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Influence of mold temperature on hydration heat of cement under continuous negative

temperature and its prediction model

WANG Xiaoping' , ZHANG Rongling™ , DUAN Yun', GUO Haizhen® , ZHANG Jiawei' , ZHANG Xuepeng'
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Gansu Changlong Highway

Maintenance Technology Research Institute CO., LTD., Lanzhou 730000, China)

Abstract: In order to study the hydration development law of cement with different molding temperatures under

continuous -5°C and 20°C curing environment, the hydration heat tests of cement paste with different molding tem-

peratures of 5°C, 10°C, 15°C and 20°C were carried out under two curing systems. The hydration heat mechanism of

cement paste with different curing systems and molding temperatures was analyzed. The effect of free water phase

transformation on the performance of cement under negative temperature was explored. The hydration heat predic-

tion model considering molding temperature ( 5~20°C ) under two curing systems was established. The results show

that when the curing system is fixed, the hydration heat and hydration degree of cement paste increase gradually

with the increase of curing age and mold temperature. The peak value of hydration heat difference and the equival-

ent age of hydration rate of 20°C curing and continuous —5°C curing are advanced by the molding temperature. Both

negative temperature and low molding temperature will cause the age ' lag ' phenomenon in the hydration process.

By analyzing the development law of hydration heat and its microscopic mechanism of action on cement paste, it is

suggested that the molding temperature can be appropriately increased within a reasonable range to optimize the

macro-micro performance of concrete under the negative temperature environment.

Keywords: perennial frozen soil; molding temperature; hydration heat; negative temperature maintenance;

forecasting model
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&1 P-042.5 EBEERELKEWE SFHER
Table 1 Physical and mechanical indexes of ordinary portland cement for P-042.5
Mechanical
Water Setting time/mi property/MPa
Testing Loss on requlr(iment of Specific surface SO3/ MgO/ ClI'/ Stabili eiting time/min Flexural ~ Compressive
index ignition/ norha area/(m*kg™") wt% wt% wt% tability strength  strength
wt% consistency of
cement/wt% Initial ~ Final 3 28 3 28
set set days days days days
xfszumd 3.05 27.4 349 2.56 2.04 0.023 Qualification 95 140 55 89 234 46.6
=] Y.
F2 HEAKRMER HRELIE (C)s
Table 2 Test water detection indexes (2) A0 T B A4 P I R B IR A AT 4, ﬁ{ P
Testing Intolerance Soluble s0>/ CI/ B K e TR E 190 g A K BIAB RS N
4 > N \
items pH Eom‘i’,‘f)/ Eomi?f)/ (mgL™) (mgL™) (3) FRHL 500 g 7K Je K5 HAE 5~10 s /0
mg- mg- SN S AN
— AHEA KT, A5 SRR A B R AL, O
conveyor 802 168 e 66 203 B B BB B AR B T T S B
water s ;
B, HE
F3 KiREREAL (4) B FHK e S B FEALIY A BB PE D, B
IKIEF 3 ~ YN = =P
L MR B, 120's, £F 4% 155, 76 UL DR I H B
Table 3 Proportion of cement paste N R X Ly e e
g VoG BE LK IR = Erh e, fe e B 120s;
e MY omperature/ temperature/ (5) K VRV o 52 U 48 B4 S ) 400
C C 5 ST V22 MAP S 4 L N 5 NN S
- w0 ; FERK P F I IEAT G5, TR iR BE AR AULAR Z T
SE10 190 500 20 10 FH Ul B2 A S DM U T S, O 8 B i il AR
SE15 190 500 20 15 Tt B2 1R 23 0 TR iR BE AR AR N AT 3R 4 5
SE20 190 500 20 20 N 5
NE5 190 500 -5 5 (6) B AAL LRI e I, M oK PRk Ak B4
NE10 190 500 -5 10 W52 I3 ) (GB/T 12959—2008)2% H %5 i $4 1
NE15 190 500 -5 15 Jae A ¢ i
NEIS 100 s AR L 0 K A

Notes: SE—Curing at 20°C; NE—Curing at continuous -5°C;
Numbers after SE and NE—Corresponding molding temperature
under two curing methods.
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Fig.1 Preparation diagram of cement paste

HNO, (2+0.02) mol/L
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Heat capacity calibration of calorimeter
C=(G,[1072.0+0.4(30—1,)+0.5(r—t,)])/R,

Determination of solution heat of unhydrated cement
q,=R,C/G,—0.8(T"-,")

Determination of dissolution heat of partially
hydrated cement
¢=R,C/G,~1.7(T"—t,")+1.3(t,"—¢,")

Calculation of cement hydration heat
9=4,=¢,+0.4(20—1,")

C—Calorimeter heat capacity (J/ C); G,—Weight of zinc oxide (g); -—Room temperature when zinc oxide is added into the calorimeter ('C); t,—Sum of
the first measured reading in the dissolution period and the corresponding centigrade temperature at 0°C of the Beckmann thermometer (C);
R,—Revised temperature rise ('C); g,—Heat of dissolution of unhydrated cement samples (J/g); G,—Quality of unhydrated cement samples after burning
(g); T'—Room temperature of unhydrated cement sample filled with calorimeter ('C); ¢,'—Sum of the first measured reading of the unhydrated cement
sample during the dissolution period and the corresponding centigrade temperature at 0°C of the Beckmann thermometer ('C); R,—Revised temperature
rise ('C); g,—Dissolution heat of hydrated cement sample after hydration for a certain age (J/g); G,—Quality of hydrated cement sample at a certain age
after burning (g); 7"—Room temperature at which the hydrated cement sample is loaded into the calorimeter ('C); t,”—Sum of the first measured reading
of the hydration cement sample during the dissolution period and the corresponding centigrade temperature at 0°C of the Beckmann thermometer (C);
R,—Revised temperature rise (C)

Pl 2 P I E TR PR A A

Fig.2 Determination of hydration heat of cement paste by dissolution heat method

Je v 3 58 K AL K AL A T 425-4601/g, AT i Omax =aC38(%)+bC2S(%)+cC3A(%)+dC4AF (%)  (4)
N RGECEE X a. bo oo dnl iy 3CHEK [22] 3845, 2050
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Fig.3 Relationship between molding temperature and hydration heat and hydration degree of cement paste under two curing systems
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Table 4 Verification and comparison of hydration heat models of cement paste for curing at 20°C
J/g

Fitting model 17\ge/day o1 35 19 o3 - R
Q; = 73.821936 148.73(1.73)  220.89(-7.54) 265.48(4.01)  299.67(2.87)  328.05(8.88) +oo 0.95125

= 3 4155'(:7; 149.57(2.30)  240.35(0.61)  273.55(1.17)  290.77(0.18)  301.31(0.002) 345.07  0.99979
0,=73311n1+9.39 152.04(4.00)  232.58(-2.64) 270.03(2.45)  294.70(1.17)  313.12(3.92) +eo 0.99423
O, = 454(1 — e0:026951 78.05(46.61) 196.21(17.87) 277.23(0.16)  332.79(14.24) 370.88(23.09) 454 0.62376
O, = 454(1 — e~ (0:02321031%y 146.56(0.25)  226.05(-5.38) 269.02(-2.81) 298.11(2.34)  319.66(6.09) 454 0.97585
0, = 454(1 — e~ 0:09677x0BR0OITy - 146,50(0.20)  226.02(-5.39) 269.01(-2.81) 298.12(2.34)  319.68(6.10) 454 0.97585

Validation data 146.2 238.9

276.8

291.3 301.3 454 -

Notes: Q,—Cumulative hydration heat of cement paste; t—Age;

Qmax—Theoretical hydration heat; R*—Coefficient of determination;

Relative error between verification data and calculation model in parentheses (%).

x5 HE-5C FIPKREREKWAERIGEIERT Lb

Table5 Verification and comparison of hydration heat model of cement paste for continuous —-5°C maintenance
1/g
Age/day
Fitting model R
7 21 35 49 63 +00
0, = 27.641054 79.05(5.82) 143.07(-6.86)  188.51(0.06)  226.07(4.76) 258.93(9.95)  +oo 0.97339
= 2322221 75.28(0.78) 153.59(0.00) 193.94(2.94)  218.54(1.27) 235.11(0.17)  331.51 0.99750
0;=68.07Inr-48.44 84.02(12.47) 158.80(3.39) 193.57(2.75) 216.48(0.31) 233.58(-0.81) +o 0.99531
O, = 454(1 — ¢~0:015081) 45.48(-39.11) 123.23(-19.77) 186.18(-1.18) 237.16(9.90) 278.43(18.23) 454 0.89346
0, = 454(1 — e~ (0.009850)36% 89.50(19.81)  152.49(-0.72)  191.22(1.50)  219.74(1.83) 242.32(2.90) 454 0.99984
= Omax(1—e™7"") - - - - - N No converge
Validation data 74.7 153.6 188.4 215.8 235.5 454 -
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Fig.6 Hyperbolic model of hydration heat of cement paste for different molding temperatures

Table 6 Fitting parameters and determination coefficients
of hyperbolic model of cement paste under different

maintenance modes

Curing Molding 2
temperature/‘C temperature/C " R
5 345.07 9.15 0.99979
10 361.01 6.21 0.99502
20 15 386.44 5.20 0.9987
20 416.95 3.87 0.99717
5 320.05 22.76 0.9975
10 329.18 17.32 0.99641
- 15 352.29 13.59 0.99622
20 381.30 10.47 0.9997
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Fig.7 m (a) and n (b) parameters fitting of cement paste at 20 °C curing
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F7 AMEPFRATR (17) HEEBRKR SR KU REIEITLE
Table 7 Formula (17) verification and comparison of calculation model of hydration heat of
cement paste under two maintenance modes
/g
Curing temperature/ C Molding temperature/C Age/day
7 21 35 49 63
10 187.34(4.08)  276.22(0.22)  305.17(-0.01) 319.53(0.42) 328.10(-0.45)
20 15 228.85(9.60) 314.44(-0.15)  339.86(0.94) 352.06(1.05) 359.22(-0.19)
20 268.29(1.05)  352.87(-0.32) 376.62(0.57) 387.81(0.81) 394.31(0.23)
10 95.55(-8.39) 182.36(2.10)  222.85(2.89)  246.29(0.49) 261.57(0.53)
-5 15 122.96(3.24)  217.83(5.28)  257.58(1.37)  279.43(0.52) 293.25(1.59)
20 153.71(3.79) 256.90(5.20) 296.74(2.21) 317.86(1.29)  330.95(1.33)

Note: Relative error between verification data and calculation model in parentheses (%).
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