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Fig. 1 Quality tests on bolts
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Table 1 Dimensions construction technologies extension length and abnormal setting locations for bolts
/cm
/mm /m
1-1 32 9 100 80 cm 60 cm 40 cm 20 em
1-2 32 9 100 80 cm 60 cm 40 cm 20 cm
1-3 32 9 100 80 cm 60 cm 40 cm 20 cm
-4 32 9 100 80 cm 60 cm 40 cm 20 cm
-5 32 9 100 80cm 60 cm 40 cm 20 cm
-6 32 9 100 80 cm 60 cm 40 cm 20 cm
lII-7 32 9 20
lII-8 32 9 20
-9 32 9 20
V-10 32 9 20 5cm
V-11 32 9 20 5cm
V-12 32 9 20 5cm
V-13 32 9 20 4.9m
V-14 32 9 20 4.1m
V-15 32 9 20 3.3m
VI-16 32 9 20 210 cm
VI-17 32 9 20 390 cm
VI-18 32 9 20 530 cm
VI-19 32 7 135 0.5m
V[-20 32 7 135 0.5m
VI-21 32 7 135 0.5m
-22 32 7 135 0.5m
WI-23 32 7 135 0.5m
WI-24 32 7 135 0.5m
3
3.1
2
2 1
a I 3
b I 3 1

c. m 3 3.7m
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Fig. 2 Sonic wave shapes phase laws and reflecting signals for bolt [ -3

2
Table 2 Test results for bolts

/%
-1 97.2
-2 95.6
-3 94.3
-4 7.6m -4 7.6m 0.5m 96.5
-5 96.8
-6 95.0
-7 3.7m 3.7m 90% 81.2
III-8 3.7m 90% 82.7
-9 3.6m 90% 83.6
V-10 5cm 91.6
V-11 2.4
V-12 91.7
V-13 5.0m 4.9m 94.5
V-14 2.031;17111 4.1m 2.0m 4.0cmx 1.5cm 91.2
x1.0cm
V-5 3.2m 3.3m 94.1
VI-16 2.0m 2.3m 92.0
VI-17 4.0m 4.1m 91.8
VI-18 6.0m 5.5m 91.0
VI-19 0.5m 94.2
VI-20 0.6m 93.9
VI-21 0.6m 95.4
WiI-22 95.7
Wi-23 96.4
Wl-24 95.4
20 cm
d. I 3
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e. V 3 5.0m 3.7m 2.0m
£f. VI 3 2.0m 4.0m 6.0m
g. W 3
h. m 3 I 3 I1I
VI 98 % Table 3 Tests of compactness of bolts for group [ and [
3.2 o % '
’ 100cm 80 cm 60 cm 40 cm 20 cm
I I-1 8.0 8.5 93.0 9.8 97.2 97.0
100 em 80 em 60 cem 40 cm 20 cm [2 856 8.0 9.5 93.4 956  99.8
3 1-3 85.0 87.5 91.0 93.7 9.3 98.6
) 4 8.0 8.5 9.1 94.0  96.5  98.0
3 -5 88.2 87.0 92.4 94.5 96.8 98.6
-6 87.6 88.6 92.8 94.3 95.0 98.8
0 4.
4 I I
Table 4 Result of linear relationship between test and extension lengths for group | and I
/% F /% /%
1-1 -0.134 99.51 0.971 48.71 97.0 2.59
12 -0.127 98.44 0.995 29.69 99.8 1.36
1-3 -0.124 97.74 0.981 74.52 98.6 0.87
-4 -0.125 99.43 0.998 63.92 98.0 1.46
-5 -0.124 99.19 0.943 23.96 98.6 0.60
-6 -0.103 97.81 0.964 38.83 98.8 1.00
0
4 0.943
0.998 F 23.96 10.13 0.05 .
2.59% 100 cm 4
2
12
3.3
mn v 5
5. M N V V Table 5 Starting location of abnormal segment
3. /m /m
5
1 -7 3.7 3.7 V-15 3.2 3.3
-8 3.7 3.7 VI-16 2.0 2.3
V 9.76% -9 3.7 3.6 VI-17 4.0 4.1
Vi V-3 5.0 4.9 VI-18 6.0 5.5
13.04% V-14 3.7 4.1
3.4
VI VIl 0.5m VI 135em VI
135 cm. 80cecm  20cm 1 6. VI-19 4.
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Fig. 3 Dimensions for bolts group I IV V and VI
6
L |< 600cm ;I
Table 6 Tests of compactness of bolts for group V[ and VI |
50cm |<_
135 em 80 cm 20 cm % \ Wi, Rmewae/| |5
\I-19 85.3 87.5 94.2 98.0 \ o -
VI-20 86.9 89.0 93.9 98.7 35 @66 mmPEF \@32mm, L=7.0 mHifl
cm
VI-21 86.3 88.8 95.4 98.6 ol 565cm ;{
-22 87.2 92.0 95.8 98.3
WI-23 85.1 94.0 96.4 98.9 4 VI-19
W24 86.5 91.0 95.4 98.1 Fig. 4 Dimensions of bolts V[-19
6
0 7.
7 W Wi
Table 7 Results of linear relationship between test and extension lengths for group VI VI
/% F /% /%
VI-19 -0.078 95.10 0.967 14.26 98.0 2.96
VI-20 -0.061 94.73 0.980 23.88 98.7 4.02
M-21 -0.080 96.40 0.974 18.34 98.6 2.23
W-22 -0.066 97.19 0.999 19.48 98.3 1.13
i-23 -0.088 99.17 0.962 12.44 98.9 0.27
\ll-24 -0.068 96 .66 0.999 69.57 98.1 1.47
7 0.962
0.999 4.02%
4
1.68 VI Vi
VI Vil 1.56
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Factors in quality of special bolts based
on sonic non-destructive detection
ZHANG Jian-qing' WU Ji-min> PENG Gang' LU Er-nan' CHEN Min'

1. Wuhan Changjiang Engineering Geophsical Exploration Co. Lid. Wuhan 430010 China
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Abstract Sonic non-destructive detection of special bolts was carried out under the request of the Three Gorges right

bank underground power station. The effects of the extension length

the abnormal setting location and different

construction technologies of the bolt system on the quality of bolts were studied using the statistical and regressive

methods. The results of qualitative and quantitative analyses show that grouting compactness of the bolts meets the

engineering requirements the smaller the extension length of the bolts the higher the precision and the extension length

can be corrected using the linear regressive method according to different requirements

generally the extension length

with crooks linearly relates to the test length of the bolts and the abnormal setting test location is in accordance with the

actual one.

Key words underground power station special bolts sonic non-destructive detection compactness bolt length test





