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Synthesis and Bending Resistance of Integral Composite Wallboard Based
on Solid Waste Ternary Cementitious System
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Architectural Engineering, Anhui University of Technology, Maanshan 243032, China)

Abstract: A solid waste-based ternary cementitious system was formulated using slag micropowder, fly ash, and
desulfurization gypsum, which was then combined with cement, polystyrene particles, and a foaming agent. An
orthogonal experimental design was employed to prepare integrated composite wall panel materials for prefabricated
steel structure residential buildings. The compressive strength, dry volume density, thermal conductivity, and water
absorption of the materials under different factor-level combinations were tested. With the compressive strength and
dry volume density as the main objectives, the optimal mix proportion for the composite wallboard material was
selected. Based on the optimal mix proportion, wall panels reinforced with either steel bars or GFRP bars were

fabricated, including specimens with and without window openings. Flexural performance tests were conducted, and
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parameters such as cracking load, ultimate failure load, concrete load—strain curve, reinforcement load—strain curve,
and load—deflection curve were analyzed to evaluate the flexural performance of the materials. The results show that
the optimal material mix proportion is a water-binder ratio of 0.4, a terpolymer cementation ratio of 1:1:3, a
replacement cement ratio of 50%, and a polystyrene particle content of 35% (by volume fraction). At this mix
proportion, the wallboard material exhibits excellent comprehensive performance in terms of mechanical properties,
lightweight characteristics, and thermal insulation, with a 28-day compressive strength of 11.12 MPa, a dry bulk
density of 973 kg/m’, a thermal conductivity of 0.187 W/(m+K), and a water absorption of 10.06%. The wallboard
material demonstrates good flexural performance, with steel-reinforced wallboards showing higher cracking and
ultimate failure loads compared to GFRP-reinforced wallboards. The presence of openings affects both the cracking
and ultimate failure loads of the wallboards.

Keywords: assembled steel structure; composite wallboard; desulphurized gypsum; slag micropowder; fly ash;

GFRP bars; steel bars; bending performance
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Tab.3 Orthogonal test plan for preparing compound wall

CaCO; MgO H,0 SiO, ALO; Fe,O,

086 10~15 12 28 0.6

panel materials

K A B Cl% DI%
1 0.35 1:1:3 30 15
2 0.40 1:2:2 40 25
3 0.45 1:3:1 50 35
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Tab.4 Design parameters of the wallboard

WS BEAROEOR B RSE Y (mmxmm) B AR /mm BSOS AR K EE /mm R 42 R B /mm
YFQB-G-Z 1 5001 500 100 HRB400 6@180 10
YFQB-F-Z 15001 500 100 GFRP 6@180 10
YFQB-G-K 1 500x1 500(750%750) 100 HRB400 6@180 10
YFQB-F-K 1 500x1 500(750%750) 100 GFRP 6@180 10
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Fig. 3 Schematic diagram of loading area on wallboard mm
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Fig.2 Schematic diagram ofloading setup for the wallboard

bending test mm
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Tab.5 Results of orthogonal test
D 7 40 T 5 J /MPa 28 At [ 5 & /MPa F AR S Z R/ ok 5%
HE TRy BT 5 HE T HET )5 W /(kg/m)  (Wem K
1’ 7.22 9.69 1051 12.73 1269 0.220 12.42
2’ 7.98 9.60 11.12 13.68 1205 0.253 13.53
3" 475 7.98 9.12 10.26 1177 0.256 15.47
4 3.80 456 4.94 5.42 1015 0.244 17.66
5" 6.03 7.98 1321 9.50 1174 0.292 15.48
6 7.17 722 8.32 9.41 1071 0.290 17.74
7" 3.90 5.32 11.88 13.78 1089 0215 18.65
g 4.66 4.94 5.89 6.75 1052 0.258 18.02
9" 7.74 8.08 11.45 11.78 1163 0278 17.84
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Tab. 6 Range analysis results
— N B e R
RS zk 7 Z c Birz Al HEER BETE
K, 30.75 2733 24.72 35.17
28 dii I K, 26.47 30.22 2751 3132
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R 1.43 0.96 3.16 5.07
K, 3651 3373 3392 3 606
AR K, 3260 3431 3383 3365
(kg/m’) K, 3304 3411 3440 3244 10215 ADBC  ABCD;
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K, 0.729 0.679 0.769 0.791
SR K, 0.827 0.803 0.776 0.759
(Wem K ") K 0.752 0.826 0.763 0.758 2306 BADC  AB.CD/D;
R 0.033 0.049 0.005 0.011
K, 4142 48.73 48.18 45.74
K, 50.88 47.03 49.03 49.92
1] 3% /0
WK 1% K, 54.51 51.05 49.60 51.15 14680 ADBC  AB,CD,
R 436 1.34 0.47 1.80
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Tab.7 Performance indicators of wall panel materials

under target combination

PN 28 d¥it J& TR SR WK
T M /MPa B /(kg/m) (Wem K /%
AB.C.D, 2277 1284 0.230 8.51
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Tab.8 Experimental results of different dosages of polystyrene particles

oY% 28 dii TR B /MPa 28 dit T J5 i JE 58 B /MPa T IR B3 FE /(kg/m®) SIE B/ (Wem sK ") MK Z/%
15 22.77 23.94 1284 0.230 8.51
25 16.02 16.82 1178 0.212 8.99
35 11.12 12.11 973 0.187 10.06
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Tab.9 Cracking and ultimate failure loads of the wall

B bR g FFELAT AR /(N/m®) A% BR % 4R 76 28 /(kN/m?)

YFQB-G-Z 14 54
YFQB-F-Z 10 33
YFQB-G-K 12 50

YFQB-F-K 7 30

(a) YFQB-G-Z (b) YFQB-F-Z

(¢) YFQB-G—K (d) YFQB—F—K
B4 EREIAES
Fig. 4 Failure pattern of the wall panels
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