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Abstract The number of natural disasters in Korea, such as earthquakes, is increasing. As a result, there is growing
need for temporary residences or shelters for disaster conditions. The aim of this study was to produce post-disaster
refugees housing differentiated from existing shelters using lightweight composite panels. To accomplish this, the
structural performance of lightweight composite panels was validated, and an in-plane shear strength test was
conducted according to the ASTM E72 criteria among the performance test methods for panels. As a result of the
experiment, the maximum load for each specimen under an in-plane shear load was determined. All the experiments
ended with the tear of the panel's skin section. The initial stiffness of the specimens was consistent with that predicted
by the calculations. On the other hand, local crushing and tearing, as well as the characteristics of the panel, resulted
in a decrease in stiffness and final failure. Specimens with an opening showed a difference in stiffness and strength
from the basic experiment. The maximum load and the effective area were found to be proportional. Through this
process, the allowable shear stress of the specimens was calculated and the average allowable shear stress was
determined. The average ultimate shear stress of the lightweight composite panels was found to be 0.047N/mm?, which
provides a criterion of judgement that could be used to expect the allowable load of lightweight composite panels.
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Fig. 1. Earthquake occurrence trend in Korea(1978-2017)[1]
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Table 1. Material properties for structural components[3]

. . Expanded
Test Method Com(p())o;i;e;)Skm Polystyrene
) (EPS)
Tensile Strength
320 0.137
(MPa)
" ol ISO 527
Elastic Modulus
(MPa) 20X103 2.34
Shear Strength
100 0.20
(MPa)
- ol ASTM D3518
Shear Modulus
54X1 .
(MPa) 8.54X103 33
Poisson's Ratio 0.17
Compressive Strength
(MPa) - 0.124
Density
(kg/m3) 1700 25
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Fig. 3. Specimens section
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Fig. 5. Elevation of post-disaster refugees housing

Table 2. Experimental variable

Specimen 1 Specimen 2
Size(mm) 2440X2440 Size(mm) 24402440
2440 . 2440 _
Opening(mm) - Opening(mm) 900X1200
Number of 5 Number of 5
o bolts(ca) o bolts(ea)
< <
< <
o Bolti & Bolti
| Bolme 560 | Bolng 560
interval(mm) interval(mm)
Remarks - Remarks -
Specimen 3 Specimen 4
Size(mm) 2440X2440 Size(mm) 24402440
2440 ‘ 2440
) Opening(mm) 1000X2100 | Opening(mm) -
Number of Number of
5 9
o bolts(ea) o bolts(ea)
< <
(q\-l Bolti g Bolti
) olting 560 ) olting 280
interval(mm) interval(mm)
i Remarks - Remarks -
Specimen 5 Specimen 6
Size(mm) 2440X2440 Size(mm) 770X2440
2440 _770_
Opening(mm) - Opening(mm) -
I}
Number of 5 Number of 3
o bolts o bolt:
=) (ca) = olts(ea)
N . N :
_ Bolting 560 _ Bolting 290
interval(mm) interval(mm)
1 L
Remarks No hold down Remarks -
No stopper
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Fig. 6. Opening of post-disaster refugees housing
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Table 3. Specimen stiffness
Specimen Stiffness(N/mm)

@ Specimen 1~5 5045.41

@ Specimen 3 1365.88

©) Specimen 6 237.56

APAES AJA ATRe] 5ok 14 Pao] o}
249 74 Akl AMEE AR WHe BE 55
7 Wil 598 o AT AgA 29} 2
A 3 AR EAUL o714 AR 2 TR
7k Hobd gl At giglort AgA 3 ARt
27) wol TR EAlshE o) WA BAL

A& HE2 %7]5% tTable 3.2 F=).

3.2 g =¥ Y ZuEN

3.2.1 713 gy

AU AEAE A3 A" Fig. 994 2t} gl A€
Fig. 72} 593 23S A3yt 23S BeiAof
wao g eEglon dipoolElE o]&sle #Y
3mme] £E= 7otk

Fig. 9. In-plane shear strength setup



B SA9dy Wy dd s 37t

Fig. 10> LVDT 43| $X& HoJFETt Fig. 10004

£ 9= 2AE F 419 LVDTE AAstelon, 7}
Zke] LVDTE 8pibst akoze] MlE FAs 5t

AgAste) sEue aezelAe] Wl ghe Aol
AR 54 AFAYL = 099 HhaA B
o8 ofd) 4 (7)3} ol T %2 A8

Fig. 10. LVDT installation location

A=A —A,—{(A;—A) <h/l,} @)

o714, A= A us]

Agy,= LVDTL, 2, 3, 4014 22t 24
ey

h= A o]

= v %

Fig. 112> A3 19] s}5-19] 2ejszolr}. 34

\kg)

1S =717} 2440 X2440mme] ™ F71= 100mm¢e! 2E
Aot} AgA el BE A /4= sAlolth

12 - ,

?
24 = = Expected stiffness

0 2 4 6 8 10 12 14
Displacement(mm)

Fig. 11. Load-displacement of specimen 1

2y
ol
o

5],0:] 734 ﬁ} x].o] 7} WA )

A S o ) o

M 4o g e s Hl
o & 2 Mr no -z

o= ﬂ Olh 7} 2lelA
wAEl Al -o|t) AdA] 19]
ov, ojuje] W= 6.64mmo

1

)

3222 A¥A 2

Fig. 12+= 294 29 sh-u9] g Zolrh. A
2% 27)7} 2440X2440mmo] ™ F7E 100mm?
Hojek. A sheke] BE HE Al 570]H, 900
X1200mm®] 7H+5-7F = A Aotk

Load(kN)
EN

1
= = Expected stiffness

0 T T T J
10 15 20

Displacement(mm)

Fig. 12. Load-displacement of specimen 2

Fig. 12614 #1402 el Q= Aol 494
a4 ZAolth, 2719 BAe AR s Aol A
WA 2349 Aaegom dla dolrh
A

3223 484 3

Fig. 13—8— APA 39 ae-He] crgazo)rh
3& 7|7} 2440X2440mmeo | F71E 100mme] 2 ¥
Aolek. AgA shere] BE g /l5E 57101, 1000
X2100mme] 7|57t e Aok

A

15



=788 =R A A208 AlLE, 2019

1Y)
-~

— — - Expected stiffness

-~

-

— — Expected stiffness(Table 3.Q))

Load(kN)
a
-~ —
-

-~

= =

20 30 40 50 60 70 80
Displacement(mm)

=

Fig. 13. Load-displacement of specimen 3

Fig. 130 5 7pA|¢] A& vetligled], 2719 4
g A el dial] A G R N7 EA
ok Fmo] wd S FAlskar AR d(Table 3.
@)l 8 77k A& F1E 5 Atk ol AT A
A A HHA A g gdoe] Aol 7]efakA] 13
7] WiEo® "o Ak & 370l AAEE o] F
7ol AskE =l ol AR dske] HAAR MY

o] BtAEly] wlEel Aoz Helth Ade g 718
F-lellA] 2271 Fato] "o A FRE AT AEA 3
o] HRe  AHEIES  6.63kNojW, ojue] W=
21.91mmeo|t}
3224 AFA
= = Expected stiffness
Z
6 8 10 12 14

Displacement(mm)

Fig. 14. Load-displacement of specimen 4

Fig. 14 A3A] 49] sh-m9) g =o|t}. A3A
4= A7)7} 2440 X2440mme]™ A= 100mme! 2
Aoltk. AdA] st BE Hg /)4 97holt)
1404 oz Yehllar gl Zo] AgA|9] o
Aolth Z7)olE dAEAR AR 242 FHH A
e e 1ste] At fel7p wAsE A

—% =
F irk 4Ye o] AFRRslelA 220 o] Hol

=
Fig.

11.41kNo|H, ojuje] H$):= 4.44mmo|T}.

3225 AEA 5

Fig. 15+ A9 59 s}5-H9 1efzo|ch HAEA
S Z7]7} 2440X2440mme]H FAE 100mme! 29
Aolth. AFA shere] BE H3} j5E 57409 e
AdAet g2A  AFAL AE HolFs
Hold-down¥} ¥ 2 "el= A& "ol5= Stoppers Al
Agk AgA o]t}

TC =
=

= = Expected stiffness

Load(kN)
-

0 2 4 6 8 10 12 14
Displacement(mm)

Fig. 15. Load-displacement of specimen 5

Fig. 15914 005 tebla Qe Aol 437
o el 2 AAAAT HE 25E =
49l Mg oz Qlste] 243t Folsk Washe A

fo M no 4z fo

g 4 Yek AP e AR 270
o MOAEA AL, AP 57} Le: AhaE
9.61kNo|™, o]mje] M= 4.81mmo|t}
3226 23A 6
12 ,
10 ,’/ = = Expected stiffness
8 /’l
z e
S ,
4 ,/
2 3 g
0
0 20 40 60 80 100

Displacement(mm)

Fig. 16. Load-displacement of specimen 6

16



oM.
oft
il

=
=
i
lo
=
=
)
=e)
oX.
ol
o,
N

Fig. 16& 284 69 81599 e Zolu). 484 29 Ay Aws AAA BHL fAEH o2 E4

62 A7|7} 770X2440mmeo]™ F7E 100mmS! 2 & NTFH7F 22 A 9-oll= Gdao] gl el A

Aolth, AFA shere] BE [ AGE 3otk A8 A 39 B AmE AW 1, 29 ¥asle] 2 A

A 62 ATEA Qe ARANA ATHE QS Gk o] F Mol o] AYA 39 ATEIL 2EA] 29]

sde] A5 sls] 915 Ad Aol AR o AP AR e sido] o gro}
Fig. 16914 AH o e Q= 2ol Al A =lof ZA% ohe} e 7]ejata] 23 5o

dik Aotk 7ol AXeH T 7 25E 2R 2wl

HQl A1) 7 07 Qlake] A} ol 7t MAIEHE HS

218 = glrh, Age o] AFERglo)A 23] BB 2 R

o] MoiH WA ERHYL). AFA 60] WS AL 0 — Specimen?

4.07kNo| 1, o] o] ¥$]E= 33.82mmolt}. o] & s T 7 Spedmend

S HojalEs Wlv) o S7eaxw ol Ae W Z,

ol olfolzl ool AzAH Aol AnA oz w7, T

of Au, o3k AFL AA FEZo|A FAH o W Al )

)7 ojG7] wio] Z7ol dFo] F435] i A g Pt

7@94 g}%o] /\E]t;)’jjﬂj]_ %% _%]EHS].%_Q]E]_J—V_ Oo —3}9‘9\]—% 0 10 20 30 40 50 60 70 80

Displacement(mm)

Fig. 18. Comparisons of experiment 1, 2, 3

3227 Ad A3 9
A% ARE FPSA LE YA 27] AL o -
. . N - R 3232 AHgAl 1, 4,5
Zo] JFsaht 44 st WASon o) Fig. 17 =L
3} e dde] S99 Aei Mol wrelt -
T3 sheke] HE Y3 Anglor] BE s 27} " M
)
Solw e 37He gtet .
g ’ A
el S
= [ I
4 P ¥ .
v/ —— Specimen 1
2 4 ! — = Specimen 4
4
== Specimen 5
0
0 5 10 15

Displacement(mm)

Fig. 19. Comparisons of experiment 1, 4, 5

Fig. 17. Damage pattern of specimens Fig 19 A9A 1, 4, 59 3}5-99] 1828
ek Blolt). o] APAES BT Av|e 2o A
3.2.3 ASHE @ A A 4z AFA 19 AFA st ZE HY HTFE
p Z7IA]7] A& A& = A3
3231 A8 1, 2, 3 S 9712 S7p1 AgAel, A8 S A9
A E] of] & = 1 A& Ao
Fig 182 A9 1,2, 39 g-wg) ez g L o)1 Holddown s Stopperst HIS e
e . ok Al Y] AEAE 2 AFA 7H HOM &7 101
UeRd Aojthe] AEAEL BT Ar]e 2oy Ay
BolA WA 4ol FrEUth A

A 2= 900X 1200mme] 7NFH7F Qlon, AHA 32

A
A I = H)=s AR Al AL AF 7} ©
1000X2100mme] A1FE7} gl A Aol Al e o A= HSEh AR dAE X?”_} !
00- 2o, R A9 10] o o] AT AL BelE &

AR 2% AT 7Rl 2710] BolAEA :
U o olg mmalel ARA sk ARAEdA

Ago] FRET. AshE vwahd A7 13 294

Hold-down¥} StopperE A73I7] wi&el A@A7}

17



e of wako 5 dahl NuA 494 13 49
A 4] wlste] Ho) FEsk 6 Aok AL Bl
o}

3233 AgA 1, 6
Fig. 20& A3A 1, 69 at5-#9 2HZE § 1}
B Aotk AdA 19 Z7]E 2440 X2440mmo]H,

AFA 69 A7)= 770X2440mme| T AFA] 19 Huj
7FEE 11.67kNoIH, A8 A 62 At 2= 4.07kNO]

o} ek A9 19] 27 A9 62 2719 oF 3
w) Z7jolH, A% wR oF 3ule] Aol tpEhRTh

== Specimen 1

10 4 = = Specimen 6

Load(kN)
&

0 20 40 60 80
Displacement(mm)

120

Fig. 20. Comparisons of experiment 1, 6

4
Ik, o1& Ao Felst] $Is) el 5y
w7

Zro

®)

Tult —

A

A7IA, 7, = WS G

Py = Sl 3130315

A= AW 7)o1% sd WA

2 )& Sl
& #g wA aea

o] LreRiek

18

Table 4. Specimen stiffness

. . Ultimate
Specimen Maxm]ljum Load | Effective azrea shear stress
(5N (A, ) (Tattory > N/mur?)
Specimen 1 11,670 244,000 0.048
Specimen 2 11,730 244,000 0.048
Specimen 3 6,630 144,000 0.046
Specimen 4 11,410 244,000 0.047
Specimen 5 9,610 244,000 0.039
Specimen 6 4,070 77,000 0.053
Average 0.047
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