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Optimization Study on Water Durability of Steel Fiber Reinforced Concrete Support in a Certain Iron Mine Roadway
SHUAI Ping, CHEN Junzhi

(Faculty of Land Resources Engineering, Kunming University of Science and Technology ,» Kunming, Yunnan 650093, China)

Abstract: Aiming at the problems of water-induced cracking and insufficient durability of steel fiber reinforced concrete support
in the roadway of a certain iron mine in Yunnan, based on the three-factor and three-level orthogonal test design, water
absorption rate and sulfate erosion resistance tests were systematically carried out, and the influence laws of water-cement ratio
(0.42, 0.45, 0.47), steel fiber content (2%, 3%, 4%) and waterproofing agent content (0.10, 0.12, 0.14) on water
absorption rate and sulfate erosion resistance performance were quantitatively analyzed to optimize the water durability of the
materials, and the optimal proportion was applied to the actual roadway support of the certain iron mine in Yunnan for
construction verification. The results show that the water absorption rate of steel fiber reinforced concrete under various
optimized proportions is relatively low, and the content of waterproofing agent has the most significant effect on water
absorption rate (with a range of 1.73%). When the content of waterproofing agent is 0.14, the water absorption rate decreases
to 4.69%. In the sulfate erosion resistance tests, the mass loss ratios of specimens are all negative (—0.35%—- —0.14%), the
compressive strength increases with the increase in the number of cyclic erosion times, and the content of waterproofing agent
has the most significant effect on compressive strength (with a range of 22.7 MPa). Proportion 2 (with a water-cement ratio of
0.42, 3% steel fiber content and 0.14 waterproofing agent content) exhibits the best comprehensive performance, with a water
absorption rate of 4.54%. Its compressive strength increases from the initial 70.6 MPa to 83.1 MPa, with an increase of 17.6%.
Field application results show that after support with Proportion 2, the displacement of two sides of the roadway stabilizes at 25
mm, with no significant leakage on the surface, which verifies the feasibility of the optimized proportion.
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Fig.1 Current situation of steel fiber reinforced concrete support in 1 363 m level roadway

IR AR GBI R 1R T L R B M M KK L B £T 2
B L W7 K 45 B X T A4 B R me R AR 4 S e
J1AVERE S PR phBE T A9 DL AL IE BE L O 8 s T
AL SE B SCP TAR A, DU O 2 0 T A 4 3 e 52
REEARS %,

1 IREZAYHEZ AN

1.1 IEES

L REY IR AR S+ 1 250~ +1 630 m,
R FH o3 BV L TT SR BT R A, TR AR O Xk -
TR, BTIXA TR A, TE MR AR .. §RN T
MR KAy KIS H A L R T R K AN X Sk DL il
Bt Ry T 00 U SR KT A K 2R 8 T A K M
B IE A N BERA 5K R R A R
W, TR o IV 9, B AR 5 UK B AT
R R, 50 B A R 4 P T AR R
A

HET. %8 10 1 363 m /K32 % 45 40 T i ik
R, — 48— 3, BE RN =0 HIB R 35 3E 98 3
m G5 1.8 m 1 m. BE 1 363 m 4 BeAE T I
TR AT S v N AN A e TR L S IR
WAHEH Ny C20, IR EEH 60 mm, LI HHE),
W ILAEE FH O TR AT S TR AR IR B+ 0B
IR I 44 e CULIEL 1) Tk A 1 X LA R I 17 ) B8, ik
Xof LS AP AR E AT e R A4 .

TREE T & AR RS oK Wk 1, Horb, KR
g 0.45; KPR P« O 42.5 i fERR $h K U8 ; 408
BEEHERT R R 1 s 1, 408 kB KA 3~5 mm
DR ML R RLAR 5~15 mm B R T £7 s B 41 4
KJE 30 mm., HAZ 0.5 mm; s HQ-240 I JC i
WA BER) . H B0 AR BT (8] R AR £ 4E 1 Bt
PR NI K U8 I 25 R BE A AE LA R R AR &
G5 A2 AR AT ETREE 1 0 A RS FH I 0k
B A PPRNTT 5 B BT, Y5 ROT A7 A7 M B i



DAl S S

ShA R E AR R F B AR XA AT R[] AR 5 TR ,2026,46(2). 141

TE 5 SR T P BOA RS MR B A FREO NS I8

TREE O A UG BE XN 2T 4R BE £ 1952 i e
FUORHY . 7 KK P i R, 2 fil 1R 45 - D9 30 L B 5 14
TN AR TR T5 - 1 %6 S 88 156 B2 [ N 2 52 i 4 £
A SIREE L IRRE R . KU AN R SR AR,
W] 2 - BCR IBE - 1) R 2 M 22, S MR B 2T 24 1) 349 20 e A
TR EE 1 Jy BB R FE A JE TR K VR HTT 28 5 T 2450 7%

1 —5E I BN BEAE SN 2T 4645 1 n 54, A9 21 4k
REET I T2~ RE A P fd im o TR L i 48 A 4N
212 W] LA o O AT A TR BE R i 0B 1 B AT A TR IR
5 = TP A X 45 25 48 RE 8 AT 28 BEL 1k K 23 FIAT )
JR R 38 35+ 03/ 0 R OB - P S B FL B R SR A L T B
LB ERE s (R 2T 2 2 Bk 22 ] RE 25 D49 2 48 19 ]
SR 45 ) RO BOIR BE L N AR AE A N 88 ), R X B
P A AR MR

B B ASMIMR T 6 SR B R PERE . 0
B17 AR AT LAY S8CRH 1k K o3 4R A TR BE - PR L AR OK
X TR BB e AR Bl T s 20 PRLK A A T 5 B0 T 2
AR 7 5 - 5 771) BE (7 78 5 - A B 300 DR 3k B — R 5k
JE 396 A L A il T ) EESK L [] B R ol R 5
TR 24— E W BT K = i BE 1 I8 7K o3 X R BE
B AIR L R AR K T 2R 7 B8 AU 5 i K R
AT AR AT R s ke 5 1 64 0 5 e 3R 35 1 1
PE s f G S AR P N . TR L A AR
Tic i Hh A7 P T B ) X — LSRR O i — 2D B T
18 KT A AT 2% JE I BB KR

x1 WALBETMRIBL

Table 1 Proportion of steel fiber reinforced concrete materials
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Table 2 Optimized proportion tests for water durability

of steel fiber reinforced concrete
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Fig.2 Average water absorption rate
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Fig.3 Test of sulfate erosion resistance



DAl S S

ShA R E AR R F B AR XA AT R[] AR 5 TR ,2026,46(2). 143

2.3.2 B4R bt

MR A 12t 40 22 HE L 43 00 U 45 45 TiE LG T 39 21 24 VR
T PAE AR T 19 2 A8 BT i [ B A H B e
PRHLEE R 3, RE 3 ATAL £ T B T
BB P 452 ok Y K% 3 A A 5 B T Y L BT
I P 381 o B B8, RGBT AR S IR G Y
R, A I L BT R e S (i (—0.35 06 ~

—0.1420) , H 80/ i W7 5 ad 7 v il
B PN A A A 2 O A R 4 R et 7 ) AR R BB B
oy HR RS A P A5 5 EOAY S5 i i T B AR B
KRBV, X —E R E R A
4 A B 4= ol U BN BT AL IR 1 4= ol B P B A N 4K
G BT B I B TR R L AR A AR R TR AR
i £ 4= ok T A A= 7 E A IR

®3 TEEFEHRIETEARNRE

Table 3 Quality of specimens under different cyclic erosion times
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Table 4 Compressive strength of specimens under

different cyclic erosion times

[ A o G HAZ 1k WeIRfr 28,/ PAAPURSRE/
MW Gii WHL kN MPa
1-1 0 52.171 20.8
1 1-2 15 105.020 42.0
1-3 30 117.578 47.0
""""""""" 21 0o 176.568  70.6
2 2-2 15 176.114 70.4
2-3 30 207.785 83.1
""""""""" -1 0 63241 253
3 3-2 15 113.689 45.5
3-3 30 111.736 44.7
""""""""" -1 0 60672 243
4 4-2 15 111.235 44.5
4-3 30 120.800 48.3
""""""""" 5.1 o T ssaer T ez
5 5-2 15 93.409 37.4
5-3 30 99.766 39.9
""""""""" 61 o 125308  50.1
6 6-2 15 138.721 55.5
6-3 30 133.637 53.5
""""""""" 7.1 0T T 82,943 s
7 7-2 15 121.650 48.7
7-3 30 122.105 48.8
""""""""" &1 o 780916 316
8 8-2 15 117.559 17.0
8-3 30 113.942 45.6
""""""""" 9-1 o 79739 st
9 9-2 15 108.375 43.4
9-3 30 108.858 43.5

X9 FREC LG A BT 8 R HE AT W 4%, KR 43 BT
FE T i e 17 B A0 AR R i 0 B 42 e U S 1 o
MG, E ke 5 fyile 5-1 ZE7E 2k £k o
it BB R 58 BE Ry 23.4 MPa, fE ¥R S0y 15 IR
PR R S S 37.4 MPa, I8 BRI B 30 W
BABHT R SR B 39.9 MPa, B 25 16 35 4= Y 85 i 4
Jns BT R R R R BT, XL R T
TET R AE 20 00 S0 B B, TRBE - P9 14 7K D 7K A S g
BTEARSEIEAT - R KAk 1) K U JB0RE 33E — 25 K Ak, A %
T 22 1 K Al 7= 0 S5 78 AL T L 5 285 g T im0, AT
PR . RIS E KK R 0.42 SN EF
454y 3060 B KB R 0.14 BF CRPEC L 2) i )
N ) 32 T R kA T i R ) - 45T e 5 B R PR A

R4 R 4 A, R KK e KA 4B
L BKFIB R 3 AR & H AR A R K P T A 5
ORI e w T gt K 4 R,
TR HEAE 0.42.,0.45.,0.47 =ANIKETF 7 19 2 % 3¢
JE 55 B 7 4 4> 91 49.9 MPa,41.9 MPa, 43.7
MPa, 1l 22 5 8.0 MPa; /K JK H7E BT 432 1ok 12X 50 1) B el
PR 3 B TP R EUR TR G KK BEAE 0.42 B LB %
PR ERR ., WAL R 220.3% 4% =K
ST X I Y Rl R 5 BE P (R 43 00 42.0 MPa,
49.9 MPa . 43.7 MPa, % 225 7.9 MPa; W4 445 &
FE 300 B3R B dR K BRI AT R AR . B K R 4B A
0.10,0.12.,0.14 =/N7K T X Nz (4 B 5 Bt 1 5 B2



144 g L B R

5 7 X

2026,46(2)

YIE 43514 36.6 MPa,39.6 MPa,59.3 MPa, Bi 7K
B PR R E MR 2N
22.7 MPa, BRIV 5 7K 5 45 12 6 4K 2T 2k 1 3 + B o R 36
{2105 1 AL BT 580 R R ) e K, LR KR L L 4K
£ Y45 1152 A XA

60 ---- kIR /593 MPa
£ o M B E
E ° Bik5 & /
N ) .
B 50L a9me o
= 45 T T aloMba T 137 MPa
i 42.0 MPa Begpn T
& 40 —
¥ \ P 39.6 MPa

0.42/2%/0.10  0.45/3%/0.12  0.47/4%/0.14
EHFEKF OKKILARFESBB/BIKFBE)

B4 FHBEHHIERE

Fig.4 Average uniaxial compressive strength
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