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CORROSION INVESTIGATION AND MECHANICAL BEHAVIOR TEST ON
SUPPORT OF BOLTS IN underground drift
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(1. The Third Research Institute of Engineering Corps, General Staff of PLA, Luoyang, Henan 471023, China;
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Abstract: The corrosion environment of an underground drift of one coal mine and the corrosion status of in-situ
split-set bolts, which are embedded in the drift for 10 years, have been investigated. The content of the corrosive
mass in the underground water, the general mass loss and the local pit corrosion situation of the bolts are tested.
The tensile test is carried out to analyze the peak bearing capacity and the plastic behavior. The obtained results are
as follows: the corrosion of the split-set bolts without any protection is very serious, and most of the investigated
specimens are nearly out of service. The outer corrosion of the bolts is mainly pit corrosion, and the inner
corrosion is nearly uniform corrosion. The pit corrosion amount, area, and depth, etc. all follow certain scatter
law; moreover, there is an inherent connection between the pitting area and the pitting depth. The pitting corrosion
and punches on the bolt surface have great impairment on the mechanical behaviors of bolts. The loss ratio of the
elongation percentage of the bolts is much greater than that of the peak bearing capacity, which shows that the
impairment of the corrosion on the plasticity of the bolts is more server than that on the bearing capacity of the
bolts. Therefore, the deformation of the bolt before its failure is difficulty to be monitored, and emergent hazards
will easily happen.
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Table 1 Test results of groundwater samples

Begy Li(mg + LY
WA AR 14.00
R ST 0.00
KPR AR 0.30

Ca®" 88.18

Mg?* 38.04

cl 24.30

S02 5.28

CO4? 0.00

HCOs 317.90
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Table 2 Physico-mechanical parameters of bolts

- PPREILRE  RATCRE WRMUREC)  WIHE) R
' mm (kg e mY /KN /KN J3/kN
3.0 2.79 130.0 52.0 65.0
Q235
2.33 108.3 52.0 65.0
* 3 HATHHALILT S
Table 3 Shape parameters of bolts and hole mm
Bl AR B LR HiAFAME B U
42 1500 43 1600 14
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(@) BBk Table 4 General corrosion results of bolts
B T
i KJEmm RS Imm S BRg RE K% .
S ———— 1 750 30 518 247 0.0371
- ) =
2700 3.0 283 145 0.0218
(b) ¥ R e 3 810 3.0 560 24.8 0.0372
| 5 650 30 o 289 00859
| a———— 5 w0 25 70 @4 00kS
) 7 440 25 265 25.9 0.032 4
(c) EE 4
8 690 3.0 400 208 0.0312
K1 AT R IEES
. ] 9 620 3.0 435 25.1 0.0377
Fig.1 Corrosion status of bolts surface
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Fig.2 Punch of bolts and cross section of pitting corrosion
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Table 5 Pit corrosion statistic of medium corrosion bolts
Pk U
Fr 1* 6" g* 9
1  25X25X150 11X9X092 30X15X1.94 8X3.5x0.84
2 85X6X0.80  6X5X0.74  55X30X2.30 55X4X0.90
3 7X6X0.84  13X6X154 35X20X1.90 13X4X0.80
4 11X9X146  9X7X156 55X13X256  9X5X1.40
5 18X10X0.96  7X6X132  15X12X1.00  8X4X0.50
6 45X18X1.30 9X8X120  70X45X140  7X5X0.66
7 15X11X144  8X6X110  60X24X1.44  9X6X1.58
8 24X14X126  8X7X124 115X16X1.10 16X11X0.96
9  9X6X116 11X7X0.64 150X27X150 12X9X0.80
10  8X6X0.70  10X5X0.82 - 10X 6x1.00
11 4X4X1.00 11X6X1.22 - 14X 6X0.48
12 16X9X1.46 20X13X1.44 - 11X6X%0.28
13 12X6X0.60  9X5X1.40 - 7.5X4X0.80
14 11X7X126 36X25X1.26 - 14X 7x0.98
15  16X7X230 240X17X1.30 - 15X 7x0.90
16 10X6X0.96  11X6X1.04 - 10X 8x0.58
17 14X10X0.90 13X8Xx1.20 - 11X5X0.30
18 - 7X7X0.90 - 18X6x0.88
19 - 13X8x%1.10 - 17X11X0.70
20 - - - 11X 9X0.96
21 - - - 21X9%0.86
22 - - - 31X10X1.16
23 - - - 14X 8% 1.20
24 - - - 6X3.5X0.60
25 - - - 9X6x0.60

. RIRE AL mm.

6 FEJEEMAFT YA T B
Table 6 Pit corrosion statistic of severe corrosion bolts
Pih U
P g 4 5* 7* 10"
45X 10X 150X 29X 15X12X
1 10X20X2.9 26X8X1.14
0.8 2.36 1.98
100X 22 X 160X50  45X20
2 28X9X1.30 25X19X%2.12
1.70 (10X8)  (37X12)
100X 56 70X 20 23X 18
3 50X 20 1.80 -
(14x9) (12X7) (4%2)
. 170X 24X 50X 20 70X 25X B 28X 18
1.50 (16X 4) 2.24 (9%3)
5X5X 16X 12X
5 - 13X10x1.98 -
1.10 1.78
8X8X TXTX
6 - 26X17X2.24 -
1.50 0.70
; 28X 18 10X6X B 13X6X
(17%8) 1.60 0.60
55X 10
8 - - 4X4X1.20 -
(30%6)
30X 22
9 - - 19X 18X 1.44 -
(23X 13)
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Fig.3 Class statistic of pit corrosion area percentage
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Fig.4 Bar chart about pit depth
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Fig.5 Relationship between area and depth of pit corrosion
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Fig.6 Loss ratio of bolts’ peak bearing capacity
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