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EXPERIMENTAL STUDY ON SAND CONSOLIDATED ANCHORAGE
PRESTRESSED BOLT AND ITS APPLICATIONS

QIN Weimin, GE Xiurun, WANG Hao
(Key Laboratory of Rock and Soil Mechanics, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
Wuhan, Hubei 430071, China)

Abstract: Sand consolidated anchorage prestressed bolt is composed of bolt, sand cylinder, steel circular plate,
wooden sealed, trap, etc.. In order to apply sand consolidated anchorage prestressed bolt to anchorage
engineering, experimental study is conducted in the Three Gorges Project on Yangtze River and underground
caverns in Fengtan Hydropower Station. 12 bolts with high-strength materials and diameter of 32 mm are arranged
in a granite slope in the Three Gorges Project. The experiments show that the tension of the bolt is over 300 kN;
and the ultimate strength is about 540 kN. Design methods and construction techniques for sand consolidated
anchorage prestressed bolt are provided according to the experimental study; and the prestress monitoring is
carried out to test the bolt's long-term stability. Ten bolts with common materials are arranged in quartz sandstone
slope in underground caverns in Fengtan Hydropower Station. The holes are drilled by different types of
construction machinery. According to the experimental study in Fengtan Hydropower Station, new technologies
such as a new type sand consolidated anchorage prestressed bolt with rigid seal to block sand are innovated, which
has been authorized invention patents by Chinese Patent Office.
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Fig.1 Structure of sand consolidated anchorage prestressed

bolt after prestress is applied
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Table 1 Results of in-situ experiment in the Three

Gorges Project
W HAFKE BEAK HosMe Thm RN
L5 /m /em /mm 7 /mm /KN
1" 8.0 70.0 78 190 400
2 8.0 90.0 78 235 370
3 4.0 60.0 78 300 360
4 7.5 80.0 76 - -
5 11.5 95.0 78 380 410
6* 10.0 91.0 78 295 390
7" 8.0 82.0 78 250 310
8" 7.5 75.5 80 265 320
9 8.0 75.0 78 290 350
1" 10.0 91.5 76 240 360
12* 9.0 89.0 76 310 410

K2 Bk

Fig.2 General view of in-situ experiment
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Fig.3 Anchorage force-time curves of bolts in boreholes
No.6 and No.7
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Fig.4 Vertical plan of bolt position at downstream side of

main underground caverns
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Fig.5 Layout of bolt position in transport tunnel
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Fig.6  Vertical plan of bolt position at upstream side of

main transform tunnel
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Fig.7 Vertical plan of bolt position at downstream side

of main transform tunnel
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Table 2 Results of in-situ experiment in underground

caverns of Fengtan Hydropower Station

WY HFRKE O pRELRK HoAME TR Rk

L5 /m /cm /mm /mm /KN
1* 8 82 70 240 200
2 8 88 70 240 200
3 4 70 38 340 170
4" 3 66 38 305 160
5" 8 78 70 480 160
6" 8 82 70 390 180
7* 8 84 70 250 190
8" 8 90 58 235 180
9" 8 85 70 245 200
10 8 84 70 240 180

3.2 SEATSEE LMW 5

1R 2% LI I (i P A K o e 17
2" FLI I, MR BT 2 JEIHE,
RIMIELERATE 3 JZIFHE, IR b5 (ks b
TIZETI B, BTEEK .

DAL FLI 5 ot 1k VAL A AT e T
B3 142 m B 07~ 15" LR S 1 TARRS Bt. A 2002
F7OH 30 HB W Hikd, B8 EIHZE TS
&, WA B e AT K, eUE 1 F

ASEIEE [ ) Aap BAE M 228 m ML T B dhe
2002 4F 10 H, EJ p5 Mt mai R LGS, Wi
(0% L B A R R AR TR B T MO 318 kN Iy
TRl AL T3 S B R S AR, v
ML R T shie K, ik 50 2R EEL. 11 H
W1, Bt 5" BRI EGE, IR AR R T
s 11 H 4~17 HIAl, ST ISMRSURZ A
o0y N E AN Pt e < AW E = 61z i1 S DV
MRTRN SR A GRS TAE. ) b5 T iRl i
LRSIV LP e, BT AR 32 B 1740
PR T BRI TR I 0 G 2R 5K A Ak A S A (1 A
B, W — HAR AR, LK 8.

350
300 1
250 1
z
= 2001
R
Bl 150 [
¥
100 1
501
0 s s
n — — o =N =] =]
— (= [\ — o [\ (=3
~ X o N — Ise) Ya)
(=3 (=3 — — f=3 (=3 (=3
N N ja} N [sa) [sa) [sa)
(=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 (=3 (=3 (=3 (=3 (=3
[\l ()] (o} ()] N [\l N

B[] /4F F H
K8 1% FLAARAT A Ty - Ihie) ph2k

Fig.8 Anchorage force-time curve of bolt in borehole No.1
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Fig.9 Anchorage force-time curve of bolt in borehole No.3
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Fig.10  Structure of new type of bolt sand consolidated anchorage
prestressed bolt after prestress is applied
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