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Analysis of the Effects of Blast Furnace Slag Powder and Steel Fiber Content on
the Mechanical Properties and Abrasion Resistance of Concrete

HUA Siyu, JIA Jia
( Yunnan Aviation Industry Investment Group Co., Lid., Kunming 650211, China)

Abstract: To reduce cement usage in concrete pavements, slag powder was employed as a high — proportion cement
replacement. The study investigated the effects of different slag powder dosages (20% , 30% , 40% ) and steel fiber content
(0.5% , 1.0% , 1.5% ) on concrete compressive strength, splitting tensile strength, flexural strength, abrasion resistance,
and water absorption rate. Results indicate: — Blast furnace slag powder retards early hydration reactions, reducing 28 — day
mechanical strength but significantly increasing 90 — day mechanical strength; Low steel fiber content ( <1.0% ) provided
insufficient reinforcement, even degrading mechanical strength and abrasion resistance, while the reinforcement effect was most
pronounced at 1. 5% content; Slag powder enhanced compressive strength and abrasion resistance but reduced flexural strength,
with splitting tensile strength and water absorption initially improving then deteriorating; The combined use of 40% slag powder
and 1. 5% steel fibers increased compressive strength by 38. 4% and reduced wear depth by 14. 1% . The combination of 20%
slag powder and 1. 5% steel fibers showed the most significant improvement in splitting tensile strength and flexural strength,
increasing them by 46.2% and 27.9% , respectively. This study provides a basis for preparing low — carbon, high — strength
concrete pavements.
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Table 1 Chemical composition of portland cement and ground

granulated blast furnace slag / %
w4y CaO S0,  ALO;  MgO  SO;  Fe,0;  Na,O
7KV 61.4 21.2 4.3 2.9 .7 4.1 0.6
Bk 331 357 15.1 5.7 0.9 7.6 0.4
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Fig. 1 Aggregate gradation curve
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Table 2 Concrete mix proportion / (kg/m®)
g5 K AR WEr4E diERt MEPRE K UK
GO0 420 726 1114 168 6.3
G20 378 42 726 1114 168 6.3
G30 336 84 726 1114 168 6.3
G40 294 126 726 1114 168 6.3

G20S0.5 378 42 39.3 726 1114 168 6.3
G30S0.5 378 42 39.3 726 1114 168 6.3
G40S0.5 378 42 39.3 726 1114 168 6.3
G20S1.0 336 84 78.5 726 1114 168 6.3
G30S1.0 336 84 78.5 726 1114 168 6.3
G40S1.0 336 84 78.5 726 1114 168 6.3
G20S1.5 294 126 117.8 726 1114 168 6.3
G30S1.5 294 126 117.8 726 1114 168 6.3
G40S1.5 294 126 117.8 726 1114 168 6.3

L3 RXazk

TR BE + 7 5 % g ik 52 AR 95 GB/T 50081—2019
CIREE TRy 2 Rl Jy i) TFRE, 73l ik
1728, 90 d FR4P B AP ESREE . BFRHTRIRE . BT
Prom By, Prom e | B 2P0 o8 B A RT3y
S 150 mm x 150 mm x 150 mm, FPr5m il RN
150 mm x 150 mm x 600 mm, FFZHiR 56 #E1T 3 ML
M, S5 RIBCF I (E

HEFT 90 d W IHTR &E 1 oK Sl g, AR IR
GBT 50082—2024 (JRL#E 1< 1] P 5E A A 7 e ik 46
JriEAniE) JFRE 24 48 h /K EA

i s 4 K 5 #2 B GB/T 16925—1997 (iR &t +
Lo HCA) o ok B R B T vk ) R . 1R R
150 mm x 150 mm x 150 mm, % NS -2 BIRER%l
AR B G 90 d R &E + JEA T, 175
AT . IR AR E T (65 £5) CHLAE
bR, AR A R Rl E 2=
JERL, BOERESLE S 200 N, LA 75 v/min,
B 1 000 B 4 A B Sk B 000 B0, J 0 Il 4 3000,
6 000 % Wz R

2 ERSH

2.1 #ERE

2 Al R 28 d B, BT BAT
R . WIEF AR b R B YIS TR MELL GO0 R
BRI rh, 0B 40% (1 G40 I/
SREE BN, MG IEMELRRAR T 18.7% 5 R0
AR B AR e JE TR B L P R o BRI, X TR
FUERAELE T KPR Sh J1 R, FEAR T IR
BEMPREICILR SO SR 3, 7K AR I 8 7™ ) B30 0/ )
T AT EE 1 1 SO EE #), 5 S0 i TR 5 bt
FESRIEFRRAC, WLF4EBEN 0. 5% 1), AT BB
1 40% 1) G40S0. 5 i A4 H R o BE 41 2k fe /)y, AH B3
HELREAR T 25.6% , HELIEIFE/NT G40 K145 Wi <r
4eip 1. 0% I5f, K5 30% 1) G30S1. 0 i
USRS e/, AL IEMELL AR T 17.5% , W%
F T G40 s N a1 5% i), IREE PR
SREEALLBE R 0.5% | 1.0% A i &, 40% 0 ik
¥yB 1 GA0SL. 5 {40 i o FE 40 2% fie /D, AH EL
HELHREAR T 5.5% o B A 0. 5% 4T 4k S B0R 5 41
FESREEA i BEAR, Ud 195 o A AR ) T 1 3] 4F 4 34
SRACH; UMW AEB RN E 1. 0% B, 3R ROR I
GREL; BEN L S%E, HRAURBERE . X2
BRI L 4B B XE LGRS BB il A7
BN, TCIA R 2L Y s Dy MV A 5 A
[ ATE XI5 5l AN B, B s i 55 X
H UG BP0 o B PR AR, S AT e | T, 44k
FT450 43 A FE S A R B B = 4 35 58 I 45 25 4, 44k
LB AR, PUESR TS 2] B E R T

BEFEA A 2 90 d, FEdELL GOO b b i i 42 7
R EE /)y, AHEL 28 d I HAIUER S 1 2. 7% o AW
B AU R RIS T, B3 T
A, DU R R R B R G K, &4l
AL 28 d T4 5 T 29 50% o 3 2k H I
MR KA SR JE T AE K, 7K U8 5 A 9 A R A 7 B
Zr)C-S-H, C-A-S—-H#EK, {2 TIREE LK
KR & . RBP4l T G40 B TR ok
WK, MR EHRE T 18.2%; WA4B N
0.5% W}, GA40S0.5 i fE fx K, ML IEAEA R T
8.4% ; B8N 1.0% if, G30S1.0 BREFf K, 125
T 19.8% ;5 WLFHEiB iR 1. 5% h G40S1. 5 AR



BHBEIRZE 5 F

40 &

SR ER R, MR MEAL IR T 38.4% o R L,
A3y o G S A R A S K L RS T, A R TR E
SO R EOE AL, st OB HE BUT R AR AL B,
MImEETE T PR SR B . ARB m N LT 4E 5 0 A 0
ERTHREE L PURSRIE, WT4EB RN 1. 5% mF, 12
THIE %t + 9T 58 ¥ e 2 % G20S1.5, G30SL.S,
G40SL. 5 A L HEMELL GOO Ht [k 5 B 43 3!l §2 T 20. 1% |
29.3%  38.4% , BEH MBI, MEYE R
LW R o X R MBI bl aod i e K A S B I i
Wik, Bm TN AE R TR AR R O SR B ), R A
S BT AE TN 3 5585V

50 4284
190 d

40

59
(=]

20

U /MPa

B2 FRE#FEH. NAESEERRINERE
Fig.2 Compressive strength of concrete with varying
dosages of GGBFS and steel fiber content
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Fig.3 Indirect tensile strength of concrete with varying dosages of
GGBFS and steel fibers
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Fig. 4 Flexural strength of concrete with varying dosages of
GGBFS and steel fibers
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Fig. 5 Abrasion resistance of concrete with varying dosages of
GGBFS and steel fibers
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Fig. 6 Water absorption of concrete with varying dosages of
GGBFS and steel fibers
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