$39 8 w2 MEXREE A Vol.39 No.2
2025 4 4 A FLY ASH COMPREHENSIVE UTILIZATION Apr. 2025

e g PR TR - S i Y B B 5

Study on Early Shrinkage of Ultra — high Performance Concrete
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Abstract: The shrinkages of UHPC specimens with different constituent in different curing methods were measured by contact
method in order to solve the crack problem of UHPC at early stage. The results show that there is a critical water — binder ratio for
the early shrinkage of UHPC, when the water — binder ratio is less than the critical water — binder ratio, the shrinkage of UHPC
increases with the increase of water — binder ratio, and decreases with the increase of water — binder ratio when the water — binder
ratio is larger than the critical water — binder ratio. The effect of fly ash and slag powder on early shrinkage of UHPC is similar.
The shrinkage decreases with the increase of the dosage of fly ash and slag powder, the effect of fly ash on early shrinkage control
is better than that of slag powder. The early shrinkage of UHPC increases with the addition of silica fume. There is the obvious
effect of steel fiber on early shrinkage control of UHPC. The total shrinkage of UHPC in 7 d is the highest in hot water curing, the
second in standard curing, and the lowest in natural curing. The shrinkage of the four curing methods is very obvious in the first
3 d, and the shrinkage from 3 d to 7 d in hot water curing is the smallest in four curing methods. Therefore, the proper hot water
maintenance in the early stage of the actual project is beneficial to the late development of shrinkage inhibition.
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Table 1 Main properties of cement
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/ (m*/kg) WLk At P Sk e e 1/ %
385 151 196 5.9 31.7 2.06
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Table 2 Main properties of steel fiber

K/ mm AR HAR/mm Kiglt PLHL3E L/ MPa
12.26 0.22 61 2 886
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Table 3 Benchmark mix proportion of UHPC
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Table 4 Test mix proportion of UHPC

M5 KB BBR/kg B/ kg BER/kg BETYE/%

W/B-0.16 0.16 98 196 294 2
W/B-0.17 0.17 98 196 294 2
W/B-0.18 0.18 98 196 294 2
W/B-0.19 0.19 98 196 294 2
W/B-0.20 0.20 98 196 294 2
FA-0 0.17 196 294 2
FA-10 0.17 98 (10% ) 196 294 2
FA-20 0.17 180 (20% ) 196 294 2
FA-30 0.17 248 (30% ) 196 294 2
Cr-0 0.17 98 294 2
Cr-10 0.17 98 107 (10% ) 294 2
Cr-20 0.17 98 196 (20% ) 294 2
Cr-30 0.17 98 272 (30%) 294 2
Si-0 0.17 98 196 2
Si-10 0.17 98 196 132 (10% ) 2
Si-20 0.17 98 196 212 (20%) 2
Si-30 0.17 98 196 294 (30% ) 2
SF-0 0.17 98 196 294

SF-1 0.17 98 196 294 1
SF-2 0.17 98 196 294 2
SF-3 0.17 98 196 294 3
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Fig.1 Varieties of early shrinkage of UHPC with different W/B
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Fig.2 Varieties of early shrinkage of UHPC
with different fly ash dosages

FESMER A R A I L, R RLR B R 45 1 1
R KR RS R I SR, ELREE By
WORB R I, UHPC S0 i 4 52 90 01 8 a7 1)
B, SRBHEKAL, 10% . 20% . 30%
WK B AR 7 d IR 4E S BN T
19.9% . 23.7% . 31.2% , 33X B3 0 AR5 3 43
JKUVEREAT B il UHPC W 4s, HAHH K15 &bl ,
TR AT

FERMFDE ARG 19 1 d PN, UHPC W4s 149
. FEE KK = 38, UHPC Y4 2 F R

B SRBHE IR, BIEKB RTE 10% |
20% 1 30% 1) UHPC X4 e 4 43 0 8/ 1 24.2% |
28.8% . 35.9% . X Ui BIM MK (1948 AT A R0
UHPC - Hcai, EOSTYSCAR (o 100 80 R Bt B K 2
S IG R RGBT B TR K T PR AR
XA K AL R 2 T VR A o

BN K J5 i) UHPC FUEA I8 522 F B 3
HAE10%~30% S5 [N, BE&E RS R, H
FRISCAR RN o AT HHLEE 2R By KBS
BN, AT FE S D TR B T S MRS R, 7 AR R 9B
PEASTE AT I 30 3 R0 i s Ry R 1B AR R
R SR AR B, 25 RN 0 e A R 2D
TS T H ISR 5 B B K 58 0 e # FLI AR
FERLNL, TS RILBRZE, FBUKZELZH,
R REAIG T UHPC Wi
2.1.3 Witk

W # & UHPC W EEAR Gk, o) UHPC 5
WirERe A E R sTEk. KR BB B =
A 10% | 20% | 30% i, UHPC ZEAS [A] % 30 e 4
AL AN 3 TR o

900 -
Al d
750 697 [ 3 d
374

a5/ (x107)

Wk B %

(a) Wégz
900 - W
750 -
=
S 600
X
§E 450 |
§ = Cr-0
= 300 - — Cr-10
—+ (r-20
150 v (r-30
Il 1 Il Il
0 1 2 3 4 5 6 7
#%391/d

(b) WHmENESR
3 FAETE#EERN UHPC REKETL
Fig.3 Varieties of early shrinkage of UHPC
with different Slag powder dosage



2 14 U A - e P RE TR A P I R RE T 15

UHPC i 45 Bl 25 17 185 B 45 o 10 185 T g 0 /)
SRR T d NREIRGERE, KRBT ER
MR PRI A ek, K E T 904 x 107°; 2 ML,
10% . 20% . 30% # k4500 UHPC 7 d 4 43 5
WNT 12.8% . 15.6% . 26.7% .

R R FSE N 1 d i, UHPC Y4t 20 -
Tt 30% Wit Ky 5 & 0 1 7 A 0 0 4 0 AR B/
Hh 459 x 10°°, 5K BH B A, 10% .
20% | 30% Wit k5w AR FE 1 d P A ISR 40 93
FEAR T 20.8% . 20.2% | 34. 1% . BiP# Ry 115
AXF UHPC /i 1 d NIYEA M HI/ER . E2RE
FENTEA AU KB AR R, BEBE AR M R
i, KA Z B, KA FRIRZE , HEAREESS I [a)
MK, SEOREEL RN T3A, WA
MR, BT KRR, Hbd iR g+
WHBCa (OH), & & /D, 16 6E KB 5 A [F] 1415 B
T, KR N 2 2R e, [ TR B A R K
Sy W FE R AR08 08 . 3 K Ak R 51 1 1k 2 ik
a5 e FWSCHR AT IR VE R, AT A2 A b SR B i 4
/N

KB ERHRIFAE 3 ~ 7d )77 A e S /)
HZ M, 10% . 20% . 30% 0 #; 15 & i A U e
AR R T 27.8% . 20.3% . 20.3% . X EEH K
WEM ML SN K2, ANREAR I b3 70 iR 5 +
TRALBR, X9 S G R AR AN B, AR A T AL P
IR AT B 25 K, TR I ot ol R e %) e 5500 3
S ECT IR E IR RER
2.1.4 FEJK

R AE KB =40 30 10% . 20% |
UHPC e [m]#4  risci A2 Ak an 151 4 iR o

900

30% fiif

(@14
| [M3d
E7d

~
(%3
(=)

D
[=3
(=)

- 573
508 7

Wi/ (x107)

20 30
TERAB /%

(a) WHx

750 |
600
450 [ 4

300 Hf

a2/ (x107)

150

I | |
5 6 7

0 f 5 ; 4
1539 /d
(b) KWHETULESE

4 FEHERSER UHPC RHKHETH
Fig. 4 Varieties of early shrinkage of UHPC
with different silica fume dosage
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Fig. 5 Varieties of early shrinkage of UHPC with
different steel fiber dosage

FEGESFURAIN 1 d PRI s 3R K, X B4
H B T IR s %50 605 x 107°, 562 x 107°
ﬁsmoﬁsﬁxmﬁo%ﬁm7d5%%$£wﬁ
WE K 74.9% . 75.7% . 74.6% . 81.4% . 1£ MK
B, UHPC {15 T By, BeEER R R WK 1L
I 77 A A 2 08 46 RN A BT R I 2 AR TR 7 AR Y
FEJFEE, HICRI M 1 d s s, IR R
B

FE3~T7 d ), A AR s R R IR T R
UERFTREE L P IR 2540 E T8 X, BIEF 4k 1) 43 A 55
LRSS, UL AL AR R, AE SR A VR BE 1k
4, MIMIRH I UHPC Y it i dae i) 7= 597 R
2.2 Frdp sk UHPC -l 46 1 58 69 % v

AR SR BE X UHPC R 05045 5% i) A7 6 3B 35
225, RABARFEY (ZRYH) . ASRKFE (ZRSY) .,
PRfEFRS (BZYH) | 90 CH#IKFEH (RSYH) 4 FjiF
o=, BTN [ FR A BT UHPC R 046 11 5%

WL, AR S SR TR E MY A, R L d
PEATHAREIN R, PR 0 4 BhIR4PIAEE T 2 T
Wil . AFAFFR 6T UHPC £ 7 d YL
Ai7eAe, WiE 6 Fran .

1000 1 d

M3d

Ed7d
750

538
500 -

Wi/ (x10°9)

250
68
2llllIE:
ZRYH ZRSY
FrAp il

(a) WdmzZ

0

1400 - = ZRYH
1200 |-
1000

800 -

600 -

WA/ (x107)

400

200

#01/d
(b) WaEHBES
6 FIPHFA X UHPC B E AR EI =0
Fig. 6 Effect of curing method on early shrinkage of UHPC
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