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Abstract: The bond between an anchor and the surrounding rock is the key factor to ensure the effectiveness of the anchorage
system. To study the pull-resistance capacity of cement anchor in clay rock and the debonding mechanism of the interface under
pull loads, the triaxial tests on clay rock, the direct shear tests on clay rock-cement mortar (C-C) interface, and the physical
model for cement anchor pull-resistance tests are carried out. Based on the finite discrete element method (FDEM), the model
for C-C binary is established, and the drawing process of cement anchor is numerically simulated. The researches show that the
cohesion of clay rock is less than the tangential bond strength of the C-C interface. The internal tangent of friction angle of clay
rock is larger than the friction coefficient of the C-C interface. Therefore, the shear failure of the binary gradually changes from
the shear failure of clay rock to the shear debonding of the interface with the increase of the normal pressure. The bilinear
cohesive model is available to simulate the failure of clay rock. The bonding interface of the binary is more suitable to be
simulated by the bonding-friction model rather than the bilinear cohesive model. The failure process of cement anchor can be
divided into four stages: bonding deformation stage, interface debonding stage, shear dilatancy & bite stage, and slip stage. In
addition to the interface debonding, the shear failure of clay rock near the anchor is also an important factor leading to anchor
failure. The bite force at the shear dilatancy stage determines the peak pull-resistance capacity of the anchor. The research
results may play a guiding role in the design of anchorage structures in soft rock areas.
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Table 1 Physical parameters of clay rock
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Fig. 1 Triaxial shear (CU) tests on clay rock
1 s i =R 4 SR S AR [ a5 A HE K 5%
PR B A N R N 36.8° L 35 119N 170.4 kPa.
1.2 FHEE-WR-TAREETIREGE
R S AR ) S ) v e SR B BT )
WRTS . HIERNF LA G THRARNE, KRS HHR
FEMELAHI 2%, ASCRPI A i & BRG] 2 Ca) B
R, WM ER 61.8 mm, 5 20 mm K JIHIVESS
AR, SR JE R FH THRE 3 CREORARFE T 10 mm,
AN 22 AR T S VI, BEER TN BeiE 10
mm KRNI, FrFRd e UE T R wT o i & aleE
FARPIRBC LK @ 7K /P = 0.5 110 1.2, Hukie
RS 42.5 S IE EERR Sh/KUe , Bb e (1) L ORI A o
SR BRI 2 O N AR B BB, B N



2596 Es)

# + T B ¥ ik

2023 4E

1 mm/min, W58 5 4, ¥ 7143518 50,100,
200, 300, 400 kPa, 3F|EH; 157K ERPRK — ok
FRBIRESIE 2 (b) Fras, BTN -BIUI6I %
B tnpE 2 (o) Fiome

400 kPa

100 kPa
(b) SRR R
5007
——400 kPa
400} ——300 kPa
——200 kPa kba
——100 kPa
& 300} ——50 kPa
§ 243.5 kPa
2 200 281.9 kP. [ELiG kR
= 3523
125.2 kPa
oo - —
IR 43.6kPa
0 0.5 1.0 1.5 2.0 25
BY P /mm

(c) BURZAI-BYbI RS IR
2 FEEKRR R A IR

Fig. 2 Direct shear tests on clay rock-cement mortar (C-C)
interface
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Fig. 5 Bi-linear constitutive equation for cohesive element
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Table 2 Parameters of cohesive element of clay rock
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Table 3 Parameters of cohesive elements of C-C interface

S
on/kPa  G/(N'm")  Ky(Pam')  zmx/Pa ﬁ/m
fa
400 11.51 1.04x101°  4.91x105  4.69x10°
300 12.28 7.45x10°  4.28x10°  5.74x10°

HE 7 (b) AT, FT RIS 2400 S 4L
RERS FiAR S A IR AR, HLAUE RS B B 58
FE SR 2T 5% (HiX— 5k AEfE—
BIARE, WFREEES R E Sk B RIE N
X S BT BY SR B RN, L TET 5 RE S I W B i 1
RAZTE B, BLALLAT 3] 1 ffe 12 B 222 5 ke &5 R AN — 3,
IR A TS, WAEHERN RS TN
Bl ZEF N, 0T LU [a] 5 25 200 AN R R AU 73
FERE, FREREH ML, RIBER: AN T 0 BE N,

T=T,, +T, o (6)
s reon AVIFI TSGR s o 9 S BEHERN. )

I 0T E 2 (o) H T BY R AR AR 2R P 1 23 i
R FRARVEE tres 515 1) A TR BT R PE K
Ry MBS STRRIRIE L 7 (Tmax Tres) BEIEAI L
JIME B B4R, Bk 8 () For, B

T, =ko,, ’
(Toax — Tres) = (T )maxo} @
X kAT BN EREREG (teon)max ST HIRK RS
RiJ, XT3 AR S, vTHL 0.586, 248.1 kPa.

|

—43..2 kPa  Average(Tmax—Tre)=248.1 kPa

:

:

RAMRE 1,./kPa
PO IR B SRR 2 25 (thay—Tres) kP2
g

Tres=(T)max=k Oy
kEBL-E1E #0.586, R2=0.99
100 200 300 400

0
W19 K H1 0, /kPa
5 (a) FEBEBRBEATHE
R
g T =K;
= VIR BRI B
/ SRANEEHE B B

"""" Tmax =K p+kon

3 BN s
(b) FHIREEHIN R 1 B uAMEE OREE)

8 RN R AMIRE

Fig. 8 Friction characteristics and constitutive model for interface

MRYERIG2E R, R4 S i BT VA B B



128

FERITE, S, B vk B A A B A B - =S O R 4R 2599

DR I 75 B IR < e BV BE (HTRR RSN BO
ITHRRIRACEE, A ZM BEBT R ) S BTV RS 1R 6 R
VALK, TBAE
T:{K,a 0<5<6) ®
ol =K,-5 (5=6) ’
s SNV BEEI BRI RS s KON GG BE 152
B BRI VIR . 246> 6 J, 10 19 B J5R e P AN F 14
T, BN 7 H BRSNS A R AR, o g
SN A A BY B33 A2
={K,5 (5. <686<6) ©)
“h 710 (6=65,,5<6)
X (D ~ (9) WFPFHSE BB RA W 6
(b) Far. e, MR4EE 2 H i8I -85 UIf &
thek, TEUnTBIZRIERRIE, ARG B
BB S5 B A ARG BT DINIEE, B K=K
K 6 IR & Kso k3 ANMEARE IR 2
o Hhothmriest (5) biwsu ML HHTIRE: k
LA 6 (a) BIMZINETF 2], KU mT DL $T8Y %
JE AR SR AT R AT B o

K = average{rgij o (10)

BT HMF BRI, % (4, (7, (10)
THEAS BIAH NAR R S H0N3R 4 Fios, LA 200, 300, 400
kPa ZH 1) 5 TH B BRI B, R PR B 15 2 Y B
JI-B4 I R iR wi Bl 9 Fr

=4 AEHBHERTEH

Table 4 Parameters of cohesive element of C-C interface
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