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Calculation method of heat damage by hydration of mass concrete

LYU Guoer' , TANG Qunyi', WANG Dingshi' , LI Tianhao', ZHU Yunpeng’, CHEN Da’
(1. POWERCHINA Huadong Engineering Corporation Limited, Hangzhou 311122, China;
2. College of Harbour, Costal and Offshore Engineering, Hohai University, Nanjing 210098, China)

Abstract; In order to more accurately judge the loss of hydration heat inside the mass concrete during the casting process, a formula for
the prediction of temperature distribution at the worst moment between surface and interior of concretes was established by considering
six influencing factors, including the concrete adiabatic temperature rise, ambient temperature, casting temperature, heat dispersion
coefficient of formwork material, heat dispersion coefficient of thermal insulation material and thickness of the casting layer. A damage
calculation method of hydration heat was established based on the calibrated parameter from response surface analysis method,
temperature distribution and Loland damage model, and then was verified by the finite element numerical model. The results show that
the hydration heat damage equation can determine whether the damage cracking will be caused by temperature gradient at any point
during the casting process.

Key words: temperature damage; mass concrete; heat of hydration; temperature gradients; response surface analysis
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2.1 tEERER

TRt A L AR ST 38 5 AR 1) R AR R B8 - DSR2 UEA T A, AL TP R SR8, i RARBUR
+HECA B MK 140 kg/m® K8 220 kg/m® B K 60kg/m® i 120kg/m’® il 71 kg/m’ FIAT 1167 kg/m’ | 5
HUZRAFR 36.00 mx23. 00 mx2. 00 m, FARFHIREE it 10 75 22 7F DU JE BRI AR, it 15 75 25 A 3% 1 7 5
PRIRATRE B F5 40 R P R BE £ 1) B 3 TR 22 RN AT R AE GB 50496—2018 KRR BE 1 it T 4w ) [ 52
SKIGEIZ N, L7675 SRR BH M RE R A BUAS | A SR B - Pe SR DU JR SR IR 15 mm A ARER AR,
b R R A 50 mm YA R G 7 S (IR A

2.2 MRS ®1 BELEHBRISH
REE P EKIERH P ﬂ{ﬁﬂﬁi@ﬁ7ﬁ{}ﬁ,1‘/ﬁ%ﬁi] 42.5 ’@ Table 1 Thermal parameters of
A BRI R S ,%JEM%E‘J?@I%%&“” W1, IREEL T raw materials for concrete
FRBORN A S8 T B i A B0 O i L TR+ A PR THE . SIEE Y
AR HEGB 50496 —2018 ( KAR R EE + it Thzik) ' 1555, 1B (Wrm-K))  (k/Cke - K))
BEL W 243125 ke IR R HOH 1x00e, N 0 e
28 d HLESREEN 51.4 MPa ,ﬁ‘%ﬁ%‘@] HSHERECH 2. 554 W/ (m-K). BB K 0.230 0.920
HARAT 4 0.916 k)/ (kg + K) FoRARETT A 48.41°C, v 0.260 0.920
2y R Loow

TRBE £ 3¢ T B 36 40 o R TR A4 Rk e ) AR R BT AR B
GB 50496—2018( RARBUREE Tt TARE) i AR, Ml ARSI 1 2R REECH 0.233 W/ (m - K), I
RIAAMERNFUEECN 0. 116 W/ (m - K) , FHIHEASM R A RECH 30.46 k)/(m® « h - C), LRI
BEARECH 7.45K)/(m® « h « °C), MAL, R EAREEEIE R 20 °C  TREE + ABTEIE R 20 °C, 3L SRR ECN
1.978 W/ (m - K) , tb#A%5°4 0. 84 k)/ (kg - K) .
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72. 00 mx40. 00 mx5. 00 m, i FE 57K 5 28 AL 5 SHE G, DU 5 S0 30 R B 45 D Hb FETE TR 5 -tk ik
PO B B U ARSI . BRI N 0.5 m, IZIREE T B SRIAR R A BT RN 1 R,

1 REELRTIE 1/4 SEEB (BAm)

Fig.1 1/4 solid model of a cast concrete body ( unit: m)
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Table 2 Calculation results of numerical experiment

B/ B/

T4

T /C T./C T,/C h/ 7,/C
G5 P 0 (K/(m? - h+C))  (kI/(m® - h-C)) " :
1 40. 00 20. 00 20. 00 30. 46 7.45 2.00 22.76
2 50. 00 20. 00 20. 00 30. 46 7.45 2.00 26.73
3 60. 00 20. 00 20. 00 30. 46 7.45 2.00 34. 14
4 50. 00 10. 00 20. 00 30. 46 7.45 2.00 35.78
5 50. 00 30. 00 20. 00 30. 46 7.45 2.00 19. 98
6 50. 00 20. 00 10. 00 30. 46 7.45 2.00 20. 45
7 50. 00 20. 00 30. 00 30. 46 7.45 2.00 34.50
8 50. 00 20. 00 20. 00 11.12 7.45 2.00 22.18
9 50. 00 20. 00 20. 00 66.99 7.45 2.00 31.75
10 50. 00 20. 00 20. 00 30. 46 3.56 2.00 29.19
11 50. 00 20. 00 20. 00 30. 46 67.10 2.00 26. 80
12 50. 00 20. 00 20. 00 30. 46 7.45 1. 00 17.73
13 50. 00 20. 00 20. 00 30. 46 7.45 1. 50 23.16
M 137 TET 3 B S RS 28 1) — B BB 8% 1) B0l ®3 ERWETREM
TR S AT T 37 e A e o 7 2 ] A [ pR R O 2R [20] A Table 3 Significance of each impact factor
A SN U218 . A SR LT AT 5 R WHHT Wt
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e o e b 1 e e T, 0.0005 B
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(Rl DA B R URS BE RN o i, 552 Wil R X6 e K L 3R T, 0.0019 LES
IR B A 3. B 0.0077 B¥
) . N i By 0.4653 NS
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P S BRI W7 2% 500 o R LR 2 i 107 ) SRR, 21 P<0. 05 ELBRGE T 0 I, 7R LS Ml (R 0 e
IR 22 M LA RE MUK, 25 P>0. 05 FLBOR N, e K B 3 3L 2 iy B2 (L Py S s/, plh 26 3l 8, B %o
TR AR K LR 22 1) RO WA AN 0.8, TR DR g YR A 4 P B AR T R M AR/, H B 2 5 s 1L
2L/ N TIN5 PR IR 22 , BB SR PRAE AR S K LR IR ZE R AR
FHERR AN 25 R R, by 0 A o A 8 e R L AR TR 22 i I 24 2
T, == 26. 14812 + 0.5690007, - 0. 7335007, + 0. 7885007, + 0. 1474908, + 9.98193h (6)

a
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Fig.4 Contour map of factor of safety against cracking in numerical simulation of Case 5

4 2 5
3T Loland UM 4211 T 254 % RRIRBE + 4R T FREEIREE ARG B BB RN 2 8 AR
FEEHIA R BOR BE R IELX 6 A B0 5 22 1K AL AR 5 18 ok 1T P T TR 6 - o et o 4T 28—

MRS 2 Pl BEA B A TT 22 FE AR B SEPR R Fh e BN X S RSl ) W, o — 2P e s AN )
BT BT SR, B iR AR A3 D7 R FH i R ) S

SE k.

(1] 21,5k, TIRAR, 45, KARBUREE LR BT SRR [ C1//2022 4F Tk SR AR A2 SC8E : I, desnt i e 3
WFE BB PR F],2022:252-258.

[ 2] A, R0, AR 5658 46 AR BUREE L 25 IR BE B F 98 [ )] /K B BRI AR 2% ,2018,36 (12) :109-112. (SI Zheng, XIN
Lanfang, NIU Furong, et al. Study on temperature damage of mass concrete structures[ J ]. Water Resources and Power,2018,36
(12) :109-112. (in Chinese) )

[ 3] L6 IR H DR EE LA A BE RS BEVLI 5 0T [ D] P22 . K2R 2015,



34 WK E el (AR RS R ) 5552 &

[ 4] XEWR BRAER, FERE, 5. — AE 8RR S 0 R BE L P 3 I b B S AR i 52 R [ )] AR p R 2 4 ( A AR 1D

2011,41(4) .820-823. (LIU Yujun, QIAN Chunxiang,ZHUANG Yuan, et al. Influence of two-dimensional cooling condition on

inner temperature gradient and heat transferring in concrete[ J]. Journal of Southeast University ( Natural Science Edition) ,2011,

41(4) .820-823. (iin Chinese) )

TIURT, APIRAR R B, AR RRIRBE L IRLRE A7 R IT 70 A7 Bl BE A FE KRR 9T [ )] i T4 K ,2018,47(8) :97-101. (LEI

Yuanxin,FU Yaodong, CHEN Jinghui. Study on temperature finite element analysis and temperature gradient limit of mass

concrete[ J]. Construction Technology,2018,47(8) :97-101. (in Chinese) )

[ 6] e NRICHE G5 A & B Eh. RARFIREE il TARME . GB50496—2018[ S]. b5t . vh I EEAR Tlk i st ,2018.

[ 7 7 WA, XA 5 B A5 B K s RIDTRBE i T30 42 By 2R e S s A U0 Ak 40 [ 1] T R 23l ( AR
Z£hR) ,2015,43(4) :300-306. ( PAN Xigiang, LIU Youzhi, HU Ping, et al. Dynamic optimal analysis of concrete temperature
control and crack prevention standards and measures during dam construction for Zangmu Hydropower Station[ J]. Journal of
Hohai University ( Natural Sciences) ,2015,43(4) :300-306. (in Chinese) )

[ 8 1 Bt ZetiheaAs AR RHEE. 25 TR ARE it T30 el P2 SC B B AR [0 ] D9 DR 2 24l ( AR BHEA R, 2023,51(3) 1 162-
168. (CHENG Jing,ZUO Shijie,ZOU Kehui. Identification of key parameters of intelligent temperature control of pump and sluice

[5

[

concrete during the construction period [ J]. Journal of Hohai University ( Natural Sciences),2023,51 (3):162-168. (in

Chinese) )
[ 9] e N BRI A TE . 4 BT o B A7 TR 95 = D LA ) 188 - 549 1% 113 - TB 10002. 3—2005 [ S]. dbnt . i [ 2kl
JiAt,2005.

[10] TP TREE BBV BRIBIER [ D]. R 5T I K2 ,2001.

[11] LOLAND K E. Continuum damage model for load response estimation of concrete[ J]. Cement and Concrete Research, 1980,1;
395-402.

[12] PES AR, PHEE, 4. Z R IREE LA R AR AT TS [ )], S HE Tl R4k ( A AR ) ,2016,39 (12)
1680-1687. ( SUN Ruochan,REN Weixin, YANG Xia,et al. Study of two-dimensional temperature gradient of multi-room concrete
box girder[ J]. Journal of Hefei University of Technology ( Natural Science) ,2016,39(12) :1680-1687. (in Chinese) )

[13] rrie N RSN E 2z fin . 2 Rt A . JTG De0—2015[ ST. JLaT . AR AEHHE i hitkt:,2015.

[14] IX-CEN. Eurocode 1 :actions on structures( part 1-5) : general actions—thermal actions:BS EN 1991-1-5[ S]. Brussels ; European
Committee for Standardization,2003

[15] AASHTO. LRFD bridge design specification [ M ]. Washington: American Association of State Highway and Transportation
Officials,2012.

[16] POTT A,SIEGEL T,JOHNSON J,et al. Bridge design manual|[ M ]. Denver:the Colorado Department of Transportation,2003.

[17] T8, ol 5K 3, 45, B = IR LA R /KA IS T T [ 1] ZREE R 2E 24 ( A AR BIAR) ,2022,52(6) :1043-1051.
(YU Yang, ZHANG Feng, ZHANG Lei, et al. Test and analysis on hydration of concrete three-cell box girder[ J]. Journal of
Southeast University ( Natural Science Edition) ,2022,52(6) :1043-1051. (in Chinese) )

(18] AAADS. KRARBUREE LR BN ) SRR [ M. 2 JR. JEst: o EUKFK L Rk, 2012,

[19] ERl. KMBUREE 17K /K ALPRON SRS RS TR 7T [ D], 7422 AR % ,2019.

[20] BOX G E P,WILSON K B. On the experimental attainment of optimum conditions[ J]. Journal of the Royal Statistical Society
Series B ( Methodological ) ,1951,13(1) ;1-38.

[21] ARIE. Z5R05 MR EE L A5 B 20T 58 D . JEFH : ARJE RS 2011,

KR A .2023 - 11 -02 Sk X eds )



