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Research on the Flexural Behavior of Four—Point Supported Steel-Framed Composite Panel
with UHPC Cladding
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Civil Engineering , Tongji University, Shanghai 200092, China)

Abstract: This paper proposes a novel ultra-high performance concrete (UHPC) panel-steel keel
composite wallboard. Designed with steel keels as the primary load-bearing components, the wall-
board utilizes UHPC for its exterior panels to enhance impermeability and durability. Glass fiber-
reinforced polymer (GFRP) connectors are employed to reduce heat conduction and improve struc-
tural integrity between the UHPC panels and the steel keel framework. This design meets the
requirements for external wallboards in frame structures of ultra-low energy consumption build-
ings. A full-scale composite wallboard was fabricated and subjected to an out-of-plane bending
test under a uniformly distributed load with four-point supports, complemented by finite element
simulation. The results showed that the GFRP connectors had a significant impact on the integrity
of the composite wallboard, resulting in a 30% increase in bending stiffness and a 30% reduction
in both the mid-span deflection and the steel keel’ s mid-span bending moment. When the load

reached 14 kN/m?, the steel keel of the test wallboard reached the yield stress, and fine cracks
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with widths not exceeding 0. 1 mm appeared on the UHPC panels. At the load of 25 kN/m?, the sup-

ports failed; the slope of the load-deflection curve decreased to 29% of its initial value, but it had

not yet entered the descending section. A limited number of through-thickness cracks were

observed in the UHPC panels near the four corner supports and at the mid-span of each edge.

Except for some irreversible lateral deformation in the corner GFRP connectors, all other compo-

nents remained intact. These findings indicate that the proposed UHPC panel-steel keel composite

wallboard can meet the mechanical requirements for prefabricated exterior wallboards in frame

structures.

Keywords: UHPC; GFRP connector; steel keel composite wallboard; full-scale test; four-point sup-

ports; finite element analysis
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Fig.1 Plan of the UHPC panel-steel keel composite wallboard
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Fig.2 Cross-section of the UHPC panel-steel keel composite wallboard
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Table 1 Material property test results of steels MPa
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Fig.3 Dimensions of the GFRP connector

#x2 GFRPEEGHHEXSH
Table 2 Parameters of the GFRP connector
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Fig. 4 Manufacturing of UHPC panel-steel keel composite wallboards
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bottom of the steel keel
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Table 3 Load representations for the wallboard

i B P AR i 4R
T 17 DU i 0, %
TR UM% F 0
B 0, 4

2 REERSH
2.1 mELEHTR

P A7 o 3 q, 15 PP BERE ST R DL 7. AT DL, g Al
R A2 i 2 /N T ¢,=10. 0 KN/m? B, 35 12 AR 4b T 2% 3
PEBY B, 0 8 K EE 294 0. 55 kN/m?-mm ™", TF % {8 FH £
#2. 0 kN/m* I i 5 TP B EA R 3. 7 mm, 2 R 85 2 1Y
171000, 4 7 2% B4 fin & ¢,=12. 0~14. 0 kN/m? 5} , 7if
e i 2k U1 2 R 3R W AT WS Y for 2R 0 & g =
15. 0 kN/m*I 843 4 31 mm, 75 UHPC 3l 2 1 % h
AL T OS24 48 11 I, 2448 Y8 2 /T 0. 1 mm, fif
P I BRI R 0. 42 kKN/m* mm ™', 4k 22
Jnzk 3 ¢,=20. 0 kN/m* B, Hfy 2 & 3 A B W /)y
P12k B R % K 0.30 kN/m>-mm™'; 24 in £ 2] ¢,=
25. 0 kN/m® B, SR 358 i A — A~ S 8 N 1) AR T H K
ANBE Ak SN 4, 45 1R 5, P B B AR BN 62 mm,
I 26 W B B R 0. 16 kN/m*-mm™, 4 #1) &R W £ Ay
29% , fif 48— B 1 26 i A 35 B R B B, B AR AR 4TS
A AR S IR, B A far 28 -8 B il 2O T T

0 20 40 60 80
¥ pe L /mm

B7 5 h M A 2k
Fig.7 Load-deflection curve of the composite wallboard
2.2 WEIRRBEENSHF
e KA 80T B2 G AR P WL R 8.9, AR YEASIR]
A7 B A% T 1Y 8 B AR S 45 0 X FR 1 2 1 A 2 F=
300 kN A5 MR B FE 2 A, LIl 10, AT DL EDE
1) 85 v B8 B 9 2% o 08 9 B AR Ay FRLARL B T 2 A
X B, ARG 8 B AR AR A R 2 3 B S B > v ]
P EPOE i NN NI N AT i N R
JE R, DRI , 0 2 25 R > U 2 25 O > v ) SR S
2) T A B B A Rk R R AR R K,



Tolk#s 2026 4F 5564 2

B8 fmHLiE (K mm)

Fig. 8 Deformation of the wallboard (long-span direction)
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Fig. 9 Deformation of the wallboard (short-span direction)
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Fig. 10 Deflection distribution of the wallboard
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Table 4 Mid-span deflections of edge beams under
different load levels
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composite wallboard
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Fig. 16 Vertical deformation of the composite wallboard
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Table 5 Effects of GFRP connector stiffness on the global
mechanical behaviorof the wallboard

GFRP M,/ M/ NJ

Mgk ™™ Gnem) DN vm) kN

VJ/KN V /KN

0.001 6.58 2.67 0.011 1.830  0.010 0.007 0.006
0.01 6.67 2.67 0.086 1.840  0.076 0.055 0.046

0.1  6.17 2.47 0.714 1.690 0.615 0.430 0.369

1.0 4.40 1.88 2.880 1.210  2.480 1.560 1.430

10 2.97 1.40 4.740  0.825 3.920 2.490 2.340
100 1.54 1.24 7.350  0.534 4.950 3.880 3.690
1000 0.76 1.26 9.380  0.553 5.260 5.120 4.990
10000 0.64 1.29 9.790  0.561 5.250 5.540 5.420
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Fig. 18 Effects of GFRP stiffness on the initial stiffness of the
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