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Research on Crack Control of Concrete at Arch Foot in
Concrete-Filled Steel Tube Arch Bridge Under Temperature
Gradient Action

ZHANG Dongpei' , LENG Fei'* |, WU Erjun', FAN Jiayi’
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China;
2. Suzhou Ansheng Architectural Design Co. , Ltd, Suzhou, Jiangsu 215500, China)

Abstract : Temperature gradient action is an important reason for the cracking of concrete at arch foot in
concrete-filled steel tube arch bridge during the service period. For Yaowan southeast highway bridge,
the local model of arch foot was established by HohaiRCFE-S program, and the stress states of arch foot
under four working conditions of uniform temperature rise, uniform temperature drop and superposition
of sunshine and suddenly-decreased temperature respectively were analyzed. It was found that the sun-
shine and suddenly-decreased temperature significantly increased the tensile stress of concrete at arch
foot and improved the risk of cracking. In order to control the cracking of arch foot, the limiting condi-
tions of the concrete tensile stress aiming at crack width control were proposed. Five crack control meas-
ures were established respectively, such as increasing the thickness of surrounding concrete, adding
shear nails, setting chord supports between arch ribs, placing the steel plate on the top surface of con-
crete and applying prestress near the top surface, and the stress comparison and crack control effect
were analyzed. The results show that under the working conditions of uniform temperature rise + sun-
shine and uniform temperature drop + suddenly decreased temperature, only increasing the thickness of
surrounding concrete or adding shear nails cannot meet the requirements of the tensile stress control.

Setting chord supports or placing the steel plate has a poor crack control effect, and applying prestress

Y5 HE5:2021-11-28

EEUA : EK AR A I H (51878250)

VBB EE (1996-) , 53 TTIRE M BB 5e A, WE 5 0 1 A IR i 45 H0 35
* BIAESE 2 K (1976-) I VLI HT N I YR, S5 5 o) - B TR AT AR



552 1

SRR A5 JRLEE B BE AR T A R 5 L BEATR BERAITR B - S P R F 5T 65

can obviously reduce the tensile stress of concrete at arch foot; The two combination schemes of applying

prestress + adding shear nail and adding prestress + increasing the thickness of surrounding concrete

show a good crack control effect under four working conditions.

Key words: bridge and tunnel engineering; concrete filled steel tube arch bridge; arch foot concrete;

temperature gradient action; crack control; numerical simulation
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Fig. 1 The node of arch foot
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Fig. 2 Layout of shear nails at arch foot
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Tab. 1 Mechanical and thermal indexes of materials
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C50 VR&E+ 25.0 3.45 x10* 0.20 1.0 x10°° 254.4 0. 108
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Tab. 2 Four working conditions of concrete at arch foot

o)k AR LA 1

G5

fER/ °C YEH AR A
1-1 THi 20 — Ky mfasyh
1-2 Rt 20 — R
2-1 THE 20 H I Ky mHBT
2-2 K35 20 IR IRRE SNV

FH L 4 R SR SR A i L P UL A8 Ak
AR/, IR - FEARAN R 2 °C 5 S m TR ogE + IR
AR, 6,22 CIHEZE-9. 40 C 24, AR
IER AR ) [1) 1, 20 i o 3 Gk 88 52 e RS, PR 8 5 Wi 48
I EMAEEEE R 1000 mm 2247

2.3 HBIR Ao
4 Fh T BEIR SR+ R R ERIN S o,
K Sy B4y in e 3 fiE s s,

6.24
N624
6.24

1116.24

RIATMIATHMERLHRATHEN 0,
Tab.3 Maximum principal tensile stress o, of concrete

at arch foot under four working conditions

T N 71/MPa O e 2T 2/ mm
1-1 5.27 10
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Fig. 4 Temperature field of suddenly-decreased temperature
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Fig. 5 Stress cloud diagrams of concrete at arch foot under four working conditions
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Tab.4 Maximum principal tensile stress o, of
concrete at arch foot after adding different crack

control measures

Ji % AMaiREEL I TH

it SR/ mm ERIEH -1 1-2 2-1 2-2
1 250 JRE5H 5.27 2.07 6.04 5.16
2 250 ipaka) 4.23 1.97 5.48 5.05
3 250  HHTZAT S 1.71 1,91 5.41 5.02
4 250 MR 2.51 1.74 6.48 4.61
5 250 TR S 2.58 0.30 0.66 2.87
6 250 TR AI+55 4T 1.85 0.29 0.66 2.84
7 300 g 4.28 1.91 6.14 5.00
8 300 315 3.39 1.82 5.61 4.88
9 300  HERDSZATSEE 1,62 1.79 5.54 4.90
10 300 MR 2.38 1.71 6.11 4.56
11 300 iR S 1.92 0.28 0.64 2.91
12 300 TR H+BTHET 1.29 0.28 0.62 2.90
13 350 JRE5H 3.58 1.71 5.62 4.73
14 350 CipiA] 2.78 1.66 5.19 4.64
15 350  HEEZAI R 1,56 1.66 5.42 4.52
16 350 R 2,25 1.52 6.10 4.30
17 350 TN g 1.65 0.16 0.63 3.03
18 400 JR 25 3.13 1.47 5.39 4.42
19 400 ipaka) 2.36 1.44 5.02 4.43
20 400  HEDSXFFSCHE 1.49 1.40 5.24 4.35
21 400 MR 2.14 1.41 6.04 4.09
22 400 TN g 1.47 0.14 0.59 2.92
23 450 JRE5H 2.81 1.32 5.09 4.34
24 450 EipaA] 2.15 130 4.93 4.35
25 450  HERDREAFEHE 1,42 1.29 5.19 4.32
26 450 R 2.15 1.41 5.71 4.10
27 450 iR 71 0.88 0.12 0.59 3.04

HIZE 4 K 7 &8 Rl AT JE faf 4 A4 )
TR EEAE IR (00 1-1 P8 1-2) , #4822 ml
A S IR ARG TR B b 17 g o 2 R BE e A R
(B 2-1 MTAL 2-2) A« (1) POHIESMu TR B+
JEJE T A REWG LR R 2R, (2) HBRAEH]
T, 0y BEE NS T BEAY BT S BT AU SR T
BAF AT R 35 1 B T R MRS X o, SEMEASL/IN B
(o A DI vk 3 A2 R 45 20K, (3) i T AN AE
SRR B Tl RO, BB AR TR A B A
I BT S B AR T R T N BRI B 1 A Sl it
Iy A A A R B IR MU IR BE L, S



70 Mok TR KR (H KRB 2022 4F
SE o R e B0 S B HIRHEERIR ST, (4) HENTSE 1 5, R IR A
ga=LL =R il==E bk W o, EPB/NFHERME, SIS 1
6 _ HRX 350,400 T 450 mm B, (St 350057 g BIVAT 5 2
i N BN FRIEER T LA U A /MR B

s L g =Ni PR (KA RO, (5) 0 B 3 1 [ o 4
& i 8 - BEBYIET, SMLTRBE £ R E L 250 5300 mm ]
ic g = e ATPIE L
A b - - 5 LA TS 1+ B 5 09 11 I U
LNE %Lﬁ | £ RSN LR FRRAL A Ry S
JZEN B g =N SR, XTI 7R R B AT S R IR o - B B
o e 2 0, AT7E T I LA R - (1) SMIREE +
P 7 B VA [ 4 R S AR B A 4 R LAUT

Wi R ENNLS) 0,

Fig. 7 Maximum principal tensile stress o, of concrete

at arch foot under four working conditions after adding

O 1may /MP2

/MPa

O max

different crack control measures

G e BAT s BRTRAT
Lo Bl e B
) R
5L }?i{j,\f,?!
4L
3 -
2L
1L

L 4 . 4 2 2 2 4
O250 3100 3150 460 4150

SR B fmm

(a) Li2-1 (BEFHE+HED

O o B e AT e BRI
- @R e BN
30_ * ¢ * ¢
2 L
1+
0 1 1 1 1
250 300 350 400 450
AL 5 fmm

(b) LHi2-2 (HARER+ <R

8 VLA IR 2T SR BE - fe R SRR g

Fig.

O 1 BEAMLIREE R RE A 1L
8 Variation of maximum principal tensile stress o,
of concrete at arch foot with surrounding concrete

after adding different crack control measures

JEBEABE 250 mm, 76 5% B8 4 A LS BN, iy
HEHT 1645 B P 32@ 200+° 15. 2-6@ 400 Tl /1
9, [ R S S LR 58 - T b3 1% 2 2 BT 14T,
(2) A Mu TR BE 1 B 2 350 mm, [R]AF7E T 524K
B AR N Ry A B P 32@ 250+¢p°
15. 2-6@ 500 T S14f

4 i

1) H BRI R 6 0] H4E BT 35 437 17 ) 52 )
B3 PUORBT IS AR,

2) HIRVERITR, S 52 AT SC4% s Bl 23 38 K
HER = da s A B V) | R VAP B WA Y 3% 3 o A A
F18 AT A G 5 B SR T i F0 0, 7 8 VR A TR
5 - JE R s TR B BT AR I H A BE I R TR B
RAEPEH ZOR

3) Tt TN, 3 +384 T 5 T3 TR AN T A7 + 3
JEAM IR Bk 1R AR 00T YR TR
ROR A SCHEREE

S 3k

[UTAEEIMS 25 28, B0 . BEGRHRa A0t 1 v HL A1 24 4% B
PR oA B b FRAE E[ 7]. A5 ARE ,2020(5) (47-51.
[2]7654G , AL , 7E L0, 98 TR BE + HE W HE I HE R
Bt d/NEBEMF ()], S KR, A RBH AR,
2018,40( 1) ;48-53.

[3]XPREE. AR TR 1 R AT HEA B 24 4% & Ho
HIXTSRAFFE[ D] B AL AR K2, 2016.

(425145, TN SR 46 0 1 5 3 T il B 1o ) 1) 4%
Hr&5®F5E[ D] B - PH e 25 K7, 2006.

[ST4T F0. IR 4 W 38 TR A8 2087 B FF 24 LR 52 [
AR RAE,2009.

L6 XA, X1 VT, 5k 7. Hrgegike B RETELRE M I 98 Sk
[J]. EART AR ,2019,52(5) :63-82.

(T 79 TU)

D]. 7



552 1

AR AR A DR -y L2 M = WA BB T TR R A B B T 79

[6]Ng C W W,LIU G B,LI Q. Investigation of the Long-Term
Tunnel Settlement Mechanisms of the First Metro Line in
Shanghai[ J ]. Can Geotech J,2013,50(6) :674-6384.

(708 e, T 8RR I, 55, M At L IE e 2 T M 2R A 1
(TR AT ) ] 7K SCHB R TR, 2006(3) + 118-122.

[8]FHT 2=, Asaoka 15 T ¢ 1 b 56 35T B8 Bk A A 1) 1) 2
XTI A+ 71%,2016,37(4) . 1061-1065.

(91 ¥, 2 E4E R, 3 T XU 25 i 4> IR SR 0
DURET[ ) ]. 5 17177 ,2004,25(10) 4.

[10]®B 6, X1 W5, 4 7, 5. AR T - 3 Bl i e S0 Jy v

T AT D] NRIKIT,2016,047(17) :93-97.
[ LLTHEARA B, T e 480 & 1 Jy 000 6k - b B 7T
WE[J]. A 1 71%,2004(7) :45-50.

( 455 63 1)

[ 11T P, 22RAN0, FhRRIE , 5. SR B T 4514 25 T a0 39 1
IR SR L —— DA SR VE X A | Bl ) ] v
=] 1Lk S5 PR 2E R, 2018,29(3) 1 12-17.

[12] 5k, MR, G, 45, LA A i 5K i1k
FHEI A T el R AR o (1], K& 5]
BT AR, 2020,27(2) :42-49.

[13]5k& T8, R D, 41600, 45, KA F458 s 3 %
AW 54 L], A A 1% 5 TR 224, 2009, 28
(9) :1819-1827.

( 25 70 10)
[71RI55, FHTE 8 4k, 55, 25 BRI RO TR e+ 2%
G BERE S [ 1], A 8% ,2019,064(4) :110-114.

[81A&RZ, T Jb, skiie. FEmI/E I XHIREE+ T B2 5%
[J]. AR SCEBHL . B HFEARNR,2019(1) :174-176.

(O PME & . s B A9 A8 TR HIEAF H R 3 300 H8 &

MBS [D]. R - LR K2, 2010.

[10]7F . SR EE HHEBF B IOR B b AW A58 [ D].
Kb R RA%,2013.

(1] AR, XA, BB, A5, 25 8 0 A TR e AT
HEVFHEIRN 3 43 7 BT 24 T T A [ T ] AR A B,
2014,34(4) .180-184

[12] 7R3, 22 SR AR, S, o 1L 500 9 AL T SR T A A

[ 12]TB 10304—2020, £k % % 18 T. 2 il 1. % 2 5 R FL 2
[s].

[ 13 ] M, R AR , 52 4 TR, 3R UK 37 0 3 sk 3 A 5
[J]. A+ TR ,2009,31(9) : 1476-1480.

[ 14]DBJ 11-501—2009 , b 5% Hi [X 7 57 it 56 FE Rl ) 22358 3
HEs].

[15]90 20, ;X B2 B RES. R i s A P B LA Biot
B2 Roe P T]. A %% ,2002,23(2) :4.
[16]28) 15, 5Kk NED, FE . £ 2 [ M. dbat ek

R, 2013 141-153.
[17]GB/T 51064—2015 , eI 4 M L Ab BRF R FRTE[ ST

(DHESH ATHE)

(1413 5, BRMGET T B8, 55 J3cae Ak o 181 2805 sl
Brid]. afa 71585 TAESAAR , 2005 (6) :934-938.

CISTRR 8, w6 42, 30 Bl 5o s i Ll A 30 A8 sl 5
SMTLT]. A S TR, 2004(2) :299-302.

(16 PRGNS, XK A , RHESC. 7K R ) % S 2R GE Al IR e
TR BE S M P b g o RS [0 ] T R R
2007(5) :17-21.

(PG JATHE)

WFFEL D], T R 24l HARFLA R, 2019,47(2) :
125-130.

[13] AR B HESE A, TR BE L = e Nl 1 B 4 & A IR
TURETY SRS A B AR ) ] TR LA Bh B S 1
TE242:47,2000,12( 10) :761-764.

[ 14]JTG D62—2004 , 7 [ 5W fif7 1R 5E 1= B 000 g 1R ¢ + MF
BT ST

[15]JTG D60—2015, 7\ HAF R LTl L[ S].

[16] DL/T 5057—2009 , /K TR #E + 2583 HITE S ).

[ 17]GB 51177—2016 , FHISHLBEIHITE S].

(DTS I THE)



