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Study on the Corrosion Characteristics and Mechanical Properties Degradation of
Zinc-Infiltrated Anchor Bolt in Acidic Environment
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Abstract: To explore the acid corrosion resistance of zinc-infiltrated anchor bolt, the corrosion characteristics and mechanical
properties of zinc-infiltrated anchor bolt in acidic environment were studied. Firstly, the immersion corrosion tests on ordinary
anchor bolts and zinc-infiltrated anchor bolts were carried out, the corrosion kinetic model of zinc-infiltrated anchor bolt was
constructed, and the deterioration law of mechanical properties and corrosion failure mechanism of zinc-infiltrated anchor bolt
were analyzed. Secondly, the influence of anchor bolt corrosion degradation on the stability of roadway surrounding rocks was
analyzed by Abaqus numerical simulation. Finally, the acid corrosion resistance of the zinc-infiltrated anchor bolt was tested by
engineering application. The results show that under the same corrosion conditions, the acid corrosion resistance of zinc-
infiltrated anchor bolt is significantly better than that of ordinary anchor bolt, and the stability of roadway surrounding rocks
supported by zinc-infiltrated anchor bolt is significantly higher than that of ordinary anchor bolt supporting roadway. In the
acidic environment, the ordinary anchor bolt is characterized by accelerated corrosion, and the zinc-infiltrated anchor bolt is
characterized by uniform corrosion. After corrosion for 100 days, the yield strength. tensile strength and elongation rate of
ordinary anchor bolt decrease by 6.50% , 6.37% and 15.85% respectively, and the tensile fracture form changes from ductile

fracture to ductile-brittle mixed fracture. The yield strength, tensile strength and elongation rate of the zinc-infiltrated anchor
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bolt are decreased by 2.85%, 1.45% and 7.97% respectively, and the tensile fracture form is still ductile fracture. After the

occurrence of corrosion, the displacement of the roof and two sides of the roadway supported by ordinary anchor bolts is

increased by 50.07% and 52.50% respectively, and the stress is increased by 36.85% and 27.41% respectively. The

displacement of roof and two sides of roadway supported by zinc-infiltration anchor bolts is increased by 21.07 % and 22.06 %

respectively, and the stress is increased by 16.37% and 20.54% respectively. The results of engineering application show that

the use of zinc-infiltration anchor bolt for roadway support can effectively prolong the life of anchorage support and ensure the

safety of roadway support.
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Table 2 Material composition and basic mechanical index of anchor bolts
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Fig.1 Soaking process and environmental pool parameters of anchor bolt sample

R B R 100 d, 30 B 5 AR B B L B
20 d S —ASMAT . AR SR E AT 20, 40, 60, 80,
100 d B 5 AR P R 5 1t o 43 S5 i 1 AR S 5 4 AT
AT AR B Sl AT R K A B S Ve AL P
HEATBR A 1 VR W R T 4 B 10 60 1Y & R B
W (CH,; COONH,) . & B 25 °C LW Pt K °h 10
min, Bl J5 5 BR 55 58 B B AT R P R T L RO
HET R T4 24 h, SR B 7 FEXT T8 05 09 85 FF
KA HATFRE K R 0.01 g, FREE 52 LG XA AT
WAEESEAT ek, R 45 )5, I W
85t v B R SRR Tl W 9 R AT LAY 4 BT
1.3 R R RMEF

K FHW T R 335 AT X A ] 3 36 B B 114 35 il
FE OB BERTFE R R AT Rl i, 1 S5 A R T R 3
i e KB Aar B ARG &, 43 i o =0 (D) K (2) K
TR 1 JiE IR iR B T o B B JE i3 S
FEARE Rl 325 FH (8] 3R e B, A B in 28580 %
10 mm/min,

il FF 1) i I 5 B A SN T

R, 1o 1
uL_T ( )
f(:r,—':Rel‘ﬁEH&EEEvP33Fd‘§‘7Eﬂﬁﬁ%aN;A y‘j

B AT R A A, m
B FT A PR 5 B TS A ST

%‘ﬁfﬁﬂé‘

RS HOK &L HOLIEl

R,=— (2)

LR, HPLRLRE  Pas F o, O SR AT N,

R S A RS 2R

L.—L,
a= L X100 % 3

Ao RRATSE AR 32, 00 5 Lo R S AT R I il Be
JE o L Ol A AR 00 3 B o A I 225 KB m

BRI R T XS 2oy A AT S ASO0T 5 T8 Al L 38 B
BT R T o Wy AT A e B

2 RBHERRAAA

2.1 BB HhFEST

SR FH 2R B T B S T L 9B R T L ok
20, 40, 60, 80, 100 d JG AL EEIG ., W 3, ik
3 AT AL, R IR BT AR AT A 6 1ok 2k B RO 22 IR
RAK . S 100 d J5 . 3% 38 4 AT 5T 12K 3k 51.60
g Y IR B 3K 234,24 pm; 3B BEAN AT TR R
ik 5.25 g, VI JE TR 35 25,81 pm 43 1 h 3 i A
ok RN 10.17%.11.02% , @3t = (4) A 4%
S 245 65 ol k2 36 AT R0 8 okt 4 a5 3 Al T 18 S
o7 065 bl R 88 1 T B AT B A AT LB R AT Y
T - 24 I8 o R 43 ) 854.98,108.80 pm/a, &
JE ik 100 d B, 5 38 A FF 7 259 8 ik B R 3k 854,98
pm/a, B FT 2 8 il Gk 94,22 pm/a.{UH
W SEH AT 11.02% .

i AT 359 ok R AT B SR T




FWE.F RERBETEERAB B FRESAHRI] A LHRE A ,2025,45(3). 167

Sot
AV AT 2 1 E R o/ as oy S S R S
FEBUE  gsm, ARSI ST B i, g5 S AT R T AR,
m’ 50 NAFFFPRVEE kg/ m® 52 DI IRITA], d,
WA | Bl AT T 249 T ol R R S ol e ) A ¢ R AT
RGN

V=365 000 €Y)

D=Ct" (5)

XD ATV I R BE L s C Sy J 1l R 8

Bsn R JB5 PaU R 1] 5 550, n > 1 3R 7R 0 R ko R

n<1ZR7R U JE S R =1 KRR ph 72
Bl T 1B B8 b AR 0 3 S A S

dD i
V2:§:365><nct”71 (6)

Vo S RT3 pm/a
£3 WITERAENE

Table 3 Corrosion weight loss data of anchor bolts
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Fig.2 Corrosion Kinetics curves of anchor bolts
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Fig.4 Load-displacement curves of anchor bolts
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Fig.8 Corrosion mechanism of zinc-infiltrated anchor bolt
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Table 4 Parameters of roadway surrounding rock
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Fig.9 Numerical model and grid division
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Fig.10 Vertical displacement distribution cloud maps of roadway surrounding rock
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Fig.11 Horizontal displacement distribution cloud maps of roadway surrounding rock
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Fig.12 Vertical stress distribution cloud maps of roadway surrounding rock
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