngot, tir bién va sy phu thudc ciia viéc phét trién cuong do trong bé
tdng vao thoi gian dugc xét dén trong moé hinh vat liéu lay theo tiéu chuan CEB-FIP [9].
Cét thép cudng do cao lay theo tiéu chuan ASTM A416 [10], cap 270, do ty chiing thap
Bdang 4. Cac chi tiéu co Iy thép cuong d¢ cao.

TT Théng sb Ky higu Gia tri Pon vi
1 | Cuong do chiu kéo fou 1860 MPa
2 Cuong do chay Toy 1674 MPa
3 Mo dun dan hoi Eps 197000 MPa
4 Hé s poisson m 0,3
5 | Hé sb gidn no nhiét A 10,08x106 1/°C

Két cu nhip duogc bd tri ca cap du tng luc trong va cap du ung luc ngoai. Cép du tng
lyc trong 14 loai bé cap 12 tao xoan 7 soi 12515,2, luc kéo mdi bd 2834kN. Cap dy tng luc
ngoai ciing 14 loai b6 cép tao xoin 7 soi 19S15,2, luc kéo mdi bo 2885kN. B6 cap ngoai
chuyén huéng théng qua cac u neo va duoc chira trong vo boc bao vé.

Hinh 5. B¢ tri cap duw iing luc cho mét nhip.

~ Tai trong dung phén tich la mot truong hop tai HL93 (gOm tai trong lan va xe tai thiét
ke), cac hé so tinh tai, hoat tai dugc lay theo TCVN11823-5:2017.

Xe tai thiét ké

£ . m
5 =0 St bbb b L

V1=43m V2=4.3m-9m

35kN 145kN 145kN

Hinh 6. Hoat tai tinh toan HL 93.

2.3. Két qua tinh toan mo phéng

Tir cac dit lidu dau vao néu trén, sir dung phan mém MIDAS/Civil tién hanh phan tich
két cdu khi chiu tinh tai va hoat tai.

V6i hoat tai tién hanh khao sat voi hai cép tai trong 1a HL93 theo TCVN11823-
5:2017 va tang dan cép tai HL93 dén khi két cdu bi phd hoai. Dé danh gia anh huong cta
x0an ti img suat tai khoa chong ct thi véi mdi cp tai trong tién hanh dat tai ding tim va dat
tai 1éch tam.

Két qua phan tich tdp trung vao tng sut kéo trén dinh try, tmg suat kéo ban day hop
gitra nhip, Gng sut cét tai mdi ndi khoa chéng cat, do vong dam dé lam rd tac dong cua X04n.
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2.3.1 Truwong hep phéan tich véi tinh tai

Unit: MPa

0.80913 Max

0.77033 Max
0.63277 05788
045541 0.38727
0.25004 0.19574
010963 0.0042095
00726 018732
-0.24504 -0.37885
04254 -057038
-0.60177 -0.76191
-0.77813 Min -0.95345 Min

Ung suat kéo dot dinh tru 0,81MPa Ung SUC/I:ZL kéo dé't g”}a nhlp 0,77 MPa

Type: Shear Stress(vZ Plane)

hax shear 17
Type: Maximum Shear Stress
Unit: kPa
Tirme: 1 Time: 1 .
11/8/2019 216 Akd 11/8/2019 6:35 PM
1.5146 Max
11526 1.58 Max
0.79053 1.2335
042849 0.83604
0.066449 0.5404
-0.29358 0.10386
by s
-1.197 -0
13817 -0.84577
-1I?438M' -1.1923
- " -1.5389 Min

Ung sudt cat dot giira nhip 1,51 MPa Ung sudt cat sat tru 1,58 Mpa

Hinh 7.Két qua phan tich vdi finh tai.

Tir két qua trén cho ta thay, tng suat cit I6n nhat xuat hién tai mat cit sat try do luc cit Ién
va gia tri ing suat nay tap trung vi tri swon hop. Doi véi mat cat gidra nhip gia tri tng suat cit
I6n nhat lai tap trung vi tri ban nap hop.

2.3.1 Trwong hgp phén tich véi tai trong HL93

Bé rong mat cau thiét ké 4 lan, tuy nhién dé khao sét so sanh anh huong cua tai trong

dat léch tam thi trong ca hai trudng hop chi xép 2 1an chiu tai theo hai trudng hop ding tim
va léch tam.

Type: Maxirmum Principal Stress
Unit: MPa

Tirme: 1

117872019 6:41 Ph

Unit: MPa

1.4057 Max

1.1066 05651

080746 vesizz

A50836 035734
020926 0053457
0,089 023043
-0,38805 03341
-0.68805 -0.8e
-0,08715 11621
-1.2862 Min -1.466 Min

Ung sudt kéo dinh tru 1,41 MPa Ung sudt kéo dot giira 1,27 MPa
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Shear Stress 3
Type: Shear Stress(30¥ Plang)
Unit: MPa

Global Coordinate Systern
Time: 1

11,/8/2019 6:45 Pha

r StressCOy Plane)
Uit
Global Coo
Tirme: 1
11/8/2019 @47 P

2.2489 Max
1.6149
118
074699
031302

2.6681 Max
1.568

11118
0.65558

-0.12096 019937
-0.55403 -0.25683
-0.08801 -0.71304
-1.4220 -1.1693
-1.8569 Min _1.6255
-2.0817 Min

Uhng sudt cét tai dét giiia 2,25 MPa Ung sudt cat dot sét tru 2,67 MPa

Hinh 8. Két quda phan tich véi HL93 dat diing tam.

Ty'[_R: Shear Stress(3 Plane) Type: Shear Stress(0Y Plane)
el 3 Unit: bPa

) Global Coordinate Sys
Tirne: 1 Tirne: 1
114872019 £:55 Ph 11/8/2019 657 PM

2.2289 Max 35098 Max
1.5839 252
1.1388 1.8804
0.65384 1,2407
%2;‘363:‘6 0.60106
0Ea117 -0.038588
10862 -0.67823
-1.5312 13179
-1.9762 Min 18575
-2.5972 Min

Ung sudt cat tai dot giira 2,22 MPa Ung sudt cat dot sét try 3,51 MPa

Vi tri &g suat cat Ion nhat

Hinh 9. Két qud phan tich véi HL93 dat léch tam.
Bdng 5. Tong hop két qud phan tich véi tinh tai va hogt tai HL93.

e Ung | Ung | |
Do | Bo | Ungsuat | Ung | sujtcit | suitcit | Ungsuat
vong | vong | kéoban | suatkéo | tai méi | tai mdi tai neo
Truong hop tai lon lon nap dot | banday | néig noi dét cap dot
nhat | nhat | dinhtry | dotgitra | 1 . giita dinh tru
(mm) | (mm) | (MPa) | (MPa) | ¢ ™% | (\1py) (MPa)
(MPa)
Tinh tai 24,00 | 2,95 0,81 0,77 1,58 1,51 14,60
HL93 ding tam | 31,14 | 7,45 1,41 1,27 2,67 2,25 14,85
HL93 léchtam | 32,99 | 9,57 1,59 1,27 3,51 2,39 14,84
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Tir két qua phan tich ta thiy, ca hai trudng hop tai trong dat ding tam va 1éch tam ung
suat cit 16n nhat déu xuét hién tai vi tri méi néi & mat tiép xuc dot thu 4 va dbt tha 5 (twong
duong vi tri = ,!mp) va dat gia tri 16n nhat 3,51MPa.

Khi tai trong dat Iéch tam, ung sut kéo ban ndp dét dinh tru tang Ién dang ké, dat
1,59MPa, trong khi ttng suat kéo ban day dot gitra nhip hau nhu khong thay doi .

2.3.2 Trudong hop phan tich véi tai trong téi khi két cAu pha hoai

Gradient ¢zng sudt trén mdt cat ngang

Mdi noi mé réng Vi tri chiu mé men dwong
Hinh 10. M6 té mé réng méi néi va gradien ing suat.

5 Bi€u d6 gia tai HL93 - TH Bung Tam
' 4.5

.| ® ..Rupmre point

Bi€u dé gia tai HL93 - TH L&ch Tam

o
=)

]
4.0

v

o
o

Ung sudt cat trén khéa (Mpa)

Rupture point 4

L ]
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Ed
o

F3.5
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w
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Hinh 11. So d6 gia tai va gia tri dé vong ,ing sudt.

4. —+— US kéo dét giira - Ddng Tam
— US kéo dét giira - Léch Tam
—&— US kéo dinh tru - Ding Tam
US kéo dinh tru - Léch Tam

| =

- Vung pha hoai //
e,
E 175 /
g 1.50 /&
5 /
_F Vung an toan

| =

1.00 ///
0.75
0.5 1.0 15 20 22 2.5 282 3.0 35 4.0

Cap Tai lan HL-93

Hinh 12. Biéu do ing sudt kéo tai mdt cdt dinh tru va mdt cat giza nhip theo lan cdp tdi HL93.
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Ung suit kéo cua d6t dam khong c6 su khac biét khi dat tai 1éch tam hay ding tam. Gidi
han tng suat kéo 1,77MPa véi két cau bé tong du wng luc [4]. Tir két qua trén ta thay ban nap
dinh tru s& xuét hién cac vét nit do vuot gii han tng suat kéo cua bé tong khi tai trong dit
lén cau bang 2,2 1an hoat tai HL93.

—— Ung suit cat - Bung Tam

-y

e g st e /r ) // /,f\
3 el B

it \
0 \

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Cap Tai lan HL-93 (lan)

-

ng suéat cat trén khoa (Mpa)

)

Hinh 13. Ung sudt cat trén khoa theo cap tai HL 93.

Ung suat cat Ion nhat trén khoa khi chat tai cd su chénh léch rd rét ddi véi hai truong
hop chét tai dung tam va léch tdm. Ung suat cét truong hop dat tai léch tm 16n hon khi dit tai
dung tam. Két cau s& chiu duoc cap tai twong duong 1,92 1an hoat tai HL93 dit theo so d6
léch tam va 3,05 lan hoat tai HL93 néu dit theo so ¢ dung tam. Khi d6 tng suét cat trén khoa
chbng cat vuot qua gisi han chiu cat 4,95 MPa.

—— DO vdng - Pung Tam /:

Do vdng- Léch Tam

80

=]
Q

&
Q

D vong lan nhat (mm)

\

t ; t
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
Cap Tai lan HL-93 (lan)

Hinh 14. Bé vong do hoat tadi gay ra trén cau.

Biéu do do vong két cdu nhip thé hién Hinh 14 cho thiy d6 véng Ion nhat trén nhip
khong con tuyén tinh tai gi tri cip tai ma & d6 cac khoa bat dau hu hong do nat. Véi truong
hop dat tai léch tim do vdng do hoat tai gay ra tai cap tai pha hoai 12 40,02mm, va véi truong
hop dat dang tam co6 gia tri la 42,06mm.
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3. KET LUAN VA KIEN NGHI

Két qua phéan tich mé phong két cau nhip voi tai trong HL93 trong hai truong hop dat
dung tAm va léch tdm thi d6 vong cling nhu do vong cua két ciu trong trudng hop dit 1éch
tam déu 16n hon truong hop dat dung tam 1an luot 1a 5,9% va 28,46%.

Do anh huong cua hiéu tng xoan dan dén ¢ng suat cat 16n nhat xuat hién tai vi tri méi

ndi & éiump trong truong hop tai trong dat Iéch tdm I6n hon 31,46% so voi truong hop tai

trong dat dung tam.

Ung suét kéo ban nip d6t dinh try trong truong hop dit hoat tai léch tam 1,59MPa 16n
hon trudng hop hoat tai dat dang tim 12,76%. Trong khi dé ng suat kéo ban day dét giira
nhip khong thay doi.

Phan tich mo phong & giai doan dam bi pha hoai cho thy, khi tai trong 1éch tam khoa
chbng cit s& chiju thém anh hudng cta xodn nén tai trong téi han khi dat 1éch tdm chi dat
1,92HL93 trong khi tai trong dat dung tam la 3,05HL93.

Tir cac két qua phan tich trén ta thdy can xét dén anh hudng cua tai trong 1éch tam hay
xoan khi tinh toan kha ning chiu cat cua khoa chong cit. Két qua phan tich mé phong trén
day chi thyc hién ddi v6i mat cit ngang cu thé, cling nhu chua xét dén cac yéu té tac dong
khac cua tai trong hodc cau trén dudng cong. Do d6 tac gia kién nghi tiép tuc nghién ciru xét
dén anh huong cua lyc ly tAm, thi nghiém véi két cau thyc.
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