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Statistical damage constitutive model of early-age cementitious
grout under compression
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Abstract: Uniaxial compression tests on cementitious grout specimens and ordinary concrete specimens with same
strength at different ages (1 d<<¢<28 d) were carried out to investigate the compressive constitutive behavior of
early-age cementitious grout. The effects of age on the characteristic parameters of stress—strain curves of
cementitious grout specimens and concrete specimens under uniaxial compression were analyzed. The characteristic
parameters of cementitious grout specimens were compared with those of concrete specimens. Results show that with
the increase in specimen age, the peak stress, peak strain, ultimate strain, elastic modulus, peak secant modulus,
strain ductility coefficient, and energy dissipation coefficient of the specimens gradually increased. The peak stress,
peak strain, ultimate strain, strain ductility coefficient, and energy dissipation coefficient of cementitious grout
specimens were greater than those of concrete specimens, while the elastic modulus and peak secant modulus were
smaller. Considering the characteristics of cementitious grout, a modified segment-based compressive stress—strain
model was proposed based on the existing compressive stress—strain models, and a statistical damage constitutive
model was derived according to the statistical damage theory. The calculated results of the proposed models were in
good agreement with the experimental results, which indicates that the proposed models can accurately describe the
deformation characteristics of early-age cementitious grout under compression.
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Tab.1 Performance indexes of cementitious grout
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Tab.2 Mix proportions of concrete
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Fig.2 Test equipment for uniaxial compression test (mm)
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Fig.3 Relationship between cubic compressive strength and age
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Fig.5 Compressive stress—strain curves
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Fig. 6 Differences between peak secant modulus
and elastic modulus
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Fig.7 Differences between ultimate strain and peak strain

ARSCHE T ISR AT B A /K e S eSO 4T
3 88 55 7. 5 AT S 54 BE ) A 46 3 3 4 0. 916 53¢
MRL3 ] 2 B AR 20 0. 920 AISCRR (4] 45 B9 R 2K

0. 910 &3t , B B R T[] i B YR 488 + B0 P e o J&2
537 I R BT e i B B R 5k (0. 832)  (H AT A e 55
ZHGER 0.700 ~0.920 17,

20 T T T T T T T ™ 70
KSR e | WEREESEL
'\‘/ﬁijKTJUJ—i?EAJ*F v ol
15t N - E |

. . v A 150

- /%uﬁﬁﬁ@
< 10}
c 1
051
0 \b '\)b G)b (\b b
LELLE
fFor4l
B8 HOAERESMARRIERELLE
Fig.8 Ratio of axial compressive strength to cubic
compressive strength
70 T T T T T T T T T
O ow i 9 oa
60 ® Onia 2’: ® T T
A k4l o,® 0 _ _ w 9/
L[ -E, 8 e T T AR
%50- i o .7 1
: K g
' R=0.959
R40 ‘Q ¥=0.916x} ,°
= =098 | %
= 8 % :
% 30 / <> E /é b
: /a
20 gx o i
IKIRIEHEHH 5 T
10 1 1 1 1 '} 1 1 1 1
20 30 40 50 60 20 30 40 50 60 70
SETTRGUR SR £ /MPa

B9 BENNEIHFEREREXR

Fig. 9 Relationship between peak stress and cubic
compressive strength



5510 3] B2

W, 45 - S S K YT R 52 TR G T HR A A R AR - 145 -

2) WEAE NS &0 7K 8B HE SR A i U 1 1
AR WY KT [ 5 BE VR BE -, 3= PR A AR I
HURLEBVETE K e AR AR TE K R 4 1 I8 iR 4™
Je =R N AR ) 3 B AR T, A
TR EE AL TR K SR B B, iR A 22 32 Bk
TR LA R ASIE o [ 98 E TR e U AR
BB, MG LA B BN, I, B F
TR BE A W AR A8 Y 11 54 SO 3 37 7K 08 i 2
Ao R E g AT )20 4, L& 10, 45 3K 8
FERERR A N AE TR A
g, =4.1x107f, +1.211 x 107 ,R* = 0.954
(3)
X H A AT A R AR 14 ] 3056 Bl ol &
t, SCHR 14 ] a0 BOH AR T B 8, (H SRR AR O3 A1 7 1
SAh 2, AU 2 S ST R A5 R
U, W P TS R AR X T A b 53 7K U0 B )

UG N A
45 ———
y=4.1x 107x+1.211 x 10:" o &y
1.0 FR?=0.954 V9 Ecime
[ P
o g}o L - — AL
.35 '
o glA ‘J
S 30F " g oa0 .
8l & o 1y=157x 10%x+1.197 x 10”
@ 25 ;o 1R*=0.932 o -
£ ,0f O o I o B-78 |
. ® SN - oj/ -0 o
A SCHK[14] o_87,
15— — Ak 8 © 1
ke © PR+

1.0 : )
20 30 40 50 60 20 30 40 50 60 70
SEFAPURBEE £, /MPa

E10 EENESIARREREXR

Fig. 10  Relationship between peak strain and
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Tab.3 Summary of parameters of modified model
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