GOVP1200201371 494

[ 2?’3 7

FNAR B AZAANE o] 43
Az 2245 TH) AL

Development of Panelized wood construction
method using domestic wood-based materials

I E§ Uis= MDF2] i

Development of water-resistant MDF for sheathing
REYRY ¥F Bt

Evaluation of nailed joints

AWAEO % B Y gy FEe
Evaluation of diaphragm structures and development

of panelized construction method

2l






B OHIAS T AN B A4S 08T dds BEAS
53

We) A aae AERDAR ASFh

2001 109 19

FHAT :

FEATFAYA F d 4
A F-ATAUDAG A A 4
a F+ 4 = 4
4 T+ A & H
dEsA7718: oo g
dEATALA & A F
Agd+1ad: 531 74

qeATAYA: o] §
el 71 Pl AK(F)






L A5

=W A 52 AFAAE o83 Hds Exux I g

0. Ad72e) %5 2 a4

$2) Uehe @ B oF 65%7h HPAYolANE HAAAe] EA4o] wets)
o 2l QA 9] dEES S Eoh o9 Dol ARNAY we o9
JEEE ofF 7hA FW Age) wstd weky A o) WA A 2
PEol B3 Aok B2dF BokE dlgE ooy AxpAl 2 7% 9 o
7 W Fom o2 Qste) 1997d TR wy] AR ngE Aol
AAA 7S] HFo] ZAHT oz Wulgel T BRAFAAE A} A%

B U B olFuE Fowd Be AAS0 £ASAY £ 947
of A5 H Ak

mebA ol g olE g FEEY] AME J1Ee AF WolMg BHxd A
ARG A2 71EE MEstn ol& wEog A2 AFe AAFoER A
9 §=E d¥sd dart g, BEARAAE A9 Afols Ogd A8
o] AFAANE AHET 5 AE FAE 245 MDF 2 PB A|E9] 2w ol §
Y Ex LS Tk b g AuiFA AR 95 FEE Yopg £
W& Aotk HxFH AP AfodE 7bestd Fuold Aadd AEFS da)
AR ALEEL FW Y FE53 7lEg MEsd AYYL 2tE £ UEE =73
ofof & AHol}.

1990t EojMaA fvete]l BA Ao sAE 19073 Ik

Jpn

o] ¥



AWM R} WAL HAT FARAS Qe AFE 8§77 FIAL o
of b ZzFHe) £go] Holum 1 AR FEs NN F7hHe) g,
N2 AAE 19979 TRE A7 ARE AANE dshel BxaZY A%

o 18 45T BTt 4 FARAC UF RS &7 ANHo 7}
gere gelolAwt N7 AAFe TAAY AADE U L7V} 5o}

Uxn BxFdged Ug £8E F43] F74E AR otdrt

A et BRFHR g A BxFad FYdA s gEg
ZWe) olyr] WEd FUAAEY 71 FE2& W$ 2e dgelth. wakA
A AA NE FEAM dEF AlFo] AE AAd S Bz Al
Juk opTt BExAE A FHE #A3] AR JIQEelA ARZEA =
Aolth. welA hEdtd wE Ad o F BExAEFUAY Ve FES E
olm SEjutEiwtel ¥ rles MAFLEN FxOF A BAYSE R

P g Reltk

£% Bge) Og TEE BAY FFL A9 496 dEan Ao o
A BEe FAR 45 £UNAY FAR 452 298 2
BzA%c] Fuls AFAFNA AA
FAAAE HABA FEF] ABHe] Wl AN FAA9 T
Aol B8 AsAel U w& Aoz AR 2y #2
gaal7] AL DX FREAZAY FF PR D 5EY TERAS 0
B AREolok sE FAAE FREAR St RARRY 45 YA A
golo} & Relt.

2xA% AgoNe AAY R AAA THY ZUE TN Ay
Aol e 2% azolth mEN AANY e Wds WY ALe
59 AFI0e) V&3 dege] AW Sste] wse YFoE elrla 9
o ob7A SVl AE Hd FHe AFYe A Ausle] YA we
W oARgAdA ARS we AT A48 A& FHo] Hol dA % AHd

jad

ﬂ_z



M AGE AYRLE A 2UEV|E 33T

st FEE S AAM e g dpwel ol & AR AHE A}
T8 AR odgdnt. A AxAlel Wt sjds Axe Ryt 27 GE
of RMIZE wol 28T wWEkA Ik dRolu T ARE LR 3
Aol e "ojxl mlFoly st wlste] Sevelr) ez AR
7¥7) w&o] Entnl Rl Ha F 7Izbe] A LeHo] AHeRn &
2AHE A 2 Zleg HadEn

o] dolMe I A BEARANEE AFANE E&3e VE FHAE
TEEAR AT XA AT 9t adga dds Sxde] 44, A%
HALE ZlEe #g AFE FAFOEN U ExdE ARG A3t 714
il feuette] 559 Wds R2A% Ves AUdoRy BxiFE

o) FAY P NF £ A& RAor AYddEn

rir

m. 471 g8 2@ 99
1. A 53} A

o He B3t 2 As 4 a9

al
e Ay AT UL Bed 2

7} 1ad =

- sHAw Fxel 4% 9t

v 2apd =

- SAAR Fzel Q% A



o} 3xlE E
- FRAR P2 A5 B 2 A9 AF e AR

2. HE A
YEAANANE AY ABER2AZY 7Y 712 BolRA £F AF Fo
YR FAGT) 9B 5L BN A ARYEL e B

7. 1Ad =

- &uE 2R 4% 87

o 2xpd e
-93gdEs 9 AuE AT A H)
o 3RE =
- FRd AR A Hr)
3. g #A
AgRAdM e ExF8e QAASE AEE F Ue U4 MDFE 7| dald

3 4%g Wt ol Hx2FH WAARE AT F e 7S Wote)

22 st A AR gL oed 2o

71 1xpd %
- Bz gAAEE U4 MDFE A



V. a7 A3 2 &80 A 29
b ArAY A
1L AR-3A)

IRdEdE Wds FHe AR st dAds I 7B S9rt He
72 @ M7 2tz 2,400mme) AR et 5
Aot 22 Eele FAZARe ew S 42 5 4
Fol g AgEe 7197 8le £HABY A%
He et 4% ¥ ARE WA 3RdEdE AR B MEr) 47
2400mmel 3 Z %] £H3E AP 4L NP 4 44 @ FHARS
9 97] =& AP AAFAeH Hds TG Awste] ol FEH AFNE
< gHsgoh |

) IAdE A A% 2o}
) A4 A% ABATE )8 AN FRHeE Ve & deH OSBY
A7 go QART 42 6 2o BAL Yk

2) 2B=9] HAo] SR wiebA A AT FAo] H2dte AFTE YEY

+0.25mm ~ +25mme] A& We WA WEHHF el £HARE s
3 8FRAY Fiol WA ggkom A ANAA sF-Ms BAF U

FTERS
x

4) £20mm FE9 WYy} AaHy AyS vgd F

fr
&
)
2
jo
u
r:i
N
il



5) +H3F oA FEEY AR YR JiHeg vgste wAE Ve
ol 3at3 stlla FEHEE F4l

W) 2apd s A A a9

1) 728 BAE PNASE AHES DYy sye 8 29 3 9
go] #Fol st} xef= At

Bo] W7 Fvlehd T Wl wiAse] W el Alojd) 2ol
3 Abe) Ee) ke AAHE P E et Ao

3) HRREDS HAAEE ARt A Ay RO A& Fulei
100mm, WA 200mmE FHFH FET $H3F AAFEE Yeudon
AILHES £ did HILHE=ES YalRoY A% I8 & AHEsH 7=
& A gk visd A4 2 A=s Jehdich

4) qIRE=E HAAMEE AHES dayey ALoe HJurzo mag R
A st 7h 2 sk o

5 OSB G@/h& AME& AGHA e AFR 77 vUF AN dolde ¥
ezl UF 28 ASole QAARAAM Ba7h Yyt

6) E&E7t AP dtelXe oF 40 ~ 50mme] WelN HANBEE JE
Act. '

7) AA e 2¥=e ddy AAY Wiert Frheke BAfdz A FJANHE
A& At

8) Wt s SlelA MuHe] AP EE oF 20 ~ 30mme] WA e
sk

9) Aeve AeREE Adwe) Yul(Es dol)d H#sint.

10) AFHS) 9XE Ay Fxd] & g F4 eksioh

11) e o] AggEe Ao dAe st

e

3=



12) 275 E Addy HAAZEE 500kgf A8 B 4 glon Adyel Hih
YUHlE 900mm FEE B F Aok
13) 775 A FololA dolsle Hdswe) vzl 900mm o} &gl A $-olle

th 3dE A7 A 9o

1) #RZwe) £431F A 4ol FAAVRYG 2 ~ ) A% L Ao=
vebuiet

2) +RARNA AHAT AFAA e LR FAAE AED Aol W
o) F& HojAm AAL FAE AFE YuiR:

3) A7 AHEEHA e Aol 27) BANN W} WA FNHESE 3
gol wheA Fase AFE VeNgen FRA AR AN A

6) 9171 =& APelA FA ul4 MDF wiet €70 OSB m: ko] Hlslo]
wAe 2 & 4 Mol wA UEE Fe F U] Wy vsd e
e T

7) #4 W& MDFE wERAZ AMgste A9dE 2 & 33O w9 B
A Atole] 6mme] FZHe Folob T oz BRHT

8) AeHxFe wds T it 259 Fx FRY AFXEF FY FRE
g sheute] zstdon 1 A sjdd gy FxE Y =F

4 A% FYd vidtd 1/10~1/14 =2 95 5 e 202 Jelygh
9) #d3al FHolA BlHFZeE 2400mm Folo] 2,400mm yH]9 FdE e

s



Rol g Aoz wuEc

10) sd3 FHAAM mgrz, 3FFE 2 AEFTRE 2400mm U]
2,400mm ZolE 7|E.o2 sty W wila olE FRE AASE A Al
o] A#E mjste] AAs o} et

2. §EA

YEAANAE Ads F2ERA% PP AL lEAd FF P 23
Fol U@ ARA 24 2 2= DS ANSgon 1ddE LT 24
grol Ug AEe ANsAn 2Rl FYET A ZATR Ulg A
de ANAYon 3dAdE suAR AR ZHER A5 APe 4
Mg

H1AdE A4 A3 89F

1) AEEZ o ¥ AR OSBs} o] gk AY Ax gt FA=7)
] 953 Ao vehgow FAYNEEE FHe) He Aoz yEyth

2) X¥7 AL 0SB/} Furtt $53ten 2o AR F/EFE XYW
71 Aol Frtsts AEFS YR

3) &A 287 AgHe 343 AidHon &3 FAAME 2o HAd
wWE g o)y ZA e Ao eyt

4) Zolel @59 AP AdeE 0SB/} daRt £ ZAos JeEwen A
& 3 Bgole oy OSB 5 Hx7} 1/2 747ko] astgdo

5 WAMEY et AU Ae OSBrE FHHT B Ao g JVEhgon

AANXYE & Ade oz 0SB 25 Z %7t 1/2 shrhe] 743814t
6) FEFEA e EAGAE dAe ATy drAtang 2w o4



¥ S UBUROR 29 Aol FAVLE FEE Fhse AFE uw
et |

7) BHRFOl tle DAY Asbe OSBsh Gl A FEE eI on
Ajai el oi@ MABEsFY HE BE A9 2/3 A5E Vel

W) 244 AT A% 2o

1) FxEAd mE ZXg A AxdE dd$el AF st Adge F
A %< S-P-F vl ARE bl g

2) FEFAN g ZEINAYY AP dde G9Fe) Y AL el
2 27, S-P-FY A2 Ve

3) HA-BAAE ZHAEEY 19hG AgeAe FHz 0SB WA o)
o FgEol 7 ¢4 AR JUENT gE5of SPF ¥ AURY &M
LHEb T

4) EA-GAAS FAHTE 28AG e 133 Ad FA3 AnE
vetd doh

5) EA-EA R 26D NP Age JhdFol M S43dy A
T S-P-Fo} A8 AdE Yehg i

X

i

o 3AdE A7 A7 a9

1) SA4-5A FREFS 287 ALY S A HAHer Frte)
= AEFE vEden AuRe Aede Xeigrt F2RA ded dd€E 4
HAME A% 4 35S AAshe FFE e A

HEFS ZH7 AL SdFe] g &

x 2 e & vEsten 3
UL SPRS} fabe AnE mYou FES W] He s

P-F7} B AA e

..11..



st

3) EA-EAAE ZAEFS 2R AgEL dddol A & @S UEh
dor thgog SPF AR &8 YEhytith

4) MDFE QA8 A8 %7 OSBRTH o7 ¥& & Ueguygon &
)9 §9yAlo] OSBolME BHE QO MDFME U] 9ot

5) EA-EA R A AE Aide ddEol Y & BEE Ul
3 BEe 2 SPF g Ahvye AR vElg

6) ZA-HAAE ZAFF AG AN A FhFol MY 5 FEE e
WAL GFoz SPF g i &4 Yehgoy o xpole AX| 4yt
7) EA-EAAE 28R A9dEE MDF €707 OSB Q/iRt o] & 3
< Yl AT

8) utegdid Pz FAFAM FEE] Mg e HFE JeENRew MDF
977k OSB ARt e A& Ve loh

9) 4t U4 MDF& 7]&0] vy R 2 Alg-8tel OSBel| vlsle] o 71A 7

= A% ZWoA 947 Ao wod,
3. 924

AN E BEx5de) AR A48 4 Y= Bd BAS FolA
QA7) )stel Y4 MDEE Awsls 2 B4S Adsc. U4 AHA2
= 7)Ze] Webwl £AMF)S W4 MDE AZE $lato] 7w sa-wan =
ER5ATHE g3t 2o 12 Az B B4 vm 249590

) 1AdE A3 A% Ko

1) W MDF9] 7132 Azg4-e dW MDFe} 5430 ovt g3 £g2349

_12_



A ANt HZA iAol WA FZA7 A"

2) TFE AxY MDF H|5& 08524 MFZ Ax¥ MDFY ¥lE 09280 ¥
2 &g veriin

3) TF A9 A$7F MFFA¢] 4Bt KS F 32009] Ug Alg, Mg A8 &
Py AN m5 A= FAZo| ¥ JekTh

4) ¥ BFEH 8 F5EL US APoMe TF7F MFRT &4 JElhgon
M& AlgdlME TE7E 238]8 @A veks PY Addds aZo] o8 =
A ek

5) TE&YUE = WA TFY ME/} 2% El S3d 39l Acs 39w
o},

6) TF 219 Aol AHA 712¢ B3 1400009 A5 AR 3 glon o
E Ao g AN gate gle Aeg PrrEdch

U A9 dAS 88 Al 2 g8 g3k 19
18R A

1) =1 EA33H3 20000 FA st R gor e =8 wE. 2000 49 21-22

d, dFATFL.

2) S EAFEE 2001 FA St RUS oA e =5 U, 20019 49 20-21

Y, dgAF4.

3) A 53] MAEGFE &5 e (World Conference on Timber Engineering)ol A ]
=5 9. 20009 79 319-89 3, MW, sube)

4) Hdst BxE FH uig Aeidk AE 2 4F AeAdvige e ux

5) KS F 2153(5-7-= IR A A ) w4 /Mgt

6) KS F 2154(F &5 x Adue Ad A By) 724 A

...13_



288 A3

1) 20019 79 59(%). ZAUE. 16w} Fb ddst FxFee] g A A
Al

2) 20013 89 23Y(Z). ZYYR. 169 F4t ddst FExFd At 7AL A
Al.

3) 2001 89 24U(F). AAEVIYR. 17He] A st ExFdd) g 7]
A} A A

4) 2001 8Y 23U (&) 44 MBC Mt AYyrs. Z4t gdsl BxFdo gqig

712 B

3. Al s}

1) FA71dd Aol AN(F)NA FaANEAFTEN sids T4 FIPAF 5
o A%

4. A7 A% &8 AH

1) 479 A3E FEstd S 2 F9 A% FdEAd =§ AA

2) ZUl B F9] FeoolM =i IR

3) ZkE AN A A3} ¥E 3 FH

4) 9d3 T4 FYPE AT AH % Ve oA

5 ANFAEoR A" Hds FxFdo] FrHQ stat LAl g B A

6) BBEZEFEY TP AF RE KS 774 A

_14-



5. @723 &§o dg B

ATdRE 7 =AY 2 {3 AT mEsgon FA7H oPolaH
FA Zge A% £ug sln gk 2T A4 AN AR AsHD
sto.g Ji7hE A el BAZ; 3803 saeld sbgAol wig- W] wEo
Al A7 xold Awelry. #idE FFE 9] e Fad @
TANA Az 1004t o] Fe] FEl-g AFEol AAdo] NE RAoE A7E
B o3 R7E @AH7 HMe ¥og fEvdle] ExFd Ao ¢
/dgtsojol & Aoy AAAT. wEA A FF A ool A
H A4S stojgke AAYES 2] A% Vel AW Y} WY Aoz Ay
g ol EAE SH3V) e o A7 A9 45 N9 e
B8 AT 71370 dAstdor & Aol shs3ithd o] A7 Age Fodr)ol
FAEE AL AT 5 AEE ol & RAow YhEo

_15_






SUMMARY

I. Title

Development of panelized wood construction method using domestic wood-

based materials

IT. Objectives

In our country, around 65% of land is forest area but most of raw material
for wood industry is dependent upon import from foreign countries because
there is not enough forest resources. Wood construction industry is also
dependent upon foreign countries for construction technology as well as raw
materials. Therefore, many companies were bankrupted or are suffering from
increased raw material prices caused by economic crisis in late 1997.

To overcome this difficulty, companies should concentrate their effort to
develop new technology and new market opportunity based on new
technology. Wood-based panel industry may develop MDF or PB panels that
can be used as construction materials for various buildings to overcome
shrinkage of markets for furnitures and interior design. Wood construction
industry may try to use domestic materials and to develop new construction
technology which can make that company competitive in construction market.

Demand for wood housing has been continuously increased since 1990’s
because people wanted more comfortable and pleasant residence as their
personal income increased. Even though economic crisis makes temporarily

wood construction market dwindle and demand for better living environment

_17_



looks almost to be disappeared at the present time, it is expected that wood
construction market grow rapidly and demand for better living environment
be revived whenever the economy is picking up.

Technological level of domestic wood construction industry is very low
when compared to foreign companies because light-frame wood construction
technique was nor developed domestically but imported from the United
States. Therefore, domestic wood industry must concentrate their effort to
increase their competitiveness by developing new and creative construction
technology.

Domestic wood construction industry is affected by foreign exchange rate
because their raw materials are mostly dependent upon imports from foreign
countries, Domestic woods have possibility for using as structural members
for wood construction but their stiffness and strength properties must be
evaluated and performance of nailed joints for them must be measured before
used for wood construction.

Competitiveness in wood construction market is largely dependent upon
labor cost as well as raw materials. Therefore, many countries make efforts
to develop panelized construction technology to reduce construction duration
and labor cost in the field. However, panelized wood construction method
has not been studied at all so far and some companies tried to apply this
technique in the field without any effort for technological development and
their trials were failed.

Panelized wood construction technique can be applied to domestic market
and also to export market to Japan and China. For the markets of Japan and
China, our country has advantage compared to the US. or Canada in the

view points of transportation cost because our country is much closer to these
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markets than any other countries. The volume of panelized components is
greater than raw materials and, therefore, the cost for transportation may be
critical factor for competitiveness.

In this study, technology of using domestic wood-based materials for wood
construction and panelized wood construction method will be developed, and
nailed joints with domestic wood members will be tested. This study is
expected to contribute for expansion of wood construction market and for
increase of competitive power of domestic wood construction industry by

developing our own panelized wood construction technology.

II. Research content and scope

1. Section A

In this Section, the following researches has been performed: Performance
tests of vertical and horizontal diaphragms that are the basic modules for
panclized construction and development of panelized light-frame wood

construction method.

a. 1st year

- Performance tests for vertical diaphragms

b. 2nd year

- Improvement of the performance of vertical diaphragms

c. 3rd year

- Performance tests of horizontal diaphragms and development of panelized
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light-frame wood construction method

2. Section B
In this Section, tests were performed for nailed joints which are the most

basic and important units in light-frame wood buildings.

a. 1st year

- Performance tests of nailed joints with red pine lumber

b. 2nd year
- Performance tests of nailed joints with larch and Korean white pine

lumber

c. 3rd year

- Performance tests of nailed joints for horizontal diaphragm

3. Section C
In this Section, water-resistant MDF was developed and their physical
properties were analysed to estimate the possibility of using them for

sheathing of wood housing.

a. lst year

- Development of water-resistant MDF for sheathing of wood housing
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IV. Results and application

1. Section A

In the 1st year, racking tests were performed for 2,400mm x2,400mm units
of vertical diaphragm which are considered to be the basic module for the
development of panelized wood construction method. In the 2nd year, the
methods of improving performance of vertical diaphragms were developed,
tested and evaluated. In the 3rd year, lateral force resistance tests were
performed for horizontal diaphragm units of 2,400mm X 2,400mm, vertical and
horizontal diaphragm units were exposed to cycling environment of wetting
and drying, and panelized wood construction method was developed and

applied to construct a trial house.

a. Summary of the research results for the 1st year

1) Load-displacement diagram obtained from racking tests of wvertical
diaphragms can be expressed by three straight lines, and OSB sheathing was
stronger than plywood sheathing.

2) Stiffness of vertical diaphragms decreased as the spacing between studs
increased.

3) Within the small displacement range of +025~®25mm, linear
relationships between load and displacement were observed.

4) +20mm was considered as the limit value of displacement within which
the vertical diaphragms can act as lateral force resisting elements.

5) Displacement of the center of stud was proportional to that of the top of

stud during the tests, which shows that studs in vertical diaphragms keep
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straight under lateral loads.

b. Summary of the research results for the 2nd year

1) Failures of vertical diaphragms with structural panel sheathing were mainly
caused by bending and withdrawal of nails, and nail head pull- through.

2) When displacement of vertical diaphragms increased, difference between
displacements of studs and sheathing increased and the load was resisted
mainly by nails at that stage.

3) Vertical diaphragms with gypsum board sheathing showed reasonable
strength when nail spacings were reduced to 100mm along edge and 200mm
in the field, and their stiffness and strength were increased to similar values
to structural panel sheathing if gypsum board screws or nails for shingle
were used instead of nails to attach gypsum boards.

4) When gypsum boards were used to make vertical diaphragms, failures
were mainly developed at corners of gypsum boards.

5) In the vertical diaphragms with large openings, failures were developed at
OSB section remaining after cutting openings, which implied that the
minimum width of sheathing shall be kept to 900mm.

6) Maximum strengths were reached at displacement of 40~50mm under
monotonically increasing load functions.

7) Studs in vertical diaphragms kept straight during tests even when total
displacements of diaphragms were increased.

8) Under cyclic loads, maximum strengths were reached at the displacement
of 20~30mm.

9) Racking strength of vertical diaphragms was proportional to the width of

diaphragms.

_22._



10) Position of opening in diaphragms has little effect on the performance of
diaphragms under lateral loads.

11) Racking strength of vertical diaphragms was inversely proportional to the
total area of openings.

12) The minimum required racking strength for vertical diaphragms was
considered as 500kgf which was recognized to correspond to the minimum
width of vertical diaphragm of 900mm.

13) At the height of openings, racking strength was reduced when the

remailing width of sheathing after cutting openings was less than 900mm.

c. Summary of the research results for the 3rd year

1) Lateral force resisting strengths of horizontal diaphragms were 2~3 times
higher than those of vertical diaphragms.

2) In horizontal diaphragms, displacement was reduced and stiffness was
increased when adhesive was used between frames and sheathing.

3) Initial stiffness of diaphragms without adhesive decreased rapidly as
displacement increased, but, for diaphragms with adhesive, the decrease of
stiffness was not so significant and stiffness increased slightly at the
displacement of 5~10mm.

4) Size of nails has little effect on the performance of horizontal diaphragms
under lateral loads.

5) Domestic water-resistant MDF sheathing showed higher stiffness than OSB
sheathing.

6) In the exposure tests to cycling environment of wetting and drying,
domestic MDF sheathing showed larger longitudinal deformation than OSB

and plywood sheathing and transverse deformation was similar to each other.

_23_



7) When using domestic MDF as floor sheathing, spacing between panels
shall be increased to 6mm in the longitudinal direction.

8) A trial house of floor area of around 75m’ was assembled in one day by
panelized construction method developed in this study, which was considered
to be able to reduce field labor to 1/10 ~ 1/14 when compared to
conventional field construction method.

9) The basic module size of vertical diaphragm was considered 2,400mm X
2,400mm as being suitable for panelized construction method.

10) In panelized construction method, the module sizes for floor, ceiling and
roof structures might be 2,400mmx2,400mm but the length shall be
determined depending on drawings after considering the span of each

structure.

2. Section B

In Section B, stiffness and strength of nailed joints, which are the most
basic connection method in light-frame wood construction, were measured and
evaluated. In the 1st year, tests were performed for nailed joints with red
pine lumber. In the 2nd year, nailed joints with larch and Korean white pine
lumber were tested and nailed joints included in horizontal diaphragms were

tested in the 3rd year.

a. Summary of the research results for the 1st year
1) Bending strength of plywood was higher than OSB and thickness swelling
was smaller for plywood.

2) Nail withdrawal resistance was greater for OSB than for plywood and
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increased as diameter of nail increased.

3) In the wet environment, nail withdrawal resistance decreased rapidly and
the difference of withdrawal resistance depending on nail diameter was not
significant.

4) As the results of nail head pull-through tests, the strength of OSB was
higher than plywood and the strength reduced to around 1/2 in the wet
environment,

5) Nail embedding tests for sheathing materials showed that OSB was
stronger than plywood and the strength reduced to around 1/2 in the wet
environment,

6) In nail embedding tests for structural lumber, strength in the direction
parallel to grain was greater than 2 times the strength in the direction
perpendicular to grain and strength increased as diameter of nails increased.
7) Shear tests for nailed joints showed similar results for both OSB and
plywood and the ratio of proportional limit load to maximum strength was

around 2/3 for all the cases.

b. Summary of the research results for the 2nd year

1) Larch lumber showed the highest nail embedding strength and the strength
of Korean white pine lumber was similar to that of S-P-F lumber.

2) In nail withdrawal tests, larch lumber was strongest and S-P-F lumber was
weakest among three species used for the tests.

3) In single shear tests for nailed joint between lumber and sheathing, larch
lumber and Korean white pine lumber showed the highest and the lowest
strength values, respectively.

4) Double shear tests for nailed joints showed similar results to single shear
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tests.
5) In double shear tests for lumber to lumber joints, larch was strongest
among three species used for the tests, and Korean white pine and 5-P-F

showed similar to strength values.

c. Summary of research results for the 3rd year

1) In the nail withdrawal tests for lumber to lumber nailed joints, linear
load-displacement relationship was observed up to the maximum strength,
and Korean white pine showed continued resistance even after subsidence of
nail head into sheathing surfaces.

2) In the nail withdrawal tests for lumber to lumber nailed joints, larch was
strongest among three species used for the tests, and the resistances of
Korean white pine and S-P-F were similar to each other but 5-P-F showed
more variation in the test results.

3) In the nail withdrawal tests for lumber to sheating nailed joints, larch and
Korean white pine were strongest and weakest, respectively, among three
species used for the tests.

4) MDF shcathing was stronger than OSB sheathing, and nail head subsided
into OSB surfaces but no subsidence of nail head was observed for MDF
sheathing.

5) In the shear tests for lumber to lumber nailed joints, larch was strongest
and Korean white pine was weakest among three species used for the tests.
6) In the shear tests for lumber to floor sheathing nailed joints, larch showed
the highest strength, and Korean white pine and S-P-F showed similar
strength.

7) Shear strength of nailed joints between lumber and MDF sheathing was
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higher than that of lumber to OSB sheathing.

8) In bending tests of floor panel structures, larch showed the least deflection
and the deflection of MDF sheathing panels was less than that of OSB
sheathing panels.

9) Domestic water-resistant MDF was considered to be better as floor

sheathing in terms of stiffness and strength when compared to conventional

OSB sheathing.

3. Section C

In this Section, water-resistant MDF manufactured with tannin adhesive was
developed to use for sheathing of wood housings and their physical
properties were tested and compared to the test results of MDF manufactured

with conventional melamine adhesive.

a. Summary of the research results for the 1st year

1) The manufacturing process of water-resistant MDF was the same as that
for the conventional MDF except that water-resistant adhesive is used instead
of conventional adhesive in the mixing process of adhesive.

2) Specific gravity of MDF manufactured with tannin adhesive(TF) was 0.85
which was less than the specific gravity of MDF manufactured with melamine
adhesive(MF) of 0.92.

3) MDF with TF showed higher bending strength than MDF with MF in the
U-type, M-type and P-type tests of KS F 3200.

4) In the tests for thickness swelling and moisture absorption for boards,

MDEF with TF showed higher values than MDF with MF for U-type tests, but,
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for M-type tests, MDF with TF showed lower values than MDF with MF and
the difference increased for P-type tests.

5) In the diffusion tests of formaldehyde for board, both MDF with TF and
MF were considered to be El1 grade.

6) By using TF adhesive for manufacturing water-resistant MDF, cost
reduction for adhesive was estimated to be around 140,000won/ton and it
was evaluated that there was no reduction of productivity by using TF

adhesive.
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U4 MDFe] AZE 93a] 2wt MDFY AzoA ALEE8 o8 712 39
F FEo] EFE EAFE AMERAon SA4H Az 24, AF s AHA
B, A8, 9% 48 59 FAHE AAA 4 MDFE AzIAch
MDFE A z3}7] 98t ed-degyl FE5FFAE AbEsgen A% H
ke dW AN FAR Ax® WS MDFE AT W4 MDFE A
8t H8-8 FAL Yut MDFY] Az 34 Fdder o HiA &3
Ao Ak HEA dale] e HAA AsdTe WA Zolst
Uehdot

N OH =
i

Mo

2. Wy
b WAl A

A N4 MDFe] B4 248 938l KS F 320008 F¥)e £5F W44 Al
g wRlel wekr 25CUE A1), 70CME AF) 2 100CPE Ald)e £ 2
AzE e AAR F oHEE AY, 945 AY , FA 33E AE 2 F58

A& AAE AT

g AAY B4



A MDF2] =) zo] h3F FAA &4

A

& 2A3T-

-40_



A 3d 43 R 3@

1. JJ4= MDF #A| = ¥
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# 1-1 W+ MDF9 &4 ¥

El / Y+
F
ME TF B3 3
H) = 0.92 0.85 -0.07
A 29 (kgf/ cm?) 124 133 +0.9
Z) o] ¥} gk (kef /cm® 500 579 +7

—_— 4 o] v gk (kgf/cm?) 9
ubu) w8k (kgf/ cm?) 482 590 +108
U A9 =7 2A17F R A 0.46 0.89 +0.43
B2 (%) 24A17F #H =) 2.94 4.95 +2.01
ENT) 1A7F H R 2.28 2.61 +0.33
& (%) 24X A3 9.95 17.40 +7.45
73 = (kgf/cm”) 236 257 +21
729 (kgf/cm?) 3.6 42 +0.6

M3 AY
= (%) 14.2 8.5 5.7
FE F5(%) 50.5 345 -16
B35 (kgf/ cm”) 194 235 +41
] 2# (kgf/cm?) 2.3 42 +1.9

Py A
= (%) 424 19.1 233
SR F5(%) 90.0 66.2 238
HCHO KS(mg/ ) 15 1.8 +0.3
e EN(mg/100g) 9.0 8.9 0.1
g& (%) 8.3 8.9 +0.6
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A At HZA el W FAA AL EY
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2 g e A
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A 24 ol&3 WA
1. X389 A 9735 (bearing strength)

EHERY AYFEe 199639 ASTMAIX A go] AAE o, fydA
e JAUAEE Z233AY 5mm HY M9 AEE Y AYPER e
Al Zol 1990 o] E¥stH ATt Smith(1988)2 A4F A9 &5
T APolA A s B4 BFEFH o AA4 w2y g 2L
A2 o2 o]E9 BAAE FAFAHLL

Aol dslAe
S = 0.048p(D/6)**" (1-1)

F5e) Bane
S = 0.071p(d/6)"* (1-2)
of 7) of] A
S = Au AYAE(N/mm’)
D= %9 H73
p = A9 NAUE(F5E 13%)(Kg/m’)

Wilkinson(1991)& %4 F2Al9} ZRRA F4u5e] 48 Hed s 2
& 494 BRaReT o FAL vF Bpzx 3N AL EYo

Fe = 114.45G"* (1-3)
of 7] of| A
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Fe = 59 2472 %(N/mm’)
G = EA9 HAWZF

o] AH4L PR A} (southern pine)9} S-P-F(spruce-pine-fir)i 2] 4=3of A
© AFA ot o] Ay #wF APrAPol A viE JA=HIES} v ¢
TEATFA g5ty JPHD U

2. XA AUAF

TR Qe A 3H(withdrawal resistance) Za)¢o] wiEa Fo B3 @ A
dzol we}l e = 2AE FAY £ RUFHE 27 AEAG &
Atk By MRl Bxe Zde) uhgl Agelre] Ao dudAgL g
e A¥Aoz AL

p = 54.12GY°DL (1-4)
o} 7] ¢ A
= HhakF(N)
L =3
D= %9 73

G = A9 7ANF(F5E 12%)

A (4ol ANE ke BRAEA FFo web o] Ao o7 ANE 2
uok ZAY A dedoh QRAed HulstEe wae] 1A doly A
AN EgE, JusiFel 29H o) FdE UFRFL AAFnE WIL 7}
==

AAA FHRE BT 88 QuslER steAE7IZ, wolA, S

!Llo
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st Hof QEshEe 1/68 AvIstEel Wi & desFoer dAsn
Aew, BFaEr1n0d)ede o] welw 10%E 713 wE 38 QLT
2 3 ok

dyryoe g Wxrl ¥& EA7t @2 EARY dLA8ve FAT HAFTY
Aetel] wE dpli) IS 2LEANA 7] HE), AYEAY Ff Fe
A BRI e HAolv R 4, Holg wA A

rl

3. AR Adug 2 AR AE

kel E-g By EAHTEY Ad# & NDS(national design specification)oi]
A AT g ste gEE=A SA%Y FIn dAAE 0.38mm(0.0152)
A)Y A HEAAMY dFol] AT ojuf o] FL vHIFEIFFOE
Y 4% 2AUAE AL 88 AEFHEY. dxAY FH Ut
AR W AeoA Aee e 2 AP E FAlEH.

p=K D (1-5)
4711 A
p = 038mm(0.01591%)) WA N9 &%
H3td FA viFel e dAds
2o %7

K

i

D

i

of BN FFe BEe Wt FRAL FuAs & FARAL gL

HlEE 2t gle W ASEHY SUFAY FAs FRAC 4 RHAEY
1/23% =ojop grh. Y mad ZHFR HASWsTe o FHAA
A" ARt Fdae 35MAE, Edee YR Ao 53 HAgFAA

Z3tE el WL 0.38mmiET}; 208 o)A HlE Row WaET 9ot
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0.38mm(0.0151 %)} A §He] Wy AL vl v#HAFEs} olc) &
3 o] TAL HER FAL Ko 548 u A 2L R A4 w) A
o] g}

wekA ol sAsky] s 199199 NDSNE Ao FEEH oAH
AgHe Z93tFldS 98] European Yield Modeld] A3 Q&g wdlS
AN B At. FEH(yield point)olgte &olE - AFFHAA SHAAE A
U akEe FUkglel Wdol Frtete Ag 9 dtES Ttk ey Al uhel
M olgh & A8 34 e sV} dide] 2dsEg a8 213 2o
e gl AT AR E dste AHRe) FPME 0] I
Adate) wHg FEHolg s

o] Zdo] AM8-H FgEH(yield point)g 5% offset 3qEB}Eo 2 FAT
ok 5% offset FE3FL HFH IS Vel SE-ddNxe By
A AT DA 5%F JPHFoes so aukE 24 29 XA 73
o FEHE AT R deet AEtEX Alole) Atk 4 AR B
&8-2uelEe NDSERE 78 & gtk 5% offset &322 0.38mm(0.0159)
A)e) Wy AT g ARF AFE velsd d#ANE A¥ @
thoole 4 HIFS 2THAN MR 2y gt Iy o
0.38mme] WAPAX HIR Ae HEE B B} ozt & FWEFEAE Holn
o1} 5% offsetol A & wl HIF Ax HEH BERT AN v & Heg R
FI90ck 7oA E w FEE-o vHIEE 038mmE Y mrcy 2 o
g9 sittn & + 3k
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Ultimate
5% Yield
o ' ,
Proportional 5% oftset yield point
N N 1
limit / Elastic range A
,I‘ g I‘ /
o / o /
1] I 3 .
] ‘4 5% of shank diameter 0.38mm(0,015inch}
/ ¢S Deformation timit
I, ,ll /
I’ !ll',’ ]
¢
0.38
Deformation {mm)

0.38
Deformation {mm)

1Y 2-1. 5% offset yield strengthe} 2%,
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A 34 Alg 2@ Wy

1 1 E: AR 2HEYY A%
7} N &A=
NEELRY

2 AP A" FRFAZE T ANE] 2HF(Pinus densiflora) W) &
AHgatgTh Ao QB 2RE 50mmx100mme] ZAE AT F Ay
AA 2EANY & L BHE FFEES 12%2 /4R J(T. AYEAE 2B
o] W3 FRA(main member)Z ALEHD HZF el A47} 38mmX
89mm(2x4)7} HEF dhujrtEstglon AEAY EAGFEET) WSS & 215
ziasy

2) YNE FRE BEAR
NE A Eelg)7}t véle ZHE A (side member)Z ALE3EL7) §]5te) @A =
W 572 AFEorlA ®ol AEHT e AGS Rud My sEd=

H @ = (oriented strand board ; OSB)E Q71§ TAASE AE3YPen 2 =
e ¥ 213 Bt
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Table 2-1 Descriptions of testing materials

Size Sp. Gr" M.C. (%) Classification
Dimension
38mm X 89mm 0.45 11.6% 2X4
lumber
Plywood 8. 7Tmm-4 X 8 0.46 8. 7% C-D Exterior
APA rated 24/16
0.S.B 11, 7mm-4 X 8 0.64 5. 7%
Exposure 1

* ! oven-dry based

** : measured by moisture meter

3) AREE

Bt d@NAEY AFel AMSHEE HAFAERZ F 2F(2Y 21)S AAdS
AHEElYe F£9 EAL ¥ 2-29F 2t

Table 2-2. Characteristics of nails used in this study

Pennyweight Length Shank diameter i .
Shank type| Application
designation (mm) (mm)
8d 52, 2mm 3. 31mm annual |wood-to-panel
12d 75. 9mm 3.98mm helical | wood-to-wood
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Anmilar
Dw %

Helical
Fig. 2-1. Nail types : top-annual type,

Dw
D::%——m bottom-helical type

b A
1) WAARSY 7122
7h #A4A

B 9 0sBel AzAAE zANLY) Hstel AARE FPFATs AQAY
180mm, &F &% 10mm/ming 3o FAHsHom 2 (1-6)3 (1-7)e) wat %
o} gAATE F3ldh

3P max l 2
“E%r%@/mf) (1-6)

7]l A Prax A 83(kg)
1@ A 2kA 8 (cm)
b AP He Z(cm)

h: @] 2l0](cm)

1%]7‘:}5-_( Gbmax) =
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€A% MOE) = 4;}3 (kef om’ (17
1

ofZjell A Puomle] g dlel A et shFi set &g A}ol(kg)

Av Pre) de] A% Fere] #4e] ho)(cm)

—Qh
J3.

o) Sl e A

Gl 9 OSBe] WS E4sky] 95kl £m 201308 £I6]A ule] A
Bem ol 2441 HA AW £ EARES SAsen] FAREEs A

(1-8)6l) e} Falgt.

g4 F w0 - F5 A 5

2) FEREA D WAARY LHIY 2T

b @AlE Y B3R 71 A ) (nail withdrawal test)

{1

FHak g OsBe] ZW) A %E 24517) 915te] ASTM D 17614l we} =1
71 75mm x150mme] Al yle] thate] 7] Algg AAErh(2d 2-2) By

A AEE sl Auuel gael £& uE e pae) mvolA Hid

=

—

PBmmeld E&HEE &9, Age AP A8 (dry-condition)® &A1 ¥
(wet-condition)S Walalal Fasion FHAHL Lx 200 37C FZANA
24A Eo HAAZIE Aol EBNE A I A sELEne

3mm/min®. g e Al F &% o)

...57_



Fig. 2-2. Diagram of nail

withdrawal test.

) QA s e ErEl 3% ¥ A §(nailhead push-through test)

$% % OSBY ¥wlel BELS 48] 9lskel 27) 7Smmx150mme] A
uel M0z $& 4u %ol YHUS st Rvid BEUS ZH3)
ACh(2® 23) olw] Zul2lsh BaARe) ol YANEE o] APAE A
Ao SFEEE dmm/mino2 stel APSE LBANRH AR
2 Age FaA8s EFA8S Bastgen §44 ARzde BEsA

& FYs A

...58_



Fig. 2-3. Diagram of
nailhead push-

through test

th @RS EAQA H(nail embedding test)

f# % OSBel RAYBES

deg F48t/]) Sstel HEVIAFC] FEE A7
70mm < 150mme] FAg AlPANA APy HHlel] 2E ¥ 45¥E 7is)
o ZARFEE FAHSATH(E 2-4) LRI A7k AR A G FEA
At FeAEe Hds
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Fig. 2-4. Diagram of

nail embedding test

(nail embedding test)

RA4AF

eh e Al

FrE TEREAY 2UTAY BAGTEE 23
89mm ~ 89mmae] Al FHH-E AAEw A ae Fows o) 8 Sl
UEHH S 7hee] EAUTEE FAUH (LY 25) sEHEs tmm/mine =
st} AN gErgen, AR xwo) o) AL Awielyd dojwrE wdE Wt
A A%e BB,
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ol
P>

89

38 38

Fig. 2-5. Diagram of nail embedding test for dimension lumber

NEAHFRY AIAYE
7H HA-GNAZE E HEFS A gA F(lateral resistance of nailed joint)
TZ2E ANED GARRAIY ZHRRY FRAEFSE FH37] At

Y 2-63 7he 29T AR HE At bEEE st RAFHY DAY
HAAFPY. FEHEEE 6mm/min & 3t} A) Y s}

o

_61_



okt
il

T EXE

- =) -
(38mmX890mm)

%\
N HANE >

(60mmX400mm)

‘ LVDT

Fig. 2-6. Diagram of lateral resistance of nailed joint in wood to panel

connection.
) EA-5A & FiEe AdAlH(lateral resistance of nailed joint)
FxE AAE Aols) FAYRY TEAES 3% slgkd 09 279 »
o] 2 AT HIF ANFAE AR FEEHE 7iste] XY ADAEES

AAstATh ol StE&EE mm/mine®E 3o dFo] HUAE oA
#adte AEFE UEd g7A AEE AAEAH-

-62 -



A

A& #

/4\
ol

‘JT LVDT

Fig. 2-7. Diagram of lateral resistance of nailed joint in wood to wood

connection.

2 2R E: BaAZd ASHE RARTY 4597

hAE P

1) Adas 4

B

3% 3% B2ASNN ASHE ZHARFE 852 AR Ao} st
FYEE PEE HIRE AHSH7) BEd

o G4, APY 2 ST A7AT UP FUele AF E¥Y A=
FHoIth B8 ATERAZL NTN EQ8 FUFYoe|7] Wgo] o FHol
AHE 24T ZRRRA B AWARE B AT &

24342 Mechanical connections in wood structures (ASCE manuals and

7]

off
m[o
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reports on engineering practice No. 84, 1999)9] 40ejF 2] £33 @ =FAA5E
FH3 # Ao o] &3ATh

2) RHGR 4

olr
o

7}

N Bpzg AAE 2

OGO M ASE FEREARE 2 AAEQD FEE5H AEES A
AL A BERFFE 12%2 423 F AFUNE GArrEete 3
X4 2X4(38mm X 89mm)l HAA = 71E3t ARk wmAE-e 95
$9] FEREAQ S-P-F 2x4(38mm X 89mm) Standard & Btr 39 FZAE T
A3ted AgEATE AFA Y RA 9] Fa-&3 HlFL ® 2-3% gt

A
2,
Y

) KA E

A Tl Exds AFAZANA ol A8 e F94-Eas OSBE
ZHEE ANFEL 93 ANPE dAAEE AYsigoen, dANESE W95 =
£ 3o ZAXSE Imme C-D Exteriord w43 uo]n OSBE 11.1mme)
APA rated 24/16 Exposure 1308 T%F Z2Fulg AxA) AEHFIAzn
B FYste ALeslgnt A8 e 7 giAdlge A48 R 237 )

o) F3x8 %
AL FEEASL QAN F2E gdzre] M3l AHEHE APy B

=g ¥ 35S AAEd ZRAAA AEHGRE TUste] Algstgon
A7te) 7o BAL U T 249 2t}

S
Ay

2
i
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Table 2-3. Descriptions of tested materials

Materials | Types Nominal Size | M.C.” Remarks
J. larch 13.0%
Dimension
K. pine | 38mmX83%mm 12.7% Standard & Btr
lumber
S-P-F 12.6%
Plywood | 4%8 - 9mm 11.0% C-D Exterior
Sheathing
0SB 4x8 - 1lom | 9.2% APA rated 24/16, Exposure 1

* . measured by moisture meter an average of 10 measurement

Table 2-4. Characteristics of nails used in this study

Type Length diameter shank application
8d 2-1/2"(63mm) | 3.05mm anhual panel to lumber
10d 3"(75mm) 3. 43mm screw panel/lumber to lumber
12d 3-1/4"(83mm) | 3.43mm screw lumber to lumber
A

1) WANEY AxA

GAMARY Z12AEE =AY At F4 AP ¥ AEE dAsA
F449E 2437 98 F 100mmx Zo] 100mm =718 APHE dAad
2 7427 544 AFsted Ao 4= AP F 50mmx o] 300mm
2719 AFEE AR BE 42 10714 A2ete] AFah
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2) FZEA] £X¢ Al (nail embedding test)

FzEA) BAF AWE A8 2 AQARZEEY o] 15eme) APHL ¥
AGNEE AFRez Adsgon A Fud Yowed £e L¥y
29 283 2ol ¢2HS 15T 3mm WY we] L 2, o W
Ne) AYBEE A5

Y

e
— AIEE
‘—w_—’//

(@) (b)

Fig 2-8. Nail embedding test for structural 2x4 lumber

(a) Perpendicular to grain, (b) Parallel to grain

3) TZFAY FE® A Y (nail withdrawal test)

Hes 2 AUE A X AEY F4E 8 4 ARAZRH dHl
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Aol 150mme] =712 AFHE Adala, ASTM D 1761-882] A& t4 ol
F dedde V9 X, BUH W 4 219 %8 %9 ujx
2 qtge] wet dhol ol FAAL] REs AFHo s Ayt olu Fof
FA&Hoz By g0l FF9 2ol Hdze HAANAFA wel 32mmE

AfL £& 92 § AFARE R A 4FE A NF F3Y
o Aaatgel] wek AFAA ZE& o} Hon, 5L EE 6mm/minog 5
of ZR7 APE AA AT o] AddM e HdsE e A3

2
=

ot
O
i

REINEX

2

ANE#E

<« NEE XX

Fig 2-9. Nail withdrawal test for structural 2x4 lumber

_67_



4 FEEA - GANBE FHE ZRTRY QAP

FREAQ BAS WAARR AR FERYSS Pstn Bl

Ha 1Y 3 2 49} o] 19 Ak (two-member joint), 27 HHthree-member

joint) Al A AAEL 17U HFA PN SHRA, 28 AGAFANX = F

BAl 45 Aale] FHTRC) BH AVARL WASAT FRA 2 =

W B Zol: zbzb 200mmo| MR A Eo 0mmE Bl FAH Zol:
AL o

18 Ao Ae 175mmz, 29 Athe] 100mmz 3¢ 2 Z2A% 107)9)

>
aic

e AL SeEEsomm/mine 2 o] AJ@siglon shgo] Hu)
et WA AI9E ALsn SA-EANR 2 TR
ADAFolli= 8d9} 10d%-L AM-§-3H%Th
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200mm

89mm 38mm

25mm 0|4

i 00e
o

175mm

A xsgm/
| ey e
T
60mm
AEH
UFBEE
3}2%’33'0/ h*‘j/
(b)
Fig 2-10. Test specimens(a) and
AEH XX
L F NN test apparatus(b) for lumber to

w4«
sheathing connection(two member

- joint).
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38mm

25m m 0] &

woguy |

20mM0 m

Fig 2-11. Test specimens for lumber to sheathing connection

(three member joint)

5) FEREAN FTREAZ THE FHENLY AVAY

FEIAD BAL BAR] RHFFY FERYFE FFR B9
39 211 % o] 28 W(three-member joing | VL Azsla FRAN
%2g st 2PN AVAYE AABGTh FRAG ZERAY FL @
A 83 A FRe)N B gl Yyom Rol ANA GRS F RAlY 77

_70_



o] Bmmzt NEF 2Fs] ABHE ALAAT. FFHEE 6mm/min0 2
o) ANdsgon sFel AU Eed F B2y WA Ade AL
o BA-2AY RHERY HEAPolt 12428 ALgsHg

6 2HRT AW NPAY 2EA )

Aol MR ZHIE AEE AR FeE 24E st AFY 2o
AEES FgE71d ¥ 2 2041C, FNEE 66£3%2) AN o 23
L 2EAUE F Aol APl AL8-s T
3. 3RWE: 509 XARY) A5
7h 294 FEALHY BT X8 AP
) AEAs 2 A9u
7h NEA s

A ARER FERFAZRE T SGEE5Y shFoln FAXSE 2x
4G8mm x89mm)Q] FAANE AFE A AE AzANZRE PR AL
At HAARE At £=Y FREAZ winHd T ®wel FHA B
S-P-F 2x4(38mm x8Imm) Standard & Btr ST ¢ 2AE 295t A3}
o9 F8& 54 & 259 2tk

Ao AHEE 728 BdAZE A I FxAEH TN A=
Wol AHESI gle OSBet o] & diAlstr] §13te] uvig #IAGo2 TN
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Ag Ak g MDFAIE 238 AES 948 F28 a2 fodste #

A BFAANZRE FHLL AGAGOD o5 NPARS BAHE b T 25
s 2o
Table 2-5 Characteristics of tested specimens
Items Designation Size M. C. Remarks
) _ J. larch? 8.6%"
Dimension 9
K. pine 38mm X 89mm 7.8% Standard & Bir
lumber 3
5-P-F 7.5%
Structural 0SB X8 - 8.7%"
rHetira 48 - 18mm 48/24, Exposurel
- panel MDF 4X8 - 18mm 8. 3%
¥ Japanese larch “ Korean pine ? spruce-pine-fir

4
5)

measured by electric resistance moisture meter
measured by oven drying method

ANE FEEAS T2E BAR) QP AEHE FL BIE E 25
Hgshel FRse) Aggon FagHe ® 267 2o

Table 2-6. Nail properties used in this study

Nail type Length Diameter | Shank type Application
8d 2-1/2"(63mm)! 3.05mm annual Lumber to panel connection
10d 37(75mm) 3. 43mm screw Lumber to lumber connection
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) A
1) =At A 98 X HYN FERALHY BRI AY

SAE, AU, SPF FAAR FAE EHFR 2R ARE &) AR
Zt AFQAREY AHFo] & Zol 200mm, 300mme] AHAL Arisld
200mmy-A & Erezk QA He SHEREAR, 300mmPAE ZEo] uiE F
HAE sto] 29 2-129F o] A AYHG A3t speH Z& vl HA)
EpzAagda B 4 e FRE e 2R/ AdHes g Al
€ AP diste] 59338 zzd APGA A AQUE do] Fa, FEAGY)
E2RH IFEEE Imm/minZ ste] bEEE S 718t Al@siHen, Ay A
e HdstEs 54, 715

W) BA 7+2E& DAAR @ H4AR TRAAYY LU A

9%, AR, S-P-F 1A A9 OSB, |+ MDFE TAH F2EA/ 724
AA AFH-o) TR AFE A3 13" A ANIARRE TRy
90mm, Zo] 300mme] A|FPHo T sty FRAR iy, 728 AdAgs I
90mm, do] 200mm 7|2 A9l SHARAZ sto] 1Y 2129 go] Y3
AL Azrete) kY X& whel RV AgHoR AFI AT ARE A
dAol oty SRR/ S2FA HAEF AP 2e] 3FEEE Imm/ming
o] A gaer Adass 54, 7153 A0

S
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200 300
l¢

x
4
A

»!
L

38or18

200 (] 89

89
A2
e——>| (unit; mm)
38 89(90)
a) side view b} upper view
PP

Fig 2-12. Withdrawal test specimens for lumber to lumber/panel connection.

i’% Fig 2-13. Configuration of
' withdrawal test
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2R FRAZYY THPRY WO
NRLEER-ISEE
H) ANBAE

B AN AHgE BRRAZE FENAPAN SR A 2E AmE
olEe FREAE %ol ® 25604 Uehigich NGl AgE FEE A
9N ZEANFAN S A% e ABoW FREAL wliAz e
£ 259 e

AANE FEEAG F2E B AP AgHE FL Brxe £ 8&d
2g AAsel Agsgom Fasge we ® 260 vehd ush Yok

2) 497y
h EA% 728 @AAZ 798 X AFF FRASHY Ad A

EAL 28 RAAR 748 X JAFE FRA2H] dd ANPE At
FHAZ GHE, YT, SPF AAZRE A4E 24 AdARTE Aol 8
£ o] 260mme] APHL A3t ALLE YT SHURAE 2} F2E Bz
2FE o] 130mm, ¥ 38mmo] A|FHE AHst] s 2y 2-149) 2
o] MAd 8d & AHE-ste] daAPPer Ak AE NP s}
o 593 Azd 43FAN AFHE AAA7IR, 1Y 2-159 o] FEAY
ZI2RE SFHEE dmm/minZ &t ¢FHEFE FHRA st AN PEA

o, Addgo e AdeEs 54, V1539
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() 2AS BA2 T48 2 HEE FRA2HY 4D AY

BAs 2A TAE 2 ARE FRA2PY A APS Asta Fugz
494, AR, SPF FAAZRE 4388 24 ARAery Aol Qe do|
260mme} A WL WU ALLSQTs ZURAR 7 PRARRE Lol
130mme} N RAWE At 2@ 2149 2ol AW 10d RE AHgde] AT
NgHez ARyt AE APAA ool Swe) AxY AAFH ) A
H0e AN T, 19 2159 Lol AEAR/EZRH HFELEES dmm/ming
s FHeFe SuRAd s AFstgon, APARANE AUsEe
24, 7128 Q0). oS BF AW, AFR) FeHe) B APAAEL e
® 256 vhebd nksh 2ok

38 38

130 260 130 260

R -

(a) wood to panel connection (b} wood to wood connection

Fig.2-14 Configuration of lateral resistance testing specimens;
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Fig. 2-15 Test method of lateral resistance

in nail connection

Table 2-5. Experimental design in lateral resistance test of nail connections

Connect type/materials

Connect system | Nail type Replication No,
Main member Side member

Wood to Wood 10d Larch Larch 10
K. pine K. pine 10
S-P-F S-P-F 10
Larch K.pine 10
K. pine Larch 10

Wood to Panel 8d Larch 0SB 10
K. pine 0SB 10
S-P-F 0SB 10
Larch MDF 10
K.pine MDF 10
S-P-F MDF 10




o B 728 AAE 7Y X AR vig FRALYY ¥ dT

1) AldAe 2 APy

LRELE]

B AgAA AMEE FREARE ZRVIANEAA AR A e SR
olg9 FLEAL ¥ F 2594 UeUTh EA% 72§ HAME AR
E AEE A" FRA2"EY H ARE 9dtd Z2EARE 99E, AUE,
S-P-F THAZEE A4 4 AFAZFE Zo] 1000mme] A FHE A3}t
A&t ATt

Aol AgE 724 Bl JA] ZRIIANFAA AER A 2 Ao
o FQEAL npAAE ¥ ¥ 250 etk €@AME 2 T2g #d
AZHE] Zo] 1000mm, F 400mme] A|PAHL ANHste) 1Y 2-167} o] 47
e zE HED A" 8d ®E AMEStY wieFze § Aguoz A FE}
Ak ®FAFEL 150mmz tglom Z4 FHd EHOERE 25mm HolAA
sl ZASA
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Fig. 2-16 Configuration of bending

test specimens in floor
/\7/ system.

o) A

d AFFR ) AFHE YA L, ATAYDS 950mmE Iy 1Y 2-173
Zol A% NF7EZRE }FEEE 10mm/ming 3o ANFWe oo 3 3
¢ 718t A sk olw) dFI =) A fHoT APHe Ero}
20mm o 71 ZAEE B Abgstel AP AZo| @A FTIY ¥ 3ol
HAA =S s
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Fig. 2-17 Test method of bending test in floor system
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A4d 43 g uF

1L 1xbd%: SUPA ZAHE e A5yt
7} @AAge) 7B BA

ANEE GAAES] FB 0SB A3E, guAAs, e e Nya9
e % 263 2ok §9 FEASLY ATE ZF 7,700kgl/ cod,
570kgf/cm*S U}EUlo] OSBe] 4,600kgf/cm?, 360kgf/cm’ BT} H& A%e
Buiith ol @& A8 @R AEWSZE ALEE OSB7E FAAE
o wEE A% BASRI} Bol Aol AahE AL® HAlLh Fue) AT
7} 9mmel el HEte] OSBo] FHEFA7F 11mm¢]l H& zhedlvsls fLze ¢

r:LL

_%

MAEEA Fue Z=7F OSBET mfojds & $ gk ol#jgk Ase] zlolz
NE BE QAR BARNAS A143 W OSBE fHonch ozt £4L A)w
E »E Ao 9o

Table 2-6. Basic properties of tested structural panels

Bending (kgf/cm®) Thickness swelling(%)
Panel type
MCE MOR Zhrs 24hrs
Plywood 7.7%10° 570 4.7 6.1
0.S.B 4,.6%10° 360 5.1 14.0
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Be) ool BE WY AHAN A 20TE 2P AEES Fuol
47%2A OSBE) 51%%} wlwated & #olzh ehin @stou} uAHE %3
d Be&olAE 0SB/} 140%2A §8e 61%HT WS & e vehjol
A5ty ERA EA7E Yee BAFD Uk AAY ATHFANE o)
$ Wagd ol uelslel st OSBYUAY B} WAlold AL G| @)
o Aerd o WA ARstelor & Rolth webd FEs BAL AF 53
g Beol dAEE Lo OSBE AL A 714909 WA 95 7)e
dof g ROz AAAT.

1) @AAEY FH7]A ¥ (nail withdrawal test)

QAN ERIAFGAN g e 2y 2183 P aPeA HR
ol HWatFstA AL AdHor Frsnrt F438 BaHe A i
o @AY REVIAE A & 273 Pk RelM HRo] dwryom A
HEddAe QAARY] X8 AFYo] IAAAY Auhot 453 wA U
B &% #340A QAARY FEI] Aol gH48) AsEE & ok
ez e YAxAY Z¥7 AFH vad A FEE 18%, OSBE 16%
2 & A)E UYehiAE 4tk $38 Z¥Y) AFL OSB7F gutnch $4¢
A2 YRt ol Az wFe] we JFoz Y4, 44 XEs) A
o B MAFAQ P=K - G- D”?. L(ASCE1996)o1 4] BEo] g9 Ty
AgL wg, A3, Addolst ARAY @A} AUk 53 0SB 2 wd
AMeE FEZAte s #W dxrt £7) Wi 29 fAYo] Hojd e
Az E. AT FE2PRANE Zol7k A YBIA got Abgz¢) ne
Mg o] Adel Fog s)&ofolyd Aeojrt
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; withdrawal curve

' 2.50E+03

2.00E+03

1.50E+03

1.00E+03

5.00E+02

0 50 100 160 200 250 300 350 400 450 °

Fig. 2-18 Typical load-displacement curve in withdrawal test.

Table 2-7. Test results from withdrawal test of structural panels

0.S.B Plywood
Dry Wet Dry Vet

Wi thdrawal P y P y P y b "

r X ro ro ax ro ax
strength(kgf) op 4 P ax P P
144,3178.6 | 21.6 | 24.3 | 47.3 | 90.2 | 15.4 | 17.0
Initial
635.1 123.6 454.0 113.4
stiffness(kg/cm)
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2) @AAEe Eel#E YA g (nailhead pull-through test)

AR EWAAEYHAY Afes ¥ 2-87 gon FHzANAM Erig
BEEol JAMAF ARy $53AIL, o HHF It BE 2o o
' aA ggvh. @AM e g3 OSBrl fuuch e AgYe s
A2 Ve th(ad 2-19) dejzdd g AAzA Z¥Y) Aggy vl
o] A ¥ WF 54%, OSBE 62%E OSB7} Fur} k7 w4 Yehdt). o
' Erert @A o8 FALFE #9990 HAr 59S o} W) ol

A do g dgo] OSB7F {euch A Jehvr) Wiz Yztdn.

Table 2-8. Test results from nailhead pull-through test of structural panels

(unit : kgf)
Nail types 8d 12d |
Materials Dry Vet Dry Vet
plywood 149.4 78.6 143.7 78.7
0SB 155.8 99.1 169.0 105.2
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Fig. 2-19 Comparison of nail head pull-through test of structural panels

3) RAANELY HE A2 §(nail embedding test) :

DAAES] EAYANGAGE § 2-99) YEUT. FelA] B Jex
of GNAEY EAY FE7t AT AR w4 JEgen, dHx
Mo AAFY JFERGEE FBL 8d, 12d FolA] B 54%, OSBE 8dF-of A
70%, 12d XM e 49% 2 YER X8 FE5FH wE AYAdEY Aol R
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Ark. 53] OSBeA HAF R FHI AFAEY ztel7h 4akA vehd
AR

X

AL H=x

|¥ OSBe] ZWo] futrct AaiA Bfso] ehd Ass Aztdr

Table 2-9. Test results from nail embedding test of structural panels

(Unit : kgf)
Nail types 8d 12d
Materials Dry Wet Dry Wet
plywood 122.0 66.8 145.3 78.2
0SB 122.2 86.6 204.3 99.6
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Fig.2-20 Comparison of nail embedding test of structural panels
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S e W 28 FHE o] avE o Aade s on g
Aguael Hae wde AYHLE X A7t 8delA 12d= A we}
e = F5ES YEROW it A3 Wkl e xjgke.e Ho
} wztstde Aggele & HSE HolA etk ek HasHA
s g g Es HsEgd 2/34 =R veigter WY E Immol
A gl wE AuiaFe Aole Audel HAHA dEFe we urt

Ao W uf BT} 22 ~ 24MHE & Fg BYch

Table 2-10. Embedding properties of 2x4 lumber

(unit : kgf)
Nail type Loading direction Load 1° Max, Load™
Parallel 234.1 357.5
8d _
Perpendicular 105.8 215.3
Parallel 285.5 506.0
12d
Perpendicular 120.1 218.7
* : load to 1lmm-deformation **; load to 5mm-deformation
5) A9 AU g (lateral resistance of nailed joint)
2 =98 side

Z% ANESE FHEA(main member)E 3} g, OSB
member) 2 &t FAE HIRo FRE AAES FHEAG FULAZ sl
A AFFY Al HNEARE ohg R 2-119
Aot fu, ZAel OSBztel ZA¥E FE ATy v dresse
2 apol7t veryA] ggkeut Aistgel A OSB7E 5% A= ofz & AEE U
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w) OSB7} et F7

BTk A% Al ete] S0 2ole mHs 2
B e gk ARRAA H

T BAE JGUE Asdre 2ozt gk
2

Table 2-11. Test results from lateral resistance test of nailed connection.

(unit: kgf)
Load
Connection type
Proportional Maximum
Wood-Plywood 143.4 219.8
Wood-0SB 147.5 231.9
Wood-Wood 218.8 300.7

2. 24 %: BxA5A ALHE BT 4597

Bz % BxAFA ASEE RRWRY 43 due ¢4, AWy 2 4
g A7dne g 4% FUge 4% Bd 23% 435S +Pshon
a2 e e 2
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g BRAERY A58
1) FZ2FE A9 FEA3}8(Nail embedding strength)

ALY AP F2EAA SolH HR}FS & Yriste vy 4
AL A% V2A8E AT A8 AEYE S AP A3 ol HEIA A
FAEA 9%, AT R SPF FxAL ZAYG AFAM el Addds
F 2-13, 14, 159} 2t HOisls 34 2 F=ANE A HHEHETL Smm W
9 49y sz A o £ HHo] 35SmmEt FHopg 11 o
Ao AelAe R Ags FAY Fo] EAF XAYHY FHol ofF
A A7 dEoln-

Table 2-13. Nail embedding strength of structural lumber for 8d nails

Load" Nail embedding strength™
Lumber type
End grain Edge grain End grain Edge grain
Larch 691 439 465 295
K.Pine 492 284 308 213
S-pP-F 402 478 302 350

* : Load at 3.0mm deformation(kgf)
** : Load - (nail diameter X member thickness)(kgf/cm?)
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Table 2-14. Nail embedding strength of structural lumber for 10d nails

Load Nail embedding strength
Lumber type
End grain Edge grain End grain Edge grain
Larch 753 448 512 304
K.Pine 525 305 333 229
S-P-F 512 478 340 364

Table 2-15. Nail embedding strength of structural lumber for 12d nails

Load Nail embedding strength
Lumber type
End grain Edge grain End grain Edge grain
Larch 927 452 526 256
K.Pine 632 272 334 170
S-P-F 586 461 372 292
BAFEREA e AYFAEAA Agde] FdAd of £ FHFe Fdflel =

T o9dE FERAs AR SPF FERAEG 1A dEiged, RuFe
S-P-F TE2AE vsd ALYS dehldg. AgHe] HA/galdwel
S-PF TE2Ale 4h%, AF FRARD B4 deiner B4gd rRAE %
U ARG A4 ek

£o| A7 e FPAA Adde] FGHd A4 8dRFA 10d, 128 EF
o ¥eprt ez APuae Fdsy 4 p2A d2 o] AdLE A%
AEe Fasgen 10dEH 128 747 visd AYFEE BT A¢H0
AR/ BATEY B FF59 FEUt 23FYo2 22 10dRF 12dR)A A

o]
74
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Aol 252 AYREE 743 A) 8dE Al 10d, 12dF0.2 2] F Ao u}
2 g A FRol Aol wE P WA JeA Fskrh olel @
Ade 2o BE TR Holdr] o A B AAEA (YA HADA
o) EANY 7bEdee] v dFolgtn Rtk R MA(1999)Y] 4F T
ZAo] #d AP AGSHAGE)H} FE(E)Y YA HEg @
A7k =duA gdttn 3 AFARE dRxIAoH, FHF(1999)e F Al
2 AgA oA Agtde] AGHY AG WRAEAFTS AT W FHG A
o ABo HAo] FE4E Fadvhe ATEARE BRI v Jev E HY
Az} vlms)] B w w3 Aoz e
Fadd dig FHe) EAFEEAY AGAEe] HE & 2169 YE it
o] EHo| Auglol 2+ FxA BF HZAo| FUASFE ASMAES HIEo]
7

&g BaFod $9E FxAE e vised e Jeh AT

o

Aol FWHA) T AGBEAGANA Aggue] wabgw, HATH, YAy
Jaude EAo mE dPoR AFHM, gIA FEEYS AT sehvd
AN ol Ae Fhelel I JEe HaHAA T Aoz 44Dk

Table 2-16. Comparison of edge grain to end grain in nail embedding

strength
Nail
8d 10d 12d
Lumber
Larch 0.63 0.59 0.49
K.Pine 0.69 0.68 0.51
S-P-F 1.16 1.07 0.78
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2) FZEEA e Euwe(nail withdrawal strength)

Zraol whe 2o AuAHBS BAe) wF, B HF, YAl
o et BE Zud Fo) u: Ao Hul QuHe thew ge 44
(19 B8l d o) 7153t

P= 54.12G"*DL (1-9)

4714 P AdaE(N),
= g 12%9 Fulo W@ dAdFAY wE vEeR At

Qg HE

e

D

rir

59) ] 7 (mm)

Le ZHYZol(mm)

A A FE(HG ) AP BEARA FFA wep ohaze) wWelrt 3
S F Atk B AYE A Adelun AlY deletE iy F8aeS T
3t7] fsie Az wol4, shEA47zh A& il @tk BE
71815l daide Hd e 1/635E 38T wolgela glew,
BstE 712l dalAe o] FE&Xd 125 Fato 4R AL FHEaFAR
A3 9Ltk (ASCE, 1996)

NYAHZRE TE® FREAY Ko iy g oy fE3Fe e &
2-17, 2-18, 2-19¢} 7#tl,

[.
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Table 2-17. Nail withdrawal strength and allowable stress of structural

lumber - 8d nails

Maximum Load(kgf) End/Edge Withdrawal Al lowablfzmk
Lumber type - strength stress
Edge End (%) (kgf/cm)” (kgf/cm)

Larch 159.2 71.9 0.45 48 9.6

NDS™ - - - - (7.3)
K.pine 79.9 36.1 0.45 24 4.8

NDS - - - - (3.4)
S-P-F 73.9 30.4 0.41 22 4.4
S-P-F* - - (3.7)

* o 2 FHuEE/A Y
** . NDS AE(EY HZd B3 E)
wie e (0198} % 1.2/6)

%9 ¥E/} annual ringQl 8dX e 74 I HHF e HAF, AU,
SPEAS) #02 vErgon ARe SPIAE wEd

Ume} SPEAY HFo] M4 dol BE Anz Y4Ed 4FY HE3Ye
o =iz AAMANDS)Y Aust Wz v FAT HES 2= A
HeQwenT ¥ e Usudth NDS4zdE 259 et 489 2o
28 487 Qo) BRAU AT AFHEY) BE) thd B vehg Ao
2 Azay. 25 A 22539 1048 49 JoaEe Gd4,
2 SPFAS 208 Usgon s1Rg SPEAE 8d 29 94 F99 o]
M%e %S B
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Table 2-18. Nail withdrawal strength and allowable stress of structural

lumber for 10d nails

. Withdrawal Allowable
Maximum load(kgf) End/Edge
Lumber type - strength stress
Ed d (%)
ge En (kgf/cm) (kgf/cm)
Larch 140.9 91.1 0.64 44 8.1
NDS - - - - (8.1)
K. pine 56.2 37.1 0.66 18 3.2
NDS - - - - (4.4)
S-P-F 52.3 27.0 0.52 17 3.1
S-P-F - - ) (4.1)

Table 2-19. Nail withdrawal strength and allowable stress of structural

[umber for 12d nails

Maximun load(kef) End/Edge Withdrawal Allowable
Lumber type - strength stress
Edge End (%) (kg/cm)’ (kg/cm)
Larch 145.4 86.0 0.60 4.1 8.8
NDS™ - - 0.66 - (8.1)
K.pine 71.1 46.7 - 21.5 4.3
NDS - - - - (3.9)
S-P-F 73.5 49.5 0.67 22.3 4.4
S_p_F* - - (4.1)

A 4L NDSe| Amo) vastd Hdse ¥ @2 dehiglon
ApEe} SPFE 8439 vmete ta B e vehidth 53 SPFY
Ao slagdol Wi UEg Ae NDSO| AFHAR] e FRojgE 4




Aol wg HlFe] xpoloh ojF Qg FHEskFo zpo] WEed RoE HQ
12dxel] @ F2FEAH AL HRstFe GHF, SP-F, At oz e
oo ARl SPFAE Blkd ge He 9o A9 e PAS Bgth
A E H88YL NDSo| ztE9F vlasle] w53k 3& Vel sich

8d 3ol 10d, 12dRth £ I HosteE R 2L £5 e o &
2 QubAgre] oJgox YukH o2 annual ring EF¢o] THE FEle] RxT} ¢
dA ol wrhe A2 3 (Wood handbook, 1999)9} 22 A& el

%ol Wl )Xo wWE FFeIA Awe] wF Zof g Svo] Wy
ZistFe] mlolAM 8dES 2/5, 10d9} 12d52 g 2/38 2 Jelgt. #%
HE oY AolE Mole AL FHel ukgl Fo |7t Aled, HAgw
olx olEe] LAY polR Qg ARz AL EC)

Apdoz HlFo] & FAFAM 4% NDS9 HEART & g, Ay
FAE v Ze%E 2o NDSAtg & Add Al 9o AP wFe] &
£ kAl gk 2A o] dastttal Holdh wlFeo] thah whe FEAE H)
S HEE ZE SPFA9 EA T A HlEge Btk

3) P4 BAS WAMBLY ZHER) ARAS
) R BARANE FARRY 1MASY S

FEE BA9 WAARE olFold RPRYO B8 AWARAN ABA o
B Y 8F - wEFde 2y 2219 2ok agelA Bl F{H
Aedse HAXo] 22 F uhg gass Aol g I/ 4L
ASn ee HAFm Aok ol £ ARFOIN Aol H8Y B¢ A
R g5l fFAHT 4es RAFE Zolgkn AW

HERe) 4GP BE $HF-WY AN Folel AAFNE wa B
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Aee A AATLORRE AF HFP)H BYW)OBRY 7] FYA
ARAS(aP/b)E FHROH, SFol AN o2y Pasy) I8 %
A2 s APFEPIS FHAT AY AFE F 220, 2219 ok

Deformation{mm)

Fig. 2-21. Typical load-deformation curve for wood to sheathing nail

connection,
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Table 2-20. The lateral resistance of nail connection between wood and

sheathing materials for 8d nails

Main-member

Side member

Proportional Limit

Lateral resistance

Load (N)|Deformation{mm)| Kiy(N/mm) |Max. Load(N)
Larch Plywood 678 1.48 421 1606
OSB 779 1.63 434 1602
K.pine Plywood 800 3.86 217 1418
OSB 848 213 432 1271
S-P-F Plywood 639 1.61 440 1643
OSB 686 212 409 1525
Table 2-21. The lateral resistance of nail connection between wood and

sheathing materials for 10d nails

Main member

Side member

Proportional Limit

Lateral resistance

Load(N) Deformation{mm) |- K;(N/mm) [Max. Load(N)
Plywood 815 1.25 462 1721
Larch
0SB 704 1.63 567 1729
. Plywood 779 3.86 403 1358
K.pine
0SB 778 2.13 417 1228
S-p-F Plywood 673 1.23 403 1368
0SB 712 2.12 523 1514
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F AT 19 AT AAAM JERY 2IBAANE A F ZFEAAN
OSB7} - ARG & FHAE Uehi ot 8d ROz Mg AFH9
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d ZHPF] Ao AUAA 2L Re Fue UR AHd wE gFo=

F AR HARA=(AEY)e 8d RolA FHEA Fwed H$ S-P-Feo}
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SHE2 et S-PFRY A vesten, S-P-Fe SvF-ET
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2 AR g8 Y Hue HA @goy HAHol & 10d Fo] AWtHos
=2 e Uit 724 @AAE dele 8d HelME o] OSBHU H]
WA F HE EAoy, 10d X Agde 4A% Aol ehx gt
oA ol B¥E ¥ B o A8 Ty OSBe FAL ol WE 3}
o], 53] ¥¥2 BT EFE A4F T AT & FPo| olF AR A%
| 3 T ALE A"y, FERFANY Aole HlFo A ¥
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Table 2-22. The lateral resistance of nail connection in three member joint

for 8d nails

Proportional Limit Lateral resistance
Main member | Side member
Load(N) |Deformation(mm)| K;(N/mm) |Max. Load(N)

Plywood 1419 4,63 325 1696

Larch
0SB 1392 5.51 258 1636
Plywood 1192 4.01 302 1495

K. pine
0SB 973 3.55 284 1220
SP-F Plywood 678 1.78 380 1378
0SB 921 2.08 443 1484
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Table 2-23. The lateral resistance of nail connection in three member joint

for 10d nails

Main member

Side member

Proportional Limit

Lateral resistance

Load(N) |Deformation(mm) | Ki(N/mm) {Max, Load(N)

Plywood 1280 3.19 401 1696

Larch
0SB 1445 2.77 522 1636
. Plywood 1192 4.01 297 1495

K. pine
0SB 973 3.55 274 1220
S-p-F Plywood 678 1.78 380 1378
0SB 921 2.08 443 1484

Table 2-24. The lateral resistance of nail connection in three member joint

for 12d nails in wood to wood connection

Main member

Side member

Proportional Limit

Lateral resistance

Load(N) | Deformation(mm) | Ky(N/mm) [Max. Load(N)
Larch Larch 2193 3.74 622 3496
K. pine K.pine 1377 2.81 496 1578
S-P-F S-P-F 1335 2.30 580 1760
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Fig. 2-22. Typical load-deformation curve in withdrawal test in lumber

connection system
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Table 2-25. Withdrawal resistance of lumber to lumber connections

Connection Type Mean Load®
cov
Main member Side member (N)
Japanese Larch Japanese Larch 1218 0.13
Korean Pine Korean Pine 629 0.18
S-P-F S-P-F 672 0.34

* average maximum load of 10-replication

W BAe 728 GAAR FAE X AR FRASYY 2R Agds
A 728 AR PR A2e wiaF R FAdA gz, 8

AFzAA A71EI BAAZC, AE oA A7ty Egjaet @Azl
o]Fo] A& FTXE HFXAM B2 HFio] uig oY 7z st A
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Table 2-26. Withdrawal resistance of wood to panel connections

Connection Type .
Mearz NL)O""d COV | OSB/MDF
Main member Side member
Japanese Larch 0SB 935 0.18
Korean Pine 0SB 581 0.23
S-P-F 0SB 621 0.19 | 0.95
1.11
Japanese lLarch MDF 982 0.17 0.90
Korean Pine MDF 521 0.13
S-P-F MDF 689 0.13

* average maximum load of 10-replication

EA FAS @AALS ZERNAY AFAAE £ 2269 dEUH FA)
el @Az 2w QAR 0SB, MDFS! RE ASor Hd$
o] 4 & %, BeoE SPF 9 AR o vehwth 9d%at SPF
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Fig. 2-23. Comparison of withdrawal resistance to lumber to panel connections
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Table 2-27 Test results of lateral resistance test in wood to wood connection

Connection type
Max. load Min. load Avg. load
Main member Side member
Larch Larch 2040 1364 1782
K.pine K.pine 1375 856 1117
S-P-F S-P-F 1594 1285 1424
Larch K.pine 1680 855 1324
K.pine Larch 1941 1359 1688
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Fig. 2-24 Lateral load variance in wood to wood nail connection
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Table 2-28. Test results of lateral resistance test in wood to panel connection

Connection member Average of Lateral load

Main member Side member (Kgf)
Larch 0SB 1682

K. pine 0SB 1130
S-P-F 0SB 1221
Larch MDF 2995
K.pine MDF 1229
S-P-F MDF 1532

- 113 -



2500

2000

1500

1000

500

Fig.2-25 Comparison of lateral load in wood to panel nail connection
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Table 2-29 Test results of bending deflection in each load level of floor

system composed of wood to panel nail connection (unit; mm)

Load level(kgf)
Connection 100 | 300 | 500 | 700 | 900

Framing Sheathing
Larch OSB 1.93 3.71 544 7.19 9.01
K.pine 0SB 2.39 4.68 6.54 8.56 10.48
S-P-F OSB 222 4.27 6.12 7.80 9.78
Larch MDEF 1.97 3.73 5.36 6.92 8.49
K.pine MDF 1.87 443 6.51 8.42 8.89
S-P-F MDF 1.81 3.76 5.61 7.46 9.32

ANRg vhe Rz Pol 893 ADFL WAL 0SB A9 7 &
ZoAdA ddgol b He APE 1 OEow SPF AUR FAA €L
2 A7 veskon, WAAZ MDFA 3¢ 2 SEwAAN Ya%, U,
SPF #F27 402 Ad vehyd. F 9AA 2R A3 3A5A9 A
$7 A4 A dent @ AT A $5Ee Ak AN nme)A
AWH 07 OSBHT} MDFAS) 27t Aol o] WA AshAN S5
oz nel etz 72g WAMRA Algo] sRseithn Azwd.
AN GEnd SEAE SEd WEel AAHA BAE B o] 8§59
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Fig. 2-26. Comparison of bending decflection in wood to panel floor systems
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Fig. 2-27. Typical load-deformation curve in nail connection systems

Table 2-30 Initial modulus of wood to panel nail connection

Connection
Initial modulus
. . (kgf/mm)

Framing Sheathing

Larch 0SB 1120
K. pine 0SB 870
S-P-F 0SB 970
Larch MDF 1130
K.pine MDF 880
S-P-F MDF 1020
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Table 2-31. Load in each deflection limit(Load A) and disributed load(Load B)

in wood to panel nail connection in floor system

Connection type Larch K. Pine S-P-F
Deflection limit 0SB MDF 0SB MDF 0SB MDF
Load A(kgf)

1/180(=5. 27mm) 484 491 337 356 430 469
1/240(=3, 95mn) 319 317 253 267 277 315
Load B(kgf/mm®)

1/180(=5. 27mm) 12,7 12.9 8.9 9.4 11.0 12.0
1/240(=3. 95mm) 8.4 8.3 6.6 7.0 7.3 8.2

H|3) 1 psf = 0.05kgf/mm’
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Rom olE $dte] sjdst FHe R 1B @9 2,400mm < 2,400mm  =.7)
of #3 & FRade gig 4% AYE AAFHG

rlo

lo
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Al 28 Ax 2T

1L 1392389 45 B
7h Ald s

£ AgelM ALgd FREAEE A AAEQ] FgE(Larix leptolepis) ) A)
B AMEEET. F4F AR @ 24 50mm X 100mm, o] 2,700mm
2 AAE 99F AAES TAdsten Ay 12 d2FFANA EE T
15%2 97 Axstgck. #F Fo A9 X457} 38mmx8Immy} HEE
¥ 7}EFstEnen A9 Holg 2,400mmE AdIch AlF Al EA &
&3 Nl 415 Ak AFEE FHARY AFE 989 dA S

Az A wo] AEHIT QE 1,220mmx2440mm F71¢ AF5 o)
OSBE H/iAlg8 Abgslalom 7 Age 548 8 413 2

4 -1* £ e

l—N o

® 41 AgAE S 54

=5 X vl F* a8+ T4
Yol AAE | 38mmx89mm | 053 14.5% 50 x 100**
TEL gy 8.7mm 0.46 85% C-D Exterior
APA rated 24/16
0SB 11.7mm 0.64 7.7% rated 24/
Exposure 1
* AANE vF 2 48

* KS F 30208 &3 =<
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ZAek @A M) AHEEHE AFPERE B 2% & AFso AME-s
Row FAELLE ® 429 ¥tk H 429 X FA 12d & FREA Aol
o Hgel AHEEAeH 8d & FREAL GANE Abele) HFo) AMEEHA
o FEREA Atold Hitde HZEY 2EE Ale] BE UZARD9 AHE
Atold] 12d R 2|4 ERHIIE AAGPor FEREAG HANE Alelde
8d ¥& A9 FHg wepr 150mm 7HE, 28 #A) e WFe) A= 300mm
RH oz st

=5 FARSY 527 L
8d 63.5mm 2.9mm AR AR
12d 82.5mm 3.3mm Uwk wpAg
. Ay g

1) ZREFY A9

2A-EANE ZHRR AVHFE £4 % 5

Fede BRY 5 AL 7Y a8 WGl o

) 2 29 4229 A ZE o r AGdAFPE AR bg oA
g AFERE L& F UV o] AP HEAHFY ] AaA e g
KS ftdoz 7lexEdd Adsted HA KS F 2153(57% FEHFR 9 Ad

- 134 -



ol
Ol
e

DA A
% \
&N YysE
GMAE —
T NEREEY
LVDT ———
O% 41 EA-QAAE 2
E o 1WHY A%
41;4~—~——&%%% ="
i . ax 1 _
(38mmX890mm)

aE— P EV L= —

k

%—MNM

(60mmX400mm)

LVDT *

9% 42 BA-RAAE RATT 20 A A9,
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FAATY] FH3FT A A viFold Ao dF ExFE Aisy
g AAste /MY 74 itk o AFgAE 18 4-3(@)9] AFHHE 3
£agom A APy ARE a9 4-3(0b)eF Zrk. o] AFex HEHY
09 439 AP WHe AIEx FAHARY AT WHeE VerEd
o A¢tsted A KS F 2154AHEFZE FAARS] AG AP ) dHSE A
HE Aot

PRSI =S
L=
EMBIE
Lot AXZi ABF
(@) Az W] ARAY Uy (o) AA AH AR

a9 43 FAARY A Al WL
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3) 47w AW A HLH 3%

FAARe] ST W Mg 5 Wrists) st 29 439 A)HE
S ZA @A thale] 1y 4-49] @557} 8 (monotonically increasing load)
g S F(cyclic load) 3t Ao @S APt desrleEe B9
6mm/ming] dF&EEE A-83te] ¥Ale] Hd WY Fo] 50mme] £ w7tA
ANYE AR wkRslEe 05Hzo %2 WMyek 025 0.5, 0.75 1.0, 2.5,
5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 40.0 2 50.0mm¢] 13@A 2 o] AR
o] MEHE FI|FFR AT slEAeH Z4 dANE FId IF9 §F&
33] whEato] Z-GA)H )

4

Deformation(mm)

50

Tim

Deformation(mm)

L ——
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VRN 24 BAE 3o wEaFoR FAHNeH o FolA A
W BEslEe 08 BAR oBeke WAolne Az AL R WA m:
S WA BEEE seMe S5 olgaldnh

2235 ( 3489 45 FY)

71 A1E AR

Z2 Yg40z A 4% 50mmx100mm(4 & X4 38mm x 89mm)e] KS 2
58 TFREAKS F 302008 xel=g A3t @8 ARzE BEujoa
|Z9 11.7mm F72] OSBZA] RATED SHEATHING 532 Mugsigon 7
THE 24/1690 AFE A& AAEFH OSBY A Al ¢5EL 47
11.6% © 57%0)Q.om wEL 27k 053 2 0640190tk EAARS AXNE 9
o] 6d "raRo] AMEEGlom Zo) kAL HWAE 150mm 18D U Ko
ME 300mmz 34 ).

dekd] APdHE Axstr] f3te] 2= 1AL 400mmE &P ow 7]E3
A AdE e yule wE 72 AAds HAE sl 17 459 o] A
FAHE Az Ao 92 F =@viek £ YXd dE DG HAE 9
3te] 19 469 o] APWS A=Ay Adde kol YuwtHom G
HE 2719 2440mmz AP o uE 29 4-56A% 400mm, 800mm,
1,200mm, 1,600mm, 2,000mm % 2,440mm= [t AT F3FS HrEr)
A5 29 469 ANFHEL BT 2,440mme] Ho]o] 2,440mme] )R A 23
Ak

2

=
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(a) (b) () (d) (e) ®
¥ 45 wol-ujulnlzt M2 thE ddy ARd.

® (®) (h) ) ()

SY 46 NE THE TR HE D 9xE e AR,

g AR

ARRES 1Adws} $UdT WMo I9 4-4(b)ot 22 wEaEHEse
H 44t 2 Gt g stelA A ES Ao WEdE
9] F 4w 05HzZ 3 @eFr) aFEdsY 354 Es 6mm/minZ 3}
Atk BAY F Eel € AFAM WIS LVDTRE F438tY o] F71A 3k
< vt} shF sl duHo] Wyo] IS Wl 2E=Ee HHE #
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AspEA] e FHXoR HYSEEAE HYristaz) ek 2440mm ol
o8 7t Yulg e AFd Afde ddBle g Aeste ugHE
o} AR Wrlaly] flsted nAHES 7
e AAggor AR APHY ALols BE AP 2HPES ALME3E
Atk 2% 469014 (a), (b), (), (d), (e), () & (g)d] FE2 EF TIY F
(915mm)ef pHl= 7z 680mm((a), (b), (c)), 1

() % 228mm(g)E ddFew (h), @) (o & AT AFHe BF Rl
2,000mmo] UH) 1,000mmz stk 28 469 A]PWo)A  2,440mm X
2,440mm A ¥ AHo] g AR AH WEL (a), b) B ()

B 16.7%, (e)& 22.9%, (¥ 29.2%, (g)& 352% 228l1 (h), (i) 2 ()& 35.9%cl
Kt

= 104%, (d)

) #4749 729 Fol o vl vle] BE A9 4%

o] AFolME FHAR TR HIAAFHe] /M FoFT 84 F9 FURA
29 43n g wWyo g HAAstuAl s A AlFAgAY] AARNE 1Y 4731
20 19 439 WHE 4x8 Mg VFEoR s low WA A=
Hde] Fole athE Fi ydld 0.6m ~ 24m7tA WolE & 4 k. A
B& Fo] ol uul wle] wreElM e oz J%E WY 5 e AV
A Aoz et wEbA o AFelMe Ay H4 o] ol v HIE

A8 k.

AA e BEA% AoNE dure] BAd 1PRES Agsle 2
e g vk 2ey duvozAY 4%e Wi
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Aeire BAY DAHEEY Aol ol o] AlIPE Tk mAE d&

o a4 BstuA

(b) AFHE7} Y& 2400mm X 2400mm

(@) 2400mm X 1200mm A] & H

EES
29 47 vl Ax) ABAP A,

3) AT 3P

Aol RO} ES ey gate g 2]
ov o5 TR} AuHe A%
l?l_

Blol thekst =vlel A

7hsh%) gk
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s B

3. 3zxpd=(FH AR 45 B}
7t A PR

A G40 2A FTAAG 50mm X 150mm(4 A X 5= 38mm X 140mm) 2} KS
257 TREAE APz AMEsAd. W8 AgEe Evdi Azxd
18mm F7¢ OSBEA STURD-I.FLOOR Sg& AHd3ged AISFL
24o.c, :=&% T Exposure 1%] AF& A3t or] TudA Y4d EARY
A& AHE 7HeAdE BUHEY] HEt T3 1A AlE g 18mm T 9
U4 MDFE T8t Qg2 AM Y Aes Frhatdth AR & OSBY Ay
Al s Zbz) 12.8% H 75%0iem wlFe A4 053 9 06501 H
MARE HAE Yot 8d ¥pAFo] ALRHUOH Fo AL HHAAM=
150mm 183 W F A+ 300mm=E 3¢t
P AY AL A 257 95 28 =0 1AL 400mmE FPon 7
Q1 FHARSY AFE 7FE 2400mmel] A2 2400mmE Sy whekA sk

FRAFANE F 7T AE GG 2749 2R AL 2Ea 1,200mm X
2,400mm A2 QA E 27 o] AHEEHATE FRATANAN HHA S e B
7457 Y8kl AlFolA g dE802 AlEEHE U HFAAE THAL

)
A

Lo
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M ARAY AR AR HAFHATL AMREHA e FHAY

Ttz e A A4

ru[o

A 2o

off
o

R I et g o

T F7F ol B AR WIS LVDTE ZHath. Ao xes uwiss
Faee 7 gt 9 AE AP Ad H9Q 50mme] 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90% % 100% % &tx1 Zt GA¥= 3urE 3}
Tog2 TAHY Uk 4z #EAR AFAE dx wEEE sl AYPS
AR F AFA 443 A=A G Ade @ F7) 8F sl A

syo]l A3 WY Wz AHS AAEH).

i
E
|

2) Awrze 97 =& Y

2400mm X 2,400mm =719 4 gl F@ A f§k &7 =& AFE A4
871 flske] 18mm FA 9] vt N8 OSB9 18mm F79] 4t W4 MDF,
11.7mm F719] OSB W7 2e]l3 15mm FA49) F3Q 944 g 5o 47}
A HARAE dANER A8 AW APAHE AzEan. A9rzxE 3
A7 913t AR, MR 2 ¥olE Ztz 2450mmz 3 H{HA B vl
& el AurxE 4528 7 Fuidh 300mme] 7S F3 7t Au-Eo)
155 A% AAAEE HAASQJTHIY 4-8). o5 Zykeo] 1Ko F45L n

A

dalo]|x g AAasta zt Agvlct uldalo)ize) 40

il

i
&3
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of FUSA ¥AE F URE Stk

HXE
AN
1A
- BB Al
S8
HIY IO :\\\
(A o
Xy —— 0SB %A Y
o,
[IAAN
- \\ 058 A‘“MH‘—'

\‘\\ﬁ“ MOF 44

B FEAYH 15909 FxAAE HEHo g RAEA Zk Ao B3
Bo Agte] Aolsl UnE Aoz A AoAe 2 ok Ane o
B AAHA ARV 450Y AR A A4 W W
7 Qe wW7A ALsna vl ABEe] HAH B =L njdm 9
He woomd $augoN G717 9Bz wAEx &3 Av
o] AU WXL sgon AZFYAE o HYL AAsA 976
ety A&EA HERHEE FYo

N
N
E
&
%
o
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A 34 47 2 nF
LIREEG AR A% 9
7}, BARGR- H @A 4 (joint modulus of nailed joint)
87mm 7o Y 38mmx8Imm HE FREA Abolo] 8d o] o

RS AR ARZ 2% 499 e 315w 94 & (load-displacement
diagram)& 7% 4 i}

200

150 AT ey

100

' |

| ]

0 5 10 15

Deformation (mm)

Load {kgf}

a9 49 RAHFR(FY, BmmxOmm FG5 AAZ @ 8d 2)9
1AW A9 A
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29 4994 BE RHRRE ALHFE 0E A9 1
A AHUTROE s F Uee & F Atk A WA 7e WYl wng

HE W9 WelM at3-dd S49 71877 vig FF REEA ZAHFRL

of g RAFF ATFHo] HFaFo] dFol £F FViEW HEF W3
o] ¥43) F7lske AYE Uehlle Folth vixgtoez A WA FhXE
HEF Aol F43 Hasted Ao FALdHom WY F/8ke S B
dozA ZAHFR 7 N AFgFo] FAHALE ov )
A8 g AHE3 FEE-9 1HAT AlY, 279 & AL A

S A, 2709 & AR AEE 293G AY agm 49 E& AMEE
HgEo 2vAY Age ARE 349 A prow FrREl: Zzhe] F3te)
3 HAAFES ANE Ades F93 OSBol st 232 3 43 2 449 P
T ® 437 449 e SAHAE X FE UFols X T gos A
g Aelth

# 43 XA (F, 3Bmmx8Imm FHE AAE & 8d ®)9 H{AAS

1HAG 2H A
73 %43
Y X | 248 X | 209 & | vl B

A § A 4= (kfg/mm) 36.7 39.5 29.7 28.0

1 | 8%(kgh 84 99 87 9%
¥ 3 (mm) 115 1.25 0.75 0.88
A A %= (kfg/mm) 12.3 12.4 12,6 12.4

2 | 8%(kgh) 142 150 143 149
& (mm) 48 5.1 49 5.0

3 A A 4= (kgf/ mm) 0 0 0 0
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3 4-4 B 3H-(OSB, 38mm X 89mm 4 AAE 2L 8d £y HiA

1THHG 2
73 43
el 2 | 209 % | oA % | ay %

] %74 % (kfg/mm) 30.6 317 26.6 252

1| 8% (ke 75 71 79 81
3 (mm) 1.25 1.15 1.35 1.65
297414 (kfg/ mm) 93 115 8.8 10.2

2 3t (kgf) 125 130 123 121
W 8 (mm) 42 45 48 49

3 | AgA 4 (kgf/mm) 0 0 0 0

G @e37t 35 @5 slA £a4ne 2983 AY 4%

1) @RS 4

38mm X 89mme] HPF AE|SE 300mm ZHZA o ® wjxsl1n 8d wraZ oz
e +A4%e dale] Fs OSBE YANE D ALE S A5o) FHEE A
& Asg vudtgern 1 die 47 0y 410 % 4119 goh. a9 410
3 41604 BT OSBY A7) WS AU of B AL YehiRle.
W ole ¥ AR £ Aolo] NAste Ao AZE. 29 4109 4-110)
AN R FHARY AEAY Ade AANE WY HHdor FEE & AU
o 2 FelA BS dehle Aae 71g7)E A3 gaste A3 ek
At
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1500

1000

Load(kgf)

Load{(kgf)

500

y =15.647x + 719.94

R R* = 0.9959
A
"y = 47.668x + 221.25
. RZ = 0.9635
f"
y/= 150,96 + 5.2373
R? =0.9912
0 10 20 30 40 50
Deformation(mm)

¥ 4-10. 2HE 7HF 0] 300mme] ¥ AT HAaAy Ay

1500

1000

500

y = 20.581x + 327.81
R® = 0,9982

=32.16x + 69,499 #
R? = 0.8986

'y = 58.587x + 18,209
R® =0,9812

L . L

10 20 30
Deformation(mm)

40

50

60

18 4-11. 28 = 7HF o] 300mme) OSB 2 A3te] AwAlg A
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b

% @ OSBE W/AER AlslT 8d MAEE ALEH 4FAuoN 2H

=9 7+4$& 300mm, 400mm L 600mmz WA 7 Ao AdAE AFAN
A gAY A9de 19 4-10, 412 2 4-133 23 OSB B8 ASde
a9y 411, 414 2 4-159} 2}

O

=

A8 410, 412 & 413004 Bl @9 $H @A SHEQ] 2hZ ] 300mm,
400mm % 600mmz F7hgo] metA FAZAde) FYE MX3) Frhde &
F Ak wmEkA 2EEe HAS Fole Hol Fx FAARY FAS T
4 g e @b s<lol €8 4 5 Ut 1 411, 414 4159 OSB #
Azge] Bede AT Aol AN

1500

v = 18.866x + 303.3

R2 = O.V
1000

y = 31.262x + 84.689 .»*
R? = 0.9981 5

Load (kgf)

500

f= 50.933x + 12.72
R? = 0.9857

0 10 20 30 40 50 60
Deformation (mm)

a9 412, 2B E 7H40] 400mmel £ AW AYAY Az
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Load(kgf)

1500

y=12.7% + 512,22
R? =0.9839
1000 - S
y = 26,763 + 129,58 45
R? = 0.9909
500
= 37.317x ~ 9.4487
R? = 0.9991
0 . , . . ,
) 10 20 30 40 50

Deformation(mm)

2% 4-13. 2 E b0l 600mmRl ¥ FAATe] AGAg A

Load(kgf)

1500
1000 p
y = 18.672x + 54,928
R? = 0.9987
500
_ y=47.96x + 11,13
R? = 0,9717
0 . X . . .
0 10 20 30 40 50

Deformation{mm)

a9 414 &2HE 31ZFo] 400mme] OSB 3 Zwe] MgAlg A

- 150 -



1500

1000 /

~ y = 22.368% + 116,65
= R® =0.9975
R~
@
(]
-l
500
Y = 43.714x + 22,208
R® = 0.9779
o , . . . S
0 10 20 30 40 50

Deformation{mm)

a9 4-15. 2HE 7H7 o] 600mm<l OSB 32 #9 HAdAd A

9. 2 aF g5 Sold FAAR FRRF AF s

"’3215;15‘?494 FAA R FHsFH G $HEFTE AX BE e TERA=
AGstE 71%e et ASEo AL4skE SHstEde ndy xHdol T

gu olE ¥ JhA BF AHeF0] Ui UF A FE BH Fue y
= BReFolt. wEAd $37A% $HHET AFAEE LnE Yo

AsE wEaE solael Alde] Basl.
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4

} A

1) FAARY FH8F A

[
off

¥d R OSB EAZE AAE #AARY FYIE A A5 2Y 416,
4-17, 418, 419, 420 2 4217 2tk 19 4-16, 4-17 2 4-18& 98 8d &
oz HYAN FAFRozX FEREAY 7tHol ZZ 300mm, 400mm 2
600mm¢l 7-$-ojtt. 1% 4-19, 420 ¥ 4-21& OSBE 8d oz HTA7] 43
ARo 2N FREA S 7+A0o] Z+Zt 300mm, 400mm 2 600mm¢e) 7 -$-o]t}.

Load(kgf)

Deformation(mm)

a9 416, 2HE b7 o] 300mme) F# FHA%e] WEaFE shojA

A&
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Load(kgf)

-40 50
Deformation(mm)
29 417, 28 = 247 0] 400mme] ¥FF FAAHHY WE3F oA
A%,
Load(kyf)
~40 ~30 )

Deformation(mm)

29 418 2HE 3+2o] 600mm3] W FHAwe] WEaE oA e

—t
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Load(kaf)

>
&

o _7

/’2/%7//

A

v
=
7

7

i

: At

Sl 7
y

20 30
Deformation{mm

a9 4-19. 2HE 7

T
83
Load(kgf)
16066

L

30

Deformation(mm)

9 4-20. 2BH = 717)0] 400mm¢<l OSB $=&ZAge] WHE3lE &olA 9

A5
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Load(kgf)

1500
TR

~40 -30

Deformation{mm)

a9 421 2B E 3A0] 600mmel OSB 2| A 9] &g shoj A e

19 416, 4-17, 4-18, 4-19, 4-20 @ 42104 R WEEEIF 5] Z7)EA Q)

£025mm~ +25mme) W9 WML FEFAS HFFue Frol WEN @
ek wEEFYS L

on A ANAY sE-Hd VAL Yl & 5
25mm~ £200mme] @9 WelA A5 AT
0 e BANS AASY §F-AFY BANM T A vAe HaF
Q1 WE7} Uehdth WEeE P £200mm o439 MPIAE ke EFHol
Qe SAT WA Frte) Uise] BT Ao FAHA @AY gasHE @
S JEIT e 2440mm o)) FAAWANA A WP o] o 20mm
O =@aE I olFoE £HARY sHE AGsYe] Ao AuHE o

2 3% & 9€ Rolvh

=)
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Y 416, 417 2 4187 1Y 419, 420 2 4218 M HREY FZEA
9 7o) F7E4E FF-HIAE FU BEo] Folrt Holxn Zojx
e A& ¢ F Atk olw FEREANY Ao FILFE R WA F3 o]
Fo &F F7te A fle AHdA WFel AA Frhske @AERA
(yielding)-% JElE ALE ¥ § Aok ol8@ 33 AL 600mme] 73
A AR Aol FREA #FE £ AT

T 2 OSB AW wrE3lE dtorM e =HaF APPFE A 7o

FEE & Ader o ARE [ 459 o]l a%d 5 gl

T 45904 Byl Wt o E OSB #AAWL 7] ZFAo] oy WA +
ZhH WEgo] Fste F A PdMe #3 FAABRG B Holxle A
S ¢ 5 Utk A RA AN @A S-S 0SB FAA® Hev &
o FHAREY AT F A FRAMY A SFge §W FAATe o
A vEsT

e

o

E 45 WEsE SolA Fu R 0SB FHAwe) £HHF AP

Hd A A OSB =44
T3t 44 300mm | 400mm | 600mm | 300mm | 400mm | 600mm

2 A A ! 4 A

&7 (kgf/mm)| 121 | 101 68 143 98 62
1 52 (kg 200 | 211 | 122 | 370 | 204 | 274
¥ 8 (mm) 24 21 18 26 27 | 44
7€ 7)(kgf/mm) | 373 329 37.5 28.2 30.1 309
2 32 (kgf) 933 | 89 | 774 | 82 | 756 | 757

8 (mm) 27 2 20 21 19 20

3 [71€7)(kgf/ mm) 0 0 0 0 0 0
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4
N
2
2

dA FEFEAL A FAARS F£HEF AYsHA viAe 9
e 3w g OSB Q7o) hete] Zhzk o9 4-22 9 4233 Hr}

Load(kgf)

-40 / : / " vl - - |
s Deformation(mm)

~---- 305mm 2+
o ~ - 406mm 24

— 610mm ZH4
1500

a9 422 F FAABN LRI 3HHo) £HeE A s

MAE 4%
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Load(kgf)

1600
TIOU

P
Deformation(mm)

»»»»»» 305mm 2+
1AR6 - - 406mm -?_"a
Toot — 610mm 7+

1Y 4-23. OSB 4%

Nt

AP A FxEA 9 HF 0] F=HEF g

SRS -1

of
oot

Y 4229} 4238 Byl pERREAY 7HZ o] 300mmo] A 400mm L 600mmE
zZNeeE AR BAL BadkE A4S Ve v FREA Y
7+Z o] 400mmet 600mmol FA AT ME BA Z o]E Holx Ygror)
300mm 7+A9 FAABL FREAY HAo] v W BLRT waF & B
4& YA

3) @AAge o

QAAES F/Fo WE F£HHRY) $Y3E AYAHAeE 1Y 424 L 4259
2th Y 4-249F 425604 B Qolja] AHE ulel o] OSB Wie AS7}



FRALARD 27 B4 =4 YERAT F AA FhAMe dde AR

% 938 B4l BAWE ¢+ ok

Load(kgf)

1600
TOUa-

-40

—— & g

0.8 424, FREA S 7HA 0] 300mme) FAARVNN Q@AAES} S

Aol WA Fu
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_Load(kgh

Lpeivied

40
Deformation(mm)

----- 0SB S
3 )

2g 425 FEREANY HF o] 600mmel A Ayl M WS 5385

=g

)
ok
oX,
off
2
=

i

13

o°"

sAAPN 402 AR 2HEE FHGF] AEIE B A3 B
oz Wae] WAH FIZne) Aud) FHsFol 24T Wol W W
Y BT AHES} AL fASEA £ FHYoE HeAE My A5

FAARS AGH Eo]o FYAH LVDTE HFeo o] F&3te ¢
Hy S

- 160 -



Load(kgf)

e 50
_ ﬁ ;rt‘.’,, 7 Deformation(mm)
— z A
Z (/ ----- Fow wy
R —— Y
~1600

ZtZ o] 400mm T FHAAF{AN FGF-} e

St P A=
A B 9f(mm)
A0 :
{ ¥ = 1.9514%
: R? = 0.9987 |
-30 -20 10 20 30 4

-40

YL HY(mm)

- 161 -
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A

o] 600mm¢]
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29 4265} 427914 HE FAZ 85 slellr] FEHo W
17284 AAZHA A3 85 W WA ol BAs A
ATk Y 427004 B gd iy FF A3 FAE JE70) oF 2
S oIFAR sF Frkel FH/EA o Y17 adE fAHE @
Ak WA Ajde] IPHe ¢ SEEE A JHE KA AEHE
MY gold wAgE & & Ak

A N -

a»

lo

2. 24U E(F A AR A5 F4)
7} #AA%eY WY 2 5

FAARE AUHFE slN TREAY WYH oo e WAARe WY
Abolol Aol7h MAWA 2z} WA Alole] Al AHEEE Rl walo] A7
A Bk 2706 g2EA WEel 48 Wt YA} TEEA) FAD
MPE JEEA 29 WPE glow of woe sF-dddss Ae) Ha4
QA WSE Y. 2y oud 270 BAA Wl Uehd o)Fde

229 WAAR Alolsl WBFel Aolst Uem 2o Wyol Ayn
HE-AUEE THH WEE Holy) ATk WANRY TR @y
oztel Aol YA FxEE VAS QAR LT ASlE WY A% 27}
Y42 HFE ASHCE FhE YUE YHIT. gy $A4BY 95

JuEoN o= AN HAUFee A= s BAS AAA A
AAAR 2 ot B8 WS NEos Hata dr)d dete gt
AuZEz Agste el AgFEn AU olF7A old] ta ]
Zol 7] WA o AFANE Aojd HF-VAIELRE 0mm FEe] W
Awg 71E22 e Aol BEsT: AR EEHAT.

N R
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FAABRE FHRE AN FRRAE BE WA YA F28 @)
ARE olnth fe w9 gd ey FREAe 497 FALES WA

gE 39 4289 o AAsE 4GS vk

(2)\ B (i’;)

(— | i

! !

H I

! !

! I

! !
H |
I

29 428, e SolN 54
[

! ! 2o |
b
i ; (1) #AAR) AR =Y,
!
j ! @ @A W
o ]

SEEm—————od (3) gxAle) W9,

L= I = o]

RA|e) @e) Aele] wel 7t Grhby £E&
W 2gRe) 2= 2 AAEd nheha

D19 428904 RAARSG FE %
Ao Mgl o3t AP ;
AAR AA ] Z% @ PR} dAHE adel HI Uk ¥ 428914 (2)
o} (3)8] Folel WA Hol Mol o8 WS vehim R gel B &
o] W37l Hrhe EulElyt BAS BEIE Feel Wyl YehrE drh
NTRE GAAER ALEE AfoE REe Z9d Ergrt 4IREg

t‘ﬂ_‘]—o
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BEehe G UEtdR ol tlEo] Ro| dF ¥ yen HIuHEl

AT 2o HARE AFS BRT

A4

2500
oo 2400x400 - .. 2400x800 - .- 24.00)(1200j
- 2400x18600 2400%2000 —— 2400x2400
N/\Aw\‘-'w
2000 s ——
~ 1500 — ,
= . e
g b ’/
F!! Lt - BT i e -
< L -
- 1000 el =
i
S R
s00 54 e T
7, P P
[~ T - ~ -
0 e L L
0 20 40 60 80

Displacement {(mm)

100

29 4-29. Sesit sE S stellM mol-viHl vzt A AW AdA x|
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29 429904 BB BAE E0)(400mm)E e FAARNAN YulFt F74E
FE FAZARY AGAEr 2S94 Ut ud] 400mm 2 800mme]
#AZBE AT/ WS Wold S0mmel WY NEoE YL 7o) 500kgf
oleg YEIT metd 42Zge] 1] 400mm P 800mme] AHLolE 4
AARo A A5e AR JehA ¥ pow yzu.

Julvk We SAABe AedE ST WAz 2 Uehd AedlE
£ARAYN AHEE AL HARE Qo YBRAD FAARY Y F
AW AHEZ BHHoE WE 4ol Yomg oF gy Askd st
4 %o 424 AP 2400mmx400mmo] ko] He) =7k Fo|sh Ty
AelNe) Mol Wmagon 1 Age 19 4308 2o}

120

, S

v = 2,053x - 0,0369
R? = 0.0997

20
0 20 40 60
pisplacement at middle (mm)

Dispiacement at top (mm)
38

40

19 4-30. 2,400mm x 400mm R Ao A 7)o} W) F7ho] WY
Ato) 9] BA).
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29 430004 Be £ Fhzolsh HuisldAe) WYl Alolde 7)g
A7 A 209 AAHA WA Aee & & Atk oHF APAo] gulak
AL W7l F& FHAARANE £R8F st £HAR W7} B
gE 2HEE A4S FARTE otk WA o] uTh © Yulst Be 52
Agel Aol BA £%EF ol SHEE AUE FABTE AU

& 4 ok

2) A7 3P

gzFeo] AHE FAARAE Foluh B3I 2L ATRY U7} 25
Aoz Furath wWeH ATEr} FAARE Aol VAL L A%

obe ol FHZAW| gute HA FgHoer aEe Agolgn & & 9l
S Aoltk. 7R dFE AN G Av]e d¥FeqE e F glen &
8 sjdst $HE nFud A9 ¥ Fag a8 o] Holop &
olt}.

4 ZE AT AR v FAARY AT S A7 19 431
4329} #oh. Oy 431e0X APl AHgE FAATL] & AFRE Av)e
2,000mm X 1,000mmE 3o AFRe X ATR7} 2,400mm X 2,400mm
g §% Zdo) Ax® AH$(Position 1), /|72t Hde] F£Yo) ¥xw A
§-(Position 3) B 1 F7F 94X HXE 7 -(Position 2) Fol daty] AF&
AXEAT. 29 431604 Ee bk o] AFRrE §F FWd AXHE H
Foll Bx7F 9 A UEbgey dAHog Hopr JfpE-e AAd e o

e a7 2 AL ¢ 4 Ao

pos
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Load (kg

L oad (kgf}

1500
1000
500
— Position 1 —=Position 2 ~— Position 3
0 . . L ) : : . . .
0 10 20 30 40 50 60 70 80 90 100
Displacement (mm)
9 431 ¥ ATRe Ao B SHARY A%
3000
2500 Sy
/‘//V/._- “~
2000 |- e P
1500 /
1000
500
( — Position 1 ---Pgosition 2~ Position 3]
0 L  — n 1 1 1 I 1 I
0 10 20 30 40 50 60 70 80 a0 100

Displacement (mm)

27 432 FE AR 9xd gE $AARe A%,
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29 4318 915mmx 680mm 78] FEL AFHE 2400mm X 2400mm =g
o] & Zqo] M3 A-$(Position 1), shde] Fo] HAX3 H$(Position 3)

B I F3be) A B$(Position 2o thF ASAF Azoltk. FEE AT
o) Ao §% Zud) AT ALUL I £ BES YEhied e
% 74A) AsE A 598 ZEE vehidn 19 4313 43285 F AT
9 YXE AR FE ¢ AAE & TS XA gEPE AHE &
4 o
2500
- 816x2285 — 915%1900 -— 915%1490
- 815x1085 -~ 915x680
2000 /“’“WV, 9
1500 St ™

1000 A

500 /’ g e i AT
f/ e g s R e eormeem s Ay AT
X/ s e .

Load (kgf)
Sh\
o
N
" { A

0 10 20 30 40 50 60 70 80 90 100
Displacement (mm)

1y 433 AFRSY A sAARe AR HAE Fa

AT =) g FAAwe) BUREE 27 4333 prh Y 45
N BW AT T/t FAESF FAARY FEE F2TE T 5 Uk
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23] TR Z7)7F 915mm X 1900mme} 915mm X 2285mme] 7-Sol & s FE
E A oM Folde 44T Yulyh 600mm R 115mmel] £33} 7]
g Ze o] REA QAR AIEAA Frrt ZA dolx:= HAL e
HAdth  olE F 7FA AR FEHE AT v FAAR AgEEdAe
FE) e Eg #%ed 93 A7k ekt

AFEFZY FAAY A AMEEE OSB e 128 §uy e ARES
S WA AN A 7] WE] Yo g £l oEsn k. we
A BEzAEE AAY =43 E e ZUolM AR AAe] Abgoel g
FAoin ol fl8te FEE W|AE AEEA ¥ FAATY AEE e
T e e Fgolrgitt. WA HuEHEwkg A8 P99 FEE FRl1EH)
918ked 2,400mmx 2400mm wdo] AR oS ARESle] Al AW )
o AEAPS AASAT. ¥ 434E FYLE S AMSSle] EHdole 150mm
A aga dFole 300mm AR nRegE HAF Ao o 1A
2 FoX AAT A9 AlFdFolrt.

Rewrs A8 Ao &5-HT4dL oF 30mm HrolA HuUldF&
ol Fol RAE R AuRsrt fEwA Axrst giste 3
HE Jetdoh 223 724 SAE QAABE AMEA o HaREvkg
AeoE e w2 ZFEE Yehdo] dwrEHA Ro] 1A FHeA
Afole 11.7mm F7e] OSB 7 =xz1 7}
=9 o 50% FEE JERRoH
FAe OSB ®WAE A8 FAARH A vxd HEE YEUAN T
4-35).

>
o,
A~
N
o
e
'z
o
it
N
ro
o
o
2
rr
[uwy
—
N
3

3
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Load (kaf)

Load (kgf)

2500

T

2000
1500 A
1000 ~
500
— 75mm 7+ e 150mM 2+ l
0 i 1 1. 1
20 a0 60 80 100
Displacement (mm)
0% 434 AuRE QI SRAGAA B A 4.
3000
it
,/:\Wéﬂ
2000 A// = Y‘"’“
1500 /// -
1000
500
— 11.7mm OSB ——11.7mm 438 = 0| B2 T 2| AR
U 1 L n i
0 20 40 60 80 100

Displacement (mm)

29 435 QAE @ olFdxele] ok
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18 4-350)%= 2,400mm % 2,400mm sjdel A 11.7mm F7e M1H = (73§
2OARS, Z2W 274 75mm, ¥ 23202 150mm), 11.7mm F7]¢] OSB(8d X

off
a
=
®
I
PE‘ >'
o

L7FA 150mm, W $212 300mm) 282 11.7mm FA
OSB W& 4A% 2400mmx1200mm g 28 %02 HFAK F 21 9
of o)lFAEE AL G FAARA g Aol

¥ 434 2 43500 RA OSB WAE ALEetA 4 MIREWS A4
e AAutte vl g ASFES Gehl® 53] 29 435004 & 5 3]
ol 4IHE $£AATe)N o) AL Ao Fof FA FHARY FE
20 gx Frrse] OSB €/ A Zgel ZFrmet Ao vixd 5
AL ¢ & Atk 28y OSB §Af #4ARE oF 40mme] WA H)
AEE YEY & HOL A% FE0E Axe FAF At fle v A
IHE FAZARLS of 0mme] LM ANFEE el F FAT Fro

rir

a3z FHeAE Ade FHAA e Fo) @A AA wdg RO
2 Agsteler shedl ol AT el #HAMS A= vAE B
&2 #9l8lr] $5ke] 2,400mm x 1,200mm 3)d-& 27) wHEIL 1 Alolo] RO
A grste] 2,400mm X 2,400mm S rEojA AaA S AAZ Ay o] 2}
& £HEF AR g Aol el 4A EulEe FFAE el
webd sy ddaleld R AnE dite AGAEE dE 7 fly
4 & AN ol AAEy] s gt dd AlolE XARes uAA
71 Fo) 1 gloll o]FZATeE AXNG FAARN NI APE AAsAe 2
A 1Y 4359 2ok @ 435904 RY o]FZAEE AT ds 3
Age AP FHA AF TR} fAS FEE Hehddn 238 ¥4
b AA SIS E FER A&KHLR Foske BEFE RIS

O

to
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a9 4362 HINAEE AMESA] @3 o b BE

f

| LRA ISR R
gk AFgadelr. o APdME He Txde T-¥ F&5%, A% 2.6mmoj
A} 2]y Aol A vl SimpsonAle] Wall bracing & 5% EFAS
2 ApgskAn T-3 g&88 ASdA Bujse g g&de s Ahug
= B 2z v HAbs % dovt 152 X2 /Mg X5
o ok 150kgf Aol ZEE Yetdded ¥ $dd 2&8 7ME Hx 3

oo 600kgf Ao FEE €& £ US A= AZEY. SimpsonAle] Wall
bracingS X-z} 7} & AMER Zf-ol= of 580kgf A= FEE EE& F AU
ov FRd XA HNE AAY FH(3E 437)de olit AEV 20 A
Z7tdE %S YeEdAct  SimpsonAle] HEL 7pzo] QulH o AlLEHE
OSB 7473 wWlszstr] wiie] 714 wWellA] Eoid Z=R7 ax7t 22 9o
g & Atk

700

l — T-metal plate ——Steel wire - Wall bracing ‘]

600
500

400 /
300

200 /
100

0 20 40 60 80 100
Displacement (mm)

Load (kof)

¥ 436 e 9 FAAHREY Fx B A
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1200

T,
1000 o |

/ TN

R

Load (kgf)

200

[ —— Single bracing ~==Double bracing ’

0 20 40 60 80
Displacement (mm)

e 4-37. Wall bracing?] =3 4% Zx 27 a3

ok WHE3HE S Bhell e A%
1) ¥o]-uul Hl(aspect ratio)e] 3k

SR AR el NEHF sho] e AVAHOLRE AL 5 9
Y50 ANAY RFe 17 4383 2o

rr
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1500

1000

-500

-1000

-1500

-40 -30 -20 -10 0 10 20 30 40
Deformation(mm)

a9 438 MAY AUAY A3t 2 4 U YA GF-AHYE.

Y 4384 stF-w@ A HAYHS A FHE FAARY FAFA
(envelop curve)olg} 3}l o] FAL WHEEF(cyclic load) Ei= FAHHI)F
(quasi-static load) 3}olA 2 AR AgyE Yetle g ztert. 347
woll 2HE-A17 WEEE FeE HYE 7 gkE dAdEE FU% AF9 349 F
AR FAEH Stk o9t 2L 3 FOEE FeAA A AA FEs
oMol BEATME 2754 Z A (initial envelop curve: IEC) 183 3HA 3
718 st Ao EAGH-E Y5 A3 H(stabilized envelop curve: SEC)o] k1
o oy 7bA wol-vululE 2zt FHARY B4 S48 29 439 2 440
# 2o Od 4397 o JHA gol-uHiblE Zhe FAARY 275454

(EQ)o.2A Q1% 283 slolae S48 Jehln doh 19

.
=~
[en]
flo
o
o,
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3000

—o— 2400x400(NB) —+— 2400x400(B)
~—a— 2400x800(NB) —s— 2400x800(B)

~t— 2400x1200(NB) -—+— 2400x1200(B) L ¢
2000 |~ 2400X1600(NB) —e— 2400x1600(B) o —os
—s 2400X2000(NB) —— 2400x2000(B) o ar®?

--0-- 2400X2400(NB) --o-- 2400x2400(8) e et

1000 A At

Load (kgf)

-1000

-2000

-40 -30 -20 -10 0 10 20 3¢ 40 50
Displacement (mun)

™ 18 o) hA Fol-unl MIE re FAARY 3 WA 2755

B = mAz wAAEel AHHA e 51 AW
gl

B = 2Me nA gl A8

TR 4-399F 4-4000 4 H A AR gol-uH] Wiyl RAREE
w0l AAR st 7k FARFE FHARY FAE B At F
AEE o & Stk 29 43900M Byl FHSFEETE FHAGEE sl
o w2 ALEE YA oz WAlel #gake ahFe Wi weba @)
A Aol wiiel & gvlE FrE ok #AAwe Unyt e H 9
T FAARe AgYo] vl Holr AR zMe g ZdEI)7) o
& Aoy Azdd. wEA golME A nieh 2ol A Zgte] A3 9
HaA S Ha o] R 71Ee] A4S oA & AA7 s BATE A7)
A HLh o] AfelMe A AR i AFY S S00kgfow AFET oo @
T 2400mm oo AR YulE pite] Ha Jw dAstux g

o
AN
i
e
o
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2500

= 2400x4BO(NBXIEC)
—8— 2400x400(NBXSEC)
- - m- - 2400x400(BYIEC)
- - a- - 2400x400(BXSEC)
i 2400x800(NBXIEC)
——#— 2400:800(NBXSEC)
- - 4= - - 2400:H00(BXIEC)
-~ 4 - 2400:H00(BYSEC)
——+— 2400x1 206(NB)EC)
—o—2400x1200(NBXSEC)
- -+ - 2400x1200(BXIEC)
- - - - - 2400x1200B)SEC)
—e—2400x1 60(NBXIEC)
—o— 2400xL606(NBXSEC)
-~ 2400x1600(BYIEC)
-~ 2400x1600(BXSEC)
- 2400:2000(NBXIEC)
——%— 2400x2000(NBYSEC)
x-- 24002000(BYIEC)
*-- 2400x2000(BXSEC)
~—— 2400x2400(NBIEC)
= 2400x2400(NBXSEC)
-+~ 2400x2400(BXIEC)
-« =~ 2400x2400(BXSEC)

0 5 10 15 20 5 30 35 40
Displacement (ram)

29 440 o2} 7HA gol-UHE Zhe 233

a2
o
of
=N
4

ox
Jh
rx

a9 439 AT EAY 288 HES AL A9 (Y 43994 B
2 BN AFEEA @e A(TY 43994 NBZ HADS] the A)g ART
g7 FAE o] itk 2¥oAM B RE FH £AAPNN ZMY nPLE
& AME RS Aol AR 7 s & Sk EAE u3A
o] AMEHA ¥e FHA|ANE FH3tFo] LA WAl Ws S/
of WetA FEY LEE=vF 9ZEERE B8 Sepzto A T REAV M2
25 E G/ BEEAT. 2y ZAE a2 gdE) AEE Afole

:

I

> H1
X
ol\
N

oY FE B9 o WYl gem o]z st +AAWe FHaF
Aseol P48 Ao HZEL mehA Aol gy e SR Fol
20 Agse Add ARHE AFBANE AR FE mAE 2o

APHES AHRE FoEA HEe HdAFH TS FAAE £ S Ao
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2 Azdd

3% 4402 19 4-399] AAoA 2] B AASEHAITH) et QR
FEFEY Boe vehlle FEEATHelt. FAARe RN k=

FHskE e Wik welA e e Wi weEgld Qe HrE stn e
o] Holm 87] wjie] Aoy & ¥ 8w AANHY AF
< A%eA mdsr7t ¥ wEA 1y
e Aol wFAARS] £HHFd dE AFE vehdied 7 AR Ao
2 AZEnh 39 4409 B EAFA] AYgr 19 4399 R A9 go
B Eol-uhH] ¥} oS DRt el 500kgfe) AGFEE 24
BozA aHE HaREeks Ithd 900mm o] FAZAW Uuy dad
Aoz Azt wekr] ddst FRE AAT wole 7l5EW 900mm o] A
o] UrlE zte ddE ubwolol shm wlofe] 1 o]&te) vulE zhs wdo] A
W Rkl g AgseEg AN ue o] g REL FEAGor &
ExE nHHELS FAARY FEE o 20~30% A% F7HAI)E &

=l

A Qov 2/54FARGE SPFHTAC] e ge UeAT. $47
2
5%

r‘ﬂL

l

1GdEs FHatsd g Agdes SHsle Aozx duygor A%
= ox #&dte FHEEE vigholu A zlel) st fdy.  wkgol
U AR @St dF gy Ros wESFd speeg old did A
Fed-E B4ty A% HHolgw 2UEANFA(ECQ)HTE A 54 24 (SEC)
= Faske Aeo] vigAsiria Azt

Aube] Unle] mbE Hoidwe oy 4417 ow 1y 441004 md
FAARe] HhFEe e yule] JEFe wom ¥l o] AyHoT 1)
dele gz 289 Ak FHAR] Yo oA x Alole A AuE @
A7y o o] |AAE Y 4413 ol REH & UL EE Aol A8A
F7F 097 o] Fo.2A 2 ALBAE JdEAT 19 4410 E 25T
Aol AEAFARTE £ & Ui ZAME 24 HES 83 A

4
M
N

!
Ay
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o) ALgEA e A woh o 20 ~ 0% A% FHE UEEe ¢ 4 A

(=4

2500

NB(EC
ZNB((EEC)) ¥ =0.9268x - 170.67
o BEECY 2_
ABSEQ) R = 0.9789(B, IEC) o

2000

o

y = 0.851x - 155,73 \

R = 0.9915(B, SEC)

1500 )/

a

o

y=0.8531x - 255,07
o R* = 0.9722(NB, IEC)

<
\ y = 0.8056x - 270.07

R? = 0.9735(NB, SEC)

Maximum load (kgf)

1000

500

%

0 . "

0 500 1000 1500 2000
Width of shear wall (tnm)

2500 3000

% 441 FH AT vHle] whE HojdE.

Y 44104 FARARY HALPEE 500kgfo 2 FHS W QTHE £33
o] #Ha UH]E B} IECH] thgk H3)| A2 02 HE 724mm, Bet SECe] v g
AMEAAN S ZEE 77lmm, NB}F IECH i3t A A3 Ao g BE 885mm 18]
3 NB$} SECo] theh 2| M3 A2 0 27E 9B6mmE 4& 5 AUrtk. o] FEEHF
B a7HE £AZ4%Y A& UnE AAS0E 900mm AR ste Aol {H
& soz Az

29 441604 SRR AGREE o] Lpul(EE Bol)d o u)
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T oshe AE @ % Aok TEd 29 4419 Aake AR Qe
FHAAW NG GoEA WA Fuel Hpol ulrEe] WAo) Foly ¥
59 AT Jous ATFHE nele £H2A e 1Y 4418 Ag8
Anke fol BeE ATR Y FA4R U AR ARE A 8stolo}
g el

P

2) A7 3P

Mo Ao whE FA AR EAFALS B FR diEte] )P
AR W FFE 28 442¢) FESGTE 29 4420 F JfFRe fH=
2400mm x 2400mm sjde) 3§ =wo| M3 A $(Position 1), 2400mm X
2400mm #de] Jh-dlo) AX3 Z(Position 3) ¥ 2 =zt AAE AL
(Position 2) Fofl Wated AFE HAIS U 2 442004 B 7R 94X
E FA4Ee] Ao & %S FA devde As ¢ 5 Ao

F el uislel AR AvY FAARY] AdFEe] we Jeke
1Y 4430 FESAT. 1Y 443004 BW SR A7) FAESE 3
(o) AdA e a3 o2 detyth R 2v)e & #3374
el A WA Fr] 2 A WA FrleAe] HaEATAe 1Y 4449 P

O 4403 44400 M B AP wpekA oF7he] xpolw AW AWHEHo =
FA AR ARG EE 20~-30mm Gl WA vegth. 29 4407 4-44

A R SHARNN £IEADTHe] AFEHTARG oF2h E e Ve
Yz dee ¢ 4 Aok

iny
r>~
rir
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2000

Load (kgf)

——a— Position 1

e ~—#— Position 2
-1000 o A —o— Position 3

--#-- Average of position 1

-4 - Average of position 2

--®-- Average of position 3

-2000
-40 -30 -20 -10 0 10 20 30
Displacement (rmm)
a9 442 F AT A0 e £974ne) SR,
3000

~+- 915x680 ——915x1085

~—a—915x1490  —-915x1900
—1—915x2285 —o— No window /‘Q\V
2000 =Pt

Load (kgf)

o . . . . . .
N—
-1000 Tee
“%',H/,"////
-2000
40 30 20 10 0 10 20 30

Displacement (mm)

Y 4-43. TR 2v]o) e A we] 545
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2500

2000

1500

—8— D15xAB0{IEC)
--0-- 915x680(SEC)
—o— D1SX1UBS(IEC)
--o-- D15x1085(SEC)
—#— 915x1490(1EC)
--a - 915x1400(SEC)
—o— 015x1900(IEC)
--o-- 015x1000(SEC)
—+— 015x2285(1EC)
--x%-- 015x2285(SEC)
—&— No window (IEC)
0 o - . R L , --e-- No window (SEC)

Load (kgf)

1000

500

Displacement (mm)

29 444 @3 4R NE WAL zhe AR FTEAFA

MFE G g 224909 HRPey 1y 4459 Zoh 18 445004
B TR Wael & AN FR vlge] 292% B 352%)F AlLjsi A
WA A/AE Alold] M whlgse #Ad s & F U

Y 44504 B FAARS Addes AR W
k. 2y AR o] ys AN ATHE A Fo e FHFE
o] Yuly} 87EE HAX(900mm)ol wEste ASde AEAEst o] AA

wlele) wARCT O% i dehgde & 5 Atk webA sidst SHelA )

FRF AAY DS AZG A ATEE AT RN dopgle 57
Aol 7k 900mm o] o] HEs Foslelop sk ABRES AL 4 3
g Aol FAABNA FAZAWe) Julo] B AVFES Bl 19
4419 AT 5 gom ATRI Qe B AR BE dugEe] Bt
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de 19 4458 HEE 5 & Aoln-

2500

2000 \

y = -24.861x +2131.1
f - R? = 0.9953(IEC)
1500 *
y = -32.324x + 1870.7 . \
R* =0.9819 (SEC) N
»
| ]

¢ Maximum of IEC
* Maxirmum of SEC
0 " . \ L
0 5 10 15 20 25 30
Area of opening (%)

Load (kef)

1000

e

300

2% 445, 2] A ATE WAL e £3ARY JYFE.

3) AE9 HJ

£AABAN F2E AAE PANRZ AEEHA FuE Ao AVBES
A7) Yatd o) A BES AT Atk WEEF SN oET BEY
AE 27 A9E gyrreEch. 19 4462 Simpsonile] Wall bracingd 37
fo] 9% wo) X-goz MXW A9 duo] X-Hog NG B AWA
¥ Aot HEL ol8¥ MY EFE HUYFEY ZUME o= Fx
A Zvkel BRE AU 5 Ao e WM AHE FtE dgrc
Hor AUAEE HANTE 2 FAE 478 A9 FE S Fd
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ALt g Wollvk ARG-SE AR of 2u) Axe] Fx FUF ANE IS F
Aot oM AF3F nie} o] HE s1Fo] vy wliEo) 7}Ze] ulEo
ZAE B A= F7b & Zide eAY Zide YorE WY 5 A

Load (kgf)

I~

-40 -30
Displacement (mm) —

~~~~~ Double bracing — Single bracing

1% 4-46. Simpsonale] Wall bracing g AFE-3F =2 A 9] wiE3F
&l X o) A 5.

i

2o 7t M) Abolo] HiRo] T-8 FHAUL ALER WA ALolE @e)
227} S5 Es SAME el W E HAE Re ZEE JeidEd
Fe sl e ul9 we ZERe Jeol(2d 447) T-8 F5%e 57
Ago) AE37] WEGE 22S UY & Ao

sV
ey
ol

-

=
i
O
ol
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Load (kgf)

a0
i)

953
€L

N
D

Displacement (mm)

-40 -30 ] 40

3. 3AAE(GR AR A5 B
A ER DI B L

wHeE stlA FHARE ANHog £HARTL A FTIAT W& vE

ok ok ouie @RS FAV ° FHER o #2 2& AR Wi
a8 Qe B e A4 # FEE YEithE AR o)9ldle & Aolrt

& oMo AgerRE d& F e A

%
Hel E-MAARE 19 4489 B3 W55l o selMe shEasiaE

o

~ 184 -



Load (kgf)

Displacement (mm)

C 2006 e
e
% 448 BB BfolA $PZAIOSB WA, A 2A AL, 8d )]
- A=
3500
3000
2500 m (- Aﬂfﬁ\ o pad 'Jl
B 2000 —— —
&
E:
S 1500
1000 ——f——————————— - e
500 //
/|
0 . . .
0 10 20 30 40 50 60 70

Displacement (mm)

Y 449 dgEY) & st A A WMDE QN HFA AR, 10d F)9
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a9 448 ¥ 4498 HY AR FAAEH oA 2 ¢ 20mm A
o wiglelAM HdFE detirl o2 Fol XM Aol Radte BFE
vehll e ok 29 4488 BY wkEEFo] shsjAE &9 £25mm o] 9
Ao W wdMe AY ANHY BAE Uelda olFo MM FAol 7
2sthrt 5~10mme] el @38 o] ozt Friste AHS U
o oleld AFE HARAI AHEE FEATRY A4 FRIAoM HEo] o
gog YWY FAol FriE FFoE AAHEY. I¥ 4498 B9 deF
7} 8% slelAd FHARL e e 4L Uehla 20mm AF o] WA
HUstEE veld FH AAE] HEgEo] Hastn gytold Wslt Arie §HA

al
W AYE we WY Ushe WX 94 FF o4 AgYL fAsE 2

Ao g FHARL Fx2AFEY wigT 2 AHSHY AtgTRe S

Bsta Fd A 245 g wEtd mlg ezt FREAZTE olgy

v @S WA Aste] wtEwe FERFA ALl W4 A

ZAE AHEET o] HFAE wiee] FdH EANEE st FERAZ 4

FANAAM TH R} 2o FEAR] AFE ARE B Fe 83 4 o
Wal] =g wiggzaA @AAE B FMo]

] A3 FEFHZSE $Po2N uigo] WA

>
)
2

Y
+E B} F

=2

=
WEIEN Fo

Mo ot

=
B o

ox
o  wo
J
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Load (kgf)

20 25
Displacement (mm)

—- Adhesive
-— No adhesive
a8 4-50. WHE-ES Soa AT

3(MDF @71, 10d $)9] A ggd) g
H2HAl o] o gk

Load (kgf)

Displacement {(mm)

— Adhesive

--— No adhesive

29 451 whESkE el A A d(MDF nhd, 8d %) A&

i
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olegt HAAI wigrxe] A4 F AERZ mMAE JFS Brishr] §
dte} MDF wiet@ziol diste] HaA7 AL8d 2399k 27} AHEEA ke
Bl W MRS AAEE e 10d ®E& ALE 3 Age) R A A
© Y 4503 Z3 8d X& AT R AR Ue APde 4519 2o

a9 450 3 4519 aHF FF A8 H4d ol %) WA o] Mg AR
TR Wee st A W FE oA e FERA Wola Az e
2 73 gle dyAeln shd A Al ole|%e) WAL dF fFad
urebA] gAge) Aol dte] HEEE oUAE vERAT. olE FAe 9sld
Ml e F FEL wHe A vEHQ Y] et yR )
Folut o RE A Wit ke AEE JURAE eI

7Y 4-503 4-5100 A HZAA 7 AL

ot
EhY
FE,
lo
x
Hu
I
£l
%
T
g
2!
—Qﬂ
-
~
~
>,
ofo
it
N
o
)
)
o
22
ot
o
Y
2
N
)
X,
K

Aol HAAL AR £BAB) 2o AR B HFE UEhha olE
I wE B EAdUAL AAH 9ee e 8% 74 Ald

£ usle) ¥l A9 09 e FE NEPomA el o] W 7
e T F U WA ARATL AEE FHARE 5L
g JEin BU@ WeNE B B4dUAE AT we BRo
2R 247k A7 dehbe 4 AYn ddn ¥ § Aok

AHAZ LA de FUARY FeolE 27 2R AT AP
SRR} A viksgodt 25mm Hele) x7] WS olFo) FAo] oA
/b 10-20mme] Wl HjsFol £ed F FAGA qFo] ot
Ae ¢ 5 A FRAL A8 FRARG AFHA e FHAR Abol g
e g F2AY Aole AaAe) @ TY nzel dAs Edd g Ao
2 42 B2uHEe ANYA B4 8 FE F4E lete] AR

o MaAA AHgol S FRFS D 5 Utk oldF FAL 10d Tol) 8d %

| i
!
o

Jn
tilo
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oA o] BAROR WP WAMNEY HANE FUF EHE AU
% 9 Aow 479
WEaF dld FHARY AFL 24 8% WM BAHES AP
o8 BAY & g A WA FdM FATNE F
;

71541 3 A (initial envelop curve: TEC), 3WO F 7|18 E4

Jm
2%,
4K
I

envelop curve)

oL
4
S
tlo
rO
2
i
2,

27 X (stabilized envelop curve: SEC)g}x &t} 7§ 4-509] MDFs} |7} ) 8ol
10d 25 A7 A48 SRR 4R Y 40529 2o AR
g A2l BN HFAE BFEA N (average envelop curve:AEC)o]
23 a7 MDF +9A%e] YFEATIE 10d £ 9 8d 2o thste] 2z 1
g 4-53 1 4549} P}

Load (kgf)
|
-1t EC = IEC
™ » 2ndEC ] 1508 f}’,m
~ 3rd EC = SEC
1066 ,,/
e
568 f,“”// ul
s i
£ / il L
-10 -8 -6 -4 -2 g 2 4 6 8 10
g g 500 _Displacement (mm) |
//"’//V/ 1000 -
/ —+560-
29 452 $HABMDF 9o, HHA A4S, 10d £)9) WEE3
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Load (kgf)

Load (kg

3000

2600

2000

1500

1000

500

3000

2500

2000

1500

1000

500

—+— 1st AEC for fm-10a
-»-2nd AEC for fm-10a

—— 3rd AEC for fm-10a
--+- 1st AEC for fm-10n
-» 2nd AEC for fm-10n

--#- 3rd AEC for fm-10n

i :

5 10 15 20

Displacement (mm)

19 4-53. R AWMDF @7, 10d £)o} TS T4

25

~—+— 1st AEC for fm-8a
~w . 2nd AEC for fm-8a
—-+— 3rd AEC for fm-8a
--+- 1st AEC for fm- 8n
- w - 2nd AEC for fm-8n
--e-- Jrd AEC for fm-8n

L L L

5 10 15
Displacement (mm)

¢ 454, £37M(MDF @7, 8d £)9 B
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O¥ 4-533) 4-5400 4 B R AT wHEES MY AFS & F A
W A WA stEeFrleA Y E2IEAAFNAT F AR 2 A WA FEFI A
S5AFA Alolel ezte] Zolrt Fg & 4 Stk o]¥F ol FxAY 29

of XA @A 28 B 59 FARLE Atold zte] fAH Qi)
on olgg AEol A WA IAFFIIAAN FHE FREEE7Y YIAHE
e ME A7le AeE dddtt FRIEEE7Y 939 oFdE ALY A
9 Aozt fedl ol F WAl 2 Al WA dFF7) selMe BTNl A
9 A ReEZFEHE & F AU

1% 4537 4545 HW HJHAAI ALSE HZA R HBAA7 AFREHA @S
FRAWY AT olg PEA B = vk HEAA AR AR
27] Aol 4wt Had FHE fFAHR Aed wate HHAs AMREA
@ FHARL FAT A4 FAvH dEun HdleFedAE & 3olg u
Bs & F Qo

Jl

>

a2

Awe) AzelA 2o 4T WS Asn pREAsh wAL ARt ol
o7l Aol shbe) FEARA o) Ay AME L S %
ol wAMI WRGH o 4L Fol T Yt Aolth mepH B A
B 0% 3ol BxAFA AdHE A% 229 B Sw gon xo
N5ke} WulA%el eBd Lol wAse $oiy & & Utk g 2w
o Aol o] & Jue vY Roz AWM 1 JF) FEE Fopsr) 9
o] £RZAPANAN Wol AHEEE 271 8d 23} 10d F& AHEF FH AR
o de Ade AAsgn.

MDE ®/jsk OSB @/o] tiste] wEss sfola S48 P54
Y 455 9 4-563 o)

o

Jh

Mo 1

o
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Load (kgf)

Load (kgf)

3000
2500
2000
1500
1000 --+- 1st AEC for fm-10a
- » 2nd AEC for fm-10a
--e-- 3rd AEC for fm-10a
500 —e— st AEC for fm-8a
i + 2nd AEC for fm-8a
’ —— 3rd AEC for fm-8a
0 1 i 1 1 1.
1} 2 4 6 8 10
Displacement (mm)
0% 4-55. AF A7} ALRE MDF £33 2490 JFEAATA.
2500
/0
2000
1500
1000
--+- 1st AEC for fo-10a
= 2nd AEC for fo-10a
--+-- 3rd AEC for fo-10a
500 —+— 1st AEC for fo-8a
--»- 2nd AEC for fo-8Ba
—e— 3rd AEC for fo-8a
0 . . . ]
[} 2 4 6 8 10

Displacement {mm)

a9 456, AF AT} AALE OSB BT HHEA

Nd

A
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1% 4-559)F 456004 R FH AR 3ol it Ao Ho] JagFe
HE 37 42 AS ¢ 5 Ud. ol HEAA Aoz Qi HAAV |
MAEY A Alolo] ZFAH FHrigid joint)S FAIFOoEZMN w74 $H(semi-rigid

joint) o] SHE AUE %ol B4 2oz =HUA e gEA Aoz Az

-

o old@ Fe HHAAZ ASHA G FHABAN Ho] wWE FFSHIY
o Aol(ay 4578 BW YA vEhdth
1500
1000 N
"\
:;E ~=\\ Te
8 ‘\3
3 L]
500 —+— 1st AEC for fm-10n
- = 2nd AEC for fm-10n
& —e— 3rd AEC for fm~10n
A --+- 1st AEC for fm-8n
] « - 2nd AEC for fm-8n
--e- 3rd AEC for fTm-8n
0 _ " i
0 5 10 15 20 25 30

Displacement (mm)

29 457, A7} AL A ke MDF £32%e] BEEARA.

09 4575 B AHFAZ} AREEHA 4 sHAwe Aol 10d o] 8d
FRG % ¢ £ AEE UEEES ¢ 4 Ao 22 10d ®9) Ay 8d

2ol A9o) BF 20mm AFES W HNAE GEhPoRM S5 2w
E SRARORNY V)5S fASNE AWANE Vmm ARY F AL R
2 474
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3) wAAEe 4

o
bt
o
ol
o
£
ML
L
2
i
ot
4,
u
haf
[
B
o
it
o
fru
o
Of
o
o
A
=
2
fu
o
(i
oL

3000
2500
2000
5
X
= 1500
©
=)
s
1000
--+- 1st AEC for fo-10a
~-» - 2nd AEC for fo-10a
--e-- 3rd AEC for fo-10a | |
500 p —+— st AEC for fm-10a
4 -~ 2nd AEC for fm-10a
—e— 3rd AEC for fm-10a
0 ; ;
1] 2 4 6 8 10 12

Displacement (mm)

29 458 WA 10d Fol A48 FuARe] FRETA,
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3000

2500
2000
B
= 1500
3
o]
o] -
000 --+- tst AEC for fo-8a
! ~w 2nd AEC for fo-8a |
--e-- 3rd AEC for fo-8a
500 —+— st AEC for fm-8a
-« - 2nd AEC for fm-8a
| —*—3rd AEC for fm-8a
0 1
0 2 4 6 8 10 12

Displacement (mm)

a9 459, ARAG 8d 2o) AGH FHATY BHESAIA

29 4-583} 4598 R YR oA Z4F W4 MDF/ OSBRTE 1 2jol
EaA EA 9 v & A4 9 AEE UEES & g gutges
MDF& EHo| OSBo ulgte] o 7alr] wfiol 2g wlow a3 oA %n
g7} MDF9] ®H& a1 507l #4dol AL velyA ¢deth. welr MDF
GQAAEE ALESHA H dtFo] F7sel WEtA Kol @ie) ¥ S stn &
o}7bA] ¥ o] WA Jele Aol wAgTh. 0SB Wil Af-de 27
of ZujE]7} oY BWE #a ForAA WYt A Hed ojHd A
T Aelg sty FHAR] FEon ofzte] Aolrt vEhe Zog 47
€},
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o ©EEvt st stellA Y AF

FRAR/-E NHEIF StolA AR T H{AFL FAARAY HAEE S
2R3 g3 Al AFE BES7] At SdEFUt sbF el @] #h¥
g 7tz Ad Algg AAEY. A AlEY ARz 4& F e sF-d

A=) o= MDF Q7o) thele] 19 4-49, 18l5 OSB Wrje] thste] 19
4-603} 2}

2500
2000
1500 /
1000

500 /

0 i0 20 30 40 50 60
Displacement (mm)

Load (kgf)

09 4-60. G B

o
ofy

Btol A 3 ATHOSBE AN, H2HA) Al4, 8d 5)9]

ot
ol
3
o
o
il

DY 449 B 4608 W BEEA 8 sleld FRARES x7)e 2HYE
ARA B4 F@ 712719 SAFAE YR 2 olFo] 10~20mme) Wl
N HOAES dEd ¥ A2 2E7h gast A%E UET. g 449



2 4602 EF HAAZF AHEE FHAR i shF-Afdzoln A}
AHE-E A e Aol 27 @470 7€ 2 AR sF agla )
stEe) AZPF BE A dEigtth o] AFolA AMSE AFA o] it &4
A, BERA 8, HdskE T8 A ® 467 2rh

T 46 BE37t 33 SolM SgARY P4 2 BE

Symbol* Diaphragm modulus Proportional limit Maximum

(kgf/mm) Load (kgf) |Displacement (mm)| strength (kf)
fm-10a 333 1,940 8.2 2,924
fm-10n 85 1,200 16.1 1,650
fm-8a 336 1,915 9.8 2,897
fm-8n 72 1,042 14.5 1,430
fo-10a 272 1,833 7.9 2,656
fo-8a 244 1,755 7.2 2,340

* f = floor, m = MDF, o = OSB, 10 = 10d nail, 8 = 8d nail,
a = adhesive, n = no adhesive.

B 46% HolE Qo wEaE slolMe AFN =oHd Yaa, & 3
WAAEY A Holg & 4 Atk AAA AL FWAPe) BHL 2
A ZANAN ARAZ}F ALHA e A FHAPY B ushe] au)
o4 B ®e YBULE SATAE Ao AR 2 AE %)
geAAE BHE JENAT. %o 2yl 10d 23 8d % Alolo] HAA}
g8 Aol 1Ao7k A JEnA @gkon MEAs} AR g A
ol 10d %ol k7t w& 44 2 AEE UG YAAR G2 o]
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rr

=4k W4 MDF7F OSBRUE oF7h & 44 2 Z4xg vehliden o of
= MDFe] ¥HAE e Aoz Azgd,

&0l F7HENA A sy Bt 2] Fgdle w
A W=7} sl wie] 18 4-6137 3ro] 1,220mm X 2,440mm 7| o) A7}
A AA i Fdd Ad® Fo] Aol FA gl ml#ste] WA m
oz WMY7t FASTHLE 4-61(b). HWAAES WL 0 FAJeR <l
glo] Fale SAgoE FUAM WMYS v ARHoRE Mol Hyse dY
7R VERaL Qe 4-61(d). Asr 2709 #ATE A4t B&E a3
WA AFF BAE M2 ol vine A e WA He ol g
g9 vnAe Yo gste] FHE& WAE Atole] AARHAAM 2
wor olgfgt HAHL o] MAls] oM gl Ho g AgeA "o

e BAAE ALelY BAANS F4A0E sades A Hi o] ¢
S A ARG FrodAl Fol o Aol sz g o]z §
e FHARAME G BEEN oY FAARe QAR FAVE gk i
el Arrt ofaly] wiid Eyrt WalAse W& 9l Sovim 3] o
o) 9ok e #ite) FEyAAe @ud F£H2%e] Aede 57 74
3 MWARIE wow wA AA AR B Amrt Er) dqio] 9o AW
AT S o] Wol #EH ATk wEkA AR FskEo] 288 o
G HHe wepr] FyEo] ek ¥ 5 &7 H8)
of #Ae FHWo] A HollM Ma Stdel A wAEE Reo] Fasieth

rr

U
it
=L
i
=
P}
&‘1—'
o

o) oldd $AYN APl FHe) FY D BREIAY WHo
AR FAZRNE dog et AAMT 23T 4 dd. 29 4273

4302 FHAR) 2E= FYAHS FroIA] WP BAF ehlE A
oz HAHL WA A4S /1L AL 20) AGA UEdozH ZEHE
A} AdKow AFRE ¢ 5 AU aHY FRARNA FHY FF L B
Bl Ae WA Alolo) wAE 1Y 462 B 4633 Aot
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10

60

50

40

30

Displacement at end (mm}

20

10

o}

Displacement at end {mm)

=

y = 1.7428x + 1.8821
R?=0.9919

/

/

0 5 10 15 20 25 30 35 40
Displacement at mid height (mm)
29 462 FESUt &F StellA FHAR FAe] Y H EREE
Mg Abole] WAl RHAR Be A9,
70
50 /i
40 )/‘/
30 r;
20 Jf"
y = 1.8853x + 0.9098
R? = 0.9908 /
10 —
0 . . .
2 4 6 8 10 12
Displacement at center (mm)
a9 463, SEE A% oM FHAR FHY FY R BRE

Wy Abole] BA(FACl R ).

e
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29 46200 B SR o] FYReL BREAM WE Ao
= Ae ARAQ BAZ ded AN Nerl) 2m e Qe % 4+ Ak
oz AMol AAHOT WAHA B UBhv 276 ozbe] JHHQ W
Y ol v SAY WAL Urule 1 Aol e wesE goz
Mol F7hE Ag A F Al 2F 4638 S Wl A s A

AT SAY o2 Fohrh HUslEAde 20mm AES WA Aol Rz
= s

i

A2

ASolth. of AYANE HARR NN 20T Aolq 17 462 HoE ¥
AE7h @ A Aol HAE KA Reln sAgox AAee ¢ I
o},

FRARNN FH9 SAY Be FHL WEEE solA FH FUYR @ B
nge)l My Alole) BAE VElE I9 4642 B9 B FaEA Yerd)
Y 4648 HW N FGRe BRE) MY Aol £AABRN B
FstAE RAT dAACR AUH BAE Yrhio) sFol FaE Bt
A48 FYd gAY WG WA & 5 Atk Y FAY A&
15 A= 2no S Hgoen AU SAY Wye 4L FaeA 2

Displacement at end (mm)

,,,,,,,,, R 7 -

|
|

|

|

!

I
-
R

8 1p
Displacement at center (mm)

y = 1.4378x - 0.9146
R? = 0.9661
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Age] ol

=2
oA i ‘UH-?XHFJ} Yol 77t a2 Bl e =EEHY &3 FoE 9
7] B9 &= 2 TV TS ol we A AHgEn. wEkA F
A g FRPARL L @ F& HI} olFAe 87 M dso] T
o AEHEY A7HY S AR fdMe AxS A ez
Nak XA AV g Fadtt 53 g7t Wite @A =&
%

29 A5 Al Y AFAFAHY BAe F2RAQ PRt 0%

7 9 $PABo] AHEH ALHE ok FHe Frste] oad A%
St o] AFE Wi YES 247 95k} 2,400mm X 2400mm F7)9] 47

2 £RABe S8 2 AzHAo 159 VR YEIHE FR =FA

o

ZrZbe) &8 B Ax Aol vty AlFCAM ®HAANRS 1 & W g FHe
= kel A4 WMEE A A% A% FxE 1,220mm X 2440mm =L
719 B4 2Few2 FA=EJen 2 FA) e 1 F WEgew 27 XH, 1

B #e & UFoR 3 AN HelE FASAT

rl

2zke] AWAA 2 F WF) A4E WAl UID 27U A & 4xPolA 24
sdglom #e = wHoze WAl T 3TN F 640N A58 =43

£
N
ol
A
S
il
N
ok
o2
Yo,
3

2 A AlEe AHT ARAM 74 5
3 dolg 7EoR Y & AxFAA ol A Ao W 4 4
e #AY D F WY F Fe F U diste] 424 29 465 F 4663 2

B9l MDF nie gz0] Zo|wak Xy de

[
s

==
ZEd vlEe W 52S o F Utk 98 AREY AF W XL A
oz +3mm oo Ed Blsle] MDF vlgrel 11 & WEk X Wl 2

AE FHE emme W 1 Ao vEw

(‘

js7)
==
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7.00

- 203 -

—— MDF(iloor) ~x-- 0SB(Floor)
6.00 — OSB(Wall) -« Plywood{Wall) —7'—
5.00 /\ /
.. A.00
£
E
-~ 3.00
o
g
£ 2.00 /
© 1y ;
0.00 et ' 1
1 2 \3/ 4 5 6 \\]7 8 [, 01
~-1.00 Time(weeks)
: v v '
-2.00
1Y 4-65. FH-dE NS A0 &8 Ze] U & W A4 wigh
3.50 j
3.00 / s o
250 /A\\ v"’/‘\ ~» "—"“_—ﬁ—j
o LAl A / A 7/
I AN ) / ;
T 100 : 4
///X\\ / \\7 AV // /
TR a
(=} /
3 0.00 ' : o \\\/]j VA
1 \\3// 4 5 6 12
-0.50 \/ W
-1.00 (weeks)
’ ~+~ MDF(floor) » OSB(Floor)
2150 |—1* OSB(Wall) —— Plywood{Wal) |
-2.00
2y 4-66. FH-1x% WHE S} xEH ] Fe = WU X4 w3




durgoz BzAZdAE BAMBEE AAG A9 JHF LAA Y
Aololl 3mme] FZre FEE &1 uh ¥ 4659 4-668 HW MDFE A
g3 BASS Aol A5 Wk ol o) Wl 7] WES) s
We sha wale) ApsAgol wlg sout MDFY) FSelE 1 & W A5l W
8 o) of Wt 2u) ol AN WA X % WFoEE WAL BA Aol
6mme] FIHE Folof 4EoE AW AN WY NEHSE FY & AL AC

2 Az
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A48 48

o] Aol B3t 2ol &4 dAad AES 4§ F AU
1 1A= (4409 4% 37

AR Ads FUg AW Astel Ads FHY ¥ welF HE
e 2 AR 47 2400mme) FH AR E FHEHE A NG WA
Atk +ADE AN GE3 §F % WBAFS MG F 4 4% sl
9 AF-AANES THT 1 HF-VNA% U BHoRYE e 2
4ee 9 4 YAk

°{

%

) #474% A% APARE Y AH To yed 4 9dger OSBY
A7 G WART O o we 24E Uehid

2) 2B ol ZrHe] mapd SAATe) Ao haste AFE veh
Ak

3) +025mm ~ +25mme] AL W WYY AEEE SN FAABL A%
249 HATHY PRl YHA Akom A AN sE-Hs B

B Lok,

4) T20mm = Wt Aue) 45 UEd £ b aAges 1579
& Al

5) #He% sl A FHEY 479 FPFE JPHow e WAE Uy
Wol +B&E ol FHEE 448 FARS T 5 AUk

mi
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2. 220 =(FH 489 A F)

2 £AARY £ Fol 42 F = £4E BAHL FHYsEol

e ARG 7197 et £AARY A% FEe 98 48 AR Y
Aatsle s A AEE HrbstEnh 2,400mm % 2,400mm =718 A Ao
Watel o b QAR PN WEe K7, AIREDS AL £27

) T4 BAE DAARE ST Ao gale 22 29 ¥ 2 ¥Y =
2o B Jste] 2= U

2) Ao} WAzt e Tz WA AR Wl Alojo] Ajolz}
WeEbe] I Abole ol 9dte] A AEE s e

3) NIREWE WAARS AHgstd T4 duds 2o 1A 2w
100mm, Yol A 200mms F3FE 32§ FHsF A58 Yehygloen
NIRES 2 fdo] AnREg UARoY A% HFE £ AgEW T2
& WA QA w44 2 FES ek

4) AnE=E QAR AMEE A9 ZA9de MRREY A R
A staz) aAE g o

5) OSB ®AE A48 AeHoNE AT A7)/ UE AN dolle ¥
w7 WE e Bfole @AM s rt et

6) @37t S sl o 40 ~ 50mme] ¥ A HHFEE e
Atk

7) HAlY] ABEE Ay AA Y WMHrt Frtete Atdx A AANEHE
frA st A

8) whEaHF IS dellA Adve] AL EE of 20 ~ 30mme] WA v
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12) 845
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=
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3. 32 (A0 A

35

(c]

3abd s e @ AE7 42 2400mme) 23 A ko] 2=
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¥ 1 ubgdd ARE(HASE 1500N/m’ + 14345 500N/m)

EN BAA)(mm) _ 747t (m) _
221744 300mm|F A7+ 400mm|$41734 600mm
38X 140 3.60 3.27 2.71
SG = 0507 38x 185 474 431 355
38x 235 6.04 5.30 4.34
38% 286 7.11 6.17 5.02
38% 140 3.35 3.04 2.66
5C = 045 38x 185 441 4.01 345
38x 235 5.63 5.13 322
38x 286 6.85 5.99 4.90
38 140 317 2.81 228
SG = 0.40" 38x 185 4n 355 2.89
SG = 035" 38x 235 5.00 4.34 3.55
38 286 5.81 5.02 411

YRR R SG(71 7M1 5)=0.35, A -5 5G=0.40, 255 SG=0.45, G G% 7 SG=0.50,

® 2 vlEgA AZFE(HASE 2000N/m? + 124815 500N/m?)

A%k (m)
FET B4 = 7] (nm) FHA FAHA T4
300mm 400mm 600mm
38 % 140 3.27 2.97 2.51
$gEH 38% 185 431 3.88 3.17
(SG = 0.50) 38x 235 5.48 4.74 3.88
38x 286 6.37 5.51 4.49
38% 140 3.04 2.76 2.41
2YUF-F 38 % 185 4.01 3.65 3.09
(SG = 045) 38x 235 5.13 462 3.78
38 x 286 6.19 535 436
G- 38%x 140 2.89 251 2.05
(5G = 0.40) 38x 185 3.68 317 259
- 38x 235 4.49 3.88 317
(SG = 0.35) 38x 286 5.20 449 3.68
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¥ 3w A A (A SE 2500N/m’ + 11452 500N/m’)

&% R e B ) —
ZA17HA 300mm|E= A 714 400mm|E= 424 600mm
38X 140 3.02 2.76 2.28
J— 38x 185 3.98 3.55 2.89
38x 235 5.00 4.34 3.55
38 % 286 5.81 5.02 411
38x 140 2.81 2.47 1.98
SG < 045" 38x 185 3.73 3.37 2.81
38% 235 4.74 421 3.45
38 286 5.63 4.90 3.98
38X 140 2.64 2.28 1.87
SG = 0.40" 38x 185 3.35 2.89 2.36
SG = 0.35" 38x 235 4.08 3.55 411
38X 286 4.74 4.11 3.35

A EF SG(71A 8] 5)=0.35, AAUF-F: 5G=040, 257 SG=045, S Q4 F: 5G=0.50,

® 4 ulebgAd A E(FASE 2000N/m? + 748k 1000N/m?)

Az
TET FARZNmM) e 3 00mm %—g;jg (413())mm Z A7 600mm
38% 140 3.25 281 2.28
s = 050 38x 185 411 355 2.89
38% 235 5.00 434 355
38X 286 581 5.02 411
38X 140 3.04 271 223
S = o5 38% 185 3.98 345 281
38X 235 4.87 421 3.45
38 286 5.63 4.90 3.98
38 140 264 228 1.87
5G = 0.40" 38% 185 335 2.89 236
$G = 035" a8 235 4.08 355 2.89
38% 286 4.74 411 335

AR SG(A1 1 H%)=0.35, AMIEF 5G=040, 2URF: SG=0.45, HFH: 5G=0.50,
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% 5 ubebgA AR E(HASS 2500N/m” + 52 1000N/m?)

G537 FARI ) [ A fm
Z A 300mm |4 714 400mm|E 41 7+ A 600mm
38 140 2.99 2.59 210
G = 050" 38x 185 3.81 3.30 2.69
38x 235 4.64 4.01 3.27
38x 286 538 4.67 3.81
38x 140 2.80 251 2.05
5G = 045" 38x 185 3.68 3.20 2,61
38x 235 4.52 3.91 320
38 x 286 523 4.52 3.70
38 x 140 243 213 1.72
SG = 0.40Y 38x 185 3.09 2.69 2.18
SG = 035" 38x 235 3.78 3.27 2.69
38 x 286 4.39 3.81 3.09

VAR SG(71 AR F)=0.35, AR F 5G=0.40, AU EF: SG=0.45, &R 5G=0.50,

523 bRy 2y 29 vlgt B2 9o ugEE Wola Eod mA AN
1 AFE gl gEd

a) vt e T 18mm o]Fe] FxE Fuh, Qeiu] wE olg} FF o4
o] F2E& HAE AL

b) wEEAE vpeR AR Atelo] Ulg HEAA(HESA HA HZIAKS M
3702), WEtRl-8 4 FEFFA B HHAKS M 3735) EE o9 BE 0|49
A =X T ¥ 69 wala Lom 143

c) vtete} Zk RAE Atol i wiEgAH Ed e f2EY Alole 47
F 60 mebA Koz nAgdr}

d) vt=tENe #
A& PO F AA e WAoo s A3 ARt

e) HIE RN 728 BAe 1 FUS wgA AFKurt gEH e A
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e
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H
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Abgstefol stm 18A e Afoly FUE welA wige FREAE WA
FAY EE A #A F9E AHgslio} du.

f) 728 BAY 5 FFER WP vEgde) FR02 FXgool gk
524 whe ATHE AY, Wi, 9% §3 2ol 953 olu)F Aole] Bl
gad Aol vige /) pas Ax80

a) 7bs st AFRe 2 A5k vl g MAHES Pt

b) 7bFsshd TR #% Eelo] nptgds EE2 W,

Q) A7t viete] Fad Wy olgF) YHW S NENaR FES 425
o} g},

d) 27 204 AR UHIZE 12m o]dte]w AFRe] Eute] AL @Y H
Az & 4 Aok

) 2% 2014 JjFHIL viegae) FogRE 12m oo A AT
GANE B9 AR A8 5 Aok

H 19 2004 WgAe] Hel7k 1.8m olstolw 7)) 16d R(EW 7)) 27
9 10d R(AA ZE)E ALgstel AR TR Eute] Aol ML & 4

e

L

g) T HA) Brto] ZA ASelE 3709 16d B(BW 29t 249 10d
Z(AA 27 S AHgate] A3 94 AL = Ak

zupo] 4ol WY HAQ Aol AFAE B R ¥ 5 gouy 1
9)9) Aol olFRA ooz AL o} ),

Aol GAY A olelole FAZe He) wE=A FHo] HEo] AL

525 ntgte] A nwhgze Hdl NPFL R 7Y & 23§ gloh
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£ 6 27| 71
3t o 29y 71 &Y
3 e a7y 29 M W A%
1449 Bd) B E5 AAEA ) (8d % 37
2|5etol o} A ARt |z e 8d £ 270
J(RAEE S A e Biol AARY7] |F47%E 400mmE 16d %
4|9 BEdst 2HE Fdxuy |16d % 270
AR (8d B 470

S| aH =t W Jé‘;%‘?}ﬂ 16d % 271
6[2% 2= Fyuxaty] S48 600mmE 16d ¥
712% Zx# FWEe7] |$47t2 400mmE 16d F
8|92z ol &H ERgus] |16d F 270
932 e] FA =HR) EHRay] |44 400mmE 16d %
10034 F43 2w A AHEE7] 18d B 370
1nlsg e 28 AR 7] 18d B 470
" ?4_\41 T e B e G o B B TmRuo) |ied 2 370

A2y
13|33 M7t EREN7 |16d % 370
14| X7 et 2 e ZAAER (8d & 370
15|48 2H= FHEr] | F442 600mmE 16d %

At A 4743 800mmE
G EXL Fwgws] 20d %
s zb AR 20d ¥ 27

1770 38mm a8 w1 A8 A 160 % 2

vttt g, 8R4 et
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18} %7 12mm ol3t e 728 A 6d F(8AHR)

F7 15-26mm °o}ste) x4
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8d ROUAE)
10d #(EAH)

Fag wA oud ga

19| ¥4 12mm ©]&2] 7 Zﬁ% A 6d E(HAR)
Ll 15mm o]8} 8] 24 A 8d F(FAHE)
29 FH/T HER -FV‘JEV] %o A9 Yukg HES A&
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X7 F8 x5 Hd A3 3834

FaFER A o MY Fat5d g A3
2|2 LY/360 L/240
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] L/100
VoL=A7

53 WY e AdY gy Ee ddde Fxe a9 3% 23 a2 AF
£ 531, 532, 533, 534, 535 ¢ 53.69] wt&t}.

EEEN oI FUEY
- 1 1

L 1

1
s
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B8 W

N N\

Yzxe| EE AEHE 7| HAEHE

oY 3 gy e ey 72
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531 WY Ex Ad¥o] WX Wiy =& A9HE A58 e

ks 94 FHI}FES AAE 71%E AR 8 F2 9o F2E& 94, A1

HE e HE 58 AH83lY S8 44 2 =8 2ES Azg ool gy
AE WellM WEgy e A9 S F3UA WX stojo} g}

a) Wy Alej2] Age 12m o]3tZ 3lm W ye) ofdle] FeixE FE9 5

Y E9gude Om’MeANe 25 AR wo] uAsE REo] pzy)

g3y & AEsH G Abole]l HAHFA Hutolrl B Aol

60m?) o]at& g}

b) W] Ha dole /7RIt gl ¥E 7NELR o 124 WA QS

AHERE AS-ole 900mmelw £z BA WAE ALEEA g3 HnEEghg

AbgEE Zdle 1200mm 281 wHE AN ® X-2} YR AMEEte) B

7Z43e A9oE 2400mmE. s},

c) 98 Ate]o] watR-ele WlE g st o) AX) g

d) ZEE2AHFEY Z FAA A o Ay 9 E%TJ) ek ey m3

&8 3% 7AEQ 1FdME 40% o4, 3

it

=)
N

AR

il
ok

il

|

o
rr d
N
ofj
AL
i
do
N
ofj
L
L ol
—
ol
)
i

F)ANAME 30% o) 2Em 35 dEQ 3%(E
&) 1Z)6| A& 25% o] Holo} dhr).

532 gild ASEWOoRRE WIXE JEHOE 24mx24m A9 wds
Belan sdel A&e 533, 534 @ 5350 wp)

a) Hujdel =7E 24m UHIE 71Fo R &3 Fol: Yo Eolg gy A
Ski=s

b) Hell A7R7t Qe Afoe 5354 wEkM AFRE HAEH Hde 2y
& dol) shite] ATRoE 27) o] R UrolXx dxE o

c) Z4zkel sidrith F Bl ZBE=7F A Eolof b wisidE) YL A
2 Fote 2HE7E 12d £& oltiFy %) Az 218 dXsm F3td
300mm zrA o 2 144 e MdAse 1A

rir
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d) e de] Y Alde 2oz ddS MYA 2xtske Ao fysty )

g 9 = o) WIRAE = Aol £ Al #Esith

533 2HE @ FxHA Uy 140mm o] FELAE ALR-3lojol d& 3
o 15 WYY e A9¥E Agsa ¥ Sxde vyl 89mm o)A

o] FEEAE AL 4 gl duwrzog AEY Y e L HFHo] opd

Zx o2 1y 140mm o4 A5E ALl

a) Mgy e Ay e Apl=oE KS F 30209 12 7ZA8A 2573 £E o

ot FF ol A= AL Ad FREANE AHESL

b) Mgy m: Adye AJLEE Az 72 ¥ 8¢ wan gudom

2= AR 7HE & 1200mm X 2400mm HAE AFESE Z-$ole 300mm,

400, =& 600mmzE dF31 1220mm X 2440mm HA S AlL3}= A2 oE 305mm,

406mm =+ 610mmE. 3l

o WY e AgHe Rz @ axpide 247 37 o)) AEEE AL

xo.g2 et
H

st He IPEARER B ZHZZ 3o}
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e 2EE M4

AT A% Wy = g 2E=9 ZHA (mm)
F e . .

Ziﬁrg—n 9]3;-22 2% g 1% 32 Age 12
(mm) coE 33 A8 2% e

3% €9 3%
38x 89 650 ©|a} 500 o)} 450 o}s}
38 140 650 )3} 650 o]} 500 o} s}
38184 650 ]38} 650 ©]3} 650 o}3}

534 ¥ Q@7 29 39 ¥ 2 9 ¥ Q8 HolH Fog mANA

a) gy Z=x Add GrldEs %7 12mm o] F2& FHoj}h Lo
vl e o9t FF o] FEE WAE A8

b) 728 BAE 734 e FHOE AMEE ¢ lon FHoF Agde B¢
die B9 FHE webA o] AFH oo Frt.

) F2& #A Qo] YurE thg ALEdtE AfdE F7 125mm o] 4

I

FRE6} 30mm o]¢e HolE Zte YALE =i A %8 HE(roofing nail) & AbE-
o] 9 314 75mm ©]& 2 WHF 7 125mm o|stE 1A}

d) 728 #A flo] W 9 FEWNE AMEdtd BWide Fede A2
oA a7 Wl wEkA 2P

535 AR Hele Eolu} AEE MAE A% AFFEIE AXEHY 1 AF
& o wen

a) Yy TE Ay AX=E /A7 Juls 4000mm o3tz 3 1
o] A+ ® 99 Wt

b) & 900mm o]¢e] J|FH FRE NERLE FANE 2B FIAF
o gHg AAE 9754 i AAHE AoiE K 10, 11, 12, 13, 14, 15 2
160 wehAl FRUEG fastA dAgY.
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536 olFZAxe 9 MHA Hids Y F oFZAEYE FRUHAY FaE
A X shojol g

a) O|FZEYE AEHE EAE 9o 2HE9 F93 AF € 539 RAS
AL-8-ghet.

b) o]FZEEE HAF 1.2m o] 3] HojR AMg-Eoer gt

c) Bluld® sid Alolo] HPRE FHoE HAFH 492 600mm o] o] A
A olFZEE] 7 ol §lo] A Hojok an § ZWo) 16d £& 87 ol A
A ate] nrgshedol girt

d) Bz yo] v R oA o]F2xe A2EE e} dgnE HX3toor
&t o] Reelle 27h ]3] 16d g AME3SE olFZAER S EFHo] dEtA A
BEE FoEof ).

e) olFZAEEA o AFE FEE
300mm Ao ZE A MX o
53.6 W-7rxo AP ¥Tx HY APFS E 7Y @ 2FF F Aok

o
rr

A3 BRoE 16d L 1/4A

£ 9"y e deydN R A s8ue
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Z T8 1= A28 2% A&8 3% A5
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7 (m)
) 27 o
AR =4 A ]
(mm) AEY Z 60m|HEY Z 85m| AE9 Z 11.0m
IR
N 2- 38% 89 109 0.96 0.86
2- 38X 140 1,65 1.42 1.27
2. 38x 185 2.08 1.80 1.62
2- 38 % 235 2.56 2.20 1.98
2- 38X 286 2.97 2.56 2.28
X 11 92 Yy x= Ay o AR (FA)5E 2000N/m?)
(F94F, 2URF, AHEF 9 FUEF 253 o)
H 7 737t (m)
XA 27 B =27] o
(mm) AEY Z 6.0m|{AE9 £ 85m 2529 £ 11.0m
A o 2% 2- 38% 89 0.93 0.83 0.73
- 2- 38X 140 1.37 1.21 1.09
2- 38% 185 1.75 1.52 1.37
--wTv 2. 38 235 213 1.87 1.67
2. 38% 235 2.46 215 1.95

® 12 9% gy =E AddoA st AR (R85 2000N/m’)

(FEER, 2URF, FURF L IRF 257 o))

An 22 Bl =27 73 (m)
(mm) ALY Z 60m|7Ee Z 85m|AEe E 11.0m
A% 2% 2. 38% 89 0.81 0.71 0.63
2- 38x 140 1.19 1.04 0.91
2- 38% 185 1.52 1.32 1.16
2- 38x 235 1.85 1.60 1.42
2- 38x 286 2.15 1.85 1.65
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¥ 13 9% Yy = JdHdA st A8 (FA5F 2000N/m’)

(R 2R AR R AUER 255 o)

A =27 A 271 B (m)
- (mm) 1A 80 Z 60m|AEe] £ 85m|7Ee] % 110m

= 2- 38% 89 0.78 0.68 0.60
/\ 2- 38X 140 1.14 0.99 0.88

2- 38x 185 1.44 1.27 1.14
2- 38x 235 1.75 1.54 1.39
2- 38X 286 2.03 1.77 1.60

¥ 14 9% Wy wmi AuuoA &lu AR (A A8HE 2000N/m’)

(H9EF, 2UFF, AHER 9 2R F 257 o))
_ A7 (m)
Bl =7 °n-
QA 27 B2 ]
(mm) A¥e) Z 60m|AEY E 85m|HEo £ 11.0m

/x\ 2. 38% 89 0.63 055 0.48
2. 38X 140 0.93 0.81 071

2- 38x 185 1.16 1.01 0.91
2- 38X 235 144 124 11
2- 38x 286 1.67 1.44 1.29

s
Bl 27 4%k (m)
(mm) AE9] F 6.0m| A& & 85m| 7A€ £ 11.0m
2- 38X 89 1.04 0.86 0.76
2- 38X 140 1.49 1.27 1.11
2- 38x 185 1.90 1.62 1.42
2- 38x 235 2.33 1.98 1.75
2- 38X 286 2.71 2.28 2.00
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2% 9 3%
2- 38x 89 0.68 0.58 0.53
/\ 2- 38X 140 1.01 0.86 0.76
2- 38% 185 1.29 1.09 0.99
2- 38% 235 157 1.34 1.19
2- 38% 286 1.82 1.57 1.39

54 AE 2 AR B TxE 19 49 23 AR FRE Mg 133
Az, AR 2R FE EE Ed: FRE D F glen O AFe
541, 542, 543 2 5449 w &0}

541 AY 2 A dd dAExEdoz Ry AP 2 JAFFRE JEIHoE
24m V9] sde 2asy sde) e 542, 543 2 5440 upt).

a) AFAde z7le 24m YulE VELR 33 Hole MAAHE AR 4
Aot vl e sFRARY Ay st el side] A B vuhFEeA
W) Abole) AW £ YEE AolE AASE W mE EAFE st ol
gt

b) AAA A A R MXe 5219 uietsid AF g AR PR ek

o) B ATEI} A Afds 5449 Wt fFRE 4AsY Hds &
A& wol shtel AFHRI} 27 o]} HEER AR AEF Pk

d) Z+zte) sidvich o Eoll 2ute] Fael Axjsojol sl AFHdrz ht
ABuFANE AR Hsle B9l AA7E 12d £& stz 2704 300mm
nASRE wpolA A

r{r
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e) AJrtFoAX AFddo] vhle F9o wpFE7} A EE 24 100mm
o] e Unlg Zle RAR mRERE MY xHE AFstn AEAde &
grof gAlo] v R o] Fe] HESA AXE=FE Mook ).

) A% Wde N7de A8 FAAE A 18Y ¢ UAEE BALS
Folof dlm WA g vhe R E HA3 30mm o]y Holzt WA 9o A
HA = UEE AXEE gof g

g) ALy Hole 53 A% Holg Ure ZH4E AYsla HvlEHe)
AFHo 2Ry vpEd EE viFRY] FY7AR ).

hy Agad e =9 Ade addes Hds AYM st AR 38
oA el Zlo] A st

) A7 e A7 FdM e dvtaon wdg sy 4o sid
o Hx AMZH R FA7NE dAsa sde] £ Aol M2 e A
M7 e FX7 e 12d & At 2704 300mm 7+H 08 urola 1A
A7t}

542 A7E, AZAAN @ 228 4 duQ pzad Mg A%
YT AR w3 HAFH glo]l REHRE HAsE A 2FR
M7ke Zofel Awlk olgte] Ao Z+ Mzteulct Euia M X slefo) Jh.

a) ¥ N7g B HAe) Mol KS F 302098 1% FRAZAM 25F =
o]} FE olde] AE AAEE Ad EAE ARt AT AL R 16,
17, 18, 19 2 209 o] gt}

by M7el 2 HF A F3re] 114 650mm o)FE 3w AukE oz Azt
A e g FEzhe] 742 1200mm X 2400mm FA S ALEElE A 96l
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i

< 300mm, 400, ¥ 600mme 3131 1220mm X 2440mm #H A& Al &5l A
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g 84 Aol HANAY EE FxUY 4 4T WD 27D FE A
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543 AR Qi AM7ie] Yol FRE BAE dolA Roz aAAZIY.
a) A% @e F2E& FA FoAA FA 12mm o]F9 FZE& FHolu Qo
H & o9} 5% ol x& BAE A3

kA 77} 2l HEMatel A mtel
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¥ 16 AAFA AZE(AASE 500N/m® + 3143813 250N/ m?)

sz = A A (m)
- (mm) £412+2) 300mm|Z 41714 400mm|Z47+2 600mm

38% 89 3.78 3.42 2.99

G = 050" 38x 140 5.94 5.38 4.57
38% 185 7.82 7.11 5.81

38x 235 9.98 8.68 7.08

38x 89 3.53 3.20 2.79

SG < 045 38 140 5.53 5.02 439
38% 185 731 6.62 5.63

38x 235 9.32 8.02 6.88

38x 89 3.32 3.02 2.56

5G = 0.40Y 38x 140 523 457 3.73
SG = 035" 38x 185 6.70 5.81 4.74
38x 235 8.17 7.08 5.79

RV E-RR S5G(71A ¥ F)=0.35, AFF: 5G=040, AV}7-F: SG=045, Bg%F: 5G=0.50,

¥ 17 HAEA

ZAZEE(FA8E 1000N/m® + 31433 500N/m?)

e FA 27 A (m)
e (mm) FA714 300mm|E 47174 400mm[Z= A 742 600mm
38x 89 2.99 2.71 2.20
SG = 050" 38 x 140 4.57 3.96 3.25
38x 185 5.81 5.02 411
38 x 235 7.08 6.14 5.00
38x 89 2.79 2.54 215
5G = 045" 38 x 140 4.39 3.86 3.14
38x 185 5.63 4.87 3.98
38x 235 6.88 5.96 4.87
38x 89 2.56 2.20 1.80
S5G = 040" 38 x 140 3.73 3.25 2.64
SG = 035" 38x 185 4.74 411 3.35
38 x 235 5.79 5.0o0 4.08

VAR R SG(AIAH £)=035, AF-F: SG=0.40, U5 SG=0.45, G &5 SG=0.50,
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% 18 N7 AZHE(HASHF 1000N/m” + 24843 500N/m’)

(Eol &4 g AY, e AY ngAR, HaRsE 2, g gle A9)
A7}

FET 77 2.7) (mm) ZA7t4 300mm %éiﬁo%mnzm 547+ 600mm
38% 89 4.72 429 3.63
G = 050" 38x 140 6.22 5.61 459
' 38% 185 7.92 6.85 561
38x 235 9.19 7.65 6.50
38X 89 4.39 3.98 347
oG = 045" 38X 140 5.79 5.25 447
s 38% 185 7.39 6.68 543
38x 235 8.94 7.74 6.32
38x 89 4.16 3.63 2.94
SG = 040" 38 140 5.30 459 3.75
SG = 0.35" 38% 185 6.47 5.61 457
38x 235 7.51 6.50 5.30

VAR B SG(7) 7M1 #)=0.35, AVIE-F: §G=0.40, AUFF: 5G=045, FHEF: 5G=0.50,

¥ 19 A7t A2AZ E(EASE 1000N/m” + 24 3+E 500N/m?)

(ol £A @& AY, 7 AR agAE, Aol ge A 9)
x| 7}
FEL FARN W) e 300mm %_éiﬁo%?ﬂm Z 7174 600mm
38X 89 3.30 2.99 248
SC = 050" 38x 140 5.13 4.44 3.63
38x 185 6.50 5.61 459
38x 235 7.92 6.85 5.61
38 89 3.07 2.79 241
G = 045" 38 140 4.85 431 3.53
38x 185 6.29 5.46 447
38X 235 7.69 6.68 5.43
38 89 2.87 2.48 2.03
SG = 0.40" 38x 140 419 3.63 2.94
SG = 035" 38x 185 5.30 4.59 3.75
38x 235 6.47 5.61 457

AIEF: SG(71 AW Z)=0.35, AF-F: 5G=0.40, 455 5G=045, FdEH{: 5G=0.50,
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¥ 20 M7bE AAE(H A S 1500N/m” + 31A 845 750N/m?)

(2ol £ A9, 3 FAY AF vFASE, Jure 33, gehlo] gle A9)

Az
T A M) T S omm] ]wzigamg;m Z 474 600mm
38x 89 401 347 2.84
G = 050" 38% 140 5.08 4.39 3.58
38x 185 6.19 5.38 439
38x 235 718 6.22 5.08
38x 89 3.83 3.37 2.76
G = 045" 38x 140 492 4.26 3.50
38x 185 6.04 5.23 4.26
38 x 235 6.98 6.07 495
38x 89 3.27 2.84 2.31
SG = 0.40" 38x 140 4.14 3.58 2.94
SG = 035" 38x 185 5.08 439 3.58
38x 235 5.86 5.08 416

Va3 S SG(2) 21 814)=0.35, AVE-H: 5G=0.40, AVLH: 5G=045, FIEF: $SG=0.50,

544 A% AT AL TE tEpgo s 8 B @] HHo
2 ARAE e At Aol MTFHEE AR O Alge vl gEr
a) 49 e Aol ste] Faly A dAdEt FJE F4E A A
Bo] Axjgle Arse £ 2m ol&w &n 1 Zo FAE &)

£y 1/2 o|&tg §}.

b) Agol MA3kE F 900mm o]/Fe) s ol gRe= AFHE FAHE &
BEgt 5dx4Y gdds NtAE @71Fe fsty AAHE sdHE ® 9, 10,
11, 12, 13, 14, 15 3 160] wtr] FRUNEAF FaESA A2 gt

545 ATz AP A% 2 AFFxe HAd AJFL & 79 #E 29
I flon dAFxde # 79 wiete) i gg &gl

55 Ald & AdTxe 29 59 gov AdL 7Y A gHdsn 53
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2L 7 Nk B8 % AAS AR TS FRstoor v O AFe ol
&

a) AulAee Y 71 38mm oY, WS FAYE 38mmo] el il Eo]
7} 235mm o]’ 22 AFLE FA7} 20mm o] Fojojof Fhrt.

b) HAoAGE BEAAAERE gk oyt 2% o]3e] HAEAdAME FA 38mm o
Aol EAE A ARG AT AG AR AMSE 5 en AT dueR
€ 20mm °]F9] EAE AT & Sk

c) AR 4 X$E 8 214 e

d) #5599 AuF Ee 7IsAte] FAdw7 68 2REE Beoe ® 229
upetA mdA s AA g

e) FE3Y Wele UAF9 Ads HAE + Ao

. A

Ack 2ol

g 5 Ag &
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® 21 A 4R X5
A £57 Agkel unl (o AW Fol |4 tds vy
el o TEFY 1200mm °]/¢

’T‘—l*’]

TEFH o]9 9 230mm ©}&} | 150mm o]4

A 750mm ©}’3

FH
E 22 35 AdAGe] X5
A FH Ay vhu Hu A wol | A& ddw yn)
AP A G 1200mm o]
200mm o} 3} 240mm o} 4t
A )7 900mm o]

6 AN HIAFE = FAL FA AlolE AFAAINAEAM S G JIE5S
zbeth, HAgHde d43 Wdo] WA AY Ay Args x3se A
1A B F3lFo] HE3K s HAT
a) ¥ 69 Eu7] 7EL HAS 7ol HQF Aede BRe FRALM

gala olg WAE 4 Aok
b) % o)l BEE o &8 Ao
£ S gBEel BE FEANEG Ao} sn
s oy B,

57 F#ZA o] AL FESHAAY TASIA o) F
maz oldte EpFx AFEL AMuER 314
o FRALE HAGG
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2) AEEY AL§ Fol 7 TREA FEeE S0 AALER LA “EFE
AA7E A Fo7 AT AR s4-2¥e 23T & Aok

b) AEEe AL Fo & EAe FED WY WASA golol ¥ Fa
FaRel Aol ® 78 e 29 & ok

) ARETz AFBAN T2Y 4 F28 F2EEA o FAA FHEHA
Be AAF FoH P el FrAAE AU

0

&
flo
qr M

58 x-opz
2 the 7 3o AR AP AFEY AN B Aoy, v S AETE
2 o WAE A% L uhE 9F wawax 94 @,

(@) ¥FF9 2 AW AAE(EIY PR AfFTh 2wk,

(b) stmel my, ARAH WA, SUAMY AN D A%Ale) Pue) 2
OB

() 229 QAT FA AN
b) BE AEFRE ¥ 29 13RS BIsdor shul A Alole] vietolu
Aol R0 GdASH okl 3 AFA T 125mm ol4s Hmur aaw
9% vkl S 40mm oY) LEE AASL M) Alele He o)F AEHE
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1-8{EHE § gaIAl T 2|8 /R-19, X|5/R-30, Y&/R-11 1 LS | 1,500,000 | 1,500,000
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1-12|EFU S AL 24, 34 | M2 35,000 | 1,190,000
1-13|H QI E ZA} HY EHE Y, 8d.2M, & 1 LS | 1,200,000 | 1,200,000
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1-15|BtEtOt 2 A A EH|EME, by Y2 100 | M2 12,000 | 1,200,000
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1-17| 2| EFB A} 2arMul AR, 8, B LS 650,000 650,000
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2-3|21M7| T3 A 2%, Meit], oi#y|, M AL 1 LS | 1,200,000 | 1,200,000
2 5,200,000
3.H7| 48] FAl ]
31|l M B AL 1 .S | 1,000,000 | 1,000,000
32|77 FBA 1 LS 950,000 950,000
3-3| &4, g ZAl 1 Ls | - -
3-4|ZH7| T BA 1 LS 800,000 800,000
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F & Al H| 64,893,500
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25BTE
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5| o 100mm*250mm4 8m(4" +10" «16') 2 36,000 72,000
2 GH 11mme#1.2m#*2.4m(7/16"*4'*8') OSB 10 15,600 156,000
& EER 50mm*150mm#3.6m(2" «6" «12') 15 9,300 139,500
M el 50mm*250mm#6m{ 2" «10"+20') 25 33,000 825,000
M aped 50mm*250mms5.4m(2"*10"x18) | 25 29,500 737,500
| oo SOMM*300mm7. 2mi( 2" 12" x24') 2 68,000 136,000
NELE 12mm#1.2m+2.4m( 15/ 32" +4' +8') 0SB 30 23,650 709,500
A Ehekx| 50mm=300mm=2. 4m( 2" #12" +8') 2 B 17,500 35,000
" o@HE  |H2.5 HURRICANE TIES 60 500 30,000
opcf ZAFEE |LSSU210 SKEWER HANGER 20 7,500 150,000
L 290Z CONSTRUCTION ADHESIVE BOX 1 63,000 63,000
AUME 15/32" PC CLIP BOX 1 36,000 36,000
274 |C516 COIL STRAP TIE ROLL ] 75,000 75,000
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L2 | & 100mm*100mm*2.4m(4" »4"«8') L2 X 2| = 6 36,000
47t B0mm+100mm»3.6m( 2" 4" «12') BHELRI 2| S 4 12,600 _
Zxi7|E S0mm+50mm+1.2m(2"%2" »4') Y2 X 2| 5 60 2,400
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A2 1-1/4" EG GALV.ROOFING NAILS BOX 2 54,000 108,000
A TLLAMR 1-5/8" DRYWALL SCREWS BOX 3 54,000 162,000
olei £ 22 16D OII =3 WAR BOX 2 54,000 108,000
oli =2 16D otz & Ho|H 2 BOX 2 54,000 108,000
ELES 1-1/2" JOIST HANGER NAIL BOX 2 36,000 72,000
HAAAHE JOIST HANGER -LU28 30 1,200 36,000
FEE SIMPSON LU28 JOIST HANGER 2 36,000 72,000
AN E SIMPSON LU210-2 JOIST HANGER 6 2 500 15,000
HLAHE DEGK TIE CONNECTOR-DBT1 BOX 2 72,000 144,000
7| EuhE| POST BASE-AB44 8 6,300 50,400
fael| 10,005,700
kAl
o174n| FTER(ESY P 50 65,000 3,250,000
o =@ 2 20 80,000 1,600,000
]|
2utd| AR 28 ol 2 200,000 400,000
‘ e £ 3 200,000 600,000
3ael ofcy
Aol 2iey R = ] 4 300,000 1,200,000
A 7,050,000
l23x smapy 17,055,700 |
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