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Study of Early Temperature Field and Stress Variation Law
of Concrete on Sidewalls of Subway Stations

CHEN Weiwen
(Xiamen Rail Transit Construction & Development Group Corporation Limited, Xiamen, Fujian 361004)

Abstract: To provide a theoretical basis and reference for crack control during construction, this study first monitored the
construction of side walls by embedding temperature and stress sensors. The measured data were then compared with the Midas
civil finite element model, the law for a temperature field, and the stress field during the construction of the side walls. The
field monitoring and numerical analysis showed that the hydration heat reaction of the concrete in the early stage was relatively
fast, reaching its maximum value only 20 h after pouring. The temperature was high in summer, and the cooling rate was relatively
slow at approximately —0.40 ‘C/h. However, the cooling rate of the middle layer was relatively fast. The time at which the
compressive stress reached its maximum value was close to that at which the temperature reached its maximum value.
Subsequently, it entered the shrinkage deformation stage. After the critical condition of zero stress occurred, the tensile stress
gradually increased with a continuous decrease in temperature, and the tensile stress at each measuring point tended to be
stable 50 h after pouring. The finite element model results were close to the field monitoring data. Thus, it could play a role in
the prediction of and theoretical basis for fractures. It could also be used as a reference for actual fracture control in engineering.
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Figure 1 Layout of warehouse measurement points (#2, #3, and #4)
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Table 1 Characteristic data of the highest temperatures
outside, in the middle of, and inside silos #2, #3, and #4

;] 5 R&HE R Ftig ik %/ Feig ik %/
1R T i 1) /h (C/h) ("C/h)
T2-30 61.3 13 2.15 0.34
T2-7M 66.3 28 1.52 0.33
T2-31 64.9 19 3.26 0.27
T3-70 60.2 10 2.52 0.36
T3-3M 65.1 14 221 0.51
T3-71 68.7 20 1.77 0.35
T4-30 64.4 11 2.52 0.33
T4-2M 66.6 19 1.72 0.43
T4-71 65.2 19 1.91 0.31
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Figure 2 T4-2M measuring point temperature time history curve
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Figure 3 Ambient and surface temperature time curves
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Table 2 Comparison of measured and theoretical
calculated maximum stresses at measuring point

M game/ WA galfa RE S Salb/

15E MPa %5 MPa %5 MPa
ST2-1H 1.13 ST3-1H 0.25 ST4-1H 2.30
ST2-2H 0.66 ST3-2H 0.35 ST4-2H 0.00

ST2-3H 0.95
ST2-4H 2.61
ST2-5H 1.39

ST3-3H 0.57
ST3-4H 0.38
ST3-5H 0.41

ST4-3H 0.63
ST4-4H 1.13
ST4-5H 1.01
ST2-6H 0.54 ST3-6H 0.38 ST4-6H 0.54
ST2-7H 1.07
ST2-8H 1.61
ST2-9H 1.70
E: OMELER, STRRRAME, F3HFRATLT,
S NKFETwE RN ERT, HLERE L,

ST3-7H 0.79
ST3-8H 0.91
ST3-9H 2.24

ST4-7H 0.13
ST4-8H 1.64
ST4-9H 1.64
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Figure 5 Strain time history diagram of some measuring points
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Figure 6 Negative 1 and negative 2 side wall section division (unit: m)

RGPS B BOdEAT: 55 1 B BOA HRBRAAR 42
M BEREE T P58 )R 120 h 208, WL R4
TLEEEE: 55 2 BN IS DA e S 1 120 h %2 270 d
AL, OhF 28 3#. A#(UIBEREAT I, IR AR AR
Wi 254 o

355t T ABERS A ANASE o RS REEAR AR 5 I R AT 2365 1
B BOULI, ) 8 K AL R e, R A ZE AR,
7 S DAY AL 55 1. g AN ¥4 2 i s TR Tt - R T T 2 O
DA PRI T st R ol 1) VR e T A 0o T
(1) 2 3#. AHOIAfT DR sE, YRR BT R
Hh G P B I SR EVA B R OE K B, AR
T DR PR Tl AT 00 6 T DTk A I
R T AEVER . 7 50 T3 1 B B > B A=
(fdes, il 7 v, REETEEREATE 0.1 mm LA .

(a) HREESS (50)40.09 mm) (b) 2#344% %55 (5E1£0.07 mm)

Py ¥, -
E ¥
A

(c)#%ééﬁeéﬁ% (WEH£0.04 mm) HEGi'S ($6/£0.09 mm)
T AR
Figure 7 Temperature cracks in some silos
LRI 2 B BAE MR R ER 120 h )5, W
0000 45 Y o - WA A T A LR LR G AR BE 1 Oy
Ay GEREEE. N 12025 5 m), HF 2 )20z
fe 6 m) W a7 A WA B, B K AREE TR ) IS B
0.44mm. 0.24 mm. [ 8 KB EHMIC R

(d)44#%§

210 230
3920 " 1 1104.,];1 1104.,!47

0.20

0.26

0.35

(a) 1-4-3
2310 Y 2 580 Y 2310
7 1

0.26

0.22 0.24

(b) 1-7-3

I8 AN A R L mm)
Figure 8 Partial crack census sketch

ST BRI T g ZREEE  U R S
o, JFAERER DR R AE . B AREE, SREE
TEREFEANT T 0.04~0.44 mm Z [0, LRG0 N
0.44 mm, {7 THF 1 /)=,

R 1. MR 2 2GR R e AR I 1Y
RIEAAGEIAME 9 PR, HITT 2 J2 IR R8% v BT ik
ANTHUR 1, I FLRE I R 2R 4% e e (R AT T X
Gl MR 12 JE P B TR SR B R LR, ]
— BUR (AR W8 R BN G 18, T 2 JRAR 4K
JESE R, ARA WAL

(R BT (GB50157—2013)HH At 5 49 117 i
e AP R T S 4 S8 A VFE ) 0.3 mm!™, 1
IR T, MR 1 R 2 4S4TSR L 0.3 mm

URBAN RAPID RAIL TRANSIT = 97



EHIREIZE - F 37 F 55 2024 F 10 B

FOVFME, A7 2 JR AR AR Fe VAR .

0.40 - — -
0.35 - mmr e m e
0.30 f-mmr s m e e e T
3
0.20
0.15
0.10 o e —
0.05 - — - e

0.00 Il Il Il Il 1 1 1 1 1 1 Il ]
50 60 70 80 90 100 110 120 130 140 150 160 17

DR/
(a) B F 12
0.30 [ rmmrm s

ZUB% T8 ¥ /mm

50 00 150 200 250 300
VeI AU
(b) M T2

9 RUETERE ML
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Table 2 Comparison of measured and theoretical
calculated maximum stresses at measuring point

1.14 1.0

ST2-1H 1.13

ST2-2H 0.66 0.63 1.1
ST2-3H 0.95 0.73 1.3
ST2-4H 2.61 1.48 1.8
ST2-5H 1.39 1.17 1.2
ST2-6H 0.54 0.69 0.8
ST2-7H 1.07 0.73 1.5
ST2-8H 1.61 1.23 1.3
ST2-9H 1.70 2.02 0.8
ST3-1H 0.25 0.40 0.6
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ST3-2H 0.35 0.35 1.0
ST3-3H 0.57 0.15 3.8
ST3-4H 0.38 0.55 0.7
ST3-5H 0.41 0.34 12
ST3-6H 0.38 0.25 1.5
ST3-7H 0.79 0.73 1.1
ST3-8H 0.91 1.12 0.8
ST3-9H 224 2.50 0.9
ST4-1H 2.30 2.05 1.1
ST4-2H 0.00 0.00 1.0
ST4-3H 0.63 0.67 0.9
ST4-4H 1.13 1.12 1.0
ST4-5H 1.01 0.93 1.1
ST4-6H 0.54 0.57 0.9
ST4-7H 0.13 0.10 1.3
ST4-8H 1.64 1.48 1.1
ST4-9H 1.64 1.55 1.1

5 gy ISP
51 EILIZ&M

1) 5 B AH DGR 4 3l it T M0 kb R R, 3R
TR AR At 1) SR A A e O vy T AR TN 3
2§ TR 11 S = 0B I ID 2R < e w K< 41 et o = B
sgmd, JEIEERRBEmE R, X 2R TE S
AV LR S, PRSI R A W, kAR
BENLE, SEREITR.

2) ARZEEYRAIN AL R, ANAE 24 h, HHIE 3 A4,
PR (] 1E 2 P 00 8 f i IR, GBS Py AL 22 0
Ko BO = 5%, SEBRREE IR &5 FA R 2
— i BT AR

3) SeBesR IR EE LA RN AT R 361, 5 BT
GESTI MBS S5 A BRI AR, 290 TIREE - B
Wedg, SCIRTBSORIR N BN R, SECE B BO™
AR RAETE S Y B AR R e, BB I B R
B MINES3
52 BEITWHTHANTHETREN

1) W AEPEH e I G, FEg S A ) A
SRR Z A BK, HEMELIZER, NFEILH
TR R I HaR B s, A MR ZE BRI AR TP
BOK, TN BN A MBS LI, B0 B TR
TR TR BIRLN g, TR T T RE AR 2 B R

BN Ay, R34

2) VREEL R TR L, JC RUFRMETERE, 76
Wit T 2 P2 A R AR, T4 AL & KR
HEL, @, ZEuh TSR e 2 (R 280 2 B84 .

3) VR LT R T s ST SRR
JEZ MAFER YRR, MiRE LN K S & B
IDISE, KR IEARIG T4 b, T-4n5is%e 5 .
6 4hi

1) SR IAVR B - KAk AR s B 25 o B, e e K
JEAH 20 h BUA B KME, BZEEER R, BRiRE
HIZ BN, 21H-0.40°C/h, B 1] J2 B o 22 AH ot
L

2) I 7325 3 d5 AL (¥ I (7] 5 985k 8 08 31 o KA
(RN T R i . NI AR TR B, 7L 0
TG SHAE DL 5, Hr N ) B A R (P 4R T B
K, FERIUG 50 h, #AB N A TR e .

3) A B oA B v 55 A B AL 45 R 5 I
WEIBHEAH ZZ 1N, BOAE T ARSIV TN 4 4 711
J5 A R0

S0k

[1] xR, 3FE2 L, FF, . g ESERARRRELP
3 iR BRACHUAE BAE B HAE[T]. ILARIR T S 2
2016(5): 66-69.

LIU Shuliang, GUO Yushan, LI Yong, et al. Mass concrete
center temperature change pattern and control measures in
metro station[J]. Modern urban transit, 2016(5): 66-69.

[2] #Ei%. Mgk & 3b T ARG AHREE £ I ZL8 B 3 BALHAT[D].
M Hd Tk K, 2015.

TAN Jin. Numerical analysis of concrete cracking tempera-
ture field in main structure of subway station[D]. Zhuzhou:
Hunan University of Technology, 2015.

[3] BAME, T4, R4k 6 5 KR £ 3K HT]. P
B 5 501 7K, 2014(5): 29-32.

MING Zhengrong, HE Li. Waterproofing design of open-
excavated station of Wuhan subway, line 6[J]. China building
waterproofing, 2014(5): 29-32.

[4] E4H8. TREHLEEH G EET E] B ITHR,
2000, 29(5): 5-9.

WANG Tiemeng. Comprehensive method for cracking-
control in structure[J]. Construction technology, 2000, 29(5):
5-9.

[5] KIANOUSH M R, ACARCAN M, ZIARI A. Behavior of
base restrained reinforced concrete walls under volumetric
change[J]. Engineering Structures, 2008, 30(6): 1526-1534.

URBAN RAPID RAIL TRANSIT 99



EHIREIZE - F 37 F 55 2024 F 10 B

[6]

(7]

(]

[10]

STOFFERS H. Cracking due to shrinkage and temperature

variation in walls[R]. 1978.

KHEDER G F, AL-RAWI R S, AL-DHAHI J K. A study of

the behaviour of volume change cracking in base restrained

concrete walls[J]. Materials and structures, 1994, 27(7):

383-392.

EHY. TRAMPALEEHM]. bR PEER L

AL, 1997.

WANG Tiemeng, Control of Cracking in Engineering Stru-

cture[M]. Beijing: China Architecture & Building Press,

1997.

WAL, AT H K F sh R NG TR E G fe A

w3t o A7[D]. db: AL A8 K, 2006.

CHEN Min. Calculation and analysis of early temperature

field and stress field of concrete side wall of open-cut subway

station[D]. Beijing: Beijing Jiaotong University, 2006.
KA, BEMR, KBA, & Wik EsEniEnn s
JER 0 5 B EHraaAl]. AR5 s AR SEIR, 2023,
21(5): 150-156.
WU Kunpeng, ZHOU Jiquan, ZHANG Zhaojie, et al. Multi-
factor influence analysis of temperature stress of side wall
concrete in subway station[J]. Journal of water resources
and architectural engineering, 2023, 21(5): 150-156.

(1]

[12]

kokmde, X FE, FEM . WTF T RMERE L
IR JE D B Ty 4 A R BT AL[T]. s E 5 K
Je &=, 2011(7): 51-53.

ZHANG Binghua, LIU Xinming, WANG Zhengfeng, et al.
Experimental research on distribution characteristics of
early temperature field and strain field of basement side
wall concrete[J]. China concrete and cement products,
2011(7): 51-53.

A ARG B AR G Aok IR, R AR AL
GB 50157—2013[S]. Jdb7%: P B Tk Hij4E, 2014,
Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Code for design of metro:
GB 50157—2013[S]. Beijing: China Architecture &
Building Press, 2014.

I, FhA, RER, F. AT F bk £ s
s 2 TR em SN AT [)]. B £ SRR S,
2020(9): 84-87.

XU Wen, LI Zhongchao, ZHANG Jianliang, et al. Moni-
toring analysis of influence of construction factors on
early age cracking of sidewall concrete in metro station
engineering[J]. China concrete and cement products,
2020(9): 84-87.

(%% T#Y)

(EBF6TH)

(6]

(]

o, kM ST, ¥ BREBYARERESS
BR[N] T aRFFIRARHFIR), 2022,
53(2): 737-746.

WU Xiaoping, ZHU Ye, XIAN Lingxiao, et al. Numerical
study on dynamic characteristics of Y-typed sound barrier in
high-speed railway[J]. Journal of Central South University
(science and technology), 2022, 53(2): 737-746.

RAER, MBUT, EAOR. LAMT LB B M E
MR [J]. kB 5 HRah4xh), 2022, 42(3): 203-208.
WU lJiakang, LIU Zhengqing, WANG Qiucheng. Prediction
of acoustic properties of sound-absorbing structures with
composite micro-perforated panels[J]. Noise and vibration
control, 2022, 42(3): 203-208.

IkH, TR IM, F RTIKR-ZRIAGETH
Yo A A B AR AR ]]. AR TR
(A KRAFRR), 2022, 49(1): 113-121.

WANG Feimeng, WANG Liangmo, WANG Tao, et al. Opti-
mization of the acoustic performance of micro-perforated
panel-melamine sound-absorbing sponge-cavity composite
structures[J]. Journal of Beijing University of Chemical
Technology (natural science edition), 2022, 49(1): 113-121.
FAL, R, ATk, F RN R A BT R

100 URBAN RAPID RAIL TRANSIT

[10]

(QRD)H AR = 1R 8978 = 45 4[], #kah 5k &, 2021,
40(13): 263-270.
WU Yue, ZHANG Lin, KE Yibo, et al. Sound absorption
characteristics analysis of aluminum foam plate-quadratic
residue diffuser (QRD) composite sound absorber[J]. Journal
of vibration and shock, 2021, 40(13): 263-270.
WS, ARk, ok, . T HLE RGBT £ 3
35 GR BN ] FAe R FFIM(A RAFIR), 2021,
61(1): 57-63.
HOU Bowen, ZENG Qine, FEI Linlin, et al. Noise eva-
luation method for urban rail transit underground station
platforms[J]. Journal of Tsinghua University (science and
technology), 2021, 61(1): 57-63.
F—, wante. RAB A TUP Br £ REAT & ik 4k
AR 5 Rk Frall]. KRE LK FFIR,
2019, 50(6): 814-819.
LEI Yibin, SHANG Ruihua. Research on the influence of
polyurethane filling and TUP dust-proof membrane on
the performance of box-type metal sound barrier for high-
speed railway[J]. Journal of Taiyuan University of Tech-
nology, 2019, 50(6): 814-819.

(4. HKE)



