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Creep behavior of combined rock-concrete specimens with
different interface inclination angles
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ing , Anhui University of Science and Technology, Huainan 232001, China)

Abstract; The weak rock-concrete interface has a significant influence on the underground supporting structure.
Seven combined rock-concrete specimens with different inclination angles were prepared, and uniaxial and graded
loading creep tests were conducted. The results show that the compressive strength of the combined specimens shows

W-typed fluctuation with the increase of the interface inclination angle. The compressive strength is the largest when
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the interface inclination angles are 0°, 45°, and 90°, and is smallest when the interface inclination angle belongs
to 30° and 60°-75°. The failure modes can be categorized into three types: axial damage, combined damage, and
interface damage. The creep damage strength of most specimens is lower than the uniaxial compressive strength,
which indicates that the specimen is damaged caused by long-term loading. The instantaneous strain decreased and
then increased with the increase of interface inclination angle. Compared with an interface inclination angle of 0°,
the interface inclination angle of 45°, 60°, 75°, and 90° of specimens instantaneous strain reduced by 22.68% , 47.
72% , 52.01% , 4.56% , respectively. The creep ratio shows a decline-stability-rise three-stage behavior with increased
stress levels. The critical stress at creep failure decreases with the increase of the interface inclination angle, and the
creep stability stage is gradually shortened. With the increase of the interface inclination angle, the stability of speci-
mens gradually decreases. The Burgers creep model parameters were calculated from experiment, and the obtained
theoretical curve was in a good agreement with the test data of instantaneous deformation and decay creep stages. The
research findings can provide a reference for understanding the creep failure mechanism induced by the interface

angle between concrete support and surrounding rock structures and for the safety of underground structural support.

Key words: combined rock-concrete specimens; inclination angle; stress level; creep; Burgers model
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Table 1 Concrete mix ratio
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Table 2 Chemical composition of binding material
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Table 3 Technical parameters of P - 042.5 cement
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Fig. 1 Preparation process of rock-concrete specimens
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Table 4 Typical fracture patterns of rock-concrete specimens with different interface inclination

angles under uniaxial compression test
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Fig. 2 Stress-displacement curves of rock-concrete
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specimens with different interface inclination angles
under uniaxial compression test
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Table 5 Uniaxial compressive strength of rock-concrete

specimens with different interface inclination angles
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Fig. 3 Relationship between uniaxial compressive strength
of rock-concrete specimens and interface inclination angle

1 3 T, 2H G M B T 5 R i 5 T
Wi pE o, 2w B, AU R A R
&, SR AE 0° ~ 3008, BEA A AR, A
A7 R Bk 0 LT 55 X O, PR A R
BETRRA 72 4505, BRI Hhy Al 1) 8 0 57 11) 288 Ay
SERIE ], DI I B A R BE ] B4 ) Y
[, Lk BTREE 1 Ay s AR B, PR RA Btk
SiR E T et BB ORARL, (E DA fif 470 e 56 88 HH B R
s dt—2E 9% 5 7F 60° ~75°H0F, AR b
SR E A2 BTN BT YA, RIXBNE A SR EE LR
W BRI, 59070 3 r A9 5 B A 5 TR B L TR) B R 2
I3, PSR AR s 75 90° I, dLA ik 32
ol o Ay O DR SR R AT A TR BE LAY R
JERRR, PRI ot B AT BT i

WRAE R ESE, Pa e A -IREE LA SR
BRI R B B T A A AR E R, A

w(x + 7.56)

y =29.06 + 10.02sin
21.57

, R?=0.86

(1)
A,y MAE AR PURIREE, MPa; x H41H
AR A, (°) .

3 HAEWIKHIFEER T

3.1 BETHIRERX

6 FASF T A TR EE A A AR
IRASWIRIE RS, B2 6 mI UL, A0 AL A TR IF AL
WA S B4 EA5 T A A A il R 8 XA [
AR A A N 003 m E) 30°, LA AW

043037-5



WRF A KA 5 AR TR Vol. 6, No. 4(2024) : 043037

o 90°, R B Rh A B, S AR R R BR 24
FRITAA Sy 450 I, SR 4 vl o) AR B, kAR

AR ST 60°HEINE] 75°0F, 48 T 20T
G B, oA FLmmaR

*6 AEFEMAER-RRELASERHLMIEEERBIAEX

Table 6 Typical fracture patterns of rock-concrete specimens with different interface inclination angles

under uniaxial creep compression test
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Fig. 4 Graded loading creep curves of rock-concrete
specimens with different interface inclination angles
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Table 7 Creep results of rock-concrete specimens with

different interface inclination angles
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30 5 60.05 20.88 0.9
45 5 60.04 31.66 0.9
60 5 60.05 17.88 0.9
75 3 36.17 13.19 0.7
90 3 36.03 26.80 0.7
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Fig. 5 Instantaneous strain of rock-concrete specimens
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Table 8 Relationship between instantaneous strain
and loading stress of rock-concrete specimens with

different interface inclination angles
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Fig. 6 Creep strain of rock-concrete specimens

under each stress level
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S o/ (°)  IMEREEYH RSk 1/ MPa E,/GPa 1,/(GPa + h) E,/GPa n,/(GPa - h) R?
1 0.4 16.48 16.69 12.06 0.76 0.11 0.976 2
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0 3 0.6 24.72 70.68 23.29 1.54 0.48 0.988 1
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