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Effect of Synergistic Expansion of Light Sand Internal Curing Agent

on Deformation Performance of Micro—expansion Concrete
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2. Main Laboratory of Civil Engineering Materials of Jiangsu Province , Southeast University, Nanjing 211189, China)

Abstract: In order to reduce the occurrence of cracks in the cast—in—situ concrete structure of the laminated
wall panel in the subway assembly underground station, the expansion agent and the internal curing agent compound
technology were adopted. Four groups of C40 concrete with benchmark group, single-mixed expansion agent, com-
bined expansion agent, and light sand internal curing agent or SAP were designed. Through the concrete limited ex-
pansion rate, auto—shrinkage and drying shrinkage and other deformation properties and large slab crack resistance
test, the influence of the cooperative expansion effect of light sand internal curing agent on the deformation perfor-
mance of micro—expansion concrete was studied. The results show that the light sand internal curing agent has the
characteristics of high strength, high water absorption, high density, and can be evenly distributed in the concrete.

The 14 day limited expansion rate of the shrinkage—compensating concrete mixed with light sand internal curing
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agent is increased by 72% compared with the group without the internal curing agent. The 60 day self-shrinkage is

still in the expanded state, the expansion rate is 153x107°, the crack resistance is significantly improved, and the

overall performance is significantly better than that of the SAP internal curing agent. The synergistic expansion effect

of internal curing agents on expansive concrete is proposed for the first time.

Key words: light sand internal curing agent ; co—expansion effect; concrete ; deformation performance; crack re-

sistance
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K HT I8 85 MOK e A7 FR 24 w77 P-042.5 94K
Ve, % B 3 050 kg/m®, R TR R 385 ni /kg, 28 d 4L
JEBR L R 55.9 MPa; ¥y B K R e fig [ Br i ) e A1
BN T (R 0 AR 7= 0 F 28 Tk Ik, 25 15 ok 2 250
kg/m®,45 wm 438K 17.8% , 75 /KB L 95% , Hede i
7.2% ;0 K3 A i M TR R A A PR W) A 7R 1Y S95
Rk, %N 2 940 kg/m?®, H R TH B 408 nf kg,
28 d i PR 102% , e 2% it 0.3%. e B 1k~
A LR 1.
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Tab.1 Chemical composition of

Cementitious material %o

kot

Weao Wsio, Wano, Wre,0, Wngo, Wso, Wk,0, Wna,0 Wsio,

Kig  62.6 21.35 4.67 331 111 225 054 021 3.26

IR 477 549 269 649 131 1.16 1.05 0.88 3.10

WK 37.04 329 1536 1.57 10.52 2.54 0.69 0.40 0.30

0B R VTS BT I IX R b, 40 B A
2.60 , J L G A%, 2 W% B 2 630 kg/m®, HEFH % BiE
1 510 kg/m?, 25 B K 44%, & 6 & 0.5%, Je P & &
0.2% ; HLHE B R A K E AT, KNG T4 6: 4 B A%
5~31.5 mm LR AL AT, RV 2 740 kg/m?, HE
FURBE 1500 kg/m®, 25 AR 45% , 5 e 2 1.0%, ek
T 0.2%.

ARSI E VI AR S AR K R Ry
PCA-10 %9 5 ¥ R e 50k K R, 35 [ i 20%, B 18 Ry
1% , 87K 0 25% ; B RK R HME-V RUR %E 1 = 2L
REEIK T, %6 B R 2 650 kg/m®, 4l FE 1.18 mm, i 32 Ky
0.15% , 4515 4 8%.
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B N SRR R VLR A 7 0 R A
KiAe 1~4 mm, FUE BN 1 650 ke/m?, & 5% i 8.5
MPa, 1 h W 7KK 35% ; SAP N F747 37 5% F i 8 1
SR KA K4 A 30~300 wm, 1 h WK% 28 ofg
(BE1 g RR M 28 g 7K ), W ER 7KK 15 gfa (HE 1 g

B 15 g Ehis ).
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Tab. 2 Test mix ratio of subway C40

shrinkage—compensating concrete  (kg-m™)
U OB ik NFR 5%

] K [ el 7
AR e % w opw © <

DQ-1 297 63 63 0 0 741 1067 160 4.23
DQ-2 297 46 46 34 0 741 1067 160 4.23
DQ-3 297 46 46 34 063 741 1067 175 4.23

DQ-4 297 46 46 34 50 661 1067 180 4.23

B 4 114 BEL 1) 2% 14 N 35 0 S A 2 il MU 4 TR
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A IR BE + (DQ-2) 1y JE b b 1545 W6 Fh A ]
() P9 % 470 300 ) & R B R Bk P 3R B TR EE 1, JL
SAP PN FE 47 7145 2 R B EE M BH 0.15% , 521D 1Y 37
P15 50 kg/m® CGERFUEAR 405 8. DAL 4 4R % 1
R CA0 TR EE L .
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2009) 17 .
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Fig. 1 Curve of limited expansion rate of

shrinkage—compensating concrete with time
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152x10°°, /2 B4 1 ik ) A TR E 0 46 A2 B 19 52%
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U2 I 7 VR 9 A4 % 1) 22% .
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U, 18 5 R KWK ) AR b P 57 40 500 R TR B - Ml
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Fig.2 Curve of autogenous shrinkage of

shrinkage—compensating concrete with time
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20 F 5\ DO-1 of C40 Shrinkage compensating concrete
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60F 4 *f gg—g gy AR ROCH R BOPRmBY B

- 21, .

=80 "’\\ DQ-4 ! KJE/mm 8% /mm BCH/Z (mm?+m™) RI%
€ -100 e
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L0}
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Fig.3 Time-dependent drying shrinkage curve

of shrinkage—compensating concrete
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2.4 WFPFIITEMZ SR B T R R R R

ARAIF 5T R AR TE 256, R P9 i R SE oy
400 mm X600 mm X100 mm 1) [y Mg a4, 4%
s 5 2 T YR 0B 1 JEE R 22 mm, 455 EL DU 31 5 e AR
o A [ . TR EE R DRSS BT RH R (60
5)% . R (30+2) °CAGEH 6 m/s BRI Jin
FFSASG, 24 b BRI B P24, 4k S e = IR IR T L
B 6 d, &I EEHCR M A RS K R IR BE
- ISR AT 2, AR T TR K R R
s A g 59 5 A bR ) (GB/T 50082—2009) i
TP SR 5 TR 3.

RYG L5 LRI FEARERLE 5 0F T i 1 45
SR BE + 3 BUTT 2405 . AR A5 R IR ) 1) ik o TR
+ (DQ-1)FF St oy ™ H , fe K4 50 J R T 24 1
UK 5 DQ-1 A EL , S4B 0 ik 750 (%) 1ok R B TR 2
+ (DQ-2) 45 24 K AT b, (L d5e K 24 4%

B SRS, BT 2L T AR L 20%.
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PUPOR I F , SR8 B JE T R RBE T34 W 0]
BOF R AU A T 70%. 1145 SAP 1 S K TR B £
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28, B U] W4 T A A IR0 A9 DQ-2 41 . #h g ]
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Tab. 4 Workability and mechanical properties

J

—~~

of C40 Shrinkage compensating concrete

A PURSREMPa  BeUbCRREE YRR BRI
7d 28 d (28 d)/MPa mm mm
DOQ-1 39.6 48.0 3.06 205 640
DQ-2 39.8 50.7 3.61 220 485
DQ-3 43.7 49.1 3.34 255 625
DQ-4 42.9 52.3 3.32 222 625

1) TAEERE T LS, £ 4 4 4R
B FEA Y L B R T BRI KA
RHE 1+ (DQ-2) PRAKHEFIURG R AEME— 2 i3 . IRl
A SAP N IR R AL P 247 500 0 A M 4 TR 5+
TAEMEREA ek, 76 AN FREARORS 3R 1:  AR KM 1) 1]
BF, IPh R AT R A B R R T it T

2) J12EVERE . R ATTLIE T B A SAP Flferb
PR B MU e TR 1 124 PERE Y I 8 i TR
B A v TR R 1 (DQ-1). 5 BB K7 A 4
AR IR BE £ (DQ-2) M EL , 458 SAP P =477 57 1 1 ik
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TREEL (DQ-3) 7 AP R B4 =7 9.8%,28 d Pt FRo i
FHZEARK ; B RRD PN =4 500 i S ik TR € 1 (DQ-
4) 7 AR E T 7.8%,28 AP R EREE T 3.2%.

B A IR EE + (DQ-2) B S4BT RL 8 B e iy
BB NI IR e Rz (0 R EL (DQ-
DA B SIS, Hy e o] WL, 48340 i 0 R K R Ay R4
R F T 5% SC IR 6 450, 38 IR e B 2
5

3 AFFIPRIHE R R 53 1

2 B 751 45 7K sz o fef YR 2 R 30 7 AR IR K
i 5 5 B SR 0P JE I 58— , — 28 W R AIK TT DL SR
Wt - g R v LR B AP M i L A BRI S
T, I AK AT MR A0 S TR | R A
il 2 W AR TR 06 58 B8 ok vy 178 R B0 i B 2 410 o T
B ZRK . BFIE B I KRB — i, XHR
+ TAEVERE N 722 P e R A K Bl A 2 ). 7
AFATE AR, EIREE+ NF AT 742 0.2~0.7 MPa
(R R I 7, % 7 55 TR R B 2 R S K
TG PR 1958 T AT e - B PR AR
KBS SN K ), 16 K Ak i 7 v R AR 85 Ak b g
SRR i A fe A TR A e A BRI A . K A
Tt i b, SRR b R 2 3 A L9 5 1) A0 K
HLA — 52 W45 & HE T RO K b B ASTE |, 7 20 o 451
TG SR KA ) R T A K U A S5 R HAT 8
BRI AR TERE 7 . KALE 3, B AL 5 A (A v 4 22
02 R B A AR K I B e A A R 22 T g
T AL ZEAE A A A A R A B e LA R I ) S
P RIS R B AGE AR AR IR
e SR 2R PR RE O B L R RE G TR Y
A RE BT .

Tl Pk TR B - Mz P i Y & FEBGR T 37
FIBR ) 2514 . v i ik YR R K I U A (S5 B0 L IR
Yk A PN A K A A RE T JE AR 1 5 ek 4k, LA
e 4 25 i 7K b ) U/ N TTRE R, B 743 b A h SR
K G5 A3 AR BEE = P, T AR K I L 1
R KR EE £ SR N SRR AR R T B . N
FP R IR EE TS I A R K R e 5
WK B RRVE A N 3R 300, B R e TR = N K
SR . SR A N IR T DA TR
+ PR AR A, DA SO s A TR A I
PR IR BE - PP RE  N IR R AT S LA

Shy B T U5 B K AR T8 4 T B JE R 1
JRUEG: .

RIS ZE SR, N IR i TR e I B2 TR
B IRZ AR Bl N EE 1% B R, A RGE T
TREE I PURERE . R, B R4 R0 I ik TR 58 +
FLAT R 00 I ) B B S50 . 1 WK B N R 3 511
FEULEE BETE 2 000 kg/m* £ 47, OK KT 30%, SR
5t = FP DI A, nT ¥ A o A TR EE b
oo RAEL N IR HE , sl SAP N =3 R A- 7E 1Y)
J A AN RBEK 7 A PR AL PR A ), PRIE
TIREE - B G S A R R R e A P
e B NSRRI SR R R RK BN T
KAy IL BEANIBZE K, ST BRI AR R A s 7 i A
WK ST e BsF T 1 0 1 B Bk 390 R e 58 Ak 1R 7K Ak
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+JE AR AR AR T AT 4 R TR R

4 & &

SR K B He AT SR AR A A | P e sk /K ) A
B AR EBEAR KRS N =5 70 U R R Ak
AR A B T Ak S A U A C40 AME IR AR
RHE L, 298 B RPN TAEME  J12# 1t RE AR B
PERE . WA 8

1) PN FE4 550 %6 R B TR e - LA R A B Bl ] i
VEH . BRRD N IR 5 C40 #MZ e 1R BE Kk
14 d BRI BEZ KR LI K 451x10°, AR I K 71
AR 179%10° . Sk 57 14 d BUH i FHEEZ 14 d,
SRR T 40 2 B 14 14.6% , S B K7 20 1
21.6%, W1 AR T48 SAP N F= 4P 7 4 .

2) IR I A TR LA I A vs s
AEH . B RAD IR 570 A SO Ak TR 85 4 1 B2 ik R e
K, 60 d 4754k T 1 Rk R A LI Ak % R 153x10°°, B &
T ARBHFEYF 835 SAP IR IK IR % 1 .

3) ARG L TR 30 T i 4 R A A 2 S
AR AT dJ5 B B ARTE . BRI
TR I TR 6 1 ) 10 T g e 4 3 B W il N A T AN 18
K] BB I K 3R 51 52 15 SAP 5 B ik 3R i TR 58 -
HPUIAPETF 24 B I i
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