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Uniaxial compressive mechanical properties and failure patterns
of alkali-activated slag-cement grout consolidation bodies
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(a. School of Mines; b. Jiangxi Provincial Key Laboratory of Safe and Efficient Mining of Rare Metal Resources; ¢. School

of Metallurgical Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, P. R. China)

Abstract: To investigate the mechanical properties and failure patterns of alkali-activated slag-cement grout
consolidation bodies under uniaxial compression, this study employs a combined approach of laboratory
experiments and discrete element numerical simulations. Uniaxial compression tests were conducted on
consolidation bodies under the dual variables of grout volume and rock particle size. The entire uniaxial
compression process was simulated and validated using the discrete element method, and the influence of rock

shape roundness parameters on the uniaxial compressive strength of the consolidation bodies was analyzed. The
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results indicate that the uniaxial compressive strength reaches its peak of 8 MPa when the grout volume is 45%
and the rock particle size is 5-10 mm. The evolution patterns of the elastic modulus and peak strain undergo a
transition at a grout volume of 65% , marking a shift in the load-bearing mechanism from weak interface control
to cemented skeleton control. Crack propagation is characterized by diffuse development as the grout volume
increases, and by linear development along rock boundaries as the rock particle size increases. The numerical
simulation results demonstrate high similarity with the experimental curves in the pre-peak stage, with the post-
peak stress difference maintained at approximately 0.6 MPa; furthermore, the simulated crack expansion and
failure modes are highly consistent with experimental observations. The rock shape roundness parameter
exhibits a linear relationship (R* = 0.96) with the average uniaxial compressive strength, whereby higher
roundness leads to greater uniaxial compressive strength of the consolidation bodies.

Keywords: grout reinforcement; alkali-activated slag; rock shape; discrete element method; mechanical

properties; failure patterns
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Fig.1 Particle size distribution of cement and slag
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Table 1 Composition of cement and slag

%

W S0, ALO, CaO MgO Fe,0, SO, Hifls

JKPE 22.61  4.35  62.60 1.91 2.46  2.89
W 33.21 15.76  37.14  8.51  0.71 1.91

F2 KA
Table 2 Parameters of water glass

%

WENE/Be  BEC SiO,/% Na,0/% H,0/% % /(g/cm?)

50 2.3 30 13.5 56.5 1.51
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W K U TE AR A L, oK R 5 8 R
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$ 0.8,
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Table 3 Material mix proportions

B K/ (kg/m®) B /(kg/m®)  HTT/(kg/m®)  KBEHE/(kg/m®)  NaOH/(kg/m®)  7K/(kg/m?)
GCB1-1.GCB1-2.GCB1-3 150 150 1755 16.6 1.5 237
GCB2-1.GCB2-2.GCB2-3 193 193 1485 21.3 2.0 305
GCB3-1.GCB3-2,GCB3-3 237 237 1215 26.0 2.4 372
GCB4-1.GCB4-2 .GCB4-3 279 279 945 30.8 2.9 440
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Fig.2 Schematic diagram of PFC model establishment
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Table 4 Numerical simulation material parameters

Byl W/ (g/em®)  KAEIERE/mm  BHJE fLERE
K e -1t 3100 0.015~0.028 0.7 0.11
Vay/ %4 2700 5~30 0.7
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Fig.3 Schematic diagram of test specimen models
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BetiE LA IR ) Table 6 Parameters of parallel bonding model
/
Y T Y R S
GPa MPa MPa
D -0 GCB1-1 1.5 1.5 0.5 53 22.5 16.5 11.3 8.2
piece 1 GCB1-2 1.2 1.5 0.5 51 15 8 7.5 4.7
F=F+F, M =0 GCB1-3 0.7 1.5 0.5 50 13 5 6 3
GCB2-1 1.4 1.5 0.5 52 25 18 13 10
LR AR L A7 (FY) GCB2-2 1.2 1.5 0.5 50 19 9.5 10 5
g DL 7 B E Ay GCB2-3 0.6 1.5 0.5 49 145 7 5 3
Ej;ii&ﬁgfgﬁ) GCB3-1 1.45 1.5 0.5 50 23 13 9 6
B Ty GCB3-2 0.8 1.5 0.5 48 17.6 85 9 4.5
piece 2 GCB3-3 0.6 1.5 0.5 47 12.8 6 4.3 3
GCB4-1 0.7 1.5 0.5 48 10 6 5 3
GCB4-2 0.85 1.5 0.5 46 11.5 5 5 2.5
plece GCB4-3 0.9 1.5 0.5 45 12 57 55 3
2R \
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Fig.4 Schematic diagram of contact mode
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Table 5 Linear model parameters
B3 E/GPa b/, P
TEH 35 1 1.3 0.5
M 45% 1 1.3 0.5
M 55% 1 1.3 0.5
T 652 1 1.3 0.5
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Fig.5 Stress-strain curve for uniaxial compression test
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Table 7 Uniaxial compressive mechanical properties of

grout consolidation mass

Al UL R RS /MPa SPERE L /GPa W fE N A /107

GCB1-1 6.246 1.385 5.280
GCB1-2 5.724 1.001 7.970
GCB1-3 4.765 0.901 7.370
GCB2-1 8.029 1.251 7.677
GCB2-2 6. 605 0.953 7.863
GCB2-3 6. 300 0.657 10. 153
GCB3-1 7.673 1. 309 6.751
GCB3-2 6.061 0.958 7.300
GCB3-3 5.122 0.759 7.332
GCB4-1 4.355 0.541 7.449
GCB4-2 3.810 0.657 5.412
GCB4-3 3.623 0. 966 4.819
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Fig.6 Comparison of uniaxial compression test results with PFC stress-strain curves and specimen failure patterns
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Fig.7 Crack development patterns in numerically simulated specimens under uniaxial compression
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Table 8 Roundness parameters for various rock shapes
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Table 9 Uniaxial compressive strength of various rock shapes

Eii KRHE/MPa K15 /MPa X =¥ /MPa FtH I8 /MPa %)% /MPa K BJE /MPa
GCB1-1 5.93 4.82 5.85 6.02 4.87 6.32
GCB1-2 6.30 5.16 5.30 7.52 8.00 7.55
GCB1-3 4. 50 6.18 4.93 5. 04 6.03 5.60
GCB2-1 8. 34 9.27 9.44 8.62 9.46 8. 00
GCB2-2 7.86 7.47 7.29 8.54 9.55 8.91
GCB2-3 5.84 6.65 7.17 6.77 7.05 7.38
GCB3-1 6.94 7.38 8.08 8.24 6. 46 8.78
GCB3-2 6.11 7.08 6.58 6.32 6.05 5.90
GCB3-3 5.65 5.00 6.55 5.98 6. 20 6.10
GCB4-1 4.18 4.28 4.47 4.13 4.10 4.54
GCB4-2 3. 66 4.07 3.35 3.84 3.42 4.15
GCB4-3 3.10 2.98 2.84 2.70 3. 14 3. 14

¥ifa 5.70 5. 86 5.99 6. 14 6.19 6. 36




10 + K5 33 £ 5 ROCP E X % XX %

7 10 7
—— GCBI1- 1145 2k —— GCB 1-2i{5% h 2k —— GCBI1-3i5 2k
N o KRHEIE — KRHE il KRHEE
— ¥R N o ESE2l4 — X+¥R
K=k § b= 1A K=
5 KHMiBE — KHMiPE 5 F—— FMiBIE
ot KIi N KIile ot KIi
gd_—%ﬁlﬁm% %« 6 f—— XpE gd_—%ﬁlﬁl)fé
sl i~ sl
2’ 34 2’ 7,
2+ )L /
2
1k 1}k
" i i ! i . i i 0 o i . i i .
0 1 2 3 4 S 6 7 8 0 2 4 6 8 10 0 2 4 6 8 10 12
75 (10°%) R (107 R (10%)
(a) FEH 4 35%
10 10 8
—— GCB2- 11k ik —— GCB2-2ik% M2k —— GCB2-3id%6 ith 2k
— KRHEE — KRHEIE — RRHE
| Kb | KR — K
F o ke T XA ok KA
— KM — LHiBE — KHiE
— Xl — Xl — Xl
F or— Xk F oo XmE g [ xmw
=) =) 2,1
= R R
& 4 4 #
2
2 2
o o o H i i H
0 2 4 6 8 10 0 2 4 6 8 10 12 14 16 0 3 6 9 12 15
A (107%) MAE (10°%) N7 (107%)
(b) I 45%
10 8 8
—— GCB3- 11k i —— GCB3-2ik% M2k —— GCB3-3id%6 ith 2k
— KRHEE — KRHEIE — RRHEE
| K — X — K
Py oL X oL xEme
— KM > — LHiBE — KM
—_— iﬁ}é p —_— iﬁ % o iﬁf&
T 6 b Xk 4 ol [ Xk
g g g \
& &,L Al
= R R
2 2
)b
o . ; ; : o ; ; ; ; 0 ; ; H ; . .
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 12 14
A% (107%) A% (10°) A (10°%)
(c) HHE55%
5 5 4
—— GCB4-1ik# 2k —— GCB4-2ik% M2k —— GCB4-3id%6 ith 2k
— KRHEE — RRHEIE — RRHEE
P L4 T E e — KR
K=Sk — Xi e s K=
— KM — LMY — KHiBE
— Xl K=k — Xl
g3 KB 3 X g [ xue
=3 =) 2,|
= R =
=2 =2 =
1
1 1
o H i i i o i i " i i i i i i
0 2 4 6 8 10 0 5 6 9 0 1 2 3 4 5 6 7
JE7E (107%) R (107) %8 (107)

(d) Ik 652
B9 HERMIKE -5 £k
Fig.9 Stress-strain curves of various rock shapes
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