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Effect of coal gangue as aggregate on strength of cement—based materials

BAI Chaoneng',LI Linhao®, SHENG Yuan', LONG Guangcheng’, MA Kunlin®
(1.Xi" an Railway Survey and Design Institute Co. ,Lid. \Xi’ an 710054, China;
2.School of Civil Engineering , Central South University,Changsha 410075 , China)
Abstract ; The authors replaced the aggregate with coal gangue in three different ways and studied the effect law of the amount and the type
of coal gangue in slump and mechanical strength of low—strength concrete.Furthermore, the influence mechanism on the strength of low—
strength concrete with coal gangue as aggregate was analyzed by rock point load testoptical microscope and scanning electron microscopy.
The results show that the influence of coal gangue on the strength of low—strength concrete is not only related to the way of substitution , but
also depends on the kind of coal gangue.When coal gangue replaces discontinuous grade with coarse aggregate more than 30% , the concrete
compressive strength will be reduced by 24.9%.When coal gangue replaces coarse and fine aggregate completely, the strength of the con-
crete will be reduced by 40% ~60%.Under the coal gangue replacing the continuous coarse aggregate if the coal gangue replace the contin-
uous fine aggregate ,the compressive strength will continue to decrease by 27% and the splitting tensile strength will decrease by 24.1%.
The effect of coal gangue on the strength reduction of low—strength concrete is mainly due to its low strength and weak interface transition
zone ( gangue—cement).Adding fly ash can alleviate the “weakness” of the strength induced by the replacement of coal gangue.

Key words: coal gangue;low—strength concrete;fly ash; replacement method
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Table 1 The chemical c

S8R JIE TR B - 1 5 B 5 M KL, 5 AR FE OO g 0 3
B AT T L2 pL, ) BT A TR B AR bR
TR N AR AR
1 i I
EEy
JKIB(C) R P - 042.5 138 ik R EL K U8, H
28 d ISR B A 48.6 MPa; By K (FA) &%
FHIBEE R ) HRE AR F Ok B, L 3 T AL
460 m*/kg, BN 2.36 g/cm’ , IKPE FUBSIEIK Y Ak 2
RLILER 1, TSR 1 I8 e LI BFT B> | LA
BOCR 2.7, BN 2.62 g/em’ s 41 KA 77 BT ES
IR 5~31.5 mm A RATHAT  FRIEFEAR 11.5%
AT A7 BEEUSE PU AT AR TR F S Ll P R R
16 4 DAFEBIX AR, 2 wead 0t 5, WoRR A2
9 0.15~4.75 mm 4.75~31.5 mm F110~31.5 mm =
Tofostar 28 315 T PR 8 S T 5 R AT
RIS FH 7K R 3 kK K R R R &
PERBISUK , I7K R R 21%
RIS E R

omposition of cement and fly ash

1.1

N
=
=1

) S5 %
JEA} P/ %
Si0, AL 0, Fe,0, Ca0 MgO S04 Na,0,,
C 24.6 7.3 4.0 59.7 3.8 2.98 0.6 2.2
FA 52.3 26.3 9.7 3.7 1.2 0.2 1.8 4.5

A1 JRAT B SRR A B AN IS R X SR AT A (X -
rd ) FIZEIETE 43 A7 (X—rf) M3 T 8™ 9 28 B (1A
1) Ml (3% 2) , Feb AT 41 2 2 i A1 9
(Quartz) 5 M A7 ( Montmorillonite ) FIZZ £k A ( Sider-

ite) , I MEERT A1 A K A (Feldspar) |, iF B A F A
BEA T A1 (Calcite) |, T A7 JRAT AT T2 2180530
e A ST, R BT AT A A KA )
B PRER bR LR 3,

F2 BEAMARAMUZAES

Table 2 The chemical composition of coal gangue and limestone

B4 %
Jtet
Sio, AL O, Fe,0, Ca0 MgO S0, Na,0,, K,0
R4 1.68 1.01 0.32 58.78 3.27 0.32 — —
VB A 60.19 29.28 3.25 1.15 0.71 0.44 0.21 3.00
KGR A1 61.05 25.92 3.06 3.07 0.83 0.20 0.61 3.67
ISy Vel 57.71 28.64 4.66 2.24 0.61 0.80 0.58 2.99
AR A 65.87 20.25 4.59 0.45 1.77 0.20 1.98 3.98
x3 AEAMARKAMERAEEYIBER
Table 3 Main physical indicators of coal gangue and limestone

JEt FHE/ (g - em™) WEBUERE/ (g em™®)  WoKHE/% 200 kN ERTERR/ % REMAER % B R A/ MPa
R4 2.73 1.44 1.65 11.1 0.1 32.3
B R4 2.51 1.32 1.74 19.1 0.2 14.2
KRR A 2.39 1.26 1.97 20.1 0.3 13.7
KAIRHERT A1 2.42 1.34 2.55 20.4 0.3 13.2
MR A 2.12 1.13 5.37 21.9 0.5 11.0
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Fig. 1 The XRD analysis of coal gangues and limestones

1.2 EE&T

I BETE T 3 T A BT 2%, 2 5 R 5
— R R Y = HECA LR 4,

FRIN—WFE A S A A B ] R - X I
JEVRLBE - B, S AR A R R R R A H
RAE(0.15% 30% 45% .60% 75% 100%) , 5%
23 v 4 R A B AR OC Y IRAE AR (PR R B |
WK 3R L% B ) 16 B B BB B AT i LA A
G — TV BIER AR RAR RIS, &
G| ZRIFGE I R A A A EUAOR 20 e IR B TR
T rRgm, EELUERE AR AR, R =0
FE SRR A 0 A % SR 20 R X AP B TR
& T RS S i A I SR BT A R 2 S 4
BRI FRZE CTRE /B A)
1.3 WEFHE

1) R 50— K B2 IR EE 1 BT F 21 09 4 KA K
e BB TRD AR VFE R KRR
K s TR EE - B FEALIE A T IR e L FE A, $R AET
[k 120 s, $EAE B 2SS 4T T AR (P19 ) Wt
e e, DL ORIE BT PR e - BT B TAEME:
SRIG IR SF R 100 mmx 100 mmx 100 mm F¥ 5777
PR, U R AN 2 i, 3 d JEPREOITE Thn
WEFRPP R4 & 28 d IR T R s 3

272

H2 BWAERELTHEERSEERA
Fig.2  Working state and forming of coal gangue concrete
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Table 4 Mixing proportion of coal gangue concrete

HLE R

By %9 = Kie WK W RS A va X WK
5~10 mm  10~31.5mm 10~31.5 mm 4.75~31.5 mm  0.15~4.75 mm il

Cy 333 59 773 333 779 0 — — 165 3.9

Cis 332 59 770 332 660 116 — — 164 3.9

Cso 330 58 767 331 541 233 — — 164 3.9

5| — Cys 330 58 765 330 424 347 — — 163 3.9
Ceo 329 58 762 329 307 461 — — 163 3.9

Cos 328 58 760 328 192 574 — — 162 3.9

Cioo 326 58 755 326 0 761 — — 161 3.8

2-f1 KA 150 150 537 1 347(4.75~31.5mm) — — — 180 —

-8R 146 146 — — — — 1257(48) 539(1FE) 175  —

RN 2-KJF 140 140 — — — — 1 213(KJE) 520( KJ&) 169 —
2-KiAk 142 142 — — — — 1 224( K37) 525(K3AR) 170 —

2- ik 129 129 — — — — 1 110(#ik) 476 (Htk) 154 —

S-1F8 230 — 690 — — — 1324(1F5) — 138 —

S-KJF 224 — 672 — — — 1290( KJi) — 134 —

5= s-Kif 226 — 677 — — — 1299( Kif) — 135 —
S—Hipk 210 — 629 — — — 1 207 (#kk) — 26 —

c-a 227 — 0 — — — 1305(FE) 680(1FEr) 136 —

M3 ZHnunts
Fig. 3 Filling process by hammer
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Table 5 Slump and density of low—strength

2

21

concrete from series 1

G YH& B/ mm /(g em™)
Co 145 2.23
Cis 150 2.22
Cso 145 2.20
Cys 150 2.20
Ceo 155 2.20
Cos 145 2.18
Cio0 155 2.15
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Fig. 4 Compressive strength of low—strength
concrete in 28 d( series 1)
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Fig. 5 Compressive strength of low—strength

concrete in 28 d( series 2)
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Fig. 6 Compressive strength and splitting tensile strength of

low—strength concrete in 28 d(series 3)
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Fig. 7 Actual destruction state of coal gangue

concrete and ordinary concrete
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Fig. 10 SEM of limestone and cement interface transition zone
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Fig. 11 SEM of limestone and cement interface transition zone
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