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Analysis of the Influence of Coal Gangue Coarse Aggregate Concrete on its Resistance to Chloride Corrosion Performance
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Abstract: To expand the utilization scenarios of coal gangue, a solid waste from the coal industry, in the construction sector,
reduce the consumption of natural building materials, and minimize environmental pollution, coal gangue was used to prepare
coarse aggregates as a substitute for natural crushed stone. Fly ash and silica fume were employed as reinforcing mineral
materials to produce coal gangue concrete. This study investigated the mechanism and impact of wet — dry cycles on the
resistance of coal gangue concrete to chloride salt erosion. The results showed that as the number of wet — dry cycles of chloride
salt erosion increased, the compressive strength of coal gangue concrete first increased and then decreased, while the mass loss
rate first decreased and then increased. The relative dynamic elastic modulus of concrete with 25% and 50% coal gangue
replacement rates first increased and then decreased, and the free chloride ion content at the same depth continuously increased.
With an increase in the coal gangue replacement rate, after 150 wet — dry cycles, the compressive strength and relative dynamic
elastic modulus decreased, while the mass loss rate and free chloride ion content increased. Due to the reinforcing effects of fly

ash and silica fume, the chloride erosion resistance of concrete with 25% and 50% coal gangue replacement rates exceeded that of
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natural crushed stone concrete. However, when the replacement rate exceeded 50% , the chloride erosion resistance decreased

rapidly. The research findings provide theoretical support for the application of coal gangue concrete in chloride erosion environments.
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Table 1 Cement performance index

HoxmES  dokak guip DURSRE/MPa BURSRE/MPa
/(m?/kg) /% /% 3d  28d 3d 28 d
396 29.3 3.1 18.5 352 3.4 7.7
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Table 2 Silica fume, fly ash main chemical composition /%
e Si0,  ALO;  Fe,03  CaO MgO S04 K,0
Bk 49.32 29.61  7.91  6.85 0.17 1.42  2.57
IEYR 94.5 0.74 0.64 0.21 0.26 1.26  0.43
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Table 3 Physical indexes of natural crushed
stone and coal gangue coarse aggregates
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Fig. 1 Particle size distribution curve of steel slag and river sand
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Table 4 Gangue concrete proportion / (kg/m®)
Hi's  KIE RER OB WRr 6EA BARRA K kG
CCO0 420 738 1 106.0 126 6.3

CG25 294 42 84 738 829.5 276.5 126 6.3
CG50 294 42 84 738 553.0 553.0 126 6.3
CG75 294 42 84 738 276.5 829.5 126 6.3
CG100 294 42 84 738 1106.0 126 6.3
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Fig.2 The impact of different factors and levels on flexural strength



R LR G A

39 &

TRBE % SC R, BHAS T Gk 1) 25 44 P 42 k5
N, BABREIK, K, & T REM K Si0,
M), nlSE R X s 0 Ca (OH), &4
KA, A R RE G AR SR ) C - S — H B, 2
TR GE SRR B s BT A B R R, SR
FLERH A BE 40 2 8 R K L R K S R IR A, ik
CG75 . CG100 4L o B /N T2 Ui 2

SUERIREE T T IR A6 AT A VR P e vk
M EERIA LT A E: — I, TIRER
AT O R BE - R R A T ROKAR TR KAy, R
IREE % g AER R ARG AT 5 KR I
A RIS AR, XRIRLBEE BT o LA B SR AR 5
AT A s is Z LA TARRBA, MERAPUE
S R (R 5 AR R B A k. 5 — 7, MR A
B BB AR R 25, TIRE B R R
KW . KRR AR TE , S SO EEM RS BT A AC
SRS A RY R, W5 T A5 B TR
PEERUEIE N, SR AR T /K Y8 6 P v %) 5 5 B 4 n
WSS REUR R, AR N, B
JER R IE— IR, et A B R 150 ¥k
PR P AT 5 R 2
2.2 RmEHkE

HI [l 3 mT 0, BT IR A, TREE
PRI e NG K, X EEHR T T
WAEIR A 3G I, SRR ATREE L REIANE, &
S e R R OK A SO A O i 25 A AR, B
TRGE - B A BT (HIE KA AR B g O T
EREET), B IR E s, AEETFA
fefefit 7 2l iE ;. FE R AR IS WG R, 3 Al
TR BE - 45 A8 B 450 1 B R B, Bl 4 3 T 3 4 0
W RS RRRVE R R B, RIUOIREE L
BB I, CG25. CGS0 iR 1 & il 2k /N T
CCO0 i, & T AR, kKI5 T 0
BARERE, WD T AR RN, & 7%
BF A IREE 1 O PT E AR R e BE SR A IR R 1
i, ST ARSI RUR RN R, 5 CG25
FAEL, CG50, CG75., CG100 /4 150 IR 110G
RBTJoT 401 2R R Ay 3G N 2.2% | 7.7% | 13.8%,
X2 BT AL A A B R SR TR BRI K i
LB, SR A BT 4 B R N5 4 4 1B R

R UERT 0 B 1HD R X RE A PERE, SR A0 R Uk
T T AR A, 150 TR PR 45 RS, CCo0
CG25., CG50, CG75, CG100 {5 fa 453 2 3 3 3l hy
5.5% . 1.3% . 3.5% . 8.9% . 15.1% ., Xiil#& A
Ry B . A AT 25 1 SR AT A7 A KT 50%
AT W (R T RE Ty 5 BERERT A7 AR ok — 2D 4
R, AFABIEZ, EHRAT AR EE - bt &A=
RERIRFEAR, MR RAMEATREEL
161 —=-CCo0
—-CG25
12} 4CG50

—-CG75
| —-CG100

0 36 6‘0 50 1i0 150
TR UE U
E3 FRETEERMETERRETRRREETU ML

Fig.3 Change curve of quality loss rate of gangue concrete with
different times of dry and wet cycles
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Fig.4 Change curve of relative dynamic elastic modulus of gangue
concrete with different number of dry and wet cycles

2.4 gHABTAE=E

&S Af%, 60 1 150 YR T 1A BR i IR 8k 1
H S T2 &E S M. 760~ 10 mm PREE,
S TG, XS Y B AEA T,
HERRE WM ERE PR FRE, 7
10 mm PREEAL F f S8 3 A #EE; 10 ~30 mm
VO B A& 7 & &, vl TR
AT, R AE GBS AR TR B A v A% s i R
JEFERALRZ; 30~50 mm PREEEHE A H & T
TRZE /N TRE, IR R IRZE P E
BT FEAREY BUER T8 E . TR R B0
i, AR EE B B A S | oK, CC00, CG25,
CG50, CG75, CG100 iAf4AE 10 mm HEE H HA & T
i, 150 YT 1A BR B AH Eb 60 YR A 24 43 51 34 Jn
53.2% . 52.7% . 54.5% . 49.2% . 50.7% . W] Ui,
BET VG BRI n, RN R A A T A Y
BRIEAREE T, BRI A0G PR RS T AT A TR S 1
PrEEhizmae Jr, Bl EE AR AR N,

TEAHRIREE , JEE4] CC00 [ & F ok
F CG25, CG50 314, VLI IRy BEIK . #E KA F
THSUEAE =20, B fEKEREET Y3
BE, TR AR T Al ROK AR AR R £
KA, PE TR L R, RS B,
HOESR TP E S TR B R A AT A B S

i, ARG R B S T A RO, R
KF50% )5, WETHRINEREHNK. 50625
b, CG50, CG75, CG100 IRfFFE 10 mm I 48 &

T 60 WK T 116 25 43 B ¥ 22.2% | 63.8%
97.2% , 150 YR T 1RG4 B 48 hn 23. 6% . 60. 0% .

94.5% , XFWTRAGIMR IR &t —2 5 (AT
AR EE L A LB S BERRE, AR 7O TR T
REST, AT A0 O S0M X G808 1 1 I g
5

0.8
-=-CCO00
y ——CG25
s 6 -+-CGS0
:E -+ CG75
e ~-CG100
0.4
N
"
2
021
0 10 20 30 40 50
VREE /mm
(b) 60 R FBIER
127
1ol -=-CC00
e ——(CG25
< —4-CG50
=08 (G5
06 —+-CG100
i O
E—% 0.4
0.2

0 10 20 30 40 50
VREE /mm
(b) 150 X FIRER
Es5 BAFARRIAREELEHSEFES=ME
Fig.5 Free chloride ion content curve of coal gangue
concrete at different depths
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