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Lateral Racking Performance of Structural Insulation Panels Overlaid with
Thick Plywood Made of Rotary Peeled Veneer
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Abstract: Load-bearing structural insulated panels (SIPs) were fabricated using thick plywood made of
rotary-peeled from radiata pine (Pinus radiata) veneer as the sheathing material and expanded
polystyrene (EPS) foam as the insulation core. Four groups of full-scale SIP specimens were designed
according to two sheathing material thicknesses, 30 and 60 mm, and the presence or absence of EPS core

infill. Monotonic and reversed cyclic loading tests were conducted to investigate the failure modes of the
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SIP specimens and to determine key performance parameters, including ultimate load, shear strength,
stiffness, ductility, and energy dissipation capacity. The results showed that: 1) increasing the thickness of
the sheathing material enhanced the load-bearing capacity and stiffness of the SIPs. Under the monotonic
loading, the ultimate load of SIP specimens with 60-mm-thick sheathing material was 1.88 times that of
specimens with 30-mm-thick sheathing material when filled with EPS, and 1.77 times that of specimens
without EPS infill; 2) EPS infill effectively improved the ductility and energy dissipation capacity of the
SIP specimens. Under the monotonic loading, the energy dissipation of the EPS-filled SIP specimens was
2.02 times that of specimens without EPS infill for the 60-mm-thick sheathing material group. Under the
reversed cyclic loading, the energy dissipation of the EPS-filled SIP specimens was 1.67 times that of
specimens without EPS infill for the 60-mm-thick sheathing material group; 3) EPS changed the failure
mode from localized brittle tearing around bolt holes in the sheathing material to progressive mixed
damage at multiple locations, including the stud-sheathing material interface and the stud-bottom plate
connections, thereby improving the structural integrity; 4) under the reversed cyclic loading, the ultimate
load-bearing capacity of the SIP specimens was generally lower than that obtained under monotonic
loading, and asymmetric mechanical behavior was observed in the push and pull directions. This study
demonstrated that the thickness of the sheathing material was a critical factor affecting the lateral racking
performance and deformation capacities of SIPs, while EPS infill was a key measure for improving
ductility and energy dissipation capacity. The combined use of increased sheathing material thickness and
EPS infill could synergistically enhance the lateral racking performance of SIPs, providing experimental
support and design reference for the application of such components in mid- and high-rise buildings and
other scenarios with high load-bearing requirements.

Key words: thick plywood; rotary-peeled veneer; lateral racking performance; structural insulated

panels; sheathing material; insulation core;
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Tab.1 Materials and specifications for making structural

insulation panels
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Fig.1 Structural configuration of structural insulation
panel
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Tab.2 Loading schemes of structural insulation panels
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Fig.2 Experimental setup and loading position of

structural insulation panel
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Fig.3 Failure modes of sheathing materials under the monotonic and reversed cyclic loadings
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Fig.4 Failure modes of the studs under monotonic and reversed cyclic loadings



74 AMt R EEA

40

Bl 4c~4h 2 E IR INE R B E MRS .
AL E AR G, a2 ARt .
JOR MR A AL AL H B )R S B R 40 S TUE R,
RS SHRIEmME—8. BT WB24h, Ha34
A IS AR I B - T AR R T B - IR R A
Ak e B TR JE AR 2 18] H BRAS TR R T 34 5 30
R . XA WA-2. WC-23H78 EPS, 978 i
PR B8 PR 52 D3RR, AR BRI 8N (1A
Wil EPS A1 B IR S5 4 &4k, 1Rk
P42 1 WD-2 B AAKIE 78 EPS, {H 60 mm
JEEEA AR B S WO, 1 E AT 2 BHEH
FE AR JZ AR S i - IR S A Ak, kT s i
SOW WB-2 K1 J6 EPS HKH 30 mm JZ JE&E HIHR, far
WAEH N ER THRE S, KA R4 .
SEA AR, DR LSRR

& 45 SIPs SR R G5 1) BY )i E il 544 5
TEIRIMER T, IR 2 RAFEATERAL . XIHEdie
RS SIPs HE AR K- B 14 g o058 W82 3,
R F R A TRIEES SN PARE L, £
N E BOMBAT A a2 R R SR AR B
AR 5 R AT B R R R KRS 5T
SRR At 2 R TR AT e IR (AT 3 . 4T
FIEMA - HARWZD . B b LR 5 R BEAR 5
B G AT A B AR R PR R R AR AR I R A
5 R AR AT SRR R AR & T
2, TCTNRET &S, 78 AR E I I8 AL B 5 R A
FHIZE, DRl O 2 I Dy T R B8 A L DX 3 47 2 35
H-TRRER B - R A A AL 25 5
2.2 i Ek-I R R o b

R 40 B o 2838 56 4% 2H R A8 1 iy 8- A i 2%
CEI5) mym, 7 ik J5 B2 ) 2 2 o s bt
M fE . 60 mm J5 B 7 10 AR SIPs o 14 1) il 4 4 1
BRFEEmT [ A, faf 8 AP AR, IR S
AL 3 5 T 30 mm J5 i 7 T AR SIPs i, R B H:
P47 e LA SR G i R o 76 AR R 7 TR AR R R
T, HAEPS I M 2B R E . EA
W, REHZ LR NI L), HAR R Ak
BRI T AR 7 i A

X 178 R E N 30 mm B9, WA-1 5
WB-1 7E %k f5 B35 I 30 8 1 B Ja 4k 2k BTt

300

250

200

150

7 # /KN

100

50f

(I) ZIO 4‘0 6‘0 SIO 100
AL # /mm
ES5 SRERBEEMEIRIETErE- A Hihik

Fig.5 Load-displacement curves of structural insulation
panel under the monotonic loading
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Fig.6 Load-displacement curves of structural insulation panel under the reversed cyclic loading
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Fig.7 Skeleton curves of structural insulation panel under
the reversed cyclic loading
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Tab.3 Lateral racking performance parameters of structural insulation panel under the monotonic loading
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Tab.4 Lateral racking performance parameters of structural insulation panel under the reversed cyclic loading

HE(+) 127.13 47.87 105.94 2.20 26.46 1.81

WA-2 Hi(-) 126.81 58.88 105.68 1.86 32.09 1.83 11 027.57
S 126.97 53.37 105.81 2.03 29.28 1.82
Hi(+) 100.97 35.09 84.14 233 20.39 1.72

WB-2 ) 92.49 47.19 77.08 1.62 27.05 1.74 9914.98
S 96.73 41.14 80.61 1.98 23.72 1.73
HE(+) 206.50 70.25 172.08 2.88 32.53 2.16

WC-2 Hi(-) 202.45 84.28 168.71 2.45 38.64 2.18 46 474.92
Ty 204.48 77.27 170.40 2.67 35.59 2.17
HE(+) 189.06 65.83 157.55 272 31.96 2.06

WD-2 Hi(-) 179.25 76.02 149.38 2.47 34.78 2.19 27 786.08
S35 184.16 70.93 153.46 2.60 33.37 2.12
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Fig.8 Ultimate load of structural insulation panel groups
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Fig.9 Resistance degradation of structural insulation panel groups
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