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Table 1 Chemical composition of raw materials ( %, mass fraction )

st CaO Si0, ALO; Fe,0, MgO K,0 S0, TiO, Others
i 34.46 32.63 16.90 0.26 10.56 0.35 2.37 0.69 1.78
A 37.18 2.10 0.74 0.40 1.13 0.14 44.79 0.03 13.49
K 59.580 21.195 5.745 5.652 1.798 0.752 2.808 0.637 1.833

1.2 #HEEEIET

KRG ATE K, 0B =TT ER R
T E RIVE FALEE, LA KIE. 0t E R
By, Wt T 12 GSCIAME(ILER2). i
WRE 10% . 15% . 20% 3L 3 KB RKE, LUK
5% . 10% . 15% F120% 3 44 f1 B B R IKF; ik
BRBEATE . KB RN I, LARUE 3 FhE
Ao ST R — 3 A AR TR T L g —
0.4,

R & 23 7 B AP A E(50 mm x 100 mm)
SERRIRE, Horh GSCIFERI % T 2T

D) R E S A . 9 K e SOk A
IMIRA, RS 15 min, B ESIFE R R
AT BREE

2) FPRHR Y S b R AL, AR,
FERERANEE S B -k T, JF T 24 h 5 A TIIAR

3) P45 B 1 58 B GSC A A I fif R A 2 5 i
AFRPHR P IR, FRPRIRE 18R S i 4 7
(25+2)°C.(95+2)%,

it BRI, EAESOKTe B RO E

F2 AE-TE-KEZTREERIKEEL
Table 2 Experimental formulation ratios of gypsum-slag-

cement binder system

i A 1% W 1% IKYE 1% W L
G5585C10 5 85 10 0.4
G10S80C10 10 80 10 0.4
G15875C10 15 75 10 0.4
G20S70C10 20 70 10 0.4
G5S80C15 5 80 15 0.4
G10S75C15 10 75 15 0.4
G15870C15 15 70 15 0.4
G20S65C15 20 65 15 0.4
G5575C20 5 75 20 0.4
G10S70C20 10 70 20 0.4
G15865C20 15 65 20 0.4
G20S60C20 20 60 20 0.4
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Fig. 1  Universal servo testing machine and DIC test system
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Fig. 2 Strength of GSC samples with various formulation ratios

at curing ages of 7, 14, and 28 days
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Fig. 3 Variation of UCS with (a) cement content and (b) gypsum content

AN, ANTRIBC BE AR £ 58 B 1 a3 L R
ZE5t . BROMARETE R R R B B R, (HS 22
B 5 T 53— LE U 7 i 300 5 S A2 vy o
MR AR, X U] GSC R R ) A PERE I AR Hy 2
— W PE, MR T A KRS 5l Z [
PRI A B 423 DT IE ) 7 5 2 R in 5¢
A LEER %, AP RHE SR B P R AR A 00

Wit

2.1.2  SREERHE

AT AT TR 2 R R AR, Al B e 4
I ARAG I SR T - 7 R 53 AN Rl ) AT By
Bro Al oA B TR S AR SR RS I 2
AU AEOS L AR ) IR, LA i BE G10S70C20
RN BI, 2B B BREE AN 4 R

D BB T AR FLBR R SR B, 2] b6 52 °F
GRMBAIEAS , I N AR A AR B L B R 2

97



Total 200 ook TR 200 1]
(a)18 (b) 30
o A R AT AN S o
- At ; (B E R BV -0 N
| | s undvay § A % 20 L ﬁﬁ%tﬁ%ﬁ\./f\ i
n“_: szi’[ﬂﬁ H’/lg)/l\ElLH ~h : (\I n“_’ _____________ '_\_ 1 : 1\: \' ¢
= AN = [ damemiean /1 f\y e
S s L\ mfﬁj’:)&: O & P\ o BV
] [ e ! ] ' H o,
6 ! o, ¥EaY : 10 - Y H
A o Y L olo, !
TRty P! : | a0
2 | PiALE Lo : JESBEBL
JESA B . | i ol
0 L L 0 1 : L
0 1 2 3 0 1 2 3
Strain (1072) Strain (1072)
©35—————— T =3
30 PEMRE B, 14d
8 E tﬁ&"ﬂ o, 28d
25k . \! N
RN
st | Sen
E20 W brBev
= 10,1 %,
215k L -
=] [ :
s
sk /|
USSR |
0 ! I ] 1
0 1 2 3 2 3
Strain (1072) Strain (1072)
K4 GSCTEANIRIFRA 3 A B At 240 107 ) - o8 e S BRI BER 232 () 7 d FR4P %40 5
(b) 14 dFR4PHIYT; ()28 dFRAPHRIT 5 (d) I AL
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Table 3 UCS characteristic values of G10S70C20
TR /d BEGRIGI ) o/MPa BN ) o /MPa WE(E )V ) o /MPa FRAN F) o /MPa AR M,
7 11.99 14.39 15.99 11.19 176.82
14 18.97 22.77 25.3 17.71 155.21
28 24.67 29.61 329 23.03 90.21
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Fig. 5 Variation of brittleness index with (a) cement content and (b ) gypsum content
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Fig. 7 Failure process of gypsum-slag-cement binder system with different formulation ratios at a curing age of 28 d
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Fig. 8 Microstructure of GSC specimens with two different formulation ratios at a curing age of 28 d:

(a) G10S70C20; (b) G20S70C10
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Uniaxial Compression Damage Evolution and Brittle-Ductile Transition of
Gypsum-Slag-Cement Ternary Cementitious System

Guo Ning
(China Railway 12th Bureau Group 4th Engineering Co., Ltd., Xi'an 710021, China)

Abstract: To reveal damage evolution and brittle-ductile synergistic behavior of the gypsum-slag-cement (GSC) ternary cementitious
system under uniaxial compression, this study conducted uniaxial compression tests at different curing ages by adjusting the ratios of
gypsum, cement, and slag. Combined with digital image correlation (DIC) and scanning electron microscopy (SEM) techniques, a systematic
analysis was performed from three perspectives: macroscopic mechanical response, crack propagation characteristics, and microstructural
evolution. Results indicated that with extension of curing age, compressive strength, elastic modulus, as well as crack initiation and damage
stresses of GSC system significantly increased, while post-peak failure gradually transitioned from typical brittleness to quasi-ductility.
Increasing the proportion of cement content helped enhance the material’s strength, stiffness, and overall bonding capacity, but led to
increased brittleness. Gypsum content exhibited a significant nonlinear influence on material properties. A proportion of 10% effectively
promoted internal stress redistribution and synergistic multi-crack propagation, thereby improving toughness and cracking resistance,
whereas excessive gypsum tended to cause a decline in structural continuity and deterioration of mechanical performance. Comprehensive
comparison revealed that the formula G10S70C20 demonstrated the highest compressive strength and superior deformation coordination
ability at curing age of 28 d, with cracks exhibiting a typical symmetrical "X" pattern, indicating optimal comprehensive performance. The
findings suggested that synergistic regulation of gypsum and cement was the key to achieving both strength enhancement and an optimized
brittle-ductile balance in the GSC system.
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