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Influence of Internal Curing and Expansive Agent on Concrete Complex Crack Resistance

CHEN Bo, DING Jiantong, CAI Yuebo, BAI Yin, ZHANG Wenxiao
(State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing
210029, China)

Abstract: In order to evaluate the hybrid effect of internal curing and expansive agent (UEA) on the improvement of concrete
complex crack resistance, the temperature and stress development of concretes with super absorbent polymer (SAP) and UEA were
investigated via thermal stress tests. The experimental results show that the hybrid effect of SAP/UEA can increase the concrete
pre-compressive stress in the heating stage and decrease the tensile stress development rate in the cooling stage. The cracking
temperature of concretes with SAP/UEA reduces, the difference between the maximum temperature and the cracking temperature of
the concretes with SAP/UEA is 10 C greater than that of the concretes without SAP/UEA, and the cracking time of concretes with
SAP/UEA extends. Also, the hybrid effect of SAP/UEA has no significant effect on the concrete workability and can slightly decrease
the cube compressive strength. According to the results of long-term deformation properties tests, the hybrid effect of SAP/UEA
improves the concrete ultimate tensile elongation in the range from 10% to 30%, and reduces the concrete drying shrinkage in the
range from 10% to 20%. The restrained expansion rate of concrete with SAP/UEA is 0.05% when the specimens are cured in water
for 14 d, and the restrained expansion rate is still 0.04% in curing for 42 d at constant temperature and humidity. The results indicate
that the hybrid action of internal curing and expensive agent could improve the concrete complex crack resistance.

Keywords: internal curing; expansive agent; thermal stress test; complex crack resistance
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Tablel Parametersof concrete mix proportionsand fresh concrete properties

Series Effective water/  w(Fly ash)/  w (Slag)/ Binder/ w (UEA)  w(SAP)/  Slump/  w (Air content)/ Specific gravity/
binder ratio % % (kg'm’3 ) % % mm % (kg'm’3)
YSD35 0.35 15 35 440 0 0 185 4.9 2340
YSD35L 0.35 15 35 440 10 0.1 191 4.1 2350
YSD38 0.38 20 40 395 0 0 190 4.5 2330
YSD38L 0.38 20 40 395 10 0.1 186 4.0 2350
w is mass fraction.
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1—Specimen; 2—Adjustable cross-head; 3—Fixed cross-head; 4—Step
motor; 5—Load cell; 6a—Measurement of cross-head movements;
6b—Length measurement with carbon fiber bars; 7—Formwork with
heating/cooling system; 8—PC for controlling and recording; 9—Cryostat

for cooling/heating of the formwork.

B S-S iR AL 5 )
Principle sketch of the Temperature Stress Testing
Machine

REAN GG SR 0L, SRA] B4Cast =—4EAH FRIT 7>
Brigeft, v A B RIE T 2, SR 2k,

Fig. 1



3 44 B 2 W %

P 25 IR SRR A R 4R G DURVE BER I <191 -

HATIRE-R 75 . BARDIEN: 1) A B4Cast
PREAT B, S ANL AR B S 4G 2) 1HRE
Ui T2, A AL & iR & LR R B
s 3) MRIBEIA B MR FELR, F A T
P ke T, AT R IR R - R
AUCGRI BT TR 00, i TR e L5
VEIELE 28 C . IREG I 168 h J5 VB %R 2 30 C
Feda, SR E AT iR b BRI (PR 2 1 °C/h), H 2R
PR FEIRE R b B B0 sl i iR B P A
N iR o DA 2R % (e v il P8 5 1 2R B ) 22 1)
PR EE BT RMERE
BRI PURSREE . MhduvERE. US4E
S RESHORIRIZ B DL/T 51502001 (/K iR+
WA 47, PRE K %K% % B GB
23439-2009 (VREELBZIKD AT,
2 HR5t#
2.1 SAP #1 UEA iR+ = HEERI ST
2,11 XTHURBRFEMISZ %2 SAP Ml UEA &
A AE AR EPUR S e, ARIE 2. 18
ANFEEEH], B0 SAP A1 UEA HIIR#E+ I HTE T8
FEARFRWEAR T k2 .

60

B3d@28d

Compressive strength/MPa
[ (%) P N
o (=) o o

—
(=]
T

YSD35L YSD38 YSD38L

Concrete series
B2 JREEL R R
Fig. 2 Compressive strength of concrete
DA SR, 5 SAP X IREE L [ HT R om B 2
FEEEA . A PR 545 SAP M
EE, £ 3 d I HULsREER A THE, 7d JaPikamE
b SAP BEMRE M. MEPRERY,
SAP J&, 5R1% SAP [EAMEREEEAALL, 3 d filk
SRPEIEAANLE, 28 d W ELEMEAT T, DL SAP
NN, 5 EE SAP FITIIROKAER, KT
0.02 HIZKIEE, F34h, BZARTEA e — e big
BT UK SRR R, BRI, WIS RER, 53k

YSD35

HEHAHLL, PURSREERSA N I R 4 55
(LRI L), PR —EFR R 3R s - M h s
SR .

2,12 XPHbdivERERIRZIE 5%E SAP Ml UEA &
HAE X B RE IR, 25 LR 2 FIk 3.

F 2 Rkt YSD355 YSD35L AyiHAIIERE
Table2 Axial tensile propertiesof YSD35 andY SD35L

Tensile strength/  Ultimate tensile strain ~ Elastic modulus/

Age/ MPa x10° GPa
YSD35 YSD35L YSD35 YSD35L YSD35 YSD35L
3 204 247 103 135 293 265
7 277 295 115 137 309 292
14 287 294 119 134 315 303
28 329 321 13 134 377 308

F 3 Rkt YSD38 5 YSD38L AyimiriEAE
Table3 Axial tensile propertiesof YSD38 andY SD38L

Tensile strength/ Ultimate tensile strain ~ Elastic modulus/

Age/ MPa x10° GPa
YSD38  YSD3SL YSD38 YSD38L YSD38 YSD3SL
3 1.97 233 92 12 283 287
7 2.56 3.15 103 115 295 360
14 26l 3.24 109 132 308 327
28 276 311 13 118 304 354
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