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Damage characteristics and constitutive relationship of coal
gangue concrete under freeze-thaw cycles

QIU Jisheng s ZHOU Yunxian , WANG Minhuang , GUAN Xiao , HOU Bowen
(School of Architecture and Civil Engineering, Xi’an University of Science and Technology, Xi’an 710054, P. R. China)

Abstract: Considering the influence of coal gangue coarse aggregate replacement rate (0,20% .40%.60%) ,
this article conducts freeze-thaw cycle test, uniaxial compressive constitutive test and acoustic emission
detection test to study the damage constitutive model of coal gangue concrete (CGC). The research result
indicates that the relative peak strain of CGC with different substitution rates has a high correlation with
the freeze-thaw damage value. The resulting equations of freeze-thaw damage value and relative peak strain
provide effective parameters for the establishment of constitutive models. The acoustic emission
characteristics of CGC are closely related to its load damage development, mechanical properties, and
stress-strain curve. Therefore, based on the acoustic emission characteristics, this paper uses parallel bar
system (PBS) to establish the load damage model of gangue concrete without freeze-thaw cycle. Combined
with the damage model of freeze-thaw, the freeze-thaw damage constitutive relationship of CGC is

established, and the calculation results are in good agreement with the test data. This model can accurately

W #5 B #:2020-04-25
EEWE : FK A AR 4 (51808443) s PRV A AARL = HEAAT 78 1K1 (2018TM5167,2016]Q5090) ; H1 [l {4 5 B2
4 (2017M613166)

YEZ B AT B A (1977- ), 55 1t R0, 32 20 DN 1 I e 0 b 98 AR AIE 5T E-mail : Qiujisheng@xust. edu. cn,

Received: 2020-04-25

Foundation items: National Natural Science Foundation of China (No. 51808443); Natural Science Basic Research
Program of Shaanxi Province (No. 2018]M5167, 2016JQ5090) ; China Postdoctoral Science Foundation
(No. 2017M613166)

Author brief: QIU Jisheng (1977- ), PhD, associate professor, main research interests: utilizing solid wastes as resource

of building material, E-mail: Qiujisheng(@xust. edu. cn.



150 T K5z L4

FROF E O

% 43 %

reflect the overall process damage characteristics of CGC under freeze-thaw and uniaxial compression.

Keywords: coal gangue concrete;

constitutive model

BERTA 0 AR A R Tl [ P 22— 3l
Nt 22 B0 B8 1] L, 52 W) 35 R 5 A oMl 1) 2 € i
AP )P 5 50 P R e R B A A R A
AT TR A R AR A ) s R B L, — D7 T
A AR LR A7 I8 57 e A7 35 Ye PR 85 , 5 — 5 It AT
PABBD TR AR AT X AR 25 B OIR S MR A s 1
o B BHR A A RaEE . R RS £
IIAAEAL T FEVE B IX DAL HORE B4 £ B2 1 L AT
AR EE L TR T AT X, R VR ARG 2R
XEH 2 PR RE BTt APEREA R CAT AT
FER AR TR YRR PR T R A7 R BE Y
i 25 1 MU 1 R Rl A5 0 38 A0 LR D T XoF RE 8 4
THT S AR URRPR T 12 R BE ) R Bt 47 A R 46
RT3 T AT AR X

TR, 75 28 MR BRE 1 45 A A O R0 Y Bk
il b e AR TS T R R BRI T R RE L A A
PERE , I T AL S U R GERIAR SCGE T BlS S 1
VRAS IR BE L B A B, s BE A R o
R AA SR I E AR T 39) 52 VR IR e 4 i 45 43
AKREAY A b A TR R S B i T R
R IR 250 TR BBE 1 B9 B 25 T~ L e S 3 1 AL L
o BRI, 5 RIRBEATAHLE BT A7 BA FLBR
MR 7K B S5 R AT X TR 5 - P C O P E 7™ A 4K

SO o SRy S b AR SRR A TR B R AL AR

HogR R SEBR TR BN YRR AT R BT A IR BE
A BRI BEAT 1 — 2 RIBIE ST

FURT A SRR B2 1 T 1R G 45 4 s )
JiT o G SRR RE S A P BT BE 2 Tk
BB R P T 7 2R B ML  RE A8 A DRy 0S5 ot e ik
TR PA TS 2 1) Y B A JRAR DL o ] AE A A3 AR R A
RARIRFTE T R FERE AR T 2B AE A P R
PP RIF S 010 R 35 - A0 40 A F BELOE 1) Al L L
TIEAT AR EE 32 VR A o iR A SRR M
F PBS A7 J oA AR R, F P R S AR e A SCHR
b2 s A A 7 A 45 LR RS (T AL A Y A
[ % R At 0 A0 BBk 32 s iy 28 48 47 B0 £
REEEAMRAR,

freeze-thaw damage;

acoustic emission; frost durability;

1 iXIE#EsR

1.1 E##

TR0 FH B VG 28 8 A U8 B0 A PR 28 ] 2B 7= 1
POA2. 5R 3 F iR £ 7K e , WIEERT 8]y 85 min, £
BEFA] A 260 min, 3 d F1 5 E A /N T 22 MPa,
28 dBTETR AR /NT 43 MPa, 3 FHA] b ) 40 J3 A
¥k 2.8, RWE N 2 610 kg/m* . L 3d w4 A7 BRI
& 5~25 mm, IR G, RUH R 2 870 kg/m?,
JEWEFE R R 620, SRR A 7™ 1 B VY 48 PR 5K 5 b S
(& 1)), R H A & H: XRD-7000L # X 54k
RS o A 45 BT A B 9 B4, n & 1 ()
FR .

(a) BERTAOHLAERE

A A-FiE

A e
G ~

N gl BDB.CL A . D _p
ABJ| BDBop A g E
...............

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
200°)
(b)) BERFAXRDATSTE
1 HE&AR

Fig. 1 Coal gangue characteristics
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Table 2 Mix proportion design of coal gangue concrete

kg/m’
il K K e el ik
MGO 160 356 1225 0 659
MG2 160 356 980 180 659
MG4 160 356 735 360 659
MG6 160 356 490 539 659
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Fig. 3 Layout of devices for constitutive test and

acoustic emission tests
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specimens with different freeze-thaw cycles
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