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Table 1 Basic physical properties of soil samples
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Fig. 2 Schematic diagram of indoor pull-out test model dimensions

(1) 25 - A8 00 I 1r 750 & M9 Ak Sy PR UE DIC 40
5 Ry SO0 I TR B 3 S R R AR TS L 95 SRR
S8 8 RIS 3 A« E O T S A U
AT R ~F — B50A A AR 3 G RO R 000 TR Y

PERE M L AT DIC 03 AT HF B A M.

(2) FUEE PVC A g 5l £L. 75 SUAT - 76 148
W PVC AR B8 fL. B 1A B2 60 mm. % &
DIC I 55 5K % PVC 48 81 3 47 )5 &6 01 5, 41 %)



+ 550 - W g 22 4l

2024 4E4 45 %

Jei B 8T AN & 3 Ca) R L R AR BT s L WD e PVC
2 — M0 B2 W 2 UL N T 3 B A DL SR
7N [ R GE N BB A2 11 L.

(3) BERLFS SR, o6 t3d 5 mm G F 5800 T4
el & KR 16 PG ISR H IR 240 8
PR TN LR 295 30, B R oy S g 2R A7 5
mm=2 mm, R ELEA/NTF 90%.

(4) FFF L E 5 IR R TF S 58 s R B 10
1 PVC 4 4% EBTP 4 #F i 4 M4 5 2k 5 00 00 I 1o
T F AL E B BOHRE R ) S B TR
[Fi) B 3 0T S AR I 485 5 0 3R 58 S FH KT RO 4
HEAT Bl 1) W M kSR FT AR AL, AE B AR SR R 2SR
P 28d g it ATIR .

ALY T VB G R A 1] 3 (b)) TR

(a) HALI A BR R

(a) Schematic diagram of the anchor hole top surface

o BB+ B
PVCE

(b) HRIHIERER

(b) Model production process

K3 BB RS =

Fig. 3 Schematic diagram of modeling

1.4 mMBFEAHR

AT SR RO o 1K SR ) 20 B 3 i 285 =X
XoF TR i T o ey L A RS TR AR R A [ R
Ge IR, a5 T RL 3 A 38 0~ 50 kN, il T L
YEATAE 50 mm, JEJy W78 73 BER 0. 001 kN L #1t
B 100 mm, 4P 4 0. 01 mm.

K3 mm J&J7 B4 AT I EOHE SR L R R 4R
Fh JCRLAT R TF L 7 8K 4 L 2 DA 2 AR B AT R I
s DRUE ST W) 25 32 7 5 B A fin 28k s 3 2ok 25 4600 IR

5 [0 A9 A T 4 o R G 0 T SR Sk AR IR AT 5 Oy b B
A PR e I g T 7 O 00 T X 4 T T
R L i B AR A L DA SR B AR Y R . i
Ja S B W5 B B AT R R HE TR IR R AR 2 0 24
e, I AL 5 A1 300 2% 5 B AT v O 9 B S G R T IR R
A TR AT LA ik i AN 2 0 U 45 SR 7 A R .
DIC Z &g & TR i 1E A 75 » CCD AL A8 1)
B 1 s/ 5K 58 BORS BE A 5 AT 58 4 56 0k 5 %0 i 28
W AT AR I J IR A VIC-2D 8RR



LR PR

77 S gtk EBT i AT 9 i 28 8 S 45 A5 IR A5 X 23 B 5 3 i 28 Bz WF 5 - 551 -

i 1 RS AR SE RO N R G an P 4 TR,

FmEz

(a) HE RS IETE

(a) Front view of anchoring system

BRI

i Beit

i T
, — L T
i == | & BR
E 3 i‘i
; ﬁ WA |
Dk i
h IS o |
- 0.6m —

0.6 m

(b) HAEURERE
(b) Model diagram

K4 Mg DIC frak s R 4
Fig. 4 Two-anchor DIC pullout loading system

2 RBER

2.1 WF#ER
Ay A%t ANEE S 0.3 m A1 0. 6 m i Fh i 0 i
A7 W, T 2EREIR B A 23 3 W 5 () F (D) BT
XHIRIEE Ry 0. 3 m 1% 8 » 76 48 0 1, 24 801 L

(a) [A]#E0.3 m
(a) Spacing of 0.3 m

Pl 5 AN Tl T ) B 4 6 A6 80 O 2R A 155 000

Fig.5 Cracking and failure of test models at different anchor spacing

XFEVE 0. 6 m 1§ B0 o 75 025 00 393 A 00 i AT A
SEAE Y M AL TT 28 Bl o 430 38 0 AR/ M A T
T 244 B2 B W] 2. 7 MR Ak B0 R ) L R L )
R 7 A0 G AL A T P R A B R A L EL VAR AT 2
TE 32 LA THUG T BUBT 9 VI8 2488 s 2 s 391 . 3
SO BB 2 7 T 5 R ST AR e A

AW Bt AT A 0 AT R A AR H B
BN S RIS R TR B/ R BT T 46
LALLM g PR 73 L8] 57 Ak A, I BT 5 =
DU 5 A T AR T R A g e e I R 3R
SR ML 457, i d5e KRB0 K 2k
F2 357, PUAR Gl AT b 18] JE I — 3 W i T 5 R B
PR [ 2R 5

(b) [EI#E0.6 m
(b) Spacing of 0.6 m

T AT 2T DU T 205 D SRR A
G100 5% 58 JE 3 KL PE BE OB v L fT 2R 14, 07
IN IR A 00 AT I 8] 2 o B AR 48 Ok Ak X T RE
S R T A O B T e R S AR AR 5 BORE 25 AN 5T
O3 BB i DL R+ b SR TR A Y R R ST R
292 0. 24 mu, i P ARGHAT o0 B 2 A ) B



¢ 552 - W g 22 4l

2024 45 45 4

ALY 0. 2 mo, /N F A7 B AT d5c R R~ 42, T fiE
AFAE— 58 3 RN 72 5 SEDFFE R 0 A R
PEATARAL - LA B R T S ot 1 6 6 ) 4 ol 4 10 5
RN 5 ).

R A5 A O B S ) EBTP B8 AT . WL %€
AR A A R T B A IR/ A SR TR IR
T4 PR #8852 1 B 2 B AR /SR A ST R IR L P
Oy A FURAFAE 35 28 S o BE O BO{EL R RY A ST Rt
A BT T B R 1S DL AN 1A 6 7.

2.2 EWHMABXR

IR A5 i -0 B 5 R 2 AN BT 7 /s A bl
B R 1] BV D0 T i -0 8% f 2R I 2 D) 1 2Pk
ARLe A P BRI AT = A B B gk 9 h 2 4 3
LA Al B A B2 5 » {ELRE R o 8008 K T 7ff )
BT A A e W R B 2

[BE 0.3 m I, fEff 5 6. 89 kN I il £k i A
— UK BERE - 5 AT 2 T R 6] XF 1 o 24 £ 8 5

- ARROR

FFR-SRARBOR

P 6 G AR G S T AR A DL

Fig. 6 Interface sliding failure of anchoring system

10 kN J& » i 42t B3 A B3R TT fr sl /) 07 5% 38 R
PR H A A F 13, 14 kN I, 5 AT 1282 Jal 1
IRBE B 5 [BIE A 0. 6 m B, B 2 fp 2838 K, il 26 %
S IF 2 (] BE 22 Uk 0, 2 20k #) 9. 53 kN
Ji > 2R H B4 L A ER 0. 3 m RS BLAT — WIS 4
TR ] 14, 07 kN I A7 MU A AT 02 2 TR A2 10
SR BT L B T R SR

[A]#50.3 m
14r [ BE0.6 m Cigp——"

1 1

[E]#50.3 m

IE_I] EE0'6 m Von Mises Strain

0033 0.01291

; 101121

3 0.00967

i 0.00887

i 0.00726

g 0.00564

§ 0.00242
rain

Von Mises Strain
0.038

0.00081
0.00000

1 1
0 5 10 15 20 25 30
Hi#% (mm)

P 7 TR (] B OR 1 B0 T B4 8- 75 il 46
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Table 2 Geometric parameters of numerical model
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Table 3 Physical and mechanical parameters of anchor materials
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Analysis of Pullout Failure Mode and Group Anchor Effect of the
Two-anchor System of EBTP Anchorage in Earthen Sites

Wei Lu'? Ke Xue' Xiaoqi Yan' Jiaping Liu® Dongbo Li'*
(*College of Science, Xi’an University of Architecture and Technology, Xi’an, 710055)

(* National Key Laboratory of Green Building . Xi’an University of Architecture and Technology, Xi’an, 710055)

Abstract The study examined the two-anchor system of Extension-Type Bamboo/Rebar Tension-
Pressure (EBTP) anchor rods in earthen sites. Indoor two-anchor digital image correlation (DIC) pullout
tests with anchor spacing of 0.3 m and 0. 6 m were conducted to clarify the load-displacement relationship
and typical failure modes. Based on the characteristics of anchor slip failure modes, a 2D finite element
method (FEM) was proposed for the two-anchor system. The slurry/soil interface under compression and
rod/pulp interface in tension were simulated using the contact pairs and nonlinear springs, respectively.
Experimental results indicated that, at 0. 3 m spacing, horizontal cracking along the rammed earth layer
was the primary failure mode, while at 0. 6 m spacing, a conical cracking pattern emerged with a transition
between tension and compression at an angle of 30°~45°, yielding a maximum crack radius of approximate-
ly 24 cm at the soil top surface. The bearing capacity decreased by approximately 7% at 0. 3 m spacing
compared to 0.6 m spacing. The simulation analysis illustrates that anchor spacing has a significant influ-
ence on the group anchor effect. For one thing, when the spacing exceeds 0. 6 m, the group anchor effect is
more limited, which is consistent with experimental results. For another, the depth of the expansion body
demonstrates an approximately linear correlation with the ultimate bearing capacity of the anchor. There-
fore, as anchor length increases, the bearing capacity initially increases sharply, followed by a more mod-
erate increase. Although the group anchor effect gradually strengthens, the increment in bearing capacity
due to increased anchor length outweighs the loss caused by the group anchor effect. These findings pro-
vide valuable insights for the design of EBTP anchor groups in earthen sites. The simulation methodology
in this study can be used to predict and optimize anchorage design parameters for anchoring works at earth-
en sites.

Key words anchorage of earthen sites, synchronous pullout test of two-anchor system, numerical

simulation, load-displacement relationship, group anchor effect





