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Abstract: The particle size distribution of gangue aggregates and the curing age are the key factors affecting the
mechanical properties of cemented gangue backfill. To study the mechanical properties and damage evolution
characteristics of backfill with different particle size distributions of aggregates at different curing ages, coal
gangue was used as the aggregate and fly ash as the auxiliary cementitious material to prepare cemented backfill.
The mechanical properties, microstructure and fracture evolution characteristics of backfill with different
aggregate particle size distributions were studied. Based on the dissipated energy, a damage constitutive model of
the backfill considering the curing age effect was established, further revealing the energy damage evolution
process of the backfill. The results show that the compressive strength and elastic modulus of the backfill with
different aggregate size distribution increase with the extension of curing age. The elastic modulus and peak stress
of the backfill with a particle size distribution of 0-5 mm are the highest, the backfill with a particle size
distribution of 0-10 mm is the second, and the backfill with a particle size distribution of 5-10 mm is the smallest.
Under uniaxial compression, the backfill with the particle size distribution of 0-5 mm maintained good integrity,
and the extension of curing age could restrain the expansion and penetration of failure cracks, and improve the
integrity of the sample. The microstructure density of the backfill with the aggregate size distribution of 0-5 mm
is the best, and the extension of curing age reduces the size and range of the void structure inside the backfill, and
improves the microstructure density. The total energy, elastic strain energy and dissipative energy of the backfill
with different aggregate particle size distribution increased quadratic function with the increase of curing age, and
the change of aggregate particle size distribution and curing age had no effect on the energy accumulation and
dissipation process in the backfill. The established damage constitutive model considering the effect of curing age
can accurately reflect the stress distribution under load of the backfill, and the damage evolution of backfill can be
divided into four stages: initial damage stage, damage stable stage, damage accelerated growth stage and damage
failure stage.
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Table 1 Oxide components and relative percentage of
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coal gangue aggregates

28 d M FEIUAR T 2= v, B8 AL 3 AN
RIS R G0 R H b ALt e 2 48 A A BR 2w A2 ™
TMC-2010 fHLEE I, Mz o 0~50 kN, K 2Eh
0.001 kN, ik 7y =Xk B B8 fin g il Oy =X, n s
FH 0.6 mm/min, K AMRAY 1820 Hi ¥ g i 4%
DA (R PO 25 4, A SRR DX iy 2 P R 123
BRE, BEJSHE T A0 B, HETTmE 4, foa T RE 1
THOULZE R I o AT A 7o S A SR 179 71 4 B 3
AR 2 FR .

2 REERSHT

21 WH-MEHZk
XFB BRI FRIPI IRY 3 20 FedEU A GCRE, BEAT

0280314



KA SRAT 5255 R4 TR 24 Vol. 8, No. 2(2026): 028031

BTk A R RE I, 49 BNy - e, nfE 3

J7R o

TR

-'7;‘““‘& i

"-.n-- L | b LU |
0.01 0.02 0.03 0.04 0.05

TR IR

B2 AT A AR Y ) 2 B ot 7

Fig. 2 Preparation and testing process of coal gangue backfill samples
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different particle size distribution ranges

B WAL IV 7 43 B3 KT 28.6%. 26.7% M 13.8%.
AT, YIRS 3 d BN 14 d i, C 47T
SRR (R WAL, S 3G i Bk .35, T 24 32 1%
W 14 d )5, A A e A I8 77 38 R A
B AR C Al LAk, SRR I AE K BE
i 4 2 3 RO [ B b A% 43 A 78 SEL AR SRR 1 I (L
A7, B Y IS 14 d )5, FRPIS I FE AR
PEVEAE N T A B SRR B S R R T SR AR
(IR0 F7t B D R, TE AN PR
23 IEENTREEESE

g a = NIREEE, 2 3 4 smiriaReE i g
{ELIV A5 K A B ) AR ARARAIE, IR S s .

1 1& 5(a) AT, B SR I RE R, 3 21 sEiH
AR 1 UG8 1 107 735 149 3¢ PR M S 488 KT i/ N ) A 3
MBS WIEEN 3d 17 d i, A 4 B AR RE
WEE N AR fe . B Ik =z, C dfe/he A Al e HR
TR RE R 8] f) BE A28 3 ] 25 5 80N, AE KA )
C-S—H HERL O VE FH T 0k 8] BE A5 A R 45 1k imi TE
BT A R T B X 2% S AR R, AR LRI 2 K
AT I A iR B R A PR, AT s Bt C 4 s A
RETEFRAP LA B R AR AE . R

028031-6



KRS KA 55 2 P TAE2-3R Vol. 8, No. 2(2026): 028031

W B R AZ /107

0 5 10 15 20 25 30

TR/
(a) VAR AR
500+ . m- ‘
NS400 el
o
=
1z 300
i
200
100 I 5’,’,—’"‘,.”,””3”, . ;“.l.‘v

TR/
(b) FiEAE

5 SEIRRRE I (L 107 A8 2 50 P A Ak 1) A8 AL AR
Fig. 5 Variation characteristics of peak strain and elastic
modulus of backfill

HIJE N 14 d 128 d I, C 41 Fe AR PRI 10 728
e e, HE A AT BRTE TREE FR I 0 0y g4, KAk
77 C—S—H HEIE B Wi INBe % (17 2 K Rk
R L RE LS, AR AR T A R SCHEAE L,

17 el HE BE 68 78 28 1 B R A2 T8 5 A 38 B R O BR,
0 T J52 Bk HE 7 il B0 10 i T A R T4 v L AR 3
HEST o

Hi &l 5(b) AT A1, BEE SR I8 I 3 d 3 =
28d, A. B 2 FudB AR GRRE 0 S A A R v T
411% F1 567%; C L0481 T 516%. A%, 3 21 Fui
AT A 3L A i Xof SR 4 30 0 SRR PR AR B B
H>C 24 >A 4, UL IR IS G SE K A R T 4R
B SR HUAIREE RSP R . IEA, 3Pk
— B, A 4 TSR A BB e e L B 4K
2, C 4/

W LR B RPRLAR 23 AT R 0~5 mm AT 4T 5E
TR, B A WA 07 43 B AT BB 5 mim A 7 0 047 1
R 43, i Ff T R B B 2 Rib i T 2 kAR
PPl 25, B OOBER SRR ), IF H e 4S5 R
F/FE 50 mm Db, DURIERER fi it g i oA AR
IS
24 FEBEWAFE

AR RS, 3 BRI & T 44
BB (s BRI B M B (04). LS LB (4B).
AT AR B BE (BC) S JE B RB B (CD). &R
FH 1 T FR AR AL S Ao W TSRRE B SR TE, S FR P ik
W54 28 d B, 3 A FEIUAFEAE A [R] B B sz SR E
AE 6 FiR .

& 6 AT, ZEAS IR A IR B B T FE AR R

(b)B4l

P 6 Bl 4 T S RO IR 1 T 28 3 A o il

Fig. 6 Fracture evolution characteristics of backfill under uniaxial compression

0280317



KRS KA 55 2 P TAE2-IR Vol. 8, No. 2(2026): 028031

AR AR .35 22 57, U] B RPRIAR T3 A1 ) 22
S REMS X B EOE 257 A BF W . AN R B
BrBe 3 A BUARE ARG AR AN T

(1) JEB B (04) SFEBRIAEHE AR B
B, AL B 21 SRS AR A S T H B A 1
IRREL AR ES T RAFASEENE: C 4 T RRbRL
FREHOR, RIEKAL P AS BEA BT R
(S BREEH, B R AW A FLIR 254

(2) LHMASIE T BE (AB). M FEHUARAEEA
LR IE B BUR, A 2 ST HUAURE B b B DX
BT AR AL, (B IR T AR 28 B 4
R BT BN, 5 A AL, SRR
CRREIEA TR, BT R TSR A58 1 C 43k
T AN BE T W] 2 Y BEIR SR, i A BRI T, T

PRRRJEE fo e

(3) B Jm kB Bt (BC) Al JS IR B B (CD).
M R SAR R E A8 M S R A I B SR B B, 3
H R R B MBI AWE L R T,
INFRERE I B B 1 K. A 4 FE AR () B SR AR
/N BAHIRZ., C A, JFH C AR TR
BBl PR BRI 75

PRI, B Ik 09 AN W itE A 7, 3R B i SR 24 4
BT R, B 28 B W S 1, HE TS B0
FER IR AR . TRl C 2 e UAR R Bl PR A ol 7™
o5, A O TR 53, DR R A
il £ 7o EAAR R B T DATE X4 0 4B Rk Ok i
HogabEne.

AR, DL A U IR A 42, dE— 245
FIE IR AR IO S 52 m . A FFE
P, A AR BB S E 7 Fos .

(b)FF47d

(a)FF#43d

(c)Fri14d (d)7F-4r28d

K7 ORI R4 T e AR GURE B R R AR
Fig. 7 Failure patterns of backfill at different curing ages
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Fig. 8 Microstructure characteristics of backfill with different aggregate size distributions
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Fig. 9 Microstructure characteristics of cemented coal gangue backfill at different curing ages
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Table 2 Energy parameters of backfill at characteristic stress points
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