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Abstract: Pre-stressed resin anchor cables are used in transportation/hydraulic tunnels, which have a
complex service environment and long service life. The anchoring system in the water-rich surround-
ing rock section faces long-term erosion in a humid environment. Based on the analysis of the erosion
mechanism in a humid environment, indoor experiments were conducted to test the mechanical proper-
ties of resin anchoring agent samples after immersion in water, and to study the characteristics of
changes in anchoring performance. The results showed that resin anchoring agent samples had weak
water absorption. The uniaxial compressive strength, elastic modulus and Poisson's ratio decreased to
varying degrees after soaking in water. The failure modes of the samples were mainly vertically con-
nected main cracks, with a large number of small cracks distributed around them, and local block-like

detachment and separation on the surface. With the increase of soaking time, the pullout failure mode
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of samples changed from concrete splitting to the failure of resin anchoring agent-anchor bond, result-

ing in the failure of the cable body to pullout. The average ultimate anchoring force decreased, and the

anchoring performance of resin anchor cable gradually deteriorated. The interface between resin an-

choring agent and concrete separated during samples’ splitting failure. The interface between resin an-

choring agent and cable slid during cable's pullout failure. The study reveals the deterioration pattern

of anchoring performance of resin anchor cables in humid tunnel environment, which helps to deepen

the understanding of stability changes of pre-stressed resin anchoring systems in later stages.

Keywords: resin anchoring agent; anchor cable; humid environment; anchoring performance; pullout
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Fig.1 Typical seepage water sector of tunnel
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Fig.2 Service condition of pre- stressed resin anchor cables

in tunnels
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Fig.3 Resin anchoring agent samples
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Fig.4 Soaking process of resin anchoring agent samples

1 KBAR
Table 1 Experimental scheme
H KRR /d WA g
1 0 NS-1~4
2 15 W15-1~4
3 30 W30-1~4

2.2 BHMEHFTEIRE

WY Ui A 1 590 2 A2 2 3 50 e S, R HG D JE A T R
HR A7 R UV R T S N AR R A ML o R T
T3 BB IR HL RTM 305D 2 47 A 38 14 11 B %k 1 45 A
JE AR5, P BR AL B 45 1 0 280 8 2 mm/min, fin 2
fifi F1 TST3826E # 2% I A2 M 3k 43 M & &5 0l 2t 4% i
R 11 ) 158 ) e ) AR 0 R B AN AL 5 TR .

T 1 e

M BE B HLRTM305D

‘II

P15 B Al I 0 G 0l T A AR
Fig.5 Uniaxial compression system of resin anchoring agent

samples

23 WKWERST

231 XHREAAKpHMAE A

Y i A [T 7] 304 Ak T K R e B o HE JB R
ZEAn A oK pHAE SEAT 00 A, I S A R R 7 d AR
— K .7T~15d%2d—W, . 15~30d 4 3 d —¥, 21k
75 B0 4N & 6 TR o

M 235 2R 7 g PR AR IR el T ) R o A 5 B
S Ih BT i WA W 22, B/ 408.19 g, e Kl
418.33 g, e K 22 T o o5 bh 2.4 06, 4 B8 0% B IXC[]
H2.08~2.13 g/cm” 7 T4 g4 [ 700 Az 77 T G BRI
PEREFE ARV Bl 1.9~2.2 g/cm®. B B 45 [ 551 3
0T B A K R LB A AR AR B AT 43 R R Y BT A
TR 30 B BE % B B R Sk e R) B, B AR R 7R T

571



257 —a—W15-1 —— W30-1 186
A ——W15-2 —— W30-2
; —— W15-3 —=— W30-3
- W15-4 —— W30-4 184

- B ROKPHE ]

420+ S e’ {82

fy“’/\‘fj"';‘ii\_‘—'__”_m
415 L8

] 7.6
410 W 74

1 L L i 1 ‘?2
0 510 15 20 25 30
wfm /d
Pl 6 AR i i 131 7R R ik ALK pH 2 4k

Fig.6 Changes in quality of resin anchoring agent samples
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Fig.8 Stress-strain curve of resin anchoring agent samples
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Table 2 Characteristic parameters of resin anchoring

agent samples
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BURE G5 : W
J# /MPa 10~ GPa
NS-1 50.76 8.34 11.36 0.31
NS-2 42.52 5.29 12.86 0.41
NS-3 49.40 10.59 11.60 0.40
NS-4 40.23 7.58 11.74 0.33
W15-1 39.99 5.39 11.93 0.34
W15-2 32.82 3.45 11.92 0.36
W15-3 42.01 7.37 11.36 0.35
W15-4 42.23 9.79 9.38 0.31
W30-1 40.42 10.84 9.42 0.30
W30-2 33.15 7.33 8.26 0.42
W30-3 35.31 7.87 7.98 0.23
W30-4 32.55 3.49 11.91 0.28
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Fig.9 Different characteristic parameters of resin anchoring

agent samples in water immersion
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Fig.10 Failure mode of resin anchoring agent samples
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Table 3 Basic mechanical properties of the cable
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Fig.11 Test materials and anchor samples
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Table 6 Key pullout results of test
sy DORRURATRECHBRL
4 /kN mm

NS-1 41.759 3.385 B 4 I
NS-2 27.037 3.079 B 540 IR
NS-3 37.232 4.043 BEZLR IR
D30-1 30.999 3.224 B 2R
D30-2 26.682 2.639 22N
D30-3 31.434 3.704 22N
D60-1 9.093 3.217 P R
D60-2 18.372 T A BRSO IR
D60-3 11.584 2.723 IR
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Table 7 Compressive strength test results of concrete

standard samples

e BROKEFEL/ BESRUEME WEEBR R4S
—7
d i /kN B Jj/MPa 4t/MPa
Wo-1 0 296.31 29.63
WO0-2 0 335.96 33.60 30.16
Wo0-3 0 320.14 32.01
W30-1 30 218.61 21.86
27.59
W30-2 30 290.39 29.04 ‘
(GRS
W30-3 30 294.59 29.50
W60-1 60 285.60 28.56
W60-2 60 270.25 27.02 25.44
W60-3 60 247 .44 24.74
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Fig.15 Failure mode of resin anchor cable samples
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Fig 15 Internal situation of anchor hole
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