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Experimental study on bearing deformation behavior of anchor (cable) in
expansive soil

HONG Shun-sheng', WU Jiang-bin?, FENG Yu-fei?
(1. Zhejiang Geology and Mineral Construction Co., Ltd., Hangzhou 310063, Zhejiang, China;

2. East China Architectural Design and Research Institute Co., Ltd., Shanghai 200001, China)

Abstract: In compliance with the design specifications for high slopes in the expansive soil region of the Mengzi basin,
we conducted fundamental tests on various anchor systems, including full-length bonded anchors, tensile anchor cables,
and tensile dispersed anchor cables, across different soil types such as red clay, completely weathered mudstone, and
strongly weathered mudstone. Test results reveal that the measured ultimate bond strength ranges from 1.2 to 1.9 times the
recommended value gsk specified in the code. For anchors located within the same soil layer, the ultimate bond strength of
15 m anchors is approximately 16% less than that of the 10 m anchors. Notably, the cyclic load displacement curves exhibit
significant variations between full-length bonded anchors and tensile anchor cables. The former display slender hysteretic
loops, while the latter exhibit larger hysteretic loops. The cumulative load displacement curves clearly manifest
nonlinearity. Plastic displacement constitutes approximately 30% to 66% of the total displacement, and the secant slopes
in multi-cycle curves amount to about 50% of those in single-cycle curves. Importantly, the anchor (cable) stiffness
estimation formula recommended in the code does not account for deformation between the anchor body and the soil. This
results in a significant overestimation of the stiffness of full-length bonded anchors when compared to actual measurements.
These test results offer fundamental data for comprehending the load-bearing characteristics of anchors (cables) in
expansive soil areas and for guiding the design of support systems for high slopes.

Key words: expansive soil; anchor (cable); bearing capacity test; bond strength; deformation; stiffness
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Table |  Soil layers and physical and mechanical indexes
N i
R PRET BB/ %*&EE%%
HH N (KN/m?) 5 JiE /kPa
c/kPa  fH ¢/(°)
@it 72 180 350 75 50
%+ 102 185 440 9.0 60

=t

@ENMNPKE 166 180 420 85 100
GmENMLIEKE 214 190 510 100 120

*2 2KFEREFERLER
Table 2 Information of full-length bonded anchors

=t

L ———

1 100 10
O+ Q

Q2 100 15

3 100 10
%t Q

Q4 100 15

*3 NHBBRERLEE

Table 3 Information of tensile anchor cables

wie RS mRER BdBL RRER

2
S W B BEf/mm KEm KE/m
L1 2 150 6 7
©F:an
L2 4 150 6 14
@£ L3 4 150 6 7
WKE L4 8 180 6 14
®5AtL LS 4 150 6 7
R’K#E L6 9 180 6 14
T4 NAONHBEBRERLER
Table 4 Information of tensile dispersed anchor cables
e R 45 HIREL HER BB HEEA
= yn
21 B4R HA/mm KE/m KE/m
Bot1 3 6 9
FI 180
Bot2 3 15 9
@) BTl 3 6 9
F2 #Jj52 3 180 15 9
BE3 3 24 9
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— Table 5 Ultimate bearing capacity of full-length bonded
GRERAL BEL 6 6 9 anchors
R HTL2 6 50 e RRUR SRRSO
13 R sl /KN PEFE gad/kPa SERIE ga/kPa
YR LGOI IR, ikt QL 3T o7 3.8
[ % SO VAR (2 BRI, AR oz 473 100.8
IR ERRE, BRI R WS % SR 1]. R4 Q3 430 1432 $6.2
Q4 575 122.0
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AR ARG I AT AN TR R AL, B AT 3N
il BTG ORI ARSI i i A5 1
FREARTY, R RRAT A AR IS AR 2
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Table 6 Ultimate bearing capacity of tensile anchor cables

R PR B 7 SRR RS VEHERE AR PR
T2
#HJI/kN E ga/kPa 4L gs/kPa
L1 480 145.5
86.2
L2 800 121.3
L3 840 254.7
135.0
L4 1 908 241.0
L5 960 291.0
230.0
L6 2 280 288.0

®7 NAOSHBBREKRRERRAE S
Table 7 Ultimate bearing capacity of tensile dispersed
anchor cables

a4 MRPRR  SEIRPRERSE  MVEHEIER R B4
TI\NLE
#A1/KN S gs/kPa ¥ ga/kPa
Fl 1476 145.0
86.2
F2 1 840 120.5
F3 1920 242.5
135.0
F4 2500 163.7
F5 3000 294.7 230.0

HHR 5 AI%0, 4EERE LR N@F L, B
FEJ9 10 m (A5 2H Q1 ARPRFES5 RN 119.7 kPa, T
BEEHE N 15 m RS Q2 1K 100.8 kPa, AH%:
Q1 B#AIKEY 16%. X ULIATEAR R 2 rh, AR B
Fke, WIRBESE R N, IR K B S PR 45
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Fig. 1 Test QI cyclic load-displacement curve
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Fig.2 Test L1 cyclic load-displacement curve
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Fig.3 Test F1 cyclic load-displacement curve
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Table 8 Average slope of hysteresis loops

B gar B i [T IR/ (KN/mm)

WA 7EH 1 182 &M 3 fEH 4 fEH 5 156
50%  70%  90% 100% 110% 120%

Q1 2419 2136 2311 2326 23.03 23.99
Q2 4567 3743 3144 2616 2585 29.80
Q3 3383 3079 2881 29.18 27.03 3120
L1 2061 1430 1252 1378 1338 12.59
L3 2789 2135 19.01 1873 19.03 17.48
L5 6124 7164 5553 4940 47.13 3098
F1 4041 4426 4540 3635 3736 37.69
F3 8025 8496 73.67 6508 56.84 53.54
F5 7505 10067 7752 72.82 7326 6421
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Fig.4 O-S curves of anchor basic test
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Fig. 5 O-S curves of tensile anchor cable basic test

0 10 20

3200 =
3000 | <
2800 f—*—F2 —
2600 42— F3| e
2400 H—~v—F4
2200 H <« F5
2000 |
S
iz 1400
1200 |
1000 -
800 |
600 - o
400 |
200
0 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
A5 mm

6 RAODHBEMREARALE T O-5 HiLk

Fig. 6 Q-S curves of tensile dispersed anchor cable basic

test
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Table 9 Slope of tensile anchor cable O-S curves

I #42%/(kKN/mm)

e H 2R R R /(KN/mm)
B Ja B
L1 16.90 4.43 8.20
L2 22.40 8.19 11.64
L3 31.89 8.35 13.01
L4 77.56 15.36 32.30
L5 41.38 5.41 14.18
L6 83.82 11.14 33.12
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Fig. 7 Test Q2 load-deformation curves
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Fig. 8 Test L2 load-deformation curves
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Table 10 Deformation calculation results of anchor (cable)

basic test
RIS WIRFH/AN S/mm  Si/mm  Symm Symm  S3/S
Q1 376 2193 000 580 1613 74%
Q2 475 2381 000 1136 1245 52%
Q3 450 2327 000 7.13 1614 69%
Q4 575 2657  0.00 1405 1252 47%
L1 480 53.69 4835 356 178 3%
L2 800 6187 3956 1079 1152 19%
L3 840 5920 4231 577 1112 19%
L5 960 62.07 4835 660 7.2 11%
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=11 WRNETER
Table 11

i Edy EaA/ kri®/ kera®/ kro/
H kN kN (kN/mm) (kN/mm) (kN/mm)
3.72x103 20.12 22.51 111.70
Q2 1.61x10° 3.72x103 26.17 21.41 74.47
Q3 1.61x10° 3.72x10° 37.25 26.24 111.70
Q4 1.61x10° 3.72x10° 40.59 53.49 74.47

Stiffness table of anchors

Q1 1.61x10°

Rz12 NHBAHENETER
Table 12  Stiffness table of tensile anchor cables

e Edy EaA/ kri®/ kri®/ kro/

H kN kN (kKN/mm) (kN/mm) (kN/mm)
L1 5.46x10* 5.76x10° 11.48 12.33 8.78
L2 1.09x10° 6.23x105  12.96 18.67 16.02
L3 1.09x10° 6.23x10°  15.61 16.36 17.04
L4 2.18x10° 9.48x10°  41.08 55.03 30.87
L5 1.09x10° 6.23x10°  19.81 38.71 17.04
L6 2.46x10° 9.71x105  46.05 58.95 3422

SRR 11 ATRAR B, 4K Rh4h B A AT Sl K
FERE kri? 5 kri® PN HOIVEHERE A K HAS 2
HIRIBEE kr2» kri® 29 krao F 18%~55%, kri® Z1H



490 o A

b

2023 11 H

kra B 20%~72%. X ULHAXT T4 K3 45 B A A T
T PVEHETE A AR T K L X R 2R b 2
Hr 2 KR A NI R, X5 EARRFEE
B A S SRR PAERT BT TE A O, Mk 10 1
THHEREKY, SKFHEETA LU LR
NERATE ., R 12 AT LLR B, KT Rl 5
H, ko N T kri2 5 kri® 22 08], SA0HE E AT, X
VX T IE E BB 2R, mENEHERE AR
TR R 2R R BB SeEs 3, X5 A B
BT S EFREAR, HER 10 ol mb MR
B LW A BB, BIAAMTEEIA
B A 5 FEAZ AL T [ A 5 A 1] (1) A0 % 35 7] 48
T, AHILRT S ELBIEN, XTI REGE IR

2 &

B 5 E A - X s S v R, T
J&THHF () EARL, WFEE KA.
JIBVEER . B BB R, W B L AR
o ERRACE SEHUZ, BT SRR, S
THEFE (2 HIRET ) B RIESR T SHUE
T a AR, H3ICL R 45k

(1) SRS BRI guc SR TS
HEFAE, SME SV ER HEER LE N 1.2~
1.7, B XA A EN 1.2~1.9, ERKILTEEEN
130 BT SEME AR BB AR, Fh 2550 5 Ak
S5V E 2 KT RIR teE . 7EAH R P 1
JEH, EEEEE 15 mo BOASAT Rh 45 0 R LA [ R
10 m FIEEAT /N 16%, X S5H5E B B4R 5
KEMIIARIR KA RIEA K.

(2) ERFHGEBEAT 54 ) B RAENE I
WA MRS AR, B 2R [E 2R
BYKA, JEE NI T BRI ER . HEE IR K
BN AR, HEAT (R R R R I A
R S, IR S0%MITEIR 1 E MG E
120%IEE 6, i I EI L R 2N L) 1%~49%.

(3) HRYBIEH AR 2615 21 SRART 21
e RELH W R degett, BHMBL S
30%~66%, FIBVIZERIZE BN, JGBRIIERHRLR
B 13%~37%, FILRIZLNFATEE) 34%~
52%. ZAEH &R AR R LN RGN 50%.
T G5 R 3 B BT 1R ) A I T 43 7 R L2 AR
ARG N B VA TR 52

(4) MYEHEAF AT (D W A RS
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