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ABSTRACT

This thesis describes structural property and design method of I-shaped beam(I-beam) using Diagonal Lattice
Panel (DLP) as its web that is made of Japanese cedar. The diagonal lattice panel has excellent shear performance
that is suitable for I-beam. Flange is LVL made of Japanese larch. The flanges and web are connected using tongue
and groove joint of two rows with resorcinol adhesive.

Motivation for this study is to develop higher efficient stuructural material using domestic timber. Japan's
domestic timber has about 50% market share in post and sill, but has only 9% in beam or joist. MOE of Japanese
cedar, the representative species of domestic timber, is pretty lower than imported timber. Since using domestic
timber for beam makes a result of increasing timber volume and costs, it is considered not to be used for beams.
If the cost problem would be solved, there is possibility to increase demand of domestic timber for beam. The goal
of development is to save 50% of timber volume compare to glu-lam beam or sawn timber beam.

This research found out specifications of the I-beam, structural property in short and long term, design methods.
Some technlogies for implementation were also created that include web to web joints for commercial production,
beam end connections and reinforcement method for web openings. The experiments include element tests of

panel shear, bending and shear tests in short term and long term. Major achievements of this study is following.

1. Two Rail Shear Tests were carried out for finding out appropriate material from choices of plywood and
DLP. The results shows DLP has excellent shear property compare to plywood or OSB in same timber
volume. Orientation of laminas in 45 degree has high efficiency in shear property. It was found out
Modulus of shear stiffness for DLP is depend on its modulus of elasticity and it can be estimated.

2. Beam tests were carried out, that include bending and shear test in some kind of different loading. These
tests results established design values of strength and stiffness.

3. Shear strength decreasing was observed in the tests depend on shear zone length, length effect in shear was
found. In order to study whether the length effect can be explained by the weakest link theory, trying to
predict another test value from the cumulative distribution function of strength given by Weibull
distribution from observed shear test data. The deviation between the experimental strength and the
predicted strength was so large that there might be something affecting length effect beside the weakest
link theory. Every kind of property in cross section were calculated by the equivalent homogeneous cross
section method. These values for design and beam design method were proposed.

4.  Duration of loading (DOL) effects and creep property of the I-beam were evaluated with long-term tests.
DOL factors for 50 years is 0.52, and creep property for 50 years is approximately 1.5. In long-term loading,
length effect was observed similarly to the short-term loading test.

5. Web to web joints in longitudinal direction were proposed that can make increasing production efficiency.
It includes micro finger joint and tongue and groove joints in two rows. End beam joints and reinforcement
method of web openings were also devised using nail plate connection that can well fit with with Japanese
conventional post and beam timber structure. Experimatal study found out that those joints has enough

shear capacity compare to base material.
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Condition of cost estimation

\ -
@ Steel H-shape - Steel Timber
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12¢
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Cost ¥90,000/ton ¥62,500/m> ¥100,000/m?
100 1,000 i 10,000 100,000 Nor o)
El (kN-m?) Glulam height is calculated as equivalent EI of Rolled H
Fig. 1-2 Cost comparison on different shape in steel and timber
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Type
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hc 223 247.5
h 193.5 218
unit:mm
155. 6 unit:mm

| Height 308

Fig. 1-5 Cut Sample of Prototype
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2-1 MRLEEE

2-1-1 ({RfEERITME

WA CAEIND TTBRIZIE, V= 7 ITHEEN SV (OSB), &M, /S—7 4 7 VAR — K
. 77 o VIIIENESEREM (LVL) SEEHMR M R E 2 et d 5, T A
WrPERE 20 5 7 = 7I2IE, B AWTEPELR S & B AUWTRIE DRV OSBRI Z < b T 5,
LU, ENTEEMOOSBITAEE SN TWRWED, MBI LT, ATHEOBAT
EREOHE AR (EE12mm, LA FPWI2E WD) RO /SR (LLFDLPE VD) D
QFHEOmMEZ 7 = 7O E L, T AWERR A MREE L7z, DLPIL, Wrifi2dE9 mm X fi§55
mm® [EFEAXO T IF (JASHEE A R AR Y) 2 R4 5 mic, FERRICRIS0
mmDBRM A BT, 2B A EAZ ST, KRS A Y T 32— FREEA] (LU, APIHEE Al
LV 9) TRV ADLELELNI8mmOEM Th b, EMOINEH TIX, 7 I T D2 EHN151
mmfRIC2 5 KO ICEE S NS (Fig. 2-1), ZOEMIIKREEEOM IEEE L CHHIHS
NTNDHDTHDY,

77 N, MWE TOAFRARET, Yo 7R OEWLVLAZ SR L, HEEE 354
RENDPFHEICE Y, 770 POY 7 RiT12 GPafLERNME T, [EHEM TEI T~V O
LVLE S AN BR A 72 L T 7z, LVLIZZ O ER MR A/ NS < RARIE L& DA 72
W=, T2 BT AMMAHEW L BRO 7 5 DI ch 5,

%?
unit:mm

Fig. 2-1 Typical geometry of diagonal lattice panel

J 151 ‘ 151

2-1-2 MO AERHERS EE IR
DLP & PWI12D LLEGHRAE IXASTM FRASIZHLE S 41 % Two-rail shearii? (TRSIE) 2L D FA
WrakBiR (= K > TIT o 7o, EM OBIHE, S5k, MRS 2 Table 2-102, AABRMR, ABRIE[E & Fig. 2-2

IZRT,
Table 2-1 Specifications of specimen for TRS test
Symbol DLP PWI12
Type Diagonal Lattice Panel Plywood
Species Japanese cedar Japanese larch and Japanese cedar

Grade Sawn timber sorted based on Structural. erade 2
JAS of sawn timber structural grade 2 - 8

Adhesive API Phenol resin
Specification 2 plies, 18 mm thick S plies, 12 mm thick
Notes See Fig. 2-1 1st, 2nd, Sth ply are larch
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Plywood or DLP

Timber rail
105x58

mber stiffner—./)
45%58

210

Fig. 2-2 Geometry and installation view of the specimen

EMHEE, L= U O NEENE & 5 S A TIE203 mm X 609 mmé 72> TN D &2
A%, 302 mmx906 mm& L7z, DLPORDIEFOMIRIZ151 mm7Ze DT, g% FIROEHI
BRI, WA O AWHEMERE A EUNCEHMI T 2 &5 X 7o, PWI20%, BT & &
ST DI EREEOMME T & L — VAR EATIC LT, M IS, s —r e L
TAF 105 mmX 58 mm#z, E FHiEBICR&ALIE® & L CTHAF45 mm X 58 mm#% Z 12 HUEERS £
=VRBEAERICHEE Lz, SBRIIDLPAZ 9K, PWI2% 6/R3)E L 7=,

DLPOZEA 1L, B AH AT CHIBIZ /A > T D T 2 B IS AMHEHE T I B - 7=
OFT BT =2 (e1~¢,) THHAIL72, PWI2OETEAA 1L, FRER AW 1 0O 2 ELAR i O 7
K= R A5 ST AN G O AT THRIE LT-e M OERAITRQ-DICL VRO~ EHE AW
T (1), AWML (6) Eheh(2-2), RE-)TE->TRD=, 725, DLPOKT
R IL SRV DR S 2B ATE S Lz,

& te, & té&3
=77 Tz @1
where :
y: Shear deformation angle (rad)
€1,€3: Strain (compressive direction)

£2,€4: Strain (tensile direction)

=1 (2-2)

T: Shear stress (MPa)

P Loading force (N)

L: Length of shear area (mm)

t Thickness of specimen (mm)

G=r1/y (2-3)
where :
G : Modulus of stiffness in the plane (MPa)
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2-1-3 HERER
BRITE (Ppae)  TAWITRE (Thay)  EAWIAIE (GA) . W AWHRMEGREL (G) % Table 2-2
(2. HAMTIS SIS & ST 0 BER & Fig. 2-310 3, BRI T ICRBR A THRIED R W ET &
10 L (DLPIEXZ 28 . FEE S K OVEARE, fhif v o 782 WE L 7ofs 4 4 Table 2-3
\RT, PWI2iE, AR TER O A WS 2 > 7o, FiH O B ASHHE T A BRI
ICHETH LT, 3R R RIEZ R L2 BICRE S WEET L, o3kt K BRI
CNL 3 mmFR ] B A HERF LB 72 R B A R LT,

8.0

20 /G=1142MPa (DLP)
) / G=526MPa (PW12)

6.0 /
5.0

4.0

3.0

2.0 —0DLP |

1.0 PW12 |—

Shear stress t (MPa)

0.0 ‘
0 10 20 30

Shear deformationy (10-3rad.)

Fig. 2-3 Stress-Deformation curves

Table 2-2 Results of two rail shear tests and quoted data (OSB)

Type PWI12 DLP OSB?
Thickness 12 mm 18 mm 9.5 mm
n 6 9 5
Prax Average 59.7 69.0 72.6%
(kN) s.d. (CV) 4.68 (7.8%) 10.5 (15.2%)
TL (kN) 48.8 45.4
Trmax Average 5.48 4.22 8.44
(MPa) s.d. (CV) 0.43 (7.8%) 0.64 (15.2%) 0.336 (4.0%)
TL (kN) 4.48 2.78
GA Average 5.78 18.6 11.5*
(MN)
G Average 526 1,142 1340
(MPa) s.d. (CV) 40 (7.6%) 72.4 (6.3%) 149 (11.1%)
Legend) P : Maximum force Tonax - Maximum shear stress
G: In plain shear modulus A: Cross section area
s.d.: Standard deviation CV:  Coefficient of variation
TL: fifth percentile lower tolerance limit with confidence level of 75%

e calcurated value by quoted data

Table 2-3 Properties of specimens

Density Moisture MoE
(g/em?) (Yoweight) (GPa)
PWI12 0.52 8.6% 3.37
DLP 0.41 11.3% 9.45

Note) MoE was obtained from bending tests.
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BRI OB I & Al E — FBIICTable 2-4, Table 2-5125R%%, DLPIX, #AD /SR DH
AWIEEE (S) (T X ikl L— I CT I T o AWmkEE/R &) RS, 2813331
WL — VAMICEERE S5 CoOmE (Dw) . RIZL— Lo T#ER R), Zhbids
FOUDEAWTCREE L7z & R L, T3 X OVRE OREICERM Lz, 70 024k (Da) (X1
— VAR EXFRIVDBEET R HI DRI SRADPNT L A EENR - T-0T, MHREIIEEA
L7ginoTz, ABGRBRIRIEL, SIRASHN T AWMEE (S) L. URIT L — UL TAR D EIZ
W L7z,

Table 2-4 Failure mode in DLP specimen

failure mode S failure mode Dw failure mode Da failure mode R

Shaer failure with Detachment of timber rail Detachment of rail Rupture of timber Rail
tensile failure of laminas breaking in wood part in adhesion layer

Table 2-5 Failure mode in Plywood specimen
failure mode S failure mode C

iy il

Shaer failure of plywood Cracking near timber rail
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2-1-4 TRSEHEBROEER

© HRESIUMEIYE

DLPIZBI L T, Prgy PCVIZ152% EIEH D E N KE L2V | Thar P5% FIRMEITAEATIZ K
MBI e o 7o, XD OERNT, NFE L—VOEERENRE L Tz, ZBF
LCRRATEN RN -T2 EEZBND, TDTZDP,, DTL TS 5 L [F5% T, VHET
IZDLP2S9 kN (K115%) FREPWI2% LFl-> 7z,

Table 2-2(2 T, OSBD Ty, EGIZOWTIHEIED 22 B8 L, ZHZE L2, T B0 ?
FE#ZTIX, PWI223 /N T, DLP, OSBDNHIZ K E < 72D, Tpmax Cl&. DLP2 M A/NT, PWI2,
OSBDJIEIZ K& < 72V . DLP2M8 mmTPWI2KL V) 1L5EFEN 28, P DS L Wilind 5,

GO LTI, DLPIIPWI2L 0 K92 fi5 K& <. OSBD0.85 5727z, /3% /L& LT OIE
(GA) TiX. DLPIZPWI2D3/% T, OSBDOL7MEL iaoT2,

DLPIZIEEDOMFENOSB & A%, SROARETHLZ L AZET D & TAMOIRER
BRIV TN D Z D30 D, ZAUTASEFANCEL R S 727 L T OF LGB RENWTZHT
b5,

@ DLPERADV T H

RBRAE TR TD T I FICAESTZOFHRF—=DDE LY, BIIROTAH (g) LIEMOTH
(e.) & AMIETIEDBIR & Fig. 2-4127F,

gl IFIFHIRITHINT B DITH L, 613500 p (RIROEEA T1x1073 rad) I TH T
PNA ) =T THWINT 5, e OFIHNTEN L0 LUEREE . £ OB OARITEN DO.6f5FLE
AR T LTWD, BIEDS AL U =7 0@ A2 m 38l & L, JEMOZ I FREET 5
DEMFT L2, SN H HRREB - L X2, BERTHIEMT 2 FITERFICED
MBI 2D TRV EEZ D,

- 6.0 & = (g2+€,)/2
y=-0.002210x-0.028 Tensile Lamina
—_ N |
g \ so £ y=0.001325%.0853
s .
= \ l--,
0 = 4.0 S
g 12\ iy
2 AN\ y=0.00251x:0.018 /1 s Average
2 i \\ 3.0 /- SNK-01
3 : »' T snk02
& N\ L é% T sNK-03
N SNK-04
g, = (,+€5)/2 \ '\ ——— SNK-05
Compression Lamina — — SNK-06
—— SNK-07
‘ ‘ ——SNK-08

-3,000 -2,000 -1,000 0 1,000 2,000 3,000 4,000
Strain € (p)

Fig. 2-4 Shear stress strain curve
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2-1-5 HFIEHEQHESEDRE
Fig. 2-5\Z /R DLPOf/NERITHAM 2 F T AT MCEBRTE D LB X T, Fig.2-60 k)
B L B UBEA T SN D BT L TR L D AW EMR AR L, BEEICH
VN2 S U A Table 2-612 7R3, FHEOFER. Gog 131,217 N/mm2 L 720 . TRSIEIZ X 5 FEBh
fEREFEOME 72 o7,

1ol mm

“

Fig. 2-5 Minimum element Fig. 2-6 Wired model for calculation

Ay = 6, + 6, Table 2-6 Properties and calculation results
Properties :
6, =¢,,0,=—¢ leq| = |&s]
1= &2,0; 1 1 2 =151 (mm)
Ay =2¢ , Ag=LXt t=18 (mm)
= 2
V240 1 AL= 495 (mm?)
& = 24 E. EL=9400 (N/mm?2)
Lo fi=15.6 (N/mm2)
. 4Q/As A, E; Calculation result :
T Ay T V2Lt (2-4) Geal = 1217 (N/mm?)
fs_cal =4.02 (N/mmz)
where :
Ay: Variation of shear deformation (rad)

AQ:  Variation of shear force (N)
01, 82 : Deformation angle of each lamina (rad)

€1, &2+ Strain of each lamina

As: Cross sectional area to shear (mm?)
Ap: Cross sectional area of lamina (mm?)
EL: MoE of lamina (N/mm?)

L: Length of element (mm)

t: Thickness of element (mm)

Gear:  In plain shear modulus (N/mm?2)

Fo, BAWRE (f,) 127 I T O58EME (f,) TREDL LRET DL, L2-5DHE by &
J 5, fi B BREEMEEERE 14525 28O N 55 RRE 15.6 N/mm2e 35 & f = 4.02
(N/mm?2) & 720 | #RBRAE R OTLIZ Z DIED0.691% & 2372 D /NS o iz,

_ ﬁ'ft A
focar == 7 (2-5)

where :
fs_cal :Calculated shear strength of DLP (N/mm2)
ft: Tensile strength of lamina (N/mm?)
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2-1-6 REEXDIRGE
RR-HB LKL N T AETANLEZH LR, TRSEEBRTIX., 7 I T DImiBeR
ZEEICBWTHNCEA SN TR Y., 7 I FICHiF ™M@ < sTaEtEnd v . ZOREEZ FIRESE
AT (FEMEHT. Midas iGenZ ) 12X W MEEL 7=,

O FRITETIV-BRATSRAF

FEMTE T VI L OMBHT St DRSS & Fig. 2-7\2779", DLPOHEMELIE1:2T300 mm X 600 mm
DRFE LTz, HiZ%RRIC L THBICANT 5720, 7 08 & 2R o % [ ~Hk

(#J53 mm) & L. #&FRHIFEIX150 mmiZ L7z, 7 I FHIER—FENOHRICHRESR L LT,
Z OB OWIE & JEAEZIRE L TCAN LIz, LER->T, 72T RZERIXFR—mAICEAS
HEEERENLZELTANEIN TN D, L—VAM ERM O ME, TR s MR L e
GE L, REBEFEEZANRKRIZ, 10mmNITA Y a3E LT,

FIEIE, 7SRV DR ARG FIEES T MPak 72 D EfEI0.8 KNE L, Z OROZLERE X
OV )53 A1 % i %o

Rail : Plate element Y direction
width: 116mm thick.: /_ displacement restraint

Y and Z direction
displacement restraint

Frame : Plate element
width:116mm
thickness:45mm
E:10.5GPa

Z o g E - Pin reaction
d Lamina : Plate element
Y X wide 53mm thick:9mm
T_Y direction E : 9.4GPa (parallel to grain)
displacement 0.7GPa (perpendicular to
restraint

Fig. 2-7 Model for FEM analysis

@ #=R
7 I DR T2 Ol 5340 2 Fig. 2-812, 7 X FUGEMHE £ 72137 I TR O Wi
(7 D 7 & 13 Fig. 2-81Z 88 Cond) 1281 2 7 2 iy Mo ¥R ) EE R L O W #h s )
J£ Z Table 2-712, AN T X F 22 L i (R o [ R) ORI 2N % Fig. 2-9127R 7,
Z DRI B A BT EARE A B L7z (Table 2-8).,

Fig. 2-8 Contour of axis stress in plain
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Table 2-7 Stress values at cut sections

. Section one place
unit: MPa
number 1 2 3 4 5 6 7 8 Ave/Max
) 1 267 -427 373 -445 4.04 -415 3.17 -2.62
Average axis 2 239 435 376 435 406 -418 402 235 00
stress 3 4.55
s 3 -397 384 435 412 -455 405 -4.19 353
a.
) g 1 067 164 057 053 003 046 -130 1.25
Bending 2 037 087 065 -087 014 -037 -018 -085 0%
stress 1.64
3 136 040 022 021 0.00 -0.11 -022 -0.57
Note) Ave/Max : upper line : Average of absolute value,
lower line : Maximum of absolute value
Calculated stress is 4.00 MPa by equation(2-5).
MIREAAAANX
e
P
:<< A X b‘
§ % dx +0. K85 Table 2-8 Shear Modulus
N0 Q iz 0 Node number 754 - 1083 - 1095
2 Ay (10 rad) 871
Gana (MPa) 1,148
Geal (MPa) 1 N 175
Notes) L d
dx, dz means relative deformation from origin. (mm) egend)
Dots means nodes. Refer to Fig.8 about number. Ay : Deformation angle
€ : Strain of lamina between each dots. (x10° rad) .
Gana : In plain shear modulus
Fig. 2-9 Deformation Gear: In plain shear modulus by equation (2-4)

EZR

BRI 7R ) 3 AT, SR DO HLITKR U TBERSSHFR & 72> TV T, RO E T/ 1
VD JEDER TR I OFEN R CHL S, Table 2-78 0, “ERdlIG 7] EEIX /SR LD
g @ < B CIHRL A H 5, WHITIS I EIREE AL, RRED
O TN S O BRI 12 & 315345 % 1.63 MPa, 1.36 MPa & 000y, [ U AR il 11 1
KL T38%. 34%T7Z o723, ARl (5 D—HiH 234,572 &) 13#E%HIE T0.00~0.83 MPa &
NEL AU O TIX1T% I - 7o, FRATIT3436 L OB5O N il )5 1a1)& /) EE134.34
MPa T, R(2-5)IC & 5 FHAEED4.00 MPalZir el L 7=,

O TT I FTOMITRRELRD I EIZOWVWTIRARD, EHFENERICER T DRI

ARITEAZROLOIC, BEBNEEIN TWAZ E THIFIIRE LW EEZEZBND,
kﬁb\ﬂﬁmxiﬂi;ﬁ%:w@ﬁgm Z I M TCEAR T I T LOERDIES
ITZDOROMEIZL Y B0 T, 7 I FTEOMTARAIEICEETS, BRI ITOH

720 BRVAIORIMEDR E < 720 | @F% JCOTHMMREL-EEX D, LI~ T, DLP
DR BFRE 13 (2-5) THERE T X 5723, DLPICHA 23 EL D £ < W& D& AW ) & #HEE 9 5
Gt BEAHET L EER D,

Fig. 2-9DZTEN B KD 72 AWT LR S Gape 151148 MPa T, H(2-4) THE L 72Goq Dl
1175 MPalZ L < TPl L 7=,
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2-2 IROB. EEAE
DLP#& M D LN DR PR 72 EICFIH CEREMERm W2 &L U= T o8 AW
ARBRER R EZ2EEB L, 1RO =7 ICDLPE WD Z &2 Lz, BROFRILE RO
WWIERAB O ARZTIMRCESHO T I A7 — 720, BT A0 RERICEBRILEZER
F72WEZIIRE W, K50mmA DAL ThiuX, BfH & 7 b wiE . EEHOKY - K
MOBEZZ0F F@$TZ LN TE, B LHETEOHIESCME T ETAERMERE,

1 {hsET

I TR OAERE R 7T °~1E % Table 2-93 X O'Fig. 2-1012~7d, 77 > PICHWALVLIE, 7=
7 Ot 10 T PERE D HAEE 2~ 5% L C, %L A 120E, Wi 2 1105 mm/E45 mm & L,
BRI AFOR TH T~y 28I LT,

U = 7 DFPOFEA IS OB A 55 mmE L, TRSIERER CHUW /X% /L D51.8 mm
LIV MREEETEALESTWS, £, BORIFHTY =7 ORI FE2HITHDOERET 5
7o, BEE42mO~HETREL, BESd2mit, 770 VL v a7 & EMTHT L AOE S
MHRGE LTz, BFEIIAFTH D,

TV ET 2T OBERIE, V=T OT I FRRETLEIE L, SRV OUIENLE O
Fc kv, 283.5 mm& 308 mmO2FEIEDO P WA RME L2, ks, BE1283.5 mmi, (i)

BEIREH SN D " V2R T 5 & Z BB E VD RRWE D ITREL LISHETH 5,

2-2

Table 2-9 Size and specifications

Type H283 H308
Height x Width 283 x 105 308 x 105
Size (mm) Thickness of flange 45 45
Thickness of web 18 18
Flange LVL 120E (Japanese larch)
Grade and
species Web Sawn timber structural grade 2

(Japanese cedar)

/—Flange(LVL . E=12GPa Japanese larch)

/ ~—Web(Diagonal lattice panel: Japnese cedar)

Tvee| 1283 | H3os
H | 283.5 | 308
ho | 223 | 241.5
h | 193.5 | 218

105 J 155.6 J 155.6 l unit:m

Fig. 2-10 Geometry of |I-beam
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2-2-2 ES4E
VT LT T UVOHERIE, 7T VAN 28O VIEERFRT, U T 2 SO AL
TxaEL, HAEZRAHESE L. (Fig.2-11), #58IXLV Y vy ) — Va2 L, EOES
IX15mm T, V=7 I3EIC14.5mmA DNV ECTARBEN —HTDHLHICT— " —MLL., 7
ZIZE VK025 mmEA SIS, ZIHDOEERIT, TR B THARBRZ 1TV, EOTIRA
—ARD b DRAPHEA A & DHEE D ERE S LT,

Fig. 2-11 Joint

2-2-3 I1RRORE (GH{F)

I BRORBRZERT 572012, EROARETRIE 21T > 7RO #E HIEIC SV Tk~ 5,
BERMOIERIT, 770002708 e—T7 RO L AEZHNL 0, RIEEMET
XZFOHEBENRRNZD, EIDM42mO— {727V AEMEH Lz,

© #Me
I TR 7= B2 Table 2-1012 777,

Table 2-10 Source material

Item Quality items Quality

Lamella of DLP  Moisture content less than 12%

Species Japanese cedar
Grade Sawn timber sorted based on JAS of sawn timber structural grade 2
Section 9 mm thick X 55 mm width
Finish Four-sided planer finish
Flange Type Laminated veneer lumber (LVL) of JAS products
Grade 120E Class 1 (MoE 12 GPa)
Species Japanese larch
Section 45 mm thick X 105 mm width
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@ DLPUIJORE
ZORIEERFEICBWT, DLPEH WY = 72 EFHHICEAST 2PN I TV
MoTeDT, Vo727V ARIO42mIcA by TETEIEST 52 LI L7z, DLPO T 2
FEWARDIEEEZRE L ROICEERZ 8B4 L T\ I F2EMRIcIt~7, o kg,
B—/La— & —CHEMEZEBM L7 I T2 LT, 2L &2 2@ 50 0 i L 7= (Fig. 2-12. Fig.
2-13), BRI E TV ABITRAT D720, R EIREO T LD <o) LEICEM 2\l
TV RERE LT (Fig. 2-14), #2536 L OERGEO S Z Table 2-1112 777,

Fig. 2-12 Fig. 2-13 Fig. 2-14
Assembly of lamellas Adhesive application process Input to press machine

Table 2-11 Manufacturing conditions for DLP

Item Quality items Quality or specifications

Adhesive Type API (Aqueous vinyl polymer solution isocyanate adhesives)
Assembly time 12 minutes

Press Type Cold press
Setting time 20 minutes in winter, 15 minutes in summer
Load 5 MPa (every net area of the lamellas)

Cure Curing time 24 hours

® EANT

T30V BIOY 2 TITITEAL —F N TIREHOEM L2 L=, 7 =7 ODLPIL.
EFOMENIH 2T I FTAREREZYIVHEE LT, FTEDOIRIZH 272 E TN L 206 U7z,

Fig. 2-15 Processing grooves of flanges Fig. 2-16 Processing tongues of DLP
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@ H#HIZ
LETFO7 7o VOEE EEIZ LT, EICHEERZEA LR SIERIEICHE A2 £ A
7p WA L72(Fig. 2-17), FIZ 702D EIZy =7 %27 LiAA, BT T2 V% s S dC
ZELiAI, RAESL TR THAN Te, #BEEABARITIF LIAENTHE LRV XL 91T,
TV A ER S OMME BN TTC, ERICK L TRIITE 2 L9 I L TER LT
(Fig. 2-18), #2353 & OVERKE DS/ % Table 2-1212 7”7,

Fig. 2-17 Adehesive coating Fig. 2-18 Setting in press machine

Table 2-12 Assembly conditions for |I-beam

Item Quality items Quality
Adhesive Type Resorcinol adhesive
Assembly time 10 minutes
Press Type Cold press
Setting time 20 minutes in winter, 15 minutes in summer
Cure Curing time 24 hours

® JAMNSLVIRIERE
DLPiE, 7L —F—THL LT 72T I F 2RI ARV EELLERH Y, R CERM X
0L RPN DLEEN S D, TE, HERIERELE L OB T, AEREITIRFEZ RHMIC
DIZVEETEDLDOT, BEICRWE SN D, FEFEEREDHETHAELOWIENH D
>\ﬁmm%&ﬂ?6muﬂx%m#hﬁéﬁé%Aﬂgwo
HEFR S CRLE I T B\ T RIS R O 72 O IZIT LB E TH 2 JFM B OB R & < |
FRAFIGSE 2 W ESE 5 2 &7 %%«@ﬁﬁ@ﬁ% L7e%, DLPIX, FECMAEZ: & o flpt
THRTHTL 2BMEZFHTE 1 mL FORWMEDMEX 5, ZIVE T/AA 4~ 2N
TV K M B AR CTE 2729, M EIOBMIEE < #te, MA TEMEIOMFEIX
TR DS S R W R O1I2BECH Y . = X MIBIZIZTHEFRITH 5,
THET, X MBHETAETRETE Ao B EAE L TEE, RFTBIHEA
AMIFA LN S, BREBICHDEIRTE A EEX S,
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2-2-4 UREEL

L TGO WrEfE (A) L MM LI &0 B U7l —RE— A > b (1) Wt (Z,) .
B AWIS D ESAifRE (k) O —'& % Table 2-1312/~$, Zflilrm biE CHWEMEIO Y 7
L, LVLIZ12 GPa (AFME) . DLPIX0.4GPal L7z, DLPOfEIX, AX DY VHE%T7GPal
RAE L. WEHEMER A D45 OBMEARE A N2 0 Yy U L v sk, Wi & 229 2 i 7z
Wi Ot Z 5 U TR 7o, Zeds, $EIC K 2 W — Sl #ias Ol 5 (S L 721X, 033
GPaCTh olz, 77 U VICRITTIEFIWH AL L THEE L, EEOKFTBW AW
IGHEDREZBHICEEE D BTy = 70N e Wim & AE L, Wik IR O 3%
NOBRHZETREEE Lz, 70, FAWIS SRS (k) OB HOFEMIZRIEIZ TR~

Do
Table 2-13 Properties of section

Type H283 H308
A Area(cm?) 126.0 133.4
Ze Modulus of section (cm?) 936 1,046
I Second moment of area of section (cm*) 13,275 16,104
K Shear coefficient 2.90 2.73

Legend): A: Actual area include spacing

Ze, I.: These values are obtained as equivalent homogeneous section using
standard value of MoE as 12GPa.

2-2-5 [BHEDTHOHEE
BOH A Wik o AWTRITEDOHEE 12 H 720 . B 2t AWS ) D5 Ai ks L O AWES
NERARE A LT OFMAZ LV FEH Uie, AN FERFT KD S22 SRE L. ZRWrimmic
B < EABIGIEIX, WIENFETERQ-0)D LI IZE 265,

__5e

T bl (2-6)

where :

S1: Statical moment of area where is at the study location outside from neutral axis
b : Width of the beam

I: Second moment of inertia of the beam

SEMmErIEALE 2 VT SR O T TRERCE) < & A WS E AT L VRO 6
D, P IR FAMWTE ) < & ARNS AR T, H2HEITY - 7Rt TH 5,

_ 540 E

" bel, Es (2-7)

where :

Set : Statical moment of area where is at the study location outside from neutral axis on the equivalent
homogeneous section

ber:  Width of the beam on the equivalent homogeneous section

Ie: Second moment of inertia of the beam on the equivalent homogeneous section

Ei: Actual MoE for each part : 12 GPa for flange, 0.4 GPa for web

Es: Standard value of MoE for transforming to equivalent homogeneous section : 12 GPa
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A BT TEN B < BT O AT, e8Ik v REN D,

M
€= ﬁ *Xn (2-8)
where :
£: Bending strain
Xn: Distance from neutral axis at the study location

f T OF TSzl S ORI LB 5 o T, TS S EIRRQE-9)D X 5 iKY o SR
BAEOTRIIRTAZLICL>TELRS,

o= _Esle “Xp t E; (2-9)
where :

o: Bending stress
A(2-7). 29DV T 7 %Fig. 2-1910 77, ZHOFERIL, #FE—2A L MERT 27
TV ERAUNITERT 2 Y = 7R TN ZEEIGHEL TS 2 EEWHEITR LTV D,

3 Neutral Axis | 2.90
A -1 1 4 a 1 2 4
s 0/Grma T/ Tave
> M+aMm
Bending stress Shear stress

Fig. 2-19 Distribution of stress in type H283

2-3 F&H
4) #Ok/x/ (DLP) X, MEEBET 5 & ERC0SB & A THAWMERER B 2o
7=,

1) MaORZEMIZ=AFICE D Mo, BHRT I T EOBAEICL DR T, 7 I TwEOAL
B L M7 O SR EIPECZEE L M IO AAMRET 5 Z & 23, FEMAEMT
(kD ahot,

2N) DLPZE MWW= 1 TR R oMl L OEA Tk RE L, BIF L E LRIV TRIER L

776
=) DLP% 7= 1 TEZOWrE NI E < B AW & i OIS D ES AL, SMlim ks %2 H
WTRDT=,
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3-1 ROERIREE

3-1-1

Elﬂ

BR

RIELT 1 BROMERRE 7 5 27— 7R BRHE T, Table 3-103@ Y Ehg L7z,
1727 BR & X % Fig. 3-1. Fig. 3-2 (Z/R7,

H283 A FEHEDFERIAR & LT, A/303990 mm, 3% 472 sl dilifir CHlTRABR (2P-28-40) %, A
X1558 mm, 2555 LA T AWTERER (1P-28-16) 22N FEH L7, #hifiBro 2t
WAL oo TWH DI, Bl EORKEEP42mTHDH Z L2k D, HAKDR
7321558 mmid A} O DR FNLE ICH A R E BT HETH 5, EHERBAD n #1134
EOIMEEEZ T T 5720, 53fkE L,

RBRDO/NT A—2—L LT, H308DHITER (2P-31-40) 35 L O AWAER (1P-31-16) .
H283 (D A /X2-4100 mm T H o — Sl AF O #i I 35R  (1P-28-41) . 2P-28-40DH AW X EIIZH A
Wl 2 it L C om0 L Bl O A & 5 #l U RRBR (2P-28-40R) A FEME L 7=, HEARMYIZIE, B
WA C 3R & #  E COXBMANEIZ, 12 mmEOAHK (151330 mm X280 mm) %,
7TV ERAT 4 7 ) —ICEEB B = VR EEE A A B A LTz b K200 mmfERE O B R TREE L
776

R, BEEOMASB L ORFR L U, b2 & BN G Tiisk LTz,

Table 3-1 Test list
Symbol n Loading Specimen  Span (mm)  Span/Depth

2P-28-40 53 2 points H283 3990 14.0

1P-28-16 53 1 point H283 1558 5.5

2P-31-40 10 2 points H308 3990 13.0

1P-31-16 10 1 point H308 1558 5.1

1P-28-41 7 1 point H283 4100 14.5
2P-28-40R 6 2 points H283 3990 14.0

Meaning of Symbols :
2P -28-40

L Span: 1668 mm - 16, 3990 mm - 40, 4100 mm - 41

Height of beam : H283 -~ 28, H308 - 31
Loading method : 2P or 1P

2P ; 2points:  Two-points loading at the point dividing into three

equal parts of the span.
1P ; 1point: One-point loading at center of the span

{}Load
—Load cell

~—Load evener
S
4

|| _~Linear transformer
/" Strain gauge

Load bearing block— || b =

—fpecfmen ' bﬁ, ';ﬁ‘
A A I s I A,

5 =
React [on Mickine base Linear transformer strain gauge

1.330 J 1,330 1.330
3,990 unit:mm

Fig. 3-1 Geometry and installation view of bending test
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3-1-2 &R
ON:::[7)

HTRRBR & L C1T > 722P-28-40, 2P-31-40, 1P-28-41, 2P-28-40RD7fif I % Fig. 3-312. #li
J% Table 3-212, FRPEME O L A Fig. 3-16(1)IZ/~ T, Table 3-200 ENIHAT P WINE T, —
T ORI T ST RIS KO ROBSEM NS FH L7z, sBROIRDL, Bk % Fig.

@Load

i /ﬁLoad cell
Load bearing block—, i .
\ M /{lnear transformer strain guage
. / (center of span, both side of the beam)
Specimen p

i 1

-“'- 5
iy . )
kReaCt ron /Mach ine base

&

779 779

1,558 unit:mm

Fig. 3-2 Geometry and installation view of shear test

3-5~Fig. 3-1112 77,

MEITRARMEE TIRITRIZIC EH L, BRI 22 &2 < QIR EBME T Lz, 2P-28-
4ORZ BRN T, B RE I AWIEE Ch o 7o, ZIUTHIITBENR Z 212 &+ E S 0370
Mol B x5, ZORAMMEL EANICETEAUBMKBE CEELI T 7T v
EU = T BRTNTNT, LVLOAREBHEE T 5 200 F 72 1385 R AR LT\ 5,
PR R O D b OBRSH DA, MHEENHETECLE AR > TOENEIAATH

7

5o AWK A TR L 7-2P-28-40RITE THIEM 7 Z o O ik L 7=,

80

70

60

IN
o

w
o

Load (kN)

80
70 2P-28-40R PN
Average 65.4 X,
s7.1 2 N AN
60 cv10.8% 4 NN
2N NN N
I// NN N\ N
50 ,// ~ \\ S \ -
— Y TR N
o 2P-28-40 Z 40 |2p-31-40 7 S Oh N
X - N
‘ Average 35.4kN < Average 37.1 1P-28-41
\ s=1.94 CV 5.5% E l‘\ Average 32.5
\ g 3 T s21 1
1\ Cve6%
20 '\ \
1 ' ! \\
\ | \
A 10 4 | AN
) | ! \
\ | \ L\\ L \\
— 0 A 1 _ s
10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Deformation (mm) Deformation (mm)

Fig. 3-3 Load slip curves on bending tests
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Table 3-2 Results of Bending Tests
n Mmax  (KN-m) Omax (MPa) EI (kN-m?)
av. sd. CV aw TL av. s.d. CvV
2P-28-40 53 235 13 55% 252 228 1,549 119 7.7%
2P-31-40 10 247 1.1 45% 232 21.1 1950 123 6.3%
1P-28-41 7 333 22 6.6% 356 303 -
2P-28-40R 6 375 41 10.8% 402 30.1 1,564 25 1.6%

Symbol

Legend) M, : Maximum bending moment Omer:  Maximum bending stress
EI  : Bending stiffhess av..  Average
s.d. : Standard deviation CV:  Coefficient of variation
TL: fifth percentile lower tolerance limit with confidence level of 75%

Note) The value of TL is obtained as normal distribution.
The value of E1 is calculated from pure bending deflection by two-points
loading.
1P-28-41 has blank space in £/ because of one point loading.

2100
i £
18005
5 =<
50 AH 1500
g I
s 40 + T
] it t
9 30
ﬁ a E -] £
20 8 Mmax
=4
=10 = omax
c
[}
E 0 L 1 L O FI
o
= 80

O M &
S PN PV
RTORT R RN

Fig. 3-4 Comparison of results in bending tests

shear failure
around joint

shear failure of' '
laminas -

Fig. 3-7 Typical failure in 2P-28-40
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N o
Fig. 3-10 Bending test of 2P-28-40R Fig. 3-11 Typical failure in 2P-28-40R

-43 -



@ Al
1P-28-16, 1P-31-16 D EATE Z Fig. 3-12, i A % Table 3-312, A HFrMEfE o LL#g 2 Fig. 3-16(2)
\Z7R T, Table3-30 FIRMETLIXIEM A CRO M TH D, £7-, T AWMKEE L 7-2P-28-40,
2P-31-40, 1P-28-41 D AL & beile & U CoR Lz, RBROURIL., AR % Fig. 3-13~
Fig. 3-15127~ 7,
fof VR RME E TURIEHIBIC B U e R E AT CTHE RIS T U, A 5 AT Ok
E—ERIXT IO, T I FOEEHEZ LT, SIS EMET L,

50 50
45 %W 1P-28-16 4 | g 1P3L16
40 Average 40.80 40 Average 41.4344
= s=3.14
35 $=2.64 35
CV=6.5% CV=7.6%
30 30
—~ —~
g 2 € 25
o 20 ® 20
o o
= 15 - 15
10 10
5 5
0 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Deformation (mm) Deformation (mm)

Fig. 3-12 Load slip curves on shear tests

tensile failure of™ / |

\T S |
P \" :

x e

Fig. 3-15 Typical shear failure
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1P-28-16, 1P-31-16DH AWML (GA/Kk) 13, HAWFBREFOM EL G, #hiF R (2P-
28-40, 2P-31-40) DK FEJEEfE, [F—FWEICHIF AR 2 2= LW TR L,
F 72, 2P-28-40, 2P-31-40DGA/klE, H A IZPE LIZENZ X 0 B S bl PRy 2. /o
JOERNLZELBIWTHEH L,

1P-31-16 D - D e Kt AWt 1) Q115207 KN T 1P-28-160204 kN L D K& < HHTW B8,
TRRETLTIX, WO/ EWIP-28-167% B[RS, Ziuid, 1P-31-160 n 12310 & 7227
LB s,

Table 3-3DH AMHITE (GA/K) 12T, A S AEWIP-28-16 35 L TNP-31-16DCVIH4.6%.,
8.3% TN S DX N7, AR VRV 2P-31-40118.4% 72 - 7273, 2P-28-40, 1P-28-41
DCV 1F30%H1#% & K& Do T,

Table 3-3 Results of shear tests

Symbol Qmax(kN) Tmax (MPa) GA/k (kN) G
av. TL  awv sd. CV TL av. s.d. CV (MPa)

1P-28-16 204 180 469 030 65% 414 4006 333 83% 922

1P-31-16 20.7 174 433 033 76% 364 4367 200 4.6% 8%4

2P-28-40 17.7 159 407 022 55% 366 5079 1319 26% 1,169

2P-3140 186 168 384 017 45% 348 3289 277 84% 673

1P-2841 163 138 373 025 66% 318 4305 1373 32% 990

Legend) Qma: Maximum shear force  Tma : Maximum shear strength
GA/x:  Shear stiffness av.. Average

TL: fifth percentile lower tolerance limit with confidence level of 75%
Note) Value of TL is obtained as normal distribution

G: In plain shear modulus calculated using values of Table 2-2

L 25 B Qmax
©
g = Tmax
Gao | 5 0

20 11

3 8 OGA/Kk
©1g t 6000 _
g1@Lg ° - 40003
= o )
OS5 =L 2000
n
0 0
© Q
%> 2" 2%
AR’ r® AR’

Fig. 3-16 Comparison of results in shear tests
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3-1-3 EE

O BEDH

A OREERE 2RO DIHT- 0 | FEAERBRAK (1P-28-1633 L U2P-28-40) Oy Akt %
R REICESE o Lz, 287 — X ICEkS<Himmnma#eE L (Fig 3-17).
RO & O AR ER L OIS FIRMEOHEE 21T > 7= (Table3-4),

Blorsi (NM) | HCOERL A (LG) . —REEY A 7vpdfn (2PW) | &
K-StriE & vz,
Table 3-4 Results of goodness-of-fit test by maximum likelihood method
y? TEST K-S TEST
critical value 1(v,0)=14.07 D(n,0)=0.187
Symbol NM LG 2PW NM LG
1P-28-16 13.93 13.76] 25.98 0.080) 0.094
2P-28-40 11.29 10.35 353 0.077, 0.084
Note) NM Normal distribution LG ¢ Log-normal distribution,
2PW Two parameter Weibull distribution,
Parenthetic value : Critical value (a) at 5% significance level,
v : degree of freedom, n:number of specimen

[Letter with character border]

Italic value

: Best goodnes of fit in a group,

: Not significant at 5% level,

HEIh-
IARTEALIE

0.40 0.40
0.35 035
030 0.30
2 0.25 0.25
(0]
5
o020 0.20
>
So1s5 0.15
Qo
go.10 0.10
0.05 0.05
0.00 0.00
VoS 0P 0 XD O % 6 X O o YA AP O X (VS ®
RN N R A i NIRRT AT RTRATRTOT AT Y
Qmax (kN) Qmax (kN)
(1) 1P-28-16 (2) 2P-28-40

Fig. 3-17 Probably density distribution

DTS A O EEIL, 2HRE TIELGOEAYER F < . NMITE T4V | 2PWIEEE S
TW5, K-SHETIINMA R bEAMHERE <, 2PWHEE S8 h -7z, Fig. 3-18T, FEH|
il & 2PWOHGRHIE O RFE AL, RN B L 0 A ENSLOEL R 25, NMTRO -8
EOTREIIZY EEX D,

1.0
0.9
0.8

0.7
0.6
0.5
0.4

2P-28-40

i/

0.3

‘%ﬁ

&

Cumulative probability

0.2
0.1
0.0

15.0

17.5

20.0
Qmax (kN)

225

25.0

Fig. 3-18 Cumulative probability distribution
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@ BT -5RE

HiF & U CRBR L2 A3 50540, 41TiE, 2P-28-40RLAAM T A CH AW L7, ik
L 722P-28-40R (T AW X OHIFRIC L 0 Mligh T X O 7 Z > P TR LT v . Z OBk
KO T/ 23H283 2 O BEOMITIH 1 & & 25, 77 v Y Okt /I 1240 N/mm? T, BRI
IR Z OFRIZED DT ORLHEREB3 Nmm?) L 0 b KE o7z, 7ok, RIBROE
Ay LVLO 7 Z > P O IV & 2p o Tl b | i i CHE S o fEE & B
%o ASNUINBAE DD AEFLE THBAE 20, BEAERBR A T T IREE S 2 R A
Wil L= 2 Liczy . fiiFmh e LTELWEHEE 2> TWARWY, 2L, KREOA®RT
BDHZ MO EITHIMENEE T, R O FHRFC IS B CHim AR E 5 2 L3 <,
i T ) 2B AVWTRIEE U 72 A B GRS 2 2 &3 BRI OIEIN & 22 ) KEIT A2 E XD,

Q@ TARTEIME-EE

i, AW & LR ROEIRHCVIZION L TO L ONRE L — i A OB
REVELDERDRVDVIRNEEZZ D, #ITRERE L TIT > 722P-28-40 & 1P-28-41 D1 AT
WIPEGA /K 1XCVAS30%TR1H: & 22 o772, FT-GA/KITHOWT, HEYERBRIAIP-28-16 & Hh 5 &
AR DEV2P-28-40DME AN 25F5FREE . 2P-31-40 D 10.8f5FEE T, sRBRIAFE A ORI I
HOEXNH D, FH EOMED, REREOMEZROEB TR TH D,

FAWTRE T, [F— A8 TIHEZRE V312328 L W /N SV, DLPOYIBILE O THRAHE
DORPBE T2 D 2 L ORBOMREERS D, [FA—REWTIEA R REWVIE SR
SVMEE N B o Tz,

FRAERERIK (1P-28-16) & TRSIEDAIR DO TIE, V& AWiRE 134.69 MPa, AW
PEREGZ KD D L 922 MPal 720 | ZNEN11%E < . 20%KV, FEBR F1EDEWRLG 1Tk %
AW HEEE T H 223, BRURRSEOMEIZ/ > T\ D, F 72 1P-28- 16585 R FIR{E 4.14
N/mm?/E, F(2-5)Z > TT I FTO5RAMERE D SR DO 7ZDLPOH A KR E4.02 N/mm?(Z
WL L7z,

@ BARBREICHITZRIZE

V= 7T OROKEFITE DA DORRMETETOT7 7 o DIHEESND, K FE2iiLdii
X T F ARRRIIERMER & BIBRM AR AICE R SN O AW ERD, BEIERTHHHE
BDTF AN, MHEICTITERY OOWATERERS> TS, HIITHY , B R
IMEMER e R A R L, 55 Y v 7 BEER CRll T & 2 RRBIEDN B H VD, AWIRE 1ZSTED
WELEZTHEEZ, KFHBRIK () OEX (L) 2B AWRE (1) 2Ydhic, gL
RLPBERDORE S (L)) 1T 28 BAEOR S (L) ORAXEIZEY . EAWTRE & & A
WX oORESOMEREZ 72 v b L7z (Fig.3-19), RBEOITLHRC LUX, ~HESRREITIE
EHlzxt L C0252DBRE R LT,

s i —y = 4.6686x0:252
H o B R2 = 0.6313
. e SR
-8 - SIS

=3 -

2 ~ Data

Average
1 e TL
--------- Length Effect
0
0 1 2 3 N

L /L,
Fig. 3-19 Relation between shear strength and length ratio
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Table 3-5 Length effect

shear zone length Tmax Of specimen
Symbol (mm) ratio av. (MPa) ratio s.d. (MPa)
1P-28-16 779 1 4.69 1 0.30
2P-28-40 1330 1.71 4.07 0.88 0.22
1P-28-41 2050 2.63 4.40 0.80 0.37

® RSHNROHEE

1P-28-165ER D IR 3 A FFNED B | & SIRLREZ T L CTAHTe, WatERY e b B O 50 53 A
& &9V 7 BlEm & T exponential BE A e TRHRT A T v & LT KE-D)D L

TR DY,

where :

F(x)=1—exp [— (%)k]

(B-1

F(x) : Cumulative distribution function of strength

X: Strength
m: Location parameter
k: Shape parameter

INEEHRERX (L)) OFFOSAE LTEGEIL, HHES (L) OO, X3B-2)ThH

2653,

F(x)=1—exp [—L (i)k]

(3-2)

Lom

Z 2T, 1P-28-16DF AW T1E O BAFERE=R AT D /3T A — & — (%, k=18.15, m=21.31TC,
AWK DR S %Ly, 2P-28-40 D WX ORI #LE L CEET 5, 1P-28-410D T4H5#
JEF(x) & ikBR CHlE &=~ v vk ZFig. 3-2012779,

1.0

0.8

0.6

0.4

0.2

Cumulative probability

0.0

O 1P-28-16

F(1P-28-16)
e 2P-28-40

O Test(1P-28-41)
- = = Predict(1P-28-41)

12.0

18.0 21.0
Qmax (kN)

24.0 27.0

Fig. 3-20 Predicting using weakest link theory

TP ERERE RESTEEL TV D, TAEOREIK TR0 O, 58E SO
XODXWNETEDLZENERTH D, EFRMERNPR UI-HERIE, &BY 7 BT
T TITEATE edvo 7o, JEME T S T OZEECHITIC NI LA B OB ERNEZ LD,
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3-2 ROEHEDRSE
—RIZHNT = T 2R ONE 1 BRR EIXEAMER S IR E <, BORGHIBNT
TEAMER A ERT 59, £l SAMREIZITR S ORENDH D Z L3> 2D T, ik
FIRREIC KV SRR S M E L B R D, KETITRPEORGHILERFFEE, A -
bHAERET D,

3-2-1 #PISEEE - SHIEGREL
RO R LOBER LY | BT S O EEM B R AL | JEESMELR B A Table 3-61277 7,
P L OFJETRBRFE R O FIRETH 0 | EIXfEH T 2 LVLO BRI O AFE, GITRE AWk
B (1P-28-16) O LNTETH S,

Table 3-6 Material property for design

Symbol F» (MPa) Fs (MPa) E (GPa) G (MPa)
H283 22.0 4.1
12 900
H308 21.0 3.6

Legend) F,: Bending strength of material
Fs: Shear strength of material
E: MoE of flange
G:  Shear modulus

3-2-2 BHEDOSE

HEF IS S, A AW T O R IIAE MR G AEY 1o U TX(3-3). KB4y &
T2, RB-5TIE, ZOREIGRIZONT, HAKOBRFTHARISIE (f,) 1R SREHK

(K) 2FF DL Uiz, KITEPHER LICE D RICEAWIEND —EORENH 5 & &
WZBET D, Lyl 3HEHEL TR ST, HAWRBRREOEAMKXMOR I ZH72770mmé L
776

PRRHIEY CIE, BEHHEFAIS S BT MORRIR (A Bk R R B R B & 1R R R
CCRIESNDH, ZOFTIEM EMRGEO BN S TIERWVWDO T, 22 TIEFA LAV,

q M 1 <1 33
Bending stress 7= -

& Ze fb ( )
Sh k0 ! <1 3-4
ear stress —_ < -

4 K (3-4)
Length factor L0252
. K, = (—) Ly =770 3-5

(in case of concentrated load) ! Loy (Lo ) (3-5)

where :

fo,fs  Allowable stress for bending/shear

Ki Length effect factor in case of concentrated load

L Shear zone length by concentrated load

Lo Standard length for length effect as 770 mm
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3-2-3 EbhHDEE

TmoAHT, TRy &AW Y SR D, PREPRE L ENMAME, —SoET
MEICBIT DR RT-DA (FR) 13X3-6). 3-7). BG-8)Di#h THDH, I, 13A%h7aMimm &k
T AV T, AXY = 7 OZERE GRS, © (TE ARG ERET, EiELTable
210 WY 245, B, I 2 CIEWmRBITET LR,

P13 Pl
center loading Omax = 48—Esle + 1CA where W=P (3-6)
S5wi*  wlk
uniformly loading Omax = m + 8GA where W=wl (3-7)
23PI® Pk
third point loading Omax = 648l v where W=2P (3-8)
where ;
w: Total loading force
P: Loading force at one point
w: Uniformly distributed load per length
l: Length of span
Es: Standard value of MoE for transforming to equivalent homogeneous section
Ie: Effective second moment of area of section : refer to Table 2-8.
K: Shear coefficient : refer to Table 2-8.

Table 3-6DHMEAE, Table 2-8 0 Wr i FFPEAE I KX O(3-15)~(3-17) & W CHIH L7 fif & 5=
BRI D Hi 2 Table 3-712 R $, HREOZERITHR KN THO%IEE T, fEMRIIZY L EX D,

Table 3-7 Comparison of deflection between test and calculation

Test Calculation rario

Total Component Total Component Test

Symbol (kN/mm) Bending Shear (kN/mm) Bending Shear calc

2P-28-40 1.17 85% 15% 1.14 81% 19% 0978
2P-31-40 1.28 74% 26% 1.36 79% 21% 1.062
1P-28-16 6.74 34% 66% 6.71 33% 67%  0.995
1P-31-16 7.71 31% 69% 7.73 32% 68% 1.003
1P-28-41 0.82 80% 20% 0.86 77% 23% 1.045

Notes) :  Total mesns maximum deflection that includes bending and shear deflection, where
is located at the center of the span.
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3-3 &b

A) BRbHF/H (DLP) B, HBE BB 5 L ARROSB L T AR #72
7o

B) TRSEECRIIALAMHIERH & Rt TR, BBLRIEE LTV,

) DLPY = 7 &IV LEROMFRBUL, +5 78R SHRAAN > Tt 1AM
BIEAT Ui, ORI L A AMTRER & LCHT o 72 /S ORBEE RO M TN 7>
b HABKHOR S XEDICHETS ESDRBDD) ZLBBhol, ZORS
IR S OB 5, RERIED T 1O TRE U 2 B THE L
ERSHRIE, EROZSHREY bAE <, HBRIEE TAE < T LI ) 7 M
U CHB TR 2o 1,

=) BROHESREIIE, BELICH LT 022ROBIRR b o1, FASIE () 1
RTORMICRSARIEN (K) L1, K=(2) #RELE

W) LRROUH LI R AR AL, 1oDBR AR L, 1bAa & FBEE D
ATV, B LIz,

SEXM

D

2)

3)

4

5)

6)

7)

Noboru Nakamura: Unclear things about timber engineering for us No. 1, Size Effects (1), Journal of Timber Engineering,
No. 17(3), pp. 60-63, 2004 Japan Timber Engineering Society (in Japanese)

A REMEDO Z 2R b7y F 1 HEDER 2o 1, KEMERES ITE No. 17(3), pp. 60-63,
2004

A. H. Buchanan: Strength Model and Design Methods for Bending and Axial Load Interaction in Timber Members,
Doctoral Dissertation, Department of Civil Engineering, U.B.C. , 1984

Noboru Nakamura: Unclear things about timber engineering for us No. 2, Size Effects (2), Journal of Timber Engineering,
No. 17(4), pp. 87-92, 2004 Japan Timber Engineering Society (in Japanese)

A RERED Z ZR00 67w F20E ~SHEDR o2, KNE#ENSES JTE No. 17(4), pp. 87-92,2004
Standard for Structural Design of Timber Structures edition of 2006, Architectural Institute of Japan, 504.3(3) (pp. 188-
194) (in Japanese)

ARERBERFHHNIE 2006 R, A AREFLE2, 504.3(3) (pp. 188-194)

Standard for Structural Design of Timber Structures edition of 2006, Architectural Institute of Japan, 402.3 (pp. 155-157)
and 504.3(1) and (2) (pp. 188-189) (in Japanese)

AEAEERRFHHIYE 2006 4R, H ARERZLSES, 402.3 (pp. 155-157) B LY 504.3(1)~(2) (pp. 188-189)

Hiroki Kagei, Taisuke Nagashima, and Yoshimitsu Ohashi: Development of I-beam using lattice web No. 1 / Properties
of materials for web, Summaries of Technical Papers of Annual Meeting, Architectural Institute of Japan, C-1, pp. 59-60,
2016. 8 (in Japanese)

HEBNED: RO T =782 T BRORIE 2010 = 7 HH ORIV, B AR
FERESE, C-1, pp. 59-60, 2016. 8

Yamato Unno, Yasuhiro Ide, Taisuke Nagashima, and Yoshimitsu Ohashi: Development of I-beam using lattice web No.
2 / Performance in bending or shear, Summaries of Technical Papers of Annual Meeting, Architectural Institute of Japan,
C-1, pp. 61-62, 2016. 8 (in Japanese)

WEEKFNED: RO T 7 = 71282 T RREOBRRE O 2 T ERER KO AWHERE, AARBREFRS KRS
AL, C-1, pp. 61-62,2016. 8
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4-1 FUBIC

4-1-1

B=¢EN

INETEEDIL AF ORI S/ (DLP) 2V =712, &N ESEREH (LVL)
7T VICHWIEARE TBROBFICED AT, BEMDCIXE N 72 71 e 2 BRGE L |
ISNESAS L O, MIEZfE L, CANREICIESRIOL ZL2®mEL, T#
RO FARFEMEAE, SIS EREER, bR ER_E LT,

L AT, RE 1R EOREESMEEBEICTH WD I2IE, FLHIROMEE M 6E & fead

Z1ED>, MHABIPERE R IR 7o 1 MR RE 2 8 U CRII O FFA IS 1 B O FHHEEAREC M M D7
BRI EODMEN D D, ENTIE, AE 1 RIS I R ﬁo<$mn$@ B
RE14465 (LT, HREWD) ITHESNARNEESMMEHIZY L, SRR
EMERE DB EHE L LT ﬁﬁﬁﬁﬁﬁ@wﬁ%@(uT\mx%ﬁ&wo)&7U—f@
PR (LLF, 2V —7REE VW I) BEE->TNDH I LEZRHTND,

DLPD X 5720 = 7 W14k T 5 R DODOLRESS 7 U — T RePEIZ DU T O Sk Lo 2
LMo le, o, TAWOZ ) —7I2BT 230k, GR°0SB, /X—7 4 Z ViR — N%&
U TV TIBRICET 20 En3dH 508, FHEE < 1372 < MAOEEMA ML
Thd, KMOHMIL, DLPZ W= 1 RO TR L O Al o E RN 545 % DDOL
¥, 7 V) — TR E#ERT H L &b BB RIS T Lo AWM 1123 0 2 & S8503,
M REMTHOHRY Lo TWANEEETLHZ L TH D,

4-1-2 ERAATEEEOEIS

ARG R BLYED CITAEETR B 13, FHRE (EYERBRIF 105712 K » TR D D 8 )
x5 7 Bk 250 IR T 208 | ot RHERS) 2F/ LD TH D,
L RO R R T T 7 EO~T 4 U —TNTBT 510455 L34 A Z i SER A H
FREE D 1/2F THME L7282, ff AR A RI2504E 1A L, Z ORF OIS e & JLUE iRk &
LTCW5, Xt HFFARIGTE 2 Red 2 WEI2, EAEGRIE T3 U 2 far Sk 01 s 2R 5%,
#;(104y) . HEH GR). $E%(wﬁ%\5%<w$)@%%%Kﬂbfzmla14&
L1E STV D, BEIEMEEO T IR /1B, BIFICIS U CRIBRDERED b T\ 5,
728, EIRODOLLREL LA BRI SOFE DFRE L 2Rk D D Z & Lo T 5,

7V —7 R, BPEOIR N R EIIEBOMRE L LTREND, BEFEUELTIIER
BRARED L RPN, ORI Z2504E & L, AMOEEH KIREIIR2EED O TN D

AEAEEHFIHMETIZZ )V — T ERARE LM, REIMESEEINSEHMTr U — 7W
BaBETH Lo T, KETIE, BRI OAOHIRIE A 531 #28 L C
IRVEIRNIRL21T, SRR e U323 U TRRETT 2 Z E AHER S LTV B8,

BIRTIE, 2D ZO0FEEREL, thiFB X O AW OIS EICED S ENHE ST
W5,

4-1-3 ERAAMEEREEDFIR

KRFEDNAFFIZ OV TIX, DOLIRER 2 61T LTIV 2Dtk 7 UV — 7R B &217 5 FIARE L7,
FASE 7 U — 1B IR AE L7200 C, FEHETREE D 1/5LL BT (EE O# AT E  (F %
TG EOMEMER L) 1Tk 7 U =R EE1G2 2 ERFREEN, AR OERTIETZ Y
—THBROMWEIT, A R~ v F o 7 3RIC L 5 EMOBIENEICDOLARIC L v ko b
7-DOLDOFHHEAREL £ 2/3 (ZaARE) A#FUIMEMETLENRINTND
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EHMoOBRBREICKHIET 20 A Ry T 7R BEEZHEBET I ERHRESNTWA R, 1E
BROMER IORANE, iR TR —_M LoV A R~y F o 7Rk EH 5 2 &0
TERWVWOT, PV & L TnEN530EMERBOMELHANEZ L E L,

4-2 HERGEEHFASIE

4-2-1 IRROMLE

DOL#EERI L7 UV —7 R RICH WD T IBZOMARGEE T T B L AW cItm s L,
FANT283 mm O b OEMEH L7z, BEROFE & 72 2 03 MIAEFE T & Table 4-112, TR & Fig.
4-11TT,

7T Y OREERIT120E, WriklZE4S mm X fE10SmmE L, BfEII T~V THhDH, U
= 7 ORGSOV, WIE 2R mm X 55 mmO[EFEAX O T I F (JASHEE R H
Tl i & RS OB EIT - 72 b D) G455 A, S HFEICSS mmO R 2 B0, 288 %
ERIET, KEEDFA Y 72— FREEH T G OEELP 18 mmD EM TH 5,
Flo, ROREIFHATY 27 OMEFEHITLOZBT L7, ZREEIEFELCES (4.2 m)
THRUELT-, 2B, BREIO42mi3EICHNL T LV AMOE JICHKT 5,

Tl T OWRIR, V=T O IFTRRETLHEFEL, 7T UM 2FOV
WaERT, V7Bl 2FOREMTEZH L, Vv ) — )V REBERICH A Z ik 55
L7,

Table 4-1 Size and specifications

Type H283
) Height x Width 283 x 105
Size Thickness of flange 45
(mm)
Thickness of web 18
Flanee LVL (JAS of 120E, Japanese larch,
Gra(cjie & Young modulus ; 12GPa)
an -
species Web Sawn timber (J: ape%nese cedar) sorted based on
JAS of sawn timber structural grade 2
+ Flange (LVL : E=126Pa Japanese larch)
/ /—Veb(Diagonal lattice panel: Japnese cedar)

l 105 l _| 155.6 l 155. 6 J unit:mm

Fig. 4-1 Geometry of |-beam

4-2-2 $FFEsEeHERE
DOL#RBRI L7 UV —7RBRIZEB T, T B L O AW OREBRERIRIL, Wik T
Fhehdt@me Lz, 7= 7 O AL EICIE, fisR e L CWim2345mm X 45mmdOLVLE |
EFO7Z7 o0l 2 7ICHT 5L ICRBMIZEATIRY )72, RBRIEOHkE R
5% Table 4-21777 3,
i EREBR DN AL A Fig. 4-212R" %, A/82033990 mm CREWVD144%) & L. #ifE=
Sy TR O, S OSE A ERERE D M LT L,
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B AMERER O N AR A4 Fig. 4-3127 %, A/3031500mm (GREWDS5346%) & L. i
M — Rl & L7, RO SR LR DR ERICERE R ZRITE LT, ZhiahicLiz
EFIC L VEEDRTEA R L, SEOREIL, MR — RE/LTHIE LR L L,
IS ERER LT, WTNORBRELMEY v v FICK VL HEIE 226 T, OB X
ORI E21T - 72,

Table 4-2 Specimen

Symbol Purpose Loading Span (mm) Span/Depth
2P-28-40 Bending 2 points 3990 14.0
1P-28-15 Shear 1 point 1500 53

Meaning of Symbols :
2P - 28 -40

Span : 1500 mm - 15, 3990 mm - 40
Height of beam : H283 - 28
Loading method: 2P or 1P

I

2P ; 2 points : Two-points loading at the point dividing into three
equal parts of the span.
1P ; 1point: One-point loading at center of the span

3,990
| 1,330 1,330 1.330 |

! —Specimen 2P-28-40 ! ! /—Loadmg Plate PL-16x105X150 !

\ _/

¥ . / ,
i T

PL-16x105x150
H-Beam for hanging Weight7

KWDDd beam to stabilize

1,200

~Steel Weight

Fig. 4-2 Geometry and installation view of long-term bending test

1,500
] 750 750

Specimen 1P-28-15 ) sading Plate PL-16%105X150

L7

[EX]]

L. i 9] —Moment Arm g —Reaction Plat
7 Reaction Beam T eaction Plate
§ 4735* L PL-16x105x150
—  Pivotf :
BT - ' ~Trestle
y ,],, ;l °
Counter Weight ‘ Il s | |
7 +
Steel Weight—

Fig. 4-3 Geometry and installation view of long-term shear test
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4-2

4-2

3

4

HERIRIR

FHESHATIIRIRIE S < IXH T, 88 2 B CRBRIEX D 1 By (225423 22y TfT
S, HERTIEHFRBITERERERERE CEMT 2 Z ENHEIN TN D, AMEKEOEEHIZ
k0, 7V —=TOEHRRENZEDMENTNDE (Ah ) =TT 4 7EE (LLF, MS”
U—7))e LLZRDG, EMiFRERRIE DA B O oTod & ERROM PRI
<BEMOFMIZ /25 &2, RBEITRVITEE L, 770 VBRI =7 DEKEL
HEET D70, 77V (B3350mm)., U =7k (K S460 mm) O H 828104 HIE
L. BRI TIRICHEIEIC K 0 GREEHEE Lz, (7272 L., DOLRBRBALAT. 0201645128 &
D L7-)

D O L iB&RAiE

HIOEK N FRBRICB T DT — A > N E T E AWM OR KO- % KUEiz30 E
DS ZRIN L, ST ITH Y 35 — ) TR Lz, #ims 2 HREE £ Co R &3
BRIRDZENL GRERARH g & il TR ClIlifr ) 2 BN NLEHTHIE L7z, )t mici
BRIRBUTI0LL B L, VIS DA 2 AD T, BEEMICIS e E TP T, BRIk
UL EDv6r A UL Egef EARGE T D08 1B D F Tllifer L7z, IBIR L72s DX, dhid A
0.69. 0.62, 0.59& L. HAMWIE0.77,. 0.70, 0.63, 0.61, 0.59& L7-,

20154E5 H 7 & g iF B4R (i 1100.69, 0.62) OFklk, & A WrEkBraiR (75 771£0.77, 0.70)
DB A BAA Uz, RUBRIRDEE L7 b, NERGBR IR 2 ZZ#2 L7z, 72 BDOLRBRIL, FER A
DS 2 £ TR ERUT D2 ONRAREEZEZ DN, TOEITITH & PEORBRIKE N T
TOHTEESLTHNRNDOT, 64 AU L EMFE L7 b OB LT, ZO%A kRN LTz
IRFAL 2 & RS2, B COMIEE T 2k THERERUR L T B D #ERICE T, =W
DOfkfeRe 28 < LCEYFET 20T, DOLRBOFMIL M2 D L& 5, #hiT132017
FoA I, HAWNIFFI0A ICENZEIK T LTz,

4-2-5 JU-JHBRAE

B D )R BRI 31T D e RAIE O -2 2 BTG 1 He 1 1/340 2 O #inG 21T > 72, DOLK
BROFERZME LTz & 2 AT D0SFEE TH o 7272, Z OIEIC R 2R D23 % Fe Uiz
13T 28RS H o7, DOLBROKEN T T L TRP-27D T, D7Dk
L13%IGHtEE LTERA L,

R ASUTEF, AR E b&10E L, BiFHer. AWM EORBHE T, SEMLL R
if LT I NAVGREBR IR 2 A U 7o (Bef4 2 A0 HE U 7o 3R BRIRITA4 - AdlAT L72), 201747 H
PHBME L, BIFIXI2H £ T BAWIT20184E3 7 IS/ THEME L 7=,

(a) Bending (b) Shear
Fig. 4-4 Setup for long-term loading test for DOL and creep
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4-3 DO LR

4-3-1 SEHAHERROBRE
DOLFRERIZ b i3 5 53 71 S50k O it A 2 & Table 4-3127~9,

Table 4-3 Result of short-term test

Mmax (kN * Il’l) Omax (MPa) EI (kN . Il’lz)
Bending property Symbol n av. s.d. CvV av. TL av. s.d. CvV
2P-28-40 53 23.5 1.3 55% 252 228 1,549 119 7.7%
Qmax (kN) Tmax (MPa) GA/K.' (kN)
Shear property Symbol n av. s.d. CvV av. TL av. s.d. CvV
1P-28-16 53 204 132 65% 4.69 4.14 4,006 333 83%
Legend) Mma: Maximum bending moment  Oma:  Maximum bending stress
EI: Bending stiffness Qmax:  Maximum shear force
Trmax Maximum shear strength GA/k: Shear stiffness
s.d.: Standard deviation CV: Coecifent of variation
TL: fifth percentile lower tolerance limit with confidence level of 75%

Note) The value of ETis calculated by pure bending deflection of two-points loading specimen.
The value of TL is obtained as normal distribution.

4-3-2 DO LHAEBRORER
FPRBEREICOWT, ENREREDOHEE 2 7 U £/ T 712 L CFig. 4-512- 7, 1RF[EfE
DOPE/OAGBFHEE LTH D, KIRITHIS°CH>5H30°C, IBEI1T45%RHD 5 80%RH TZH)

L. #h12~2 A MEIRKE T, 7~9H AmiREIE & 720 | [URBENATE LAY CHEET 5
7=~ 7=,
30 I
1st.year 07
- - - 2nd.year A
T 25 08
ia.; -------- 3rd.year 09
§ 20
£ y =0.652x -25.4
'; R?=0.680
§ 15 04
£ 0 /0
S| 02 2k
l’: ]
A
01\11
5

45 50 55 60 65 70 75 80 85
Month average humidity (%RH)

Fig. 4-5 Climograph

DOLFRBRDAERD 5 B #hlf %2 Table 4-412, & AMWi % Table 4-512777, ARG AL K2 H
Too Tk, 7o LR OBRN HEENYE T L CHER Lz &R S 2 Ao §HR R S & £
L7z. BT OIS IIH0.61 D 10K H2(K & 1571 H0.59D 13K FRT7IR, 35 X O AW 111£0.63D
LORHR & | IS TIER0.61 D 12K 3K, 5 K OUE TER0.59D 1A 61K236 7 H DL B U 72 >
ST=DT, EL &AM LU Tz ik L7,
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EE DRI A Fig. 4-6, Fig. 4-712~ 3, i, HAME b2 THEAMBEL, v=2T7 77
VYOG OKRME, REOWET, V=7 T I ORI & T, EOBRENIER &
725 TWDNIARBTEN . )53 Bk & FERDEN ST Th o 72, FIHIT- DTk 5k
D T2 D LRI IO X, #iF1X1.32~1.56, HAWIT1.58~237T, @is/Ikk
18I CEEEE Y/ N S 0

Table 4-4 Result of DOL test for bending

Level  0.69 0.62 0.59 Note

Time ratio temp humid Time ratio temp humid Time ratio temp humid Level: Stress level
No. day °C  %RH day °C %RH day °C  %RH Time: Time to failure
1 142 1.60 226 833 249 169 248 804 220 213 233 740 ratio: Ratio of final deformation to initial deformation
2 76 137 229 798 905 1.84 263 750 10.8 140 235 785 temp: Average every hour temperature during loading
3 01 113 216 907 645 171 269 728 198 131 118 59.0 humid: Average every hour relative humidity during
4 04 122 273 844 113 136 108 59.7 209 140 122 59.0 loading
5 37 137 278 794 209 138 122 590 740 163 234 708  Underscore means not to break down during loading.
6 24 129 291 732 130 175 168 622 179 1.66 183 644  Boldletters means maximum value in its group.
7 52 134 295 716 862 154 251 720 221 176 207 67.5 ltalic letters means minimum value in its group.
8 25 134 317 643 133 147 279 725 91.6 157 230 70.1  Thesearealso common in Table 3-3.
9 7.4 131 308 638 241 135 105 635 832 157 255 729
10 21 119 292 709 106 148 126 643 191 144 141 667
11 99 134 282 76.1 - - - - 241 138 105 63.5
12 - - - - - - - - 241 143 105 635
13 - - - - - - - - 215 133 98 638
Ave 50 132 108 1.56 152 1.54

Table 4-5 Result of DOL test for shear

Level  0.77 0.70 0.63 0.61 0.59

Time ratio temp humid Time ratio temp humid Time ratio temp humid Time ratio temp humid Time ratio temp humid
No. day °C %RH day °C %RH day °C %RH day °C %RH day °C_ %RH
1 00 118 248 730 22 213 21.6 875 305 295 259 776 60 219 285 758 151 3.00 167 62.5
2 16 1.69 238 842 0. 158 216 907 89 215 283 755 114 228 283 753 131 1.68 219 727
3 13 1.86 239 824 13 209 271 855 153 258 241 770 0.0 158 267 735 193 157 82 628
4 15 138 238 837 0.1 197 275 893 216 172 126 594 152 278 240 778 194 202 82 628
5 1.8 164 218 894 13 198 270 856 147 241 107 593 198 179 118 590 194 176 82 628
6 09 1.82 218 892 12 220 275 893 619 160 17.1 60.1 196 276 11.7 589 194 161 82 62.8
7 02 134 215 912 06 150 297 656 94 181 220 627 219 193 96 560 215 218 9.7 63.8
8 12 168 215 902 83 209 297 705 834 3.02 255 727 231 215 216 680 202 163 9.7 626
9 00 156 216 905 02 155 311 570 394 259 258 754 411 256 221 668 819 291 230 71.7
10 00 1.65 216 905 0.1 156 311 570 632 289 256 744 446 269 224 69.0 104 289 236 73.7
11 - - - - - - - - - - - - 980 254 261 753 167 326 23.0 743
12 - - - - - - - - - - - - 73 157 280 640 @ - - - -
Ave 09 1.8 1.54 1.86 67.5 237 726 224 155 223
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Fig. 4-7 Failure in DOL test of shear

- ff AR OO % R 2 SIS Db & OBIRICE T A EUREMRZ RS, BURELR L2
A EEHEREREFI SO Y DR 1 2 DOLIREL & L TR 7=, £ OFER % Fig. 4-8, Fig. 4-91Z7R
7, DOLERERIZ. #hiF230.517, HAWA30.520C, EEEILUEL TR 2R O RHIFHZ 5 2
LTV BED0.55 K 0 0% Flal - 7=,

1.0 X . 1.0 | I
1 1 1 1
0.9 | _ ' ' 0.9 }y=-0041x+0.812 | |
;2 g.c;zix+o.713 ! ! R2-0.612 ! :
0.8 | =0. ! ' 0.8 | i
~_ : : 0 ¢ O : :
1 1 1 1
07 f * v ! 0.7 el !
_ | "'L = | _ | 1
&es_ goe ¢ >
k9] k]
e s | Nsﬂ 2 05 | ! ~_0.520
e | | 9 1 1
® 0.4 ; ; @ 0.4 ; ;
:n | : 1
L 5 © "
03 14069 g g 0-3 £ 5
£ > 15 >
02 | =062 © 3 0.2 € 3
! : ©
0.1 f°®059 " " 0.1 ; ;
: ; | ‘
0.0 | | I | 0.0 I : .
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
Log Time to failure (minute) Log Time to failure (minute)
Fig. 4-8 Result DOL test for bending Fig. 4-9 Result DOL test for shear
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4-3-3 DO LEBROESR
O WIRIRT, ZRZPRFR

SRS OB TIX, BERSICEIRR & OETR O o7, 1ZE A CRBRIKIZO
WCHRIBETR ORM A BERT D 2 LIXTE o728, 2K0RBRAE (FF DI F1H0.69) T,
IR ELRSMET LA AN TE L, FlRRO L IChFIC<ENS L
DOTIE/AR L, HITEZEP D FIEXOIATFAFERB 2, ZOFEORBAIELTAY XY
BFOLHITRY, BAPEATHETTholz, TobABRIZIB W CHtERI 72 b A3 i
ITUBEICE S =RV — T OREE T EE2 b5, ZO/RF/RFHFIX, DLP/SR LD
TITREMRL T TP EOEENOTHRICLYHBNTZY, KEPSEELZVTEEESE
2B, ZV—TWBEIIELXA—TD—D2LEZBND,

W= DT DRIERF O 72 oA O HEIT, %7 L bR OR W H DR KENVGRT
72, ZRZ V=T DOREBIBETHETOI Y —NREVELRY KEL, HKNE
X T2.13, HAWTT326TH -7, T ODOLMER &AM THEL TWS DT, =k
U—7LBOERITY = 7OERRKENEBZbND, HTRBROGEIIEANRR LY
b AWIETERK S DEIE N DIz, FROMITHMTREAWNE Y /S RTINS L
EZHND,

@ mE. EECBIREE

FRER DI D 2FE~ 2T RO, BB S L AW TRES B2 | RBFERICIED
SEMMI, EEEE AN OBER ) —F BT HEROWDEE 0T i kG
FERNC BN H D EEBEZ OND, FISHLD 5 B 6 ALL ERiEikeE LBk S 28
Ty HHORFERR DN T AT 351T 2 EH O F 72133 5 | AR & o
Rz 7wy b LA BAK ZFig. 4-1012~7, (¢ #fiiF ois ) EiE 0.61, 059, EAMIDIRT)
H130.63, 0.61, 0.59TH %)

° Bending_0.62 . Bending_0.62
o Bending_0.59 V=‘9-328X+755 O  Bending_0.59
= Shear_0.59 R?=0.745 =  Shear_0.59
250 O  Shear_0.63 250 @ O  Shear_0.63
= o Shear 061 = \ 8§ | o shearo6l
© Group Bending g - Group Bending
2200 == == Group Shear 2200 [ 1] o) «= «= Group Shear |
2 2 N 0
= = ~ u
8150 8150 E "
e | y=-10.6x+332 2 y=6.64x4543 e
[J] 2_ ] 2 o
g 100 R°=0.681 g 100 } R?*=0.420 o ~ n 9
= g = N
L ] D ® \..
50 E\ 50 PSR
< '.O o
o B o I LN =
5 10 15 20 25 30 35 40 50 55 60 65 70 75 80 85
Average Temperature during loading ("C) Average Humidity during loading (%RH)
A: Versus Temperature B: Versus Humidity

Fig. 4-10 Time to failure and test environment

Fig. 4-10A1Z T, JEE L AR, P B L O AN E LIRVFEEAH VY . RYETIZZR
Z10.68, 0.56 Th o7, F£7=. Fig. 4-10B TR & AERF I OFEEIIZ DWW T, Bl IXiRn - 72
B, HAMO 7 N —T1355< . ZFREN0T5, 04372572, #hiF, AW %250 7R BREREE &
AR OBATXIEL, IBEOHTNE L EF-THRZ D,
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Fig. 4-1112 7 = 7 OHEE B /K L IERFE OHAT X Z . Fig. 4-121ZFHHREL & B KR OHEE
JBIEZ R d (MEEEKRITERBREID 5 B2ARENE SN TWD), nEAD2R0N, #
fiif DG 7K & IEIRF R O BIGR DA BIEE VY, E7KSRITTRFH KR E DRI K DR DT,
EH D NERFICE BN D0 ESZE, BEL VWS XVIEEKETHLEBEXDH, I
DGR Z LS & Fig 4-10BCHJE & RN o 72 & LT, D IR 5
W Bz 7= L IXEA T & 2V, Fig. 4-10BOEWAHBIIX, Fig. 4-50 X 9 (CIREE & B 1258\ E
B3 d 5 Z & & o TFig. 4-10ADMHMICEB L7 b D & B X b b,

AR CIX, AP TIRIE AR £ 72 13RSI OBREN 2o 7o T2, {BEOKBORLE
IR E 2R o 7oy IREDER ERRICEERNH D Z L AR LT,

350 ¢ 14 -~
° Bending_0.62
y=-74.2x+954 o  Bending_0.59 —&—yearl
300 R?=0.133 = Shear 0.63 13 | --= - year2 [End| 15 11 L0408
O  Shear_0.61 = | L e .. 07
= o Shear_0.59 R ke year 3 a0
3250 ® O Group Bending g 1 | L4 - ‘;;.bg"’ 09
‘é o} = = Group Shear = v =0.104x + 4.23 0 l./ 10 l/f)7
2200 & R? = 0.47 : a7
e : 01 1 O iuins 08
2 ® , - 1706
o° y=9.53x+8.12 s - —_—_—ﬂ___,l_lk—ﬂ 06 06
£ R2=0.009 ; §10 -7 04 06
=100 o =- s "0 ¢ 03
9
50 02
H = \
. o . O . | ] . o 12 !
8 9 10 11 12 13 14 45 50 55 60 65 70 75 80
Average moisture content during loading (%) Month average humidity (%RH)
Fig. 4-11 Time to failure and MC Fig. 4-12 MC-Humid hysteresis curve

D O L%k

S0 ODOLARE I, HiiF s KO Al & b EHHED0.55 L /ha <, 05287257, i
(FDOLEER L, 2 THEAMTHEL TV, i TENL TRV 2t iFICHT 25D
DOLREITRE TE o722 LT D, 12712 L, WO T OIS HESmITIZEALE T
TUUNEBL TR, SO REYEL U=t AW EERE O Bl TG 71 25.2 MPa (Table 4-3)
X, ERELIEVELL D RS ) BREE A B O Sl O FEERRE33 MPa LD b/hSWnWZ bl
DOLMAE & HHHHE L W /NS VWD TR EMTHD L EZX D,

@ BABXBORZOFE

BER AR T, d BRI AW L7 fE R CAMKHEOR S 2T A —4
— & LR AUWRENE D Z LD, HAMKMORE ST E8d 5 (K SRR
HD) TENHEREINTND, ZORIHRIIE S LOBREBEBICEMI L, ESkicx LT
0252 FEOBMERNH o 7=, EHWREICL DEAM K LT, FAWTRE 2K 5 %5k &
L@ DB EI N,

—0.252

Length factor L
& K=(5) (Lo=770)  (4-1)

(in case of concentrated load)

where:

Ki Length effect factor in case of concentrated load
L Shear zone length by concentrated load

Lo Standard length for length effect as 770 mm
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HITRBAOR SNREVDIMELEL . 77V POBEICLENRR NS D0, #if
DODOLRAER TA T OMBRARS AW CTHIEE L T\ 5, HEHERER (1P-28-16 #BRA) (2B1T D
B K AT EE OO R4 A& FEMEIC . DOL #kBR 0D 2P-28-40 DR # D kb Fig. 4-13127 0 v b LIE
L7,

1.0
| |
| |
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0.8 : :
Q | |
0.7 3 =SSR ;
|
@ 0.6 !
w05 S s
7 !
[ |
& 04 - Q.449 |
| |
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Fig. 4-13 Result of DOL test scaled by short-term shear capacity

Fig. 4-13 £ 0 HEE &40 5 504E 1% D1 A WR L O FHFAREK L, 1P-28-15530.52, 2P-28-407530.449
Tholz, ZTOMEROES (L) 2B 2EMEAMTREOR (r,) ZY#ho, KELRD
RBREOES (Ly) T 28R BREOES (L) OLEXEIZIY | W AWRE & AKX
MOEXOBEGEEFig 414271 v b LTz, £, BHRBROK R S OMER L OZ OEFHR
Hrey b L7, EER X (770mm) 12351) 5 5000% OHEEE AUWHRE (fiso) 13, DOLFER
DI1P-28-150F 11w k&K@ 5 241 MPa L3REV . £ SHISH L T-0.252 FofRIE
2P-28-40D 7' 1 v NI o7, BEROEHIRR O | R IR L 9 REEAEN T F AREE
E, AW L TEIGEBED EEZ 06N, TIUIEIIB O THRIBREIZHEN S
LHEEBEZBND,

6
-
5 . | y =4.6686x0-252
R
! . M \ R2=0.6313
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4 TH.. 3
....... |
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Lo Length Effect of short term
* DOL test data
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Fig. 4-14 Relation between shear strength and length ratio

-63 -



4-4 V-7 Bk

4-4-1 JV-THERER
2TO7 ) —7 BRI, B TRO B AR T, RECHESIICHEERERITRD S
Niginodz, BHRIERO Tz, AMEIMOHEEZKE, RBREOIRERE OHER 4 Fig. 4-15
VR, RBRIF20174E12H TR T T 5 TE CTh o 72y, HAKRBRIKL & CHMOAREE N H
Slle, WM AR U C3RAZIBMEM Lz, 7220183 H FAI~4H 12T TIEED =D
T A RERD D,
EBRFEIZ, Uz T H93%~16.5% CFEI12.7%), 77 2T 139%~11.6% (F-110.1%) THE
Blic, 770 VLT 5L T 27 DEKRFEELEDREN, BRESCAHRORETERKEE
IERREWVEFBN DO0NHY | 77 7 HICHEEHR CTRT, ZORIETMSY UV —7 LB b
LEBMPHER CTE D, HAMOTZ DAL, T O7bHlhftE D HIXHOE N RKEVE
M3 ®H 5,
4-4-2 JV-THBROIIT
7 ) =70 FERNIT, 7V —TEREHBMORIMAR T 82T, Wixt#s 7 7 LT
HARIE 63 2 RIPEAR T 28 & R e ] O [Ba ELRR TR Al (R4-2) &0 7V —7
I R O~ & I TE T NT [ (X@-3) 285 5, XE-)TERTERASH TV S,

logio K = e+ f-logipt (4-2)
Ky = 80/6¢
where:
Kt : Stiffness rate to initial stiffness "t" minute after loading
6o: Initial deflection of the beam
Ot : Deflection of the beam at "t" minute after loading
e: Constant as intercept of regression line
f: Constant as slope of regression line
5. = AtV (4-3)
where:
Oc: Creep deflection of the beam
t: time (day)

A, N: Constant value
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)& KTy, BBREO 7 2y MIEREZSR LT, 14, 57, 1047, 10043, 50077,
Z O%24MEE L Li-, SEERAICEE7 ey h2AVEIR L, RU—QITIEY U —7%
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E
E s 25 [
g 2.0 2.0
a
215 15
g
L0 Mean —Cr BO1 —Cr B02 10§ Mean —Cr BO1 —Cr B02
Cr_B03 ——Cr_B04 Cr_B05 Cr_B03 ——Cr_B04 Cr_BO05
05 |——— —CrBO6 —Cr BO7 —CrB08 - 05 | —— —Cr_BO6 —Cr_BO7 —Cr_BO8 —
—Cr_B09 —Cr_B10 —Cr_B09 —Cr_B10
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Time (day) Time (day)
A: Logarithmic time law B: Power law
Fig. 4-16 Time deflection curve for bending and creep function
Table 4-6 Result of Bending creep test
Log t law : Equation (2) Power law : Equation (3)
Symbol Ocimin e f K50y Oc10min A N Cr50y
Cr_B01 10.52 0.018 -0.028 0.649 10.64 0.170 0.177 1.091
Cr_B02 10.31 0.029 -0.027 0.679 10.44 0.192 0.108 1.053
Cr_BO03 10.31 0.029 -0.028 0.663 10.46 0.228 0.081 1.048
Cr_B04 11.17 0.035 -0.026 0.692 11.10 0.185 0.095 1.042
Cr_BO05 11.59 0.054 -0.030 0.673 11.68 0.109 0.200 1.066
Cr_B06 10.63 0.068 -0.032 0.677 10.75 0.103 0.198 1.067
Cr_B07 10.78 0.026 -0.024 0.702 10.99 0.114 0.187 1.065
Cr_B08 10.83 0.019 -0.026 0.665 11.00 0.129 0.182 1.069
Cr_B09 10.49 0.031 -0.027 0.681 10.69 0.108 0.223 1.090
Cr_B10 10.81 0.019 -0.026 0.667 10.97 0.104 0.223 1.085
Average 10.74 0.033 -0.027 0.675 10.87 0.144 0.167 1.068
650/ 1.48 2.07

Legend) Ocimin: Creep deflection at 1 minute after loading
Sc1omin : Creep deflection at 10 minute after loading
Ksoy:  Estimated stiffness rate to initial in 50 years
Cpsoy:  Estimated relative creep rate in 50 years
650/6i: Estimated creep deflection rate in 50 years

These are also common in
Table 4-7. ‘
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Fig. 4-17 Time deflection curve for shear and creep function
Table 4-7 Result of shear creep test
Log t law : Equation 1 Power law : Equation 2
Symbol S1min e f Ksoy Oc10min A N Crsoy
Cr_S01 2.55 0.037 -0.029 0.671 2.57 0.089 0.339 1.959
Cr_S02 2.53 0.051 -0.036 0.607 2.57 0.113 0.308 1.942
Cr_S03 2.39 0.039 -0.022 0.748 2.42 0.046 0.358 1.630
Cr_S04 2.35 0.063 -0.033 0.657 2.38 0.053 0.418 2.350
Cr_S05 2.18 0.026 -0.029 0.646 222 0.139 0.229 1.591
Cr_S06 2.30 0.018 -0.018 0.761 2.32 0.083 0.218 1.305
Cr_S07 2.29 0.027 -0.023 0.723 2.30 0.126 0.132 1.200
Cr_S08 2.28 0.071 -0.054 0.466 2.30 0.390 0.106 1.481
Cr_S09 2.00 0.102 -0.051 0.531 2.02 0.159 0.252 1.936
Cr_S10 2.07 0.096 -0.044 0.593 2.07 0.057 0.429 2.864
Average 2.29 0.053 -0.034 0.640 2.32 0.126 0.279 1.826
650/6i 1.56 2.83

SOERI DT EMGEZ L D 7 U — 1R (850/8) 1. BRI O 3A 1T 71.48, AW

1.56T, XU —HIOEAITNITF2.07, B AW2.83T, /XU —HIIZ K A {EDN BRI R & U
g & AWOBRTIZ, MR TEABOMEIKE W,

4-6, Table 4-7),

4-4-3 JV-OHEODER

© HFERABTOLLE

(Table

H AWM 7 ) — T BN (Fig. 4-17) O g O, [FRHFR O ALY, #iF o dhif (Fig. 4-16)
LHRD LT LDENKRENDNI D, FIRFHNZEER 217 o 72 5UBR IR 0 dh BRI 17 2341 -
TWAHZ EnD, FHBORBEOE LD AN ) =TT 4727 V=7 (MSZ V—7) ik
FOEBRNERTHD EEZX D,

@ *NIY-T74IT99-T (MSHI-T) ©

=250

=

B2 BELZH FTOMSZ V—70OR#ME LT, #ilEE LTUTOZERFILNT WD

13)14)

A) WO TR 2 mE /KR T, WRRRETL 2 V=708 1735,
1) T ORBERERE THEIT L, WIREE THIRICEIE S 5,
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T 7 DT IFNEIMMT, 7T UWiEOEAS mmE AR THENZ L WiE NER~D
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U—TORBERELSZITTWEEEZD (RO~

Fig. 4-1502016/10/23f35 T, HE2175 O R CT20 M EEE CIRE0390% %1, V78
KEIL12%D 5 16.5%IZHM L7z, Cr_BO7~10 (#fmi#%43 H Fig. 4-15%F) Tidk, Wimi
TR EITHEICRE <, BRRETHL 7 V—7H#IT L (ERRoA ., ), ihif T
NREVOIE, BEEHEANE S BRI RKE WO 7 7 o P TEERE TICR S MNEE

TR KA EEZ NS (£, R), ZOUAKICHDEKE LR TOREDLLOEE) L
/NS (), F2, Cr BO5E06 (488 H) <o, HAMWDOCr S03L04 (Hfmitks54H)
WCHBITRO HNDH M, AT DALV, ZALIEREOR IR, U 7 Him
DINSNWZETRERZD (EFRRDoN, ~), KRBROZNS0BLE, ERomil: %715,

® Y)-TxE

F. WY OSHEIC OV TRTTT 5, —RIC XU —HIE, ZBEHL 7Y —T DR
7U~7K@%éﬁf7U—fﬁﬁ%%ﬂ#éi&f%éoﬁ%%%ih&ﬁfﬁﬂ%ﬁﬁ%
WAL, #HELy AURED 7 U — 7 b & R % KD 29, ok, Mo
9% 57 FF 0 OBLANE 2 [217 32 OIZHW L5 FIEOT, EyringfhE 2 R 9 ERE2 G5
MM T AN OHE SN DR TH H DY, XU —HNEE RTINS H5 e 5 I e i R
BIZEEGHERRWE LD,

FATHIIER WS DOIE3~57 A Th 573, EARITSEM THEM L=, B EWZH, K
IV =T BNESEVRBLTRNEDORD -T2, & LITEABO T —HITIE, BEUFHRS—
W V=TGR 7 v b THb0RH -7 (Fig.4-17), XU —HIT#EYIC7 Y
—71RE (850/6) HRODHIZIE, LV EWHIBAHIELWEBZHND,

SIEIFRRNC L5 27 U — 7125 (850/68) 13HRITA31.48, B AWIAR1.56TH - 72, RBRIK T
B CZDPIERE R = 7R =7 L 750V L OFEATICIE. #M OHEIINERLHEESS
NEENR SN2 hotz, TIWHIEIMSY U —7%EGATMETH H D0, —RI7e ALK
MEFSRET, ERAMRELE o7,

@ HU-TREICLZDU-TIREDHETE

Xt 7 U =713 DI T1IENICH > TE—ElEEZ & 5 2 ENMBATNDY, 195K
WIEE Ot D 7 ) =7 B %47V, —ERFEO 7 U — 7B a L, 7V —
T OMENEIT D8N ERD D ZLIck v, 7 V=T IREAHET T 5 HiEERELT
WD, TR AR DITIER R FRES . AXFOLVLAR E T OFIEIC L 5B A T L,
7 U —TBREEMNS50~T0%IZ8H D LA L TNDHS),
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Fig. 4-18 Relation between creep function and stress level

® TARCHITZEEAEREDLLE
KR D 1 HFEEOSBRAHE W2 T BRZOEAMIZEK T 5 EHMREZBEFE O L Y

SIAL Tl L7z

(Table 4-8),

[ TR OE AW BT 2 RIIPEREOWFFEIT D 7S Kl

ST T~V OERE L OILKEOSBE 7 = I HWE T TR CTHARODOLRE R & 7 1) —

TR 2 R LT H 2,

Table 4-8 Specification of small specimen for creep test

Specificaiton DOL . .
. o Creep factor Ambient temp
ype and spiecies factor . source
- humid
Web Flange shear bending shear
DLP LVL (JL) 0.52 1.48 1.56 .
without control

PW (JL) FJ (TF) 1.20~1.26 1.99 2)
PW (JL) FI (TF) 0.689 2.21 constant 3)

OSB FJ (TF) 0.678 1.94 constant 3)

Spiecies ; "JL" means Japanese larch, "TF" means Todo fir.
Type "PW" means plywood, "FJ" means finger jointed sawn timber.

Ambient ; Ambient temperture and humidity

* Estimated value by Log time law

BHRLOSBY = 7 CTODOLMREDIZ0.68Fi#% T, Zb &2 EDLPY = 7 Cl30.52 & /)
SV, BT TV L OBEESHMNINEL TS EZAF@mL TV, [HOEWT,
HEREREE DEWL, DLPOB AL T T o P L DESMAREHGE THDH Z LR ERERE LT

FEZAbND,

EIRLOSBY = 7 TORAM 7 U — 7 REDD 131.945025221T, BT 27 U —7DfEIZ1.20
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ARMHAE T 6] Ok B3R CHERR ST CL B AW A, ol ) TR S D, A IPOSB
DFBOBERLA b T > Rid, RESHRE I8 S HEICER S, BB IEARM O
HEAHE T A6k L Ca5° 5 NI & ZAMDLPE eV | 7 U —TRBEDOENT R > TN DA
HEMERH 5,
® /INHERFT(CLBO—TEHER

AR DB LR AL T H 72, DLPOZ ) (ST) EEEH G (PW), OSB O/NkBi i %
o T, EMEB L OBIIED Y U —T 3B 21T > 72, OSB EPWIZ D\ CIE, F i OfkHE ST M) (0°
J51a)) CONT) & Rk S et L4Se oA EETHI Y L 723K TN 247 - 7=, I,
TERMEEEREE T30 & L. 7 U — 7 ERITRBRE R RO EICHE > 72 OT AT — 2 &)
e U7z, sRBRIAGE T % Table 4-912, N DO#E T % Fig. 4-1912787,

ZOT—Z ORI TS0FED 7 ) — TR A R T, K — 7 V) — 7B O BR i
A& Fig. 42012, 7 U —71R%% Table 4-1012, F#Z % Fig. 42112~ 7,

Table 4-9 Result of creep test for small specimen

Symbol Type Section (mm) Spiecies
ST 00 Sawn Timber 9 x 55 J. ceadar
OSB_00 OSB 10.5 x 55 Aspen
PW_00 Plywood 5ply 12 x 55 J.larch and J.ceadar
OSB_45 OSB 10.5 x 55 Aspen
PW 45 Plywood Sply 12 x 55 J.larch and J.ceadar
Notes) "00" and "45" mean loading angle to surface grain.

OSB was cut out from I-joist product made in US.

Soft paper for stabilizing
load value

Pan head

Specimen—————

Strain gauge

Tensile creep test Compression creep test
Fig. 4-19 Creep test setup

-70 -



1.4E-01 1.4E-01

1.2E-01 —— 1.2E-01 —
1.0E-01 1.0E-01
¢ s0e02 % 8.0E-02
/) = | e
% 6.0E-02 &jﬁ’: 57 00 % 6.0E-02 —//’ -~ — stoo
§ 4.0E-02 ———0SB_00 § 4.0E-02 / g ——0SB_00
& st PW12_00 & = PW12_00
2.0E-02 e anntl 0sB_45 2.0E-02 — el 0s8_45
——PW12_45 —PW12_45
0.0E+00 0.0E+00
q 500 1,000 1,500 2,000 2,500 3,000 500 1,000 1,500 2,000 2,500 3,000
-2.0E-02 -2.0E-02
Time (second) Time (second)
Tensile creep Compression creep
Fig. 4-20 Time - Creep curve
OSB°PWD45° 5 M D FEMERIL, £ D0 MK D &/hE < PWILZE DM PAFFITTRY Y,
V — 7 RBIF0° 517 TiE, STA31.13 T, PWEOSBIZZ L L W HE T K&V, 45°J71H1 Tk, OSB
EPWOD 7 U — 71750 1.41 £ 1.49T, STOOHMITxET 5 HeH#1E1.21~1.28 £ 72 5, Table 4-8
DE T ROFE AW 7 U — 7125 TlE, DLPIZKT 2 HE3IZ0SBAY1.24, PWT1414&720
ANERER R ORISR ERI LT, V2 THMOEWCL S bDEEZ BN,
Table 4-10 Comparison to other material on long-term property
Type ST 00 OSB_00 PW_00 OSB_45 PW 45
MoE (MPa) 8714 4965 5417 3656 2122
Tensile Cisoy 1.13 1.26 1.27 1.30 1.63
Creep Compression Cesoy 1.19 1.34 1.14 1.51 1.35
property Average 1.16 1.30 1.21 1.41 1.49
Ratio 1.00 1.12 1.04 1.21 1.28

Notes) All creep tests were conducted in constant temperature and humidity condition and kept loading for 30 minutes.
Ctsoy : Tension creep property in 50 years
Cesoy - Compression creep property in 50 years
Creep property were estimated value by Log time law.
MOoE is average value obtained from initial deformation of compression and tension creep tests.
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3
< Q5417 s
£14 O 4965 5000<
g ‘S
813 40005
a 3656
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Type

Fig. 4-21 Comparison of creep property
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4-5 EEHAEN

4-5-1 HEIEE - HIERE
DOLDOFRERAE R 2B E L, 3 T THE L7 YEM R (Table 3 6)I2 DWW TR L7z, 50
EODOLIRHEIF0.52 & R FE o723, FAEM BRI R U 2 RSO ORHE — Iy
1173, 23T 550, FAtE~OHEERN LNt E R, T TIETROLEBED FIR
B, AR 5 DOLIREL0.5512%F 3 24 [ TR ODOLMSRE D2 3 U T, HEIEME
AR LTz, £/, 7V —TRBROBREBR L, 7V —TRHE1S5EEDZ, Znb
% Table 4-11127~:F,

Table 4-11 Material property for design

Symbol Fp (MPa) Fs (MPa) E (GPa) G (MPa) Cep
H283 21.5 39
12 900 1.5
H308 19.9 3.4
Legend) F»' Bending strength of material Fs: Shear strength of material
E : MoE of flange G- Shear modulus

Ccr: Creep property for fifty years. This is common to both of bending and shear.

2 HIE8RHE
i Ck 7= X oo, HEMBIRE 2K L 7= T, Bl I OEHICE U A% 50T %
AP ERIREIC2 D . FHFRIGTEILTable 4-120 L H IR EN 5,

4-5

Table 4-12 Allowable stress for design

Long term Short term
Bending Shear Bending Shear
1.1F, 1.1F; 2F, 2F;
3 3 3 3

4-5-3 ERHODEb#ETR
I ) —T R ER LI-TmbAiL, Table4- 11 R THEMERE 2 W -T2, 7V —7 %%k
Crsoy#E UTHEL, UTDOXHIcEREND,

8 50y = Sinstant * Cep (4-4)
where:
650y = Creep deflection of the beam 50 years after
6 instant : The elastic initial deflection calculated based on Table 4-11.
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4-6 FtH
1)

~)

F)

DOLFREUTHIS, AW & $0.528 72 o7, 7272 LEFICRE L Cid, iEERFs L U'DOL
AR & HICEAWIE L Tk Y . EODOLREITHIE CE 2ho T,
ARBRBRET & AR O BALR T, dlinr 1 i v D SRR B /K SR & R IRE R D BEAR 1T I 3AH B 28 S
HIT ., BKEOMIEREFI T 2 HEIIMERR CE R0 o 723, il W iR & ik
HERICIZAORWHBER & 5 72,

BHOEPREICIDEAM K LT, BANKBOESNMACHETLZ & (B
SEH) B, BHEM THEND Z LMl L, BB TR IR ST L T-
0.252 FEDOBRIL, DOLRAERD2 2D 1y MIHER ST, K IFBERD L ) IeEgil 7
ZRMEE L, FAMICH L TRIRDE L LB b, THUTEMN _;tou\fwﬁlﬂiﬁ
ERBEICHENRDH D LB DND,

SHEEEERFANC LB 7 U — 7425k (850/6) (ZHITF231.48, HAWIAN1.56TH 72, Bk
TRHZZORIFER D =700 27 L 77 0¥ L OBATICI, i oI ERCH
EOTNEENR LN -T2, ZHHIEIMSZ V=T %G TMETHLH D5, — ka7
AL & RIEFRE & 7 o 72,

7 ) —TRBRCTHRAE LRI REWEROETIZ, MSY UV —T7H% T, BEEOMR L —
LB o7, U 7 BHEAEN O BRI AR CIIMSER SR Z 0 v &
Ezbhbd,

IS E 7 ) —TEBOBEN LA U — T REEZHEET D HFIEEAEANOR
RO R CRIT L, AW Z U —T7IREITIG S E0.52750.58(FTIc 8 5 L HE
Sz,

AWFED 13 & BEEMRIC X DA RC0SBE W2 I TBROFAKD 7 U — 7175,
BILOSHEOEIFM 27 ) — 7R R 2 il Uz, AR V—71%, 7 = 7H D450
FHID 7 ) —TREIEFE L T D LB 2 B, DLPE W T EROEAW 7 U —7
IZOSBR A E H Wb DL D /NS oz,

— XA AR L RRRICERGHE R D K o2, REIFFRICHEZRD 5 & T 2 KU
MEHBREE I3 U 5185021137 5728, 3B TIRE LIoAR [ JEROMBHEHERE 4 Fiz
KLz, F27V—7F5%L, FEROEAWE HIZISE LTRE L,
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5-1 FES (BRED)

5-1-1 BIFDiiiERE
B L7o 1 R & el TIRIE AT 501, ikl Tk & BLRtE O @ Wi T ER S %
E AR LTV, RIS, TERERL TIE CITR R O STIX R AIVER T 0 (Fig.
5-1(@)Y) DA< HWOLNTEY, @Mt oA IF2 A Y v MUOFHALIR FY 7 v &
» (Fig. 5-1(b) 2 ) NE&LfEbnTW5D,

7]

/ i REMTEY Girder beam
. Y : BH-135
KA ragisy Joist Beam hanger
Dovetail connection e
HANITIT S
Girder be Floor beam ; ~/ {
B + R+ K e
| REZ AR 5 o
= - './ HRZEH Floor beam
(a) Conventional dovetail connection (b) Metal beam hanger 2

Fig. 5-1 Beam end connection for post and beam structure

RAFUEAE A 72 EOTERAE D O RV RIE, @O HEN D22 < Ji LRICALE DS B B
WCREY | BIEFEIRB DD L TH D, —H., HMOGWREIWHRKBIZH2RY . I
D EVIC L > TIROFEZWERE S 12U FIZ72 5 Z & 6B L < W, Bk K8 & i /0
R LCAREILER 72008, WhWwAEMTIETHASFIRKE RV FLRY 7 hEZ W0
TISIBEEIT ), AT AY v MINT RNV ML ERERMTIZRY . KM T.o4
THERKN D, 72720, @Y T OFELEMOEHREITIERED LY 20T, [
BIZE->TEaRr T v 72D,

I BRI ALK OPEHAEE TIE DR/ NBFICE DI THE L TE e, 1 BROBESH THE
I HbNDY aA A b =BG E TR,

MIU with Correct
PAN Installation

Fig. 5-2 Typical I-Beam hanger®

PEAABE TIE DS A FEARICHRB R OEEIL, BE LIS H 2507 & RITIR K Z Rt CH
ETHDT, VaA AN HT—2HND01%, BENRES R TZITLETORTHL, LT
FEOHRED EHOKRT, RO FMNPEDLLHER, Wik EREOEVIZY a A A My
= fEbh b,

BEE OBIRN S, WL TIE T IBREME S L X ICR FIC T BREREL Z L3k, B0
METZT D LD, TRTOEREBRKEZY a4 A M H—TZITF5H &, MR L
DHEL DEMEMEITDZ LD, ROV a A A by A—3il# Tk & B2
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VR E LT, RKE S R ONEIEEPRKERIZH YD . BRRKOFNWOREIZLYZ TR E
U CEENAE LD Z LIH 5, ITFEL TIETHO LN DB K2 LOKMOSE . R
DEEZETRE Y ORI & 722, Sl TIHEITR BMA N ToRES L 5250 7T, ZEEAH
TOBGEITHERIAE TIZ< WY,

I TEROHE BT OWT FFITREEE L TOBEGIZET 2O &
FEFREZIT o 72, & OFEHE % Table 5-112 /87,

BIEE DN TV DRI DORZ M ET-1TY a4 2 b H—OEHEIL, 19004E/T# (28
BRCTIREINTVWD Z NG5, SELLTND LD LIFERUEO L DIX, 1969412
IFERENTWD, FHASIRE RV 7 FEUIC K D5 2 1%, 1956412 NemaholZ X 0 & L
TW5, ZORBIRJESTTHI, AROOWIZEIL OISR M5l & FE b5
£ 91272 5T T, D (Dovetail) OB X HFIZETWD, 22V v NORZIT&WIX, H
AROBEEIZEVI9BFIZERLZINTEY . ZO%ROEMM TIECK T 280 TIEOFRE L 725,

1 ZHE UTiE, 19814EIZTschan ¥ e DY a A A bV H—ICHiE AWIZHLTE 5
X2z, MEORICEFEROEEZMLTIBR T 77 0 PE2EETELLICLIEbDRH
%, TroutneriZ X 519894 DIREIL, Z T RICWMV T2ty Nae 1RO T =T DH
THEATELLHITRLTVS, ZHUTEY T BEOEWZLLTEWEHR GBI+ 5 2
LEIH- TN B,

Pz T EemE. REFTEONE CTZEDOSREMELZ IFT DI ENDIEE > T, EMPEREL
MOHIRIZZED Y | W AW LRI CE 2N b -7, 1 REZEHOSMIE, ML
WEZ B E LT b O < BERITE LW b DA 7220, 19894ED0'Sullivaniz L5 7 =
T TEATI LD, YFECHLHBMICIZIS ~T-BEEHFETH DL, RELE LTEIHEHR
Wb EZD,

ul

MEERD -9,

Table 5-1 Past technology history about wooden beam hanger based on Patents

HIRE B 213 B A B ES e

Rk

1894-08-14 BRERET 1B D FUAE DI SR IE (2 LY
CA46853A I LU= 25208, 20 7)—h 0
Goetz Henry August FFICHO T LA REL TWD,
1896-09-22 e - BRERETITMER ORI AT dh i F I TL T
CAS3572A Yoo i° (RSN e, S MO R Eiic
Bohm Edward F B A ASE TR EICEPTT 2,

Gregg Vincent E

1902-05-10 BRELBL DRI TEEL (R R) Z4THHL, #79
US717316A i < EEEY Ry bk LT Bz 4
Avery Henry W W,
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Lanz John

(7873 XY g /N N ot et T Ny
R ZFD | MG B I ELIAD
LRZFEM, 7T A 2— HOLER T
T AMOBIZBOTITHZ LB TED,

1956-11-20
GB819601A
Nemaho N V

FRASIREY s (Wb R 7 ek
LROME T, AR ERVZ I DI
AL,

1969-12-11
US3601428A
Gilb Tyrell T

Pk BE TIEHORANZT & T, @ik
FIHRNTURETERRL L CTEY, D MEAR
M BIALZ LT, HAM N DIRENT
EHTLEE ML TN,

1981-06-08
US4411548A
Tschan J Donald

B0 G T AW C ., Jeo i 5T W7 1156t
LT, IR TERINTMAILEN TN,

1983-05-25
TPA_1984217850
B B

13

ADFIRORERY 7 M AN LD 32T
&9,

1989-06-05
US4893961A
O'Sullivan Kevin B
Troutner Arthur L

ERDOY =7 DH%EAF T AW &5
LAy MUEE S H, TEROEE
WALV, D=7 TRETDHIET,
MR A 2 I E LS AT RE
THD,

1989-05-03
US5062733A
Cholid Yanbo
Theordorsen Trygve
Wilhelmi Jurgen

F1y NTIEH & MR Ui A SRR & RY
T AERICLDRZ T,

BB ROEIRV T N DB AT
HTET, BOM LEEGIZURBE, Hi
ABHCHIRPICE BB L 25TV,
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5-1-2 RRIBZSE
R TYEIBAMED W T TBR O ZRET 5 LT fERMEADRWREZBHZR DR
L ZTROMHREE/NS T2 LML Lis, BIDRZOMBRT, Mmooz
BETIZMNENES | BEODO LD B EHFEHRIIAEL Lz, 77 4 AROD = 7 % Ff
S VB TR N LI Lo T, Biflilsr v 2y NEERE T, SREOW KIS
REETEMEEA & L, MEROEIEL LTI RICRANWNTZiiT 2 & & Uiz, $E0)
%% Fig. 5-31278 7,

Fig. 5-3 Proposed method for end joint of the I-beam

BEOHIEX. ROy R L— e 286W%E 1 TBRY = 7 OWEICTOESG L TRBE,
My F IR ETROICOW LI L7 7 0 P OREZITRICKRANL, = 7 L— bk eZF
REGTETIIEATHEAGESELIHDOTH D, KA LV AKE, BEOERD LD, =
Y R L= M XV EE MO AR ICEITT 5,

B OERIZR D D%, RO s (DLP) &> K7 L— hamoOEATH DL, Bh
DEFM BT E D72 T D70, FANTL—  OFEERNDLZ L Lz, RIFET
X, RA VT L— hEDLPO#ES &, THERWE T RROBEAIZE L TR AT,
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5-1-3
®

@

EE an

W

BRABO HAIZ, DLPO 7 X M et T2 %A L7 L— FOJNEDAFEIZ LY |
FFHIEREOME TR SICBE WD D DN E R T H L ThD, FA VT L— FERIEL,
FANT L— bk EDLPOEA I E AW % 5 2 2 BEERABRIC OV THRET 5,
HERAGETT

A NT L— MEGE O HEINAE AWERER O BRIt 4 Table 5-21277 9", DLPOZEF I, it
TIREIZHVDDLP (ref.: 2-1-1) 706 7 X FRAHO FULEETEIW L, Fig. 5-41ZR T Z KO
A E2HEERORBRIKE LT, XA VT L— MO EFig. 5-612 " T %A L7 L— FDJND
JEIR % Fig. 5-6128%, #UE1.2 mmTNE 4.8 mmdD D (LLFENP-1 £ FES) . JE0.8 mm TN
FX82mmd b D (LIFENP-2) ##fEL7-, NP-1ENP-21EE & IZiERHiEN A ~ XK SGHC
T, 7L 2R E TIRICERZFTHH Lz, #RODIZ L CORNOAHE L FATIZLIZH D
ZType RE L, 45 IZL7=H D% Type DEMES, UL DT ERK L., ZODOMIEIXType RE
Type DCHER[E U T, W& OFELE IENP-1 E NP2 Tl & L7z, NP-1DOJNEE &734.8 mm T
S8 FE 190 T, NP2 /N X 138.2 mm CHEli O 1360/ & L 7=,

DLPH&FZEROMMANZFE CEADAM ZIRAMRE LTREFMICES, £x 2 XA VT L —
FCHEMASEE L (Fig. 5-14), FA VT L— R & HALENS RS L, DLPO T 2
AETFICETHD, FANT L — hE2IIDLPA E < [ & 290/ [mlfiz X &% Z & ¢, DLP
FITEINOMELIEZ DT LN TE DL, RBRIKODLPEH L XA LT L — FDFAEDE,
ISR ETNT T I T HEE & ORAR % Table 5-312777,

Table 5-2 Specifications of specimen for shear test

Symbol DLP Nail plate
Type Diagonal Lattice Panel Hot dip zinc-coated steel sheet
Raw material Japanese cedar SGHC
Grade and Sawn tlm!aer sorted based on JAS of 1IS G3302:2010
Standard sawn timber structural grade 2
Specification Adhesive: API Zinc-coat: Z27
. NP-1:1.2 mm
thickness 18 mm NP-2 : 0.8 mm

Fig. 5-4 Element of DLP
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(a) Type R (b) Type D

Fig. 5-6 Geometry of nail plate (These are common to NP-1 and NP-2)

/\j \/\ \/\‘/\_j'\ T~ m
«EL |:>j mELgDcnéJE

20 .

(a) NP-1 (b) NP-2
Fig. 5-6 Shape of Nail (These are common to Type R and Type D)

6
4.8 1]2

Table 5-3 Combination for specimen

Specimen Nail Plate Nail angle (degree)
Symbol n  Plate Thickness Type Orientation To loading Schema To grain  Schema
NPI-A 6 Horizontal 0 [l 45 | /
Type R .
NPI-B 6 Vertical 90 -1 135 -/
NP-1 1.2 mm -
NPI-C 6 Tve D Vertical 45 /1 0 S
— e
NPI-D 6 P Vertical’ 45 N 90 %
NP2-A 6 Horizontal 0 [l 45 | /
Type R B
NP2-B 6 Vertical 90 -1 135 -/
NP-2 0.8 mm ; ,
NP2-C 6 Tvoe D Horizontal 45 ya 0 Yol
e
NP2-D 6 P Horizontal 45 U 90 %
Legend) Orientation : See Fig. 5-14 n : number of specimen
Notes) DLP was rotated 90 degree for changing nail angle.

Q@ HEBRAORERE- KT

RERARDODLPIE, #1236fH D723 5728 (151 mm X906 mm) %Y1V H L, ZOMEMIZHR
iﬁ%ﬁ%bf%%?ﬁﬁﬁbf BFOEFZZ LKA VT L— NTEA L, XAV
MIFmEZEALEZS, Kl U CHEEmA T Lz, IS RERIREER 1k ORK % HEfg
:w+ﬁ%&t2ﬁ%? AR DM I Y 11T 7o, BEEAE LR IZ 1LY —T6DIZ
BT L CRBRIA & L=, RA LT L — FOJEAIX, NP-UXERAO T ieslBek, NP-213ihE
KO TTRERBIE 2 F o, [TEARFORTE & TEADZN O BAFR % Fig. 5-1312777, NP-1IFARE
DIENDT, 77 7OMEEZNIL > TWDN, FIHIARSE TREORTEIL, B DK VNP2 12X
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WCEDERSTND, ZDOT T 71, FANVT L— hEfHIALAMMDLPE I TR < IRA
WaEGITEEIITH D, T LARIMNE OEfEENKE <, MOBEELE WO T, DLPE
FANT L —RFOEAEIEZRLTWDLHEDOTIERWEFZ 5,

DLP®D 7 X F M TOF BIAGRIUL B IF72 5 7223, NP-1DOHEIZ, DLPOEAR T )
DIRVERS T, 7 IR EEA TERITIT HIADTIZ0.5~0.8 mmFR & DFRH A T & 72,

A BORP SRS, T I FTBRET LA EMEICEIW L7zo T, KiED151
mmd& D HEEANOIEMEL 2D . 9147 mmE 7R~ 7, MR ARZEE L CWDLOT, bk
MR EEBEZ O, FOFEFE L LT,

N ﬁ

I\ ‘ i ; S
Fig. 5-8 Pressing NP-1 by electric Fig. 5-9 Pressing NP-2 Hydraulic
controlled universal testing machine universal testing machine

28
= A

Fig. 5-10 Finish of Nail press Fig. 5-11 Complete Fig. 5-12 Gap behind plate
35
- - == NPL-A
30+ ---- NPLB |
- - == NP1-C
o E—
—_ NP2-B !
2 20 NP2-B i
© NP2-D n
® "
S 15—+ e
A
L g~

-2 0 2 4 6 8 10
Penetration (mm)

Fig. 5-13 Load Penetration curve at nail press
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AR ARDOE » M7 v 7% Fig. 5-1412, RERDLZ Fig. 5-15(27 4, WO ZRE KB
IR X A 1y RCHEE L, ﬁ#b%%/\%/b%%pﬁﬁ&lﬁ L THABRBRZIT o 7,
I AT E 2 B 1T 5 72 MR A T EROWEICBAA] (FiRE =/1%) &
EATHEE Lz, M, BRI O T BRI L v . BN CiTo 7,

== - eactmn —
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Fig. 5-15 Photo of the shear test
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® R
HAEBMOM AR Y720 SCHKE) T R EELIIRKRMED 2 /3 DED 5 b,

INSWHEIRD Z ENFTWENTEY, 2O S0faRM L, FBRATERMIL, SCHk5)
(28 DA ) 2 IS 5 FIEC R MEEEN O RO T2, HAWRBROFER T, BRAF
H (P, RRMED 2,/ 3 DfE (2Pma/3) . FERTTEERFOFIBRIAIME (Ky) . #PEE (u) % Table
5-412, B Fig. 5-161277 7,

Table 5-4 Result of Shear test

Article NP-1 NP-2

Symbol (unit) NPI-A  NP1-B  NPI1-C NPI-D NP2-A  NP2-B  NP2-C NP2-D
Schema |/ -/ /. NS |/ -/ /. NS

p (kN) 3.32 3.95 4.32 3.74 4.38 4.20 3.89 4.28

7 cv 5.4% 7.6% 10.9% 14.2% 3.3% 9.9% 10.0% 7.2%
2Praf3 (kN) 3.69 4.52 4.93 4.00 4.98 5.01 4.53 4.79
cv 4.4% 7.3% 9.8% 17.8% 4.8% 8.6% 10.0% 5.9%

P (kN/mm)  3.14 4.46 5.13 3.86 3.82 3.87 3.40 4.86
Y cv 18.35% 15.5%  23.5%  33.0% 9.4% 12.0% 182%  29.6%

u 4.45 3.46 3.96 291 4.88 2.87 4.83 3.66

Legend) CV: Coefficient of variation

Py:  Average of Yielding load in each series of shear tests
Prax: Average of maximum load in each series of shear tests
2Pmax/3: Two third of Pmax

K,: Average stiffness at Py of in each series of shear tests
p:  Ductility factor

Schema : Nail angle to grain defined as Table 5-3

P, was computed based on "Guideline for Allowable stress design on post and beam wooden house". ¥

Notes
8.0 8.0
Pt S E (PR NP2-A
70 = 7.0 A SN
Yy P AR 7 A e NP2-B
6.0 s aN v 6.0 Y/ .
/ S PPN // \ \S NP2-C
- | 7 - T — :('. \ ¥
2 50 f o 2 50 J7 - - ez
= y o = X3 N\
Ba0 + 4 Ba0 [ Xy
o 3 o oy < A
- r - [/ 3
F o eeee NP1-A a VoA
3.0 | ] 3.0 A ‘\ I
/ N N N Y NP1-B b | N\~
Lo [ \
2.0 f NPiC 2.0 { \s
)
1.0 -{' — - = NPL-D 10 | N
‘\
/ -
0.0 " 0.0 .
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Deformation Deformation

(a) NP-1 (b) NP-2
Fig. 5-16 Load Deformation curve in shear tests
All curves were computed as average of each series.

NP-1 & NP-2D [l Tl i EATE O 23 F 72 ¥ | NP-UZZEAL2 mmfF U7 SRR T L,
ZENr4 mm P CRARISEWW EZHERF LN D AT 5, ZAL236 mm~8 mmd> 7= Y CHif
KT Z2B 23, NP2ATENN2 mmfFE2 HREMER N3 25 & 2 AR TR, 2074 mmdb 7D
THRAMEZANZ, TOHRMEK T L TLRY D7 T 7 &2H/<, NP2-Aldi KT E % 8 2 7-

BOMEE NI LY bREIZ -7
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NDAEN LB 2 A FADBDDENITHOWTIEL, NP-1, NP-2TH % & NP-1 Tl MR
DFFEEIZIE S D E AR EI VA NP2D e K EEI T4 & TKNAIZ T, X6 & /S
VN, EONENLFFIIENP-1 ENP2 TR E < A>T 5,

KRB 1T DR I D] & Fig. 5-17. Fig. 5-18127"9, NP-11Z7 L — F DIREN
JENT=DIRO R D 23/ E L RKEOHECE S BRZ V), NP2O R A LT L— hDJTUTZE
TENRKEL . REBOBEAEBIIIENR > TWBN, F L AUTEEHID 720,

(a) NP1-A (b) NP1-B (c) NP1-C
Fig. 5-17 Photo of the specimen "NP-1" after loading

Pl L O

(b) NP2-B (c) NP2-C
Fig. 5-18 Photo of the specimen "NP-2" after loading
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FANT L — F EDLPOET AE T, DLPICEA L TWA MO RERIRIC L W B2 D,
HEBIK T EICMOBA L&A, BN OETHMEEZRL T, N—2&H7= 0 0oF

AT PRI 2 B L7z,

IN—2&7-0 THELL TH D, WEDHITIE, EfEKIINP2DFHNP-1L Y HATENE,
JNOAFED 2 A T HITIL, NP-1TIZCAE < . NP2 TIFARE W &350 5, NP2-Bldfaf &
7N U CTINOMIE T T8 THITT 223, IR EZ O ER TR REWOIEL, HBIED <
o THRITTE LG L o T Db EEZBND,

B TAHEDHE TIENP-22 > TH Y . JROMENHFE S ISR L TIL> TWD Z A T ADHI
PRI I 3@ TND A FERASFEIZ 725 TNV D X A T BE L OCIHE, HIFIZREFRZ: < R ot

ARG Vi EYNEIE bl

Table 5-5 Unit capacity of the nail in shear

Article NP-1 NP-2
Symbol (unit) NPI1-A  NPI-B NP1-C  NPI-D NP2-A  NP2-B  NP2-C NP2-D
Schema |/ -/ o NS |/ -/ s NS
nn : Number of nails 27.3 24 26 26.7 223 28.2 233 243
Py/nn (N) 144 138 166 140 196 149 167 176
2Pmax/3nn (N) 165 154 190 150 223 178 194 197
Legend) nn : Average of total number of nails of each specimen that was observed in each series
Schema : Nail angle to grain defined as Table 5 3
Pumax, 2Pmax/3 : see previous table
350 350
300 | 300 et AV n— NP2-A
S/ s TN \‘\ ......... NP2-B
250 | o _:"r' R 250 /, G DR NP2-C
. AT SRAE — \ X . .
£200 g £ 200 ’,’ Ji: '\ NP2-D
© 4 © A L \W
3 [y 3 it s\
T NPLA 150 | ",f' W\
l F N\ 1
100 | '/ """"" NP1-B 100 _
/ NP1-C ] A\,
L L ¥
%0 ‘{’ — - = NP1-D >0 ! ‘\‘
y
0 . . 0 . S
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Deformation Deformation
(a) NP-1 (b) NP-2

Fig. 5-19 Load Deformation curve per nail
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5-1-4 ZRESEVOEETEAREERER

© BREOEE

PRI AR T 21072 BIEMAEZRET D720, B Lz I BRPEH TE 5 AN
YRR LT, IWNEEIZI DA TRET DA VEREL, TD 5 bOR/NARTHE
C D fiE %, 26550 0 BEE L 2, MEHI W DRGSR IE. Wi PERE 7 £ % Table 5-6,
Table 5-712789, FtR A7 —AIL3Y & L, #1& U THRICIE, #2& L TR SL4TES-3HI O
7 U =T ERBEICH D5 AG-TRUC L DT AT #3IT A S R1458 5 I HE SN D
BRI A 7 ) — 78 & U, RIS RICHE SN A E TR DIz lob A a it Lz,
ZNENDOFIBRAE & 5 R % Table 5-181277 3, A I JERDMIMEDHIRE L LTHWD GG DK
RARAFAImE L, ZOW AW D HHEAHO R AW 1O BAEZ25 kKNEE DTz,

Table 5-6 Conditions to design I-beam as floor beam

Article Condition Remarks
Usage floor for Residence
Beam spacing 910 mm
Support Pin and roller
Dead load 900 N/m? Include ceiling and floor finish
1300 N/m? For examination of stress #1
Load Live load 1300 N/m? For examination of deflection #2
600 N/m?™! For examination of deflection #3
1.57 For examination of deflection #2
Creep property " T .
2.0™ For examination of deflection #3

Case #1 : Allowable stress design using equation 3-3, 3-4

Case #2, Case #3 : Deflection was calculated using equation 3-7

*]:"600 N/m>" and "2.0 " is defined in the Announcement No. 1458 of Ministry of Construction
*2 : Creep property "1.5 " was defined referring section 4-4-3

Table 5-7 Design value of dimension and strength of the I-beam

Type H283
Size (mm) Height x Width x webx flange 283 x 105 x 45x 45
. Bending : Fp 22.0
Design strength (MPa)
Shear : Fs 4.8
Bending : f» Fy/3
Allowable stress for long term (MPa)
Shear : fs Fiy/3
. Bending: E 12,000
Modulus of Stiffness (MPa)
Shear : G 920
Area (cm?) A 126.0
Modulus of section (cm?) Ze 936
Second moment of area of section (cm*) Ie 13,275
Shear coefficient K 2.90

Legend): A :Actual area include spacing
Ze, I 1 These values are obtained as equivalent homogeneous section using standard value of MoE as 12GPa.

Table 5-8 Result of the examination

Case object condition Maximum span [ (mm) Shear force (N)
#1 bending stress ov/fp <1.0 5,238 5,243
#1 shear stress os/fs <1.0 5,930 5,936
#2 deflection 6 <20 (mm) 5,167 5,172
#2 deflection 6 <1/300 4,893 4,898
#3 deflection 6 <1/250 5,300 3,617
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@ FAINIL—-bDOIITEDIBEES

5-1-3@12 1T 2 BRAR CMOFEEHNRENHE CE 20T, RETIX IR =7 D
BAMWE LTRERNOHE AL 5 & &I, MORYZ T 5, BRI T B )
5720.8mmé& L, N ETRENF NPT F A TALTE LD BiroT 2 A4 7CTHET LT,
BAEMm /12t U TR NOE 2 AR S o7, MNOREITFEHETHY . AIOTHRE LZH
M NERMMAY OB CTH 5, BEOESEIM L, BT 258 11X FIRME CER T 54
ENRHDLDOT, EHLOEEEBULSG, SOICEPHYICRETLZ02E LB TH D15
KNS NO# A LTz, MERINOEILZ A 7ATTHE, Z A 7B TI00fH & o7,

Table 5-9 Number of nail in need for End beam connection

Target capacity Nail Type Schema Nail strength Number of nail in need
A |/ 196 N/nail 77
15kN .
C i 149 N/nail 100

AR TG EIWALE KT BRI D ONE SRS E T 5, M TEZOBENES T
M TLSESDOT =7 725 TNDHTD, FANTL—hOREZERETDICHY, B%
EOMNETH > TH, RANT L— FBMEF ORI L1557 B D RE I ZHRET LT,
ZOFRERIANT L — b O T =7 IZHT HMEZ114mmE L, & 31E, YPEEL W2y
V270 mm2 S 7 T U VEAS mmEE L&, 7T U VOWNENS Y VT T 2 A10 mmbEfR D
E. 170 mmé& L7=,

TORESFANLTL—FT, V=7 DT IFICEATE LNOHEXE ETHRE L,
O E & BBk (151 mm) ©1/445>95 L, Fig. 52012734250/ 8% — 2P, Q,
R, STHiHt&EIT 72, ZDOfER % Table 5-1012/8F, AR7RINOKIL, ¥ A TATIHEARY —
DOPLRTI20MH, RESTIZOME A2V, XA FCTIXQLESTI26M, PERTI28MEE 220 | W
B 120 B & 720 | i) BB A BRI, ZO2REORA VT L— R EIEIZLT
WL ODOREBEEIT- T2,

37,8 37.8 37.8
105

45
44 -
|
57"
— {1 -

210
180
N
P AN

45
T
o- 4 k+ —

Fig. 5-20 Cut pattern by variation of cutting position
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Table 5-10 Comparison of Number of nails by end pattern

End S

End R

End Q

End P

130
17:16: 14

130 120

120

Is

ive mai

Effect
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Fore side

N

TYPEA

Back side

161 15

7]

i
h
H
T
|
|

18

126
17116/ 15

Yk

128

126

128

ive mails

Fore side

Effect

TYPE C

Back side

16] 16} 15 14]

16} 14] 14; 14

17

516,17
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FANTL— NMESEBOE ARTERER

) AR
QTHRELIEREEDORA LT L — bk EDLPOEAEOEAWRBRZIT 72, ZORBR%E

THTRERTIEBBTDO I BROT7 T VLU 2T OBEAGHENHETE L Thholzlzd, 8

AR K DREN WL D IZHWA N TOMLKEE BB E L7z, DLPE XA L7
L— NOBEAEEB NI D LD, XA VT L— R RICESER L M EDT L
OFAERERE LT,

Load

Stiffner— @ Nail plate
[-beam

~Bolt : 4-M12
! \ \_ /I_ —Reaction
NI
o g o
o o
= T
) 455 2

0

Fig. 5-21 Installation view of shear test

RBRIZCHNDRA VT L— b

QTRELILHATABLOX A FCEMBIGRIZAN MEDT HODOEEL A%, *
ANT L— MTEIT T2, FA VT L— MIDLPORRRIERS TF 2 FICHE LW R H 0 |
FAKNTT L— "B LT 0 RSN E ER S0 T2 2 e fEShlz, Zhbas
JE LB BCIRD & O DMz KA LT L — FOBIEICHITRZR E A LT b O b ERIEL 7=,
AIELIZRA VT L— N &Fig. 52212787, # A TSITHMARRRO b D, Z A ZUILERIC
LTCIBREO7 7 DIZEHEATHHD, XA TRIZ=ZFTOKIZY 7E2RH T bDTH D,
A TUEARANT L— FDOEINEE B3 2832 BT, A4 JRIFRA VT L— D
JEJE B35 HINCTH 5, Z O3FIEICINO A E O2FEE 2 #l A5 o O ER A — % % Table
51127,

o e | h
L Type R : Rib on three sides
Type U : U-shape and Nailing
Type S : Simple plate

Fig. 5-22 Variation of trial nail-plate
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1 2 O Wik % Fig. 5-2312779, DLPOWEHIZ 7 T > P27 DA B35 [ E Lz SRk uik
DObLO, FTITRAEFTO 1T REEZH W, KT D@L, MBI HWSDLP2 G 1 EOH
WERICKRE ST H L, RRUVEROMEIC 7 7 v VAR E L, Bilg e =/ L RE5EA &
EATEY T 72, ZRniI®dIE7 702 e v =708 HEZR LI O T, —KIEDEIZ,
LYY )= VREERIEZBA L, V27 E2EZELIAATEMLEZLDOTH D,
107

Sawn timber:
European red wood KaDisds

VL Japanese larch
B3 2
o= —DLP 28
| - o | —
2 2]
Bonding with vinyl acetate \—Bonding with Resorcinol
adhesive and screw adhesive by pressing
(a) (b)

Fig. 5-23 Geometry of |-beam in the shear test

Table 5-11 Specimen

Symbol Plate Type Nail Type Type of I-beam n
SA S: Simple plat A |/ (a) 6
———— S: Simple plate
Ne pep % @) 6
UA A |/ (b) 6
U : U-shape and Nailin;
uc P g c // (b) 6
RC R : Rib on three sides C Yol (b) 6
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(D) R
R O faf AN O BIfR & Fig. 5-24127R7, & akBR O faf BN B3R 6D 7t A Wr O BAR 17 B2
BIXUOERKMEO223OMEIZAONWT, RANT L— FOFRME T LB E, BEett. FIRE
% Table 5-20127R9,

25 25
20 20
_ —= _
L PR
5 10 / 510 —F
5 —sAl —sA2 5 I/
SA3 SA_4
5 H ——SAS ——SA6 — 5
e V€3N CUTVE e Bi-linear ' Mean curve e Bi-linear
® Py e Py
0 | 0 | |
0 2 8 0 2 8
Deformation (mm) Deformation (mm)
SA SC
25
" @%ﬁ_@
_ _ = =
Z Z \
: ) % é
5 ——UA1 ———UA2 5 ——uc.1 ———uc.2
[ UA_3 UA_4 uc_3 uc_4
5 ——UAS ——UA6 5 ——ucs ——Uc_6
e V€@N CUTVE Bi-linear e Mle@n curve Bi-linear
e Py e Py
0 | 0 | |
0 2 4 6 8 0 2 4 6 8
Deformation (mm) Deformation (mm)
UA uc
25
20
z
S5
s
_5:3 10 4
5
e V|€AN CUIVE = Bi-linear
e Py
0 J
0 2 8
Deformation (mm)
RC
Fig. 5-24 Load Deformation curve
Table 5-12 Shear capacity of beam end connection of the test result
Symbol  Nail Type Ky (kN/mm) P, (kN) 2Puay/3 (kN) Qi (kN) Judge
againsi
average  average CV TL average CV TL  Qi=1.1P./2 target
SA A | / 16.4 12.6 12.2% 9.0 14.2 5.3% 12.4 4.95 NG
SC c J/ 22.9 12.4 8.5% 10.0 13.7 6.2% 11.7 5.48 Good
UA A | / 45.4 11.9 8.2% 9.6 14.0 4.4% 12.6 5.28 Good
ucC C Yol 47.0 12.3 5.1% 10.9 15.1 4.6% 13.5 6.00 Good
RC C Yol 30.9 10.7 14.8% 7.0 12.5 7.1% 10.5 3.85 NG
Legend) Q:: Shear capacity for long term loading P;:  The minimum TL value of "P," and "2Pmax/3"

1.1/2 means ratio of long term value to short term value on allowable stress.
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A BRR O AR A 2RI & Fig. 5-2510~ 3, ERlRIKICIbmpy e En G & L Cid, A
NTL—"BERLIGDH L, T L— IPEBICL VT T I T oREET 50, AL
ATVEJEDNEPR R GAIE T L — FAEEE L7 S SNSRI HE LTS, BRI, B L)
6$%T%~m5ﬂ%ﬁﬁ WRARIRITEE Y ER D XA VT L— " RERT D, ZOEFROH
LI, AANT L — IR ZEDO B THEET 2 &, RES L — IR ER D X ) ICER
T 5, SHICEENEI L, DLPOZ I FAENTHR 720, 7IFT0HAEL, T77
CEOEAEBANTD T D LIV ANME T TS, INAESX A TAIZR S L
LTI, FA VT L—RDOIRNDOFNZIH > T, ZI TRV ROEND L ICHETLILORH
o7z (SAT 24K, UAIZT~T),

) UC ) (@) RC

Fig. 5-25 Failure of each type in shear test
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(E) &%
P FE LCOMt & LTk, SCH, UAMY, UCEINBEM A S LTZ, XA VT L— K
DEAT NOME KO I, HERIZOWTLLTFTOEY B35,

A) FANLTL—FDBENMIONWTHRRS, 7T IfE0 URT ST ~S L TN
Bl X PRI (K) 232 (5Ll it o TWd, FALTL— kDT T2 U EEITRHEE
T5HE, FANT L— NOEERERSCHNER 2 2 Hiv, TNO BT H L AR5k
HZENTE, BRICWERBBENLZE L TEFRELM EL TS, ZiubOFEENLH)
FRERCBERTTE O FIREOM L2 HE LD EE XD, U 7 A& O RCHRT WIYE (K)
IZUCHL L SCHRIDHFIR < HWT, HMZARHCR ThH D SCRE VAIPERENZ L2 b U 7
BRI EIC—EBOMRN D ST EZ D, RBRRMEUEOMEIL, RCHIX SC
AL D HAK< . 3RITZEN 6 mm LA T CHRAMED 0.8 (FLA T &7 oT-, MO HETIXY
TEBRTTEHRIR SN2 -T2,

25

20

10 |

Shear force (kN)

LA
éy N

5 ——UA uc

. 1 |

0 2 4 6 8
Deformation (mm)

Fig. 5-26 Comparison by type
All curves were computed as average of each series

1) JROMAE AR E CHROBENNIOWNTIRRD, SHIXA LT L — FDOEETIE, ARITHT
@%mm&f%¢<<z4»7v~bmrﬁﬁéek% DLP 726 7 L— k D— 34k
NTEND, CHOGEIZT L — AN TLE D LD o7-, UATTIE, N4+
AVTIZETEDSEAT L, TN ARMRAME 2 BT~ 2 Wi Rl LD . OB ->TF7 25
MR LT (Fig. 5-27), L3~ T, UA”TﬁE’%LT77/V@%%#%%h
2o T DX, Wik KIE LA OBE CRIENSIRE DD EEZ BND,

Fig. 5-27 Typical failure of SA and SC
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) FBRBROIN 1 HH 7= 0 OB S 2R E L, Table 5-13 1237, BEHRERABRELD L P
1% 0.42~0.55 1%, 2Pmay/3 13 0.62~0.87 5 L 720 | K& < Tl L7z, EHERBRTIIFRA v
7'L— MEDLP 7 X S OREHITH HIAE L, KRMBENICS WERIEE > TR, E
FRABROMEMEIIFHDITHTWNWDH EEZOND, £, FANLTL— FOREZOHR
R EN, ZHEOTBIZEBEL WD EEXLND,

Table 5-13 Comparison of unit capacity of nail by type

Number of Nail Py 2Pmax/3
Symbol

Nn Py/nn rate 2Prmax/3nn rate
SA 120 100 0.51 140 0.63
SC 128 72 0.43 163 0.84
UA 120 98 0.50 138 0.62
ucC 128 92 0.55 159 0.82
RC 128 71 0.42 168 0.87

Legend) na.: Average of total number of nails of each specimen that was observed in each series.
See Table 5-10 in case of End P.
rate  Comparison to the unit capacity value that is same type in Table 5-5

=) LROBLEEZEEZ T, ZOHEAH TURTELZLERRD, XA NVT L— FBIDY
I TIFETFT 7T POBEESHBINANDLZEICIVIAIMETFTLTEY, —ROEE
Wi DG Tz 0 R&ETHHAITE Z 2ENAE LRKOHSE L EZ2 b5, &
DIZI %M LS, T7 70 VX TEH L RBRBLETHS, £/,
UA W28 B3572061E, 7 I T OBmERBEZENT 5720, JNOW % T SELE IS
HTENEZLND,
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5-1-5 F¢&»

1)

=)

N)

XA NT L— FONDa &L, FHZEFABROIBWTIL, DLPO 7 I ik Him & 7
TAENRERMEICE LT, 22 ORBRTRANT L — b OFIBER 1L % i L7
Bk (UABL, UCHY) <iE. i), MIMEIZRSETE - 7223, BEMERICRE E VDR d >
7o AMMEZ DIBrT 5 X 5 e DA ETIX, Wik KA D & - 7 AR RIBTE Cit /) A3
RE o7,

FANT L= FOKFICY TE Lcftdk RCHE), 77 0 VaRITTAMEEE LT
kg (UARL, UCHY) (X, HftiZepolk (SABY, SCHY) (Zxt L CZ A ALmIt:=oim /) m)
EORERH T,

XANT L= DIN—2H7= 0 O LT, 2% THRBLLZm )%, ZERAR
IZHEARTREIET L, Py 130.42~0.550%, 2Ppa/3130.62~0.87f5 & 72 o 7, aBRSAt:
RRESICLDTEDRSCERORL Z VLT EINEEL TNDLEE2HND,

7 = ZIIDLPZ W e 1 TR O RGO 2 T AT OV T, XA 7 L— R &
TG ER L, BRERWABROKR & LEMRED D BRI R GHERE £ L DT,
FANT L— MEABRBROELZ 2B E X T, kR ZELIZRxA VT L— hE Tz
R IBRMTORRE LTI RT, RA VT L— MISCH Z 5t Z T RO L —
e ZLIZMVHEITCETOTZ I v Uhko SRR E L,

Fig. 5-28 Proposed beam end joint of final design
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5-2 REOSPOEES LUV HHETIE
5-2-1 HRLFAE BN

M Cdo 5 RITIRZ T M Th 5720, FERICER T 2 3% ORLE LR 2 RICH
W EETZNERAEY, ROEMALEZFHE T \-gﬂ/bro@@ﬂﬁ%ﬁﬂ”&%’ ToHREE, BER
FHORNCRITTEEZMIC NG EZMO L7 BERNORFEELIIEE LR THOLERDHY |
RGLEHHEC 2 A MTEENR K E W,

UMM DRICE WAL A RIT H 72D O FHEIL, BUROBEEITITED b7z b Dl
RND WL DOMMDOFRGHEDPRREIN TS, b DREIL. BB TIvAWhzs
T TARM O/ S OFIRBFEAET D72, FLOERIT NI D AM D5 g LEIR
DOWIETIFIEB LD TH D,

U= IR0 &R 72 1 TR OZEEHT OV TIE, 19804ER 4 |2 Fergus<°Maley, Hilson$ K
URodd 5723, /»— KA — KXPOSP (oriented strand particleboard) % AV 7= 1 B CIFSE %17
W BB INAR FORES, Bl NEBO4SE R I 7 v 7 BAD Z LR L TN DY,

LR D A — 1 —RPE W22 03B N DR FHEMEZ L B 12T TV 2 FO A5 % B
O OALEIZDOWT, R b O, BInoXRE s, BROHOOHBEREL TnD, #
TE D % |ZFig. 52912779, £72CHRD A —H —Tix, BIO DO H 5208 AW 1 2K 5 72
O, 77TV 2T HENRT = T ORERICESHTRBT 52X H 2P, b
OARPRANTRZHER 72 SIS W TR 2T — XIS TW A, [ENTIE, 20 2 [EEM
W2 TR TR A DM 23R 23Rz Ffi L, EABMXEIZILNH 5561, Kol
FE—A FEEAWRPEITIETT 52 & 2R L TNDY,

Minimum distance from Table A Minimum distance from Table B
No field cut holes in 1%" round holes may be cut
hatched zones | anywhere in web outside
of hatched zone if they are

]

T = e ' located 3" away horizontally
[ ] 8:) LI 7 ‘ . (edge-to-edge) from a
| e 2 _ larger hole.
6 L J 2xD; | Dy | Closelygrouped round | L, | 2xL, LD LBT &
! minimum holes are permitted if minimum 2
(applies to all the group perimeter Do not cut holes larger
holes except meets requirements for than 1%" in cantilever
knockouts) round or square holes
Tahle A—End Support (Minimum distance from edge of hole to inside face of nearest end support)
Round Hole Size Square or Rectangular Hole Size
Begih | Hi* =5 3" 4 [ 5 [ 6% [ 1" [8A™ ] u" | 13" | 2 TRET 5 1 64" Tl T
110 10" | 16" | 20" | 30" | 5-0" | 10" | I'6" | 2-6" | 3-6" | 4- |
210 1-0" | 16" | 2-6" | 3'-0" | 5-6" \ 1-0" | 2-0" | 2-6" | 4-0" | 5-0 [
9%" 230 16" | 2-0" | 2'-6" | 3-6" | 5-6" 1-0" | 2-0" | 3-0" | 4-6" | 5-0 [
360 1-6" | 2-0" | 3-0" | 4-0" | 6-0" 1-6" | 2-6" | 3-6" | 5-0" | 5-6 [
560 | 16" | 2-6" | 3-6" | 5-0" | 70" 2-0" | 3-0" | 4-0" [ 5-6" | 60 r
Table B—Intermediate or Cantilever Support
(Minimum distance from edge of hole to inside face of nearest intermediate or cantilever support)
Round Hole Size Square or Rectangular Hole Size
Depth | TI® 1 3" 4 5 [ew" [ 1" [ew [ [ 13" | 2 3 4" 5 [ 6w [ 1 [8%" [ 11" [ 13"
110 2'-0" | 2'-6" | 3-6" | 4'-6" | 7-6" 16" | 2-6" | 3-6" | 5-6" | 6-6" [
210 | 2-0° | 26" | 36" | 5-0° | 80" | 750" [ 3-0° | 40" [ 6-6" | 7-6" | [
9%" 230 2-6" | 3-0" | 4-0" [ 5-6" | 86" 2-0" | 3-6" | 4-6" | 6-6" | 7-6" ]
360 3-0" | 4-0" | 5-6" | 6'-6" | 90" | 3-0" | 4-6" | 5-6" | 7-6" | 8-0" [
560 3-6" | 5-0" | 6-0" [ 7-6" [ 10-0" 4-0" | 5-6" | 6-6" | 8-0" | 90" |

Fig. 5-29 Case example of a design guide for opening ©

- 99 -



1 GO N OB 221X, Guan b '9<°Hermelin'?723 % %, Guan & (XH OB 0112 %}
LCT7 44—V T 4—NGgL LTET/MELIEMATFERIZ. V=7 DOSBOY AWHGIE %
FEERS THITE S E LTW5D, HermelinlXAEE /112 FE- SV TRZNIE 2 2 fif A EBRHE X
0BT A ARH D EHE LT D,

ZDE RO IIZOWTIIFENEA TND D, M CERM DR T = 71Z0SBXR°
WN=T 4 I VA= RERHWZ T ERENL L, R4l LTV AHRIDEFIROARRD
DITRE T2 B 7o Tz, BOMT33%0 (DLP) (21X, #I50 mmA DLW TV D28, Zi
EILRT D XD ICHA Lol /172 803, &E EXLETH D, AimsLo Bk, DLP% H
W TTROILEIER LIcRe DMt ) ~D B Z g L, T OB IEAIRET D22 & Th D,

5-2-2 WHERBEAOSTEICOVT

BURAEFETE 5 1 TEROZE 23283 .5 mm# L < 1308 mm T, ZA/R TSmiEED =9,
EEHME T T 23 O S FRALE O 2R, SHEELE O & kit d 581 fL & Fig. 5-30
W27,

FARIZATER ) =F L BB R HO G, ORI mmOGE IIBEM CE b
DIFAENI8mmTH 5, ERBA OB ATHEE 1X, O 16 mm, 36 mmiFSMENR ELE
21 mm, 42mmd 5, AR S TILAZ @R TE 5, =7 3 ORBEEIES B
TFa—ToTEY, FEOR3SA T OIME2T mmA kI 72 % & M FLOXA I M
Hr o EMELFETHo T,

PREIZE S WO A VUE X, HEPEKH THEOE2350 mm, {5KH T75 mmTH 5703,
AERIZZENZE 60 mm, 89 mmdb 5, Bl/AKEZETITITD7R LKL EZ AT D2 MER D
Do BAKEIL, A ZBILUER VDT T, JKEXSHEREZI 0720 #K
DR EH L TR T 25 A IR AR AR T 20 T 508N H 0 | FFORRIZS L TS50
mmfEEDORBNNE LIS, T HEABEL T, BHILE2 AT TRIT 2O, 100 mm
BIOI125mmeE L7z,

Cable duct 36mm{nominal) @ 42mm outside diameter 38mm
Pair of Refrigerant Pipes 3/8

Cable Duct 16mm(nominal) ¢2lmm———— —Insulated Water Supply 13mm(nominal)
{ l outside diameter 27mm T

o5

45

283.5
193.5

45

L!]rain Pipe ¢ 75(nominal) ~—Drain Pipe ¢50(nominal) ‘75109& is needed to drain
Outside Diameter 89~95mm Outside Diameter ¢ 60~66mm

Fig. 5-30 Pipes and tubes passing through beam in residential building
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5-2-3 RAOICKZMHADRE

© BABREER
PARIC L D T TERA~ORELH~D0, A ZRIITZ I EROEAWRRE T L AT —
AT RERRIE TIT o 7, HAWRRERIZ Y 2 — M AN ORZEFIN & UL 25855 i Juflifir
& LT, BRI DR M 2 Fig. 5-3 U Y, gHHLAUT, BRI oM (GRpk) L L, 7=
O BN % R AN R TRk LT,

GLoad
Load cell
Load bearing block
¢ inear transformer strain guage
(center of span, both side of the beam)
Specimen
[ ]
2 2
7| Reaction T
Machine base

/

750 J 750
1,500 unit:mm

Fig. 5-31 Geometry and installation view of shear test

@ HERMA

RRONTG A= =L LT, BAORWEE | BANOH 5% 2 A I Lz, sk
B % Table 5-1412, RERIRD KX % Fig. 5-32127R77,

s & T O ROIFIET RIS, AR T 2EECHBOR N 2%, oo
EAT100mm & 125 mmeE L7z, 100 mmDBE, F O HFO 3 FLO IS —E L TV D23,
125 mm Tl FALF N B S D MR T TPV EER D0, 7T 2V OWiE KB & #E
JoH L5, BOFLEHIS mmT S L CRLE Lz,

B, v bo— LB L B 0100 mmO 1 BRI ORMELM T, AR H WS
DLP% N2 7=, Bl 5 [0 O IRE23 151 mmE 72> TR Y . 33|, 4ZORBRIAL (TR
2%, Fio, A2 mm?D 1 BRI RHETIZEE L 72DLPA HV, #F[#FRI%155.6 mm &
2o TWND, RBRIROIEADLPT X FARZEMBIZHOE T, RANVEETRRD,

Table 5-14 Test list for I-beam with hole opening

Symbol Section*® DLP™ Opening Diameter of hole Span Number of specimen
CTRL 9X31 151 without opening - 1500 mm 6
0-100 9X31 151 with 2 round holes 100 mm 1500 mm 3
O-125 9X10 155.6 with 1 round hole 125 mm 1556 mm 1

* Section : Residual lamina section lost by opening
** DLP: 151 is prototype of I-beam using DLP of shear wall. Lattice interval is 151 mm at longitudinal direction of beam.
155.6 is I-beam using DLP only for beams. Lattice interval is 155.6 mm at longitudinal direction of beam.
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Round hole as bel low Load point: with Stiffener (both side)
using LVL 45x45
fastened by screws (length 90mm)

ESBSNE S5 B

e e ks

1,500 (1, 556)
1,700 (unit: mm)

Flange (LVL: E=12GPa Japanese larch)
/ Web (Diagonal lattice panel: Japanese cedar)

/ﬁ R RES
¢ N

14.8
I

283.5
223

Fig. 5-32 Specimen for shear test

® @R

ZARBRIA (CTRLIZEY)) OfEERE % Fig. 5-3312, S KO AK B3 L OV A BrilM: %
Table 5-15(27~9, HAMWRAIME (GA/K) 1%, BEAWGRBRIFOREL NS, REREZICFHIIL
THRBRIKD 7 TV DY v 7 D TRDIZEIZ M, RBRIRE IS T ARk & 22 L3I
WTHM L7,

ff X KA E TIRIFHBIC BA L. B BT THEFRPEIR T L, #EIZE S, CTRL
T, IRAEEOME L —ILT7 IO, 7IFT0EELEI LT, QIRICHEIME
Tl BHOfMEOL ORI T O KBENEIRMEET 2, KB CEIZ L THF
BEEEIC XV JELE D Z X F THlRErC B A I TRk S R o, EfEAE LT
WA T I TIREREICL YV mA~OEER RN, RN % Fig. 5-34127~ 7,

O KL, B OO K ZV0-12553—F /& < CTRLD0.59f%, 0-1001%0.8(% & 72 %, [l
PEDIRTIZOWTIE, O-1001FXCTRLEEZAFI % T 5 A3, 0-125150.79% T Wik K D 523 AL
iz,

45
40
35
30
225
g 20 - -
3 ==
15 / — —0-100_01 .
/| m=—— 0-100_02 \ —
10 /20 N 0-100_03
s | | — —o0-125
4 CTRL
0 1 1 n
0 5 10 15

Deformation (mm)

Fig. 5-33 Load deformation curve
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Table 5-15 Result of shear test for opening

Symbol Qmax (kN) GA/k (kN)
Each specimen  Average Ratio Each specimen Average Ratio
CTRL 1 21.28 5,005
CTRL 2 18.83 4,147
CTRL 3 20.79 3,953
CTRL 4 21.01 4,888
CTRL 5 20.69 4,645
CTRL 6 21.08 20.6 1.00 4,266 4,484 1.00
0-100_1 17.59 4,557
0-100_2 16.69 4,445
0-100_3 15.49 16.6 0.80 3,949 4,317 0.96
0-125 1 12.18 122 0.59 3,557 3,557 0.79

(c) 0100_3

(d) 0-125_1

Fig. 5-34 Failure of around hole
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@ EER
BOR® 25 1 IERZROEAWRBIL, T X TR O OWEKIE L7 I FEFT CE LT
W5, ZFRBRIKICONT, KB LT I FTOWmOEFHELE a2y e — L@ BR{E (CTRLE &
U8S283) (x4 % B AWt ) D e D BIfR & Fig. 5-351277 97, R ITy Yl 230.5 & 72 5% CHE
Bnd 5 X 9I2HR %,

=
[
o

-
o
o

0-100_1
0-100_2 CTRL

5283

o
00
o

Q
0-100_3

0-125

y =0.490x +0.525
R?=0.928

Residual ratio of shear capacity
. o o . b
B [=2)
o o

o
o
S

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Residual ratio of lamina lost by opening
Fig. 5-35 Relation between shear capacity and cross section area of lamina

2 B CTHEZE L7ZDLPOY AWHEE 2 KD 5Q2-5E2 L FIcHEBT 5, 2o, Z2odiA
WAL 2 K 5 TRV, KT ERTIIFig 2 RTRLELIICHEAB IRt hY
=7 NAHET LD [ BROFAKRTRE S R%E ERET 5, XQ2-5)TiE, EABTRE L Z
S FWRE AR BT 2 BIR TS, EERAERIX S USRS TR, Z AV 4R L 72 B
DDOT7IFN, REOBRWEG L RESERL, EFEOT I FITMESHIE ST, B
ﬁﬁ(?ﬁbfz?iﬂ‘&ﬂk@?iﬂ‘ﬂ%@bﬁ“ékbf)}:%iéo

fsca = V2 Lft ; (2-5)
where :
fscar © Calculated shear strength of DLP (N/mm?2)
fi: Tensile strength of lamina (N/mm?)
AL ¢ Cross sectional area of lamina (mm?)
L: Length of element (mm)
t: Thickness of element (mm)
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Fig.5-35 T, yEl A NEF05THDH Z &b, BHOTICHET 27 I 7680727 I T 0k
S CREFRET L AWM I OBEI A D Z En3nhd, LT I 528075k
Lt 7] b O BAfR & Fig. 5-361277~7 7,

I
N
o

g
=}
s}

0.80

0.60

0.40
¥y =0.957x +0.052
R?=0.946

Residual ratio of shear capacity

0.20

0.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Residual ratio of lamina lost by opening

Fig. 5-36 Relation between Residual capacity and Lost by opening

UbZzEE L, REOEELZXG-DICR LIz, RERILOVROATZTITDIH, &K
DOXAEIEE T I T L b E D, 7 T AERTEIW S B DI OW IR ) & i L
THRWOT, DLPOBAREROHLEIET 5D TH-T, 7ITO—-HIBELIRETHS
ZENBERHOEMEITR D,

Waer
R..,=1-— 5-1
ro =15 G-1)
Waer < W,
where :

Rso © Reduction factor for shear capacity by opening
Waer © Width of defect by opening (Maximum value in lamina defects)
W, @ Width of lamina

Fig. 5-37 Symbols
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5-2-4 BO#MEMORE

@ FOERHE

Wik KR L7172 T S FBIETHEI L TWD Z Ens, Wi XKE LT 2 Fo5Em % &
D OMBFIEERFT L. oD FEERE L,

—OFEIE, BRSO L2 E R L EEERE V., U= 7 OMEIZE Y M5
DTHDH, b 2OOFEL, ROROICHOE -2 -8, B0 EED % ik
5H0OT, HRIZRA LT L—MRIZIT L, ZIFIEALEET S, SIZ7 7 o Ml
THIHR Z 4T 0 i <, i AE 7 T o VICEATEET 2R TH D, TNENDOMRE % Fig.
5-3812, IO EAY Y & Fig. 5-391277,

A AR, B O FLAE100 mmiZ AV 2, JE S 12 mmOEE AR BEE k) &
— O FERICHDOEI2mmADERNS 7 7 o DICHET 2L, iRty L ¥
VRIEREEEAI L FEREHICARRL (2—Z2 ALy F25 mm) & HWTU = 7 O ik v fF
72, AROREOWHES LT 2 F DM IChHbET-, #EERBEZICR—LY =2
TREWILEZFHITZ, (Fig. 5-38 (a))

i
—Plywood t=12

with PU-Bond and Screw (
> \/

151 156. 6

—Nail Plate
PL-0.8
Hole Stiffner

Nail Plate
PL-0.8

Screw 4-¢3.8x=30

37 pale of nail=" '
—Refer to Detail B - —% z

N ¥
.97 pair of nail
—Refer to Detail

(c) Type NP-100 (d) Type NP-125
Fig. 5-38 Various type of reinforcement

(a) PW-100 (b) NP-100 (c) NP-125
Fig. 5-39 Completion of hole reinforcement
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FA N7 L— MR AW IE, B O ALE100 mm & 125 mmO ARV, RA LT L— b
BRI, VERLELEN A~ S8 (SGHC) DOME0.8 mmiZ 7' L AR & ThE3 mm, & &
8.2 mmDZEIE & JTURIZHT B L7z, DLPO T X -l 7 2% L CIND 72 i & AT L
Too U =2 TxIZR L, ZORMMIZI0OmmE L, 7 I ISR LT AEE L-, 72d,
WO IRIL, 5-1EORZ T &M H W -Type-CL[HI L TH 5,

B OIC BT, BT AR LTI U 2 BN /) & R4 IS A T & 2 WA 4 fliod
YN 27, ZOFHEIZBNT, @WITRY < 7 IFICormEH b0 L L, EEfT
BT 57 I IO A< SO NG Uz, £, BIEFAIS I E (813235 MPa,
7 I FUX15.6 MPa) & L7=DE, FFRIS IR 5 BRM ORI T 281, $ib T1d2/3,
AMTIZ1.127T, B EZ WG BB IERE < RV ZRMIRD EBXT2NHT
&5,

XA NVT b— MRS ALAE100 mmANEL, 7 I T BMRICHhe 0 NARE L, $BE0E37%
b5, OIS mmiZ X AWK T, 7 I FTOR/MEXI3mmE K 2o TWN D, @R
PRNEITIIINZ T HIAD 22N 2D | B8 IRER Sy DA N A BLE L, TROREIE25% & 78 - T
W5, WIS EMOHINILT 7 o DICHET 2 CEAICHT Y #iT T, AL (851 mm
Xz &E30mm) 4K TY T DICEET D,
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5-2-5 BO#ROMmN

O BRI FERIK

B RO ZREET D720, AR A B RoE AW R AT > 72, BB IEIX
523@%%%%&WE&LKO%%Lkﬁ%%@%ﬁ%ﬁMﬁJMUﬁhSstﬁ%K\%
PE100 mm® 1 TERITHIOFAES T, MBI WS DLPZ W o7z, Geiil )7 m o s+
W%ﬂBMMkﬁofwé BA 12125 mmO R IKIL, REEHDODLPEZ HWW Tk Y | #&7[H

fE23155.6 mmE 72> T b, Fiz, BRBIKOI R EZKEFORRIZHDE =, —H>ORER
ITANR BB TR D,

Table 5-16 Test list for I-beam with hole reinforcement

Symbol DLP” Opening Diameter of hole Span Number of specimen
RO-100 PW 151 with 2 Round holes 100 mm 1500 mm 1
RO-100 NP 151 with 1 round hole 100 mm 1500 mm 4
NP-125_NP 155.6 with 1 round hole 125 mm 1556 mm 6
*DLP:

151 is Prototype of I-beam using DLP of shear wall. Lattice interval is 151 mm at longitudinal direction of beam.
155.6 is I-beam using DLP only for beams. Lattice interval is 155.6 mm at longitudinal direction of beam.

@ R

B RBIKORFEL Y & Fig. 5-4012, x5 %2 & iR & & OB O EL I % Fig.
5-4212, Fe R AW 718 K OV AV Ol % Table 5-17127~r 1,

45
4

\

—
15 4
RO-100_PW RO-125_NP_01
RO-100_NP_01 10 f RO-125_NP_02
RO-100_NP_02 2313?3?33
RO-100_NP_03 5 F RO-125_NP_05
RO-100_NP_04 RO-125_NP_06
5 10 15 0 5 10 15
Deformation (mm) Deformation (mm)
(a) RO-100_PW and RO-100_NP (b) RO-125_NP

Fig. 5-40 Load deformation curve of test results

AMCHiTR L72RO-100 PWIL, A CTHITR L72BH 0 Ofx 0 T, Lo 7 7 o ik bty
EIAMBETT, T770 0007 RNTRTHELE, Ake 7 I T08EE TR
WRIENTODR, 7T VL DIREFITEWE D TIET I FAFIR L TER E OBEE TN
Tz (Fig. 5-41(a)).

RO-100 NPIZ DWW CIE, 4K E & B8 DT COMEEIT R be o=, 3R D5
BENTANLECTT 70Vl U = 7 OEEAT TR L, R Do 7 I Fn 77 v
LT D OB FE ST U7, 2RI RATEA40 KNZ B 2 7223, L oD2{R1%35 kNFR
ETRRIEDL DWW, EMITERT DT 2T EBREIC > TWO D ER DS E MR 2T 08 AL
LR, FHBET D Z L1 o7 (Fig 5-41(b)),

RO-125 NP TIX T X CTOMMBSEW O E EAICECHBEL . BIOEE Y oWrim R\ L= 7
STOEWTE TR L, Z ORI ERSEIZEY 7T Ul U = T OMREEHNTILT
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W L= Ao (Fig 5-41(c))

(a) RO-100_PW (b) RO-100_NP
Fig. 5-41 Rupture of each specimen

® MR, \nEORLOER - ZER

B 258 L7z T FRZRIZDOWC, HERH 1 323 K OMEAMTR O BH 1 B2 O 3RBRAE S & bl L7z,
BT O LUl % Fig, 5-4212, fe ki 3 K OV AVWIIE O L #S & Table 5-17, Fig. 5-43127R
T, HAMIIEDO R EIZHZ 0, CTRLE B H££100 mmO &R B A CIL, # 7 fMEA3 151 mm
O 1 EO TR L DMt FHHEOE 2 VT b BB L T Ry 2 75 LWz,
BR 022125 mm® 1 A WIME (X B283FRBRIA (5-2-3@) @ i 17 585k) i th (FRIPE DO 2 V7=,
B M42125 mm C Rt 5 & 3 2 MEH O3B IK1L, DLPOKE MR F— D H O Th 552837
BRIR (5-2-3@0F AWiEER) & L7z, Fig 5S-430O KM EEFIL, 2512 L IZ2REBRIKDFE D
fif ST bR & V72,

I O OCTRL & Dl T, A% IV 7ZRO-100 PWITHERT 042 & et —5 L.
MAHLRZETH 72, FA LT L— FMlFRORO-100 NPiX, CTRLIZ®F L CHIMEILZ87 %, i/
1395% & DT DT/ E W, TR L DO0-100588 K Z CTRL & th~2% & | id/71380%7> 595%
WA E U TR R R TE D08, MIMEIC W TIEHEEE L D97% 710 585%~87% L 72 > CTH
0. AR LA/NES LS o TS, ZOERKE LTE, BIC X 2B KEN—HT
bV, BEETHNT 2MIMEMICITEEN NS ZOHENM TN & R X
B EIKROEN R EIRE 2 505 (CTRL, 0-1001%1 A (2, RO-1000D 45 7B 138 H (2 Eliti L 72)
N DN THIEROZNRIT R E N & AR T, MRSy s IEIC=EIRL TWh 20
1% Z OB TIXFHI R 22 Do T2,

45 45
Vi \ RN
35 7 35 o N
72N\ 7 5
R
- N _ / \*\
225 / S\atihe g ,'/ N
5 // e ~o \\ ; /,\ A ~~..
® 20 /A N it < - < 20 ¥ s .=="" e
S / | ESeELLL S W4 g R
[ R Z2 e e N, CTRL - 15 7/ //
y/
10 / — — = 0-100 _ 10 ,’ ------ s5-283 N
/ RO-100_PW / ’ - == 0125
5 RO-100_NP | 5 4 ’ RO-125_NP |
0 S 0
0 5 10 15 0 5 10 15
Deformation (mm) Deformation (mm)
(a) Diameter of 100 mm (b) Diameter of 125 mm

Fig. 5-42 Mean load deformation curve each test series
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RO-125 NPIEZHERA 11 >S28312%F LC. MIlEIZ91%., 1) 1X84% T, (K OFEEL LB M££100
mmd& Y HRE L Ao TS, FiTRME L DO-12511S28312%F L CENZEI89%, 60% T 5,
BA 148100 mm & FIARICBA OAIRIZ, A ~OEBKITKRE <. FABRIE~OEBKIZ/ SV,
it FI1E TR A VT L — NI AR TE T, RANVT L — IBRFFELI- L S, &
AN T ST E XA NT L— FMEGHEICTT N0 354 L TV T, Wik RIBIC X DI T
iz e ol b B b D, il ETHIREH O EEHONSEmE 7 T Yk ARRL
IRTCTHEAT D LM ERNRCTCEDLEEZD,

Table 5-17 Test result of I-beam with hole reinforcement

Specimen Qmax (kN) GA/k (kN)
Series Symbol Average st.dev. CV  Ratio Average stdev. CV  Ratio
RO-100_PW 19.6 - - 0.95 3844 - - 0.87
Dl‘(*;‘g’eter RO-100 NP 19.7 22 113% 0.95 3750 295 8.0% 0.85
mm
S CTRL 20.6 09 44% 1.00 4415 353 8.0% 1.00
pan 1500mm
0-100 16.6 1.1 64% 0.80 4279 237 55% 097
Diameter RO-125 NP 17.2 1.3 7.6% 0.84 3630 185 5.0% 091
125mm S-283 204 1.3 6.5% 1.00 4006 333 83% 1.00
Span 1556mm 0-125 12.2 - - 060 3557 - - 0.89
Legend) st.dev. : standard deviation CV : Coefficient of variation
25.0 7500
= 200 o o ° 6000 =
~— . -
© [ <
g 15.0 - = 4500 &
|- = = T i
T 10.0 4 3000 £
© Qmax @
£ GA/k o
v 5.0 ® Average of Qmax 1 1500 &
— Average of GA/k
0.0 . . . . . 0
N Q N O Q 2> “
MY éﬁ o o"\’0 q‘,ﬁ (,;3’ o’\’m
N > "e
Y L S

Fi

g. 5-43 Comparison of I-beam with hole reinforcement

@ RMOMROFLD
) BHOR100 mmOATRIZE U Cid, MiEH AR &85 & e A0 Clim 2/ v i 72 £t
. BEIORA VT L— N CliE 2 Miss Lok & HICE 0 o 1R L ZIER%ED
M IR T & 7o,
=) B AR125 mmOHFRIZEI LTk, *A V7 L— Tl 2 58 L7-EERE, EEE N o
[ TR DA% DM INAHIR T E 7=, MEEAR L & bITXA VT L — MDHEET 5
720, FEERR E LTNELL T80, 770V ERNQUTESTDIRENLEEN S,
) EHEICE LT, AR L OVRA L7 L— MEBEOBI DR O RN TR TE 72
Mmoic,
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5-2-6 F¢&H

A1) EEBBROEZETIL, KREUSNORE ITRBTR I BROKFILZHBTE 5,
KB LB 72 FLAIHEDE K] C100 mm, {5/KHT125 mmT, 7 X & UJHI L THKF
LEYET 5 Z & Trbs kD,

7)) BAIZ K-> TT I FWrim s KRBT 5K, HAMM ORI E2RE L, KELLT
RTICHET S T X T EE DA WE OERFRIT, T O AW ) & IE G o BIfR
N -7,

) BAMIROSEE LT, alE 0otk & 2 A V7 L— MR & 0 2%
R L, ZREmAm Lo ZEGR Uiz, WHEEK T IOV T K T o2
DN S < RO R AR TE R0 o T,
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5-3 DIJH#F

5-3-1

BR¢RE

— RN T RO Y = 71E, GHRLOSBOERMMNL U =7 OFSIC&bE T L7
LOEMNTRIEIND, VoTHMIIE, 77 VOBICEbERT — /=T, v =7k
FOMLERET, 7 = 7 OfFFIIARIZN T (Tongue and groove joint) F 721322 & £} (But joint)
THEAIDARZ WV, K TTERORBRIETIL, REOHG TRIN42me oo/l U
TFERTTICRE L, VT ORIM42mb b L, BETOENZDAITIRELS, &
NEVEWE = ATIFRA TR EILNELS 2D, BEABET L EENT = 7 &k,
BOEILAFESTHY, BREEFVOMEICHRD, RIBEOY = 71X 28ORDE R OHR
MCHARSNRE D70, HAIZHE —R A RRC0SBE X R R OBENLETH D,

5-3-2 H#®

5-3-3

AREDOHFEHRNL, BROFDKEF XNV ZRNTY =7 ZKE L, hFORNY =7 %
MWz L FEEOWHRMEREZ RS Z L TH D,

HFDIRHHE HBRNS &

RO L ERNEZT 2 THTEORME LCiE, Ny hPaA v b (BIN), BEEDEH
DNy h¥aA b (BIB), #itkEORA LT L — 1 (NPC), —KIEOARE (1TG), K
WOARFE QTG), ~Af /a7 4 H—YaAf b (MF)) ZBatLiz,

TNHOMFEND DG EHFENRNRORBRERZ KT 2 2 & T, MHFOMRSCHEE %
A5 Z LT LT,

© ERAETT

BRI E Fig. 54412, U =7V aA > Ok L% Table 5-18 12, 1TG, 2TG, MFJ
DI X % Fig. 5-45 (2. NPCD A A /L7 L — &M D Y%K % Fig. 5-4617757-7,
BTORBIKD T = 715, IERDORZZETHIF LR T, 72 L ZIZANTORDIKT
WERET D KD Ui, #EFOMBEITEAWKHEOPRNPEE LNWEEBR TN, 74—
By A —=TNMLTEDLT =27 ORINImEEICROLNTWZT2d, 3FEDOE AWER & 137
RHESE L, KN OHAHETER A4S DRES E L, EFOMBE ITHA S DK
FlL5EpRS & LT

BIN, BIB. NPCiL, /NMEHRDAZZEL .0 TEIWr L, 1TG, 2TG, MFIZ, #FFIZEH 2 0 X
WDz, BERVREBELTHM AT H L, ITG, 2TG OARFEZ, KIMIZLY T
— 7NV —FEHWTENTIZE v B 6hiz, MFI O, 7 4> T—D v % — (KF
BUYEFTR) IS X VS N7z, 1TG, 2TG, MFJIL, & HOREHIZ LY vy ) — )L w5 Al
EBAAL, T4 =T aAy MEAHE GE)IFACISH) 1Z XLV ke S 7, BIBIZZME AT
THNMCY =7V aA v FaES LTz, BERICLY LY ) — LV REER 2B L, 84 TR
EE L CEAE L,

NPCIE, 7L AZHWTRANT L— b &WE T = 7O EIZEALIZ, 7L — FDOJRD
ERIZ, 7L —FEeRBETH D, 7 I T OMHES M & TNOM I, 5-1-48iD TR < H
B 720 ) TH o 7290° NP2-DE[EI L) & L=,
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18

18

18

~—Position of web joint

~—Load point : with Stiffner (both side)

‘ /" using LVL 45x45
'{ fastened by screws (length 90mm)
4015 854.5 ‘
‘ | 226.5 ‘
/‘"
.
RS W’ T 5
o ”4% s S
t IO Y% WIS ¢
7 628 ‘ 628 71
1,256
1.398

(a) Geometry of specimen

(b) 1TG, 2TG, MFJ

Fig. 5-44 Specimen of joint shear test

Table 5-18 Specification of web joint

220

(c) NPC

Symbol Type of joint Laz)nll::)gth Adhesive Area ((:;22;1 ding Secot;(lr}ll:(zzzgate

BJN But joint without adhesive 0 - - 100%
BJB But joint with adhesive 0 Resorcinol 1,796 0%

NPC Nail plate 0 - - 100%
1TG 1 row of T&G 15.0 Resorcinol 2,993 55.6%
2TG 2 row of T&G 15.0 Resorcinol 5,987 33.3%
MFJ Micro finger joint 6.3 Resorcinol 11,974 8.3%

Note) 1TG and 2TG were processed by hand using table saw.

ME]J was processed by finger cutting machine.

(B) 2TG

iy

[T Lzl [ 2
- < o
- [ o
= © o ©

15 15

(A) 1TG

o w0
o [2) = )
© [5) © )
© e © —™
8, j, 8 a1

15 15

L]

(C) MFJ

Fig. 5-45 Shape of web joint section
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25 25 25 17

25

10.5 25

220

7101010 10 10 10 10 10 10 10 10 10 _10_10 10 10 10 10 10 10 13

0 0 0o o0 0O o o0 o0 o0 0 0O 0 0 0O 0 0 0 0 0 -©

%%%%%%%%%%%%%%%%%%%%%
DPUVIVIVVVTVIDVIVD/I/ID/I/ID/D/D/ DN

oo
I o
Jd oo
J oo
J oo
Jd o
J oo
J Qo
Jd o
J oo
J oo
J o
Jd oo
Jd o
Jo
Jd oo
Joo
J 0o
Jd o
J oo
F oo

R S
TUTIVTTHIDTDHDIDTTDHDS

152. 5

‘ 22

12]10]10]10]1010]10]10_10]10/10_10] 10 10]10]10 10 10| 10] 10 10| 8
Fig. 5-46 Shape of nail plate NPC
Table 5-19 Specification of the nail plate
Symbol NPC
Type Hot dip zinc-coated steel sheet
Raw material SGHC
Grade and Standard JIS G3302:2010
Specification Zinc-coat: Z27
thickness 0.8 mm
@ MAhrE*E

RIELT I IR OBEREREZ 7 LA 7 —X T RE B T, Fig. 5-47 OV FhE L7, #ifr

Y &ill\\

IR 2 R RN 1D 27+ 7F— & LTV D72, FHALAIE, R

EOMNER LR PRE U, TobHEN &2 BRAENE TRisk Lz, IMAEEIL, Bkt

22 mm/min& L77,

@ Load
[

Load bearing block

—Load cell

—Linear transformer strain guage
(center of span, both side of the beam)

e
Spec imen

e

.ﬂ

‘L

{S: —Reaction Wew. it
i 2265,

—

G

"

1

Fu
fony
ey

—Machinge base

628 . 628
1,256

unit:mm

Fig. 5-47 Geometry and installation view of shear test
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5-3-4 HBAMHERER
O FEIEEREIRIRTT

AW O EEEICOWT, 2 hr— 3Bk (CTRL) %Fig. 54812, /Ny h¥=
A >k (BIN:BIB) #Fig. 5-5012, #50FHOAREMT. (ITGL2TG) %Fig. 5-5212, A /v
ZL—hk (NPC) &~A27nu7 4> A —VaArk (MF]) %Fig 5-541Z~7,

CTRLIE, FRfirfE (40 kNHIHE) DI0%FRE F CEMANZATEN LA L, 4mm~5.5mm<
DWCHRAMEZEZ D EMEE & BICKREWMERTT LD, INSWAEIKT EERE
BMORLTERTLLORH T, BWEIXIRIET TV L U2 T OEAEENTLS L ) I8
. BAEHEHOKHNTIRREEORE, V=707 IF0RNRERALL, —EIZT
2T O ST,

average = 40.96
5=2.89
CV =7.06%

25

Load (kN)

0 5 10 15 20
Deformation (mm)

Fig. 5-48 CTRL (Control) Load - Deformation curve

(b)
Fig. 5-49  Rupture of specimen CTRL
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BINIZ, 20 KNfHilT £ CHEMACHE L7 L, ZOBMIMALT L7 525 kN> H30 KNFEE
FCOMEN LA L, 6mm b7 mmflil TRAMELEL 2D, WEEK T2, VT D770
EDOEARET, v=T I I T ORBEOBEANHNI, U7 T T OKRE EICEBEIZN
BIol, V=7 VaAy MIB~4mmEEOTE, 2mmiEEDOHMENH 72,

BIBiZ, Ny h¥a A v MEERE OSBRI D Q5KkN~30kN) &7z V) £ CREMIIH
HEAT D, 2/K1325 KNTHIE LA —HAH L, 0.5 mmAEEZ T L Ths b i EEELBRAYIC A
R L7, BMEEICITER W E LA OBITHEEN G E 2 EATEIK T, £33 EL
B L2 D2 mmfREATE LIRS BT Lz, =713 7 7 v PEAMAIT T, RE I
EmERL T, 77TV,

50 50

45 K =8.09 45 K=9.58
40 40
2 35 — 35 average = 32.62
< 30 average = 28.69 5 30 5=2.01
= $=2.06 =~ CV=6.16%
E ;g cv=7.18% E ;g
15 15
10 10
5 5
0 0
0 5 10 15 20 0 5 10 15 20
Deformation (mm) Deformation (mm)
A : BJN (But joint without bonding) B : BJB (But joint with bonding)

Fig. 5-50 : Load - Deformation curve

(a) BJN (b) BJB
Fig. 5-51 Rupture of each specimen
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Fig. 5-52 Load - Deformation curve

(a) 1TG (b) 2TG
Fig. 5-53 Rupture of each specimen
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Fig. 5-54 Load - Deformation curve

(a) NPC (b) MFJ
Fig. 5-55 Rupture of each specimen
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BRI D& AW S O B KA SEEIRIME D REAE 2 Table 5-20 12, 24U H DK%

Fig. 5-56127~9, #3454 A4 7 (BIB, 1TG, 2TG, MFJ) &xA /L7 L—k (NPC) O+ AW

PEIX, CTRLE W o0/ &<, BEBT124000 kKNAE TR E 2213720 o 72, FEHES OBINIE

TS X 2ERRERVME & 72 o 7o, B AWTIN /) O FERIETLIZ. MFIZ2SCTRLZ EE] Y KT
Holz, MTERDHDHHDOIFKVTNPC, 2TGEREE . BINBE/INE 2o T,

Table 5-20 Test Result for joint shear test

Shear capacity Qmax(kN)

Shear stiffness GA/x (kN)

n Qmax s.d. (0% K TL Ratio GA/k s.d. (0%
CTRL 9 20.48 145 7.1% 2.142 17.4 1.00 4,341 367 8.5%
BIN 4 14.35 1.03  7.2% 2.681 11.6 0.67 3,245 290 8.9%
BJB 4 16.31 1.00  6.2% 2.681 13.6 0.78 4,040 164 4.1%
NPC 15 19.68 0.99 5.0% 1991 17.7 1.02 3,919 243 6.2%
1TG 14 15.22 0.67 4.4% 2.048 13.9 0.80 4,089 347 8.5%
2TG 15 18.99 1.52  8.0% 1.991 16.0 0.92 4,152 258 6.2%
MEFJ 15 20.61 135 6.6% 1.991 17.9 1.03 4,032 213 5.3%
Legend) n:  muber of specimen Qmax : Average of maximum shear force
G: Inplain shear modulus A:  Cross section area
Kk:  Shear coefficient s.d.: Standard deviation
CV : Coefficient variation K:  Factor for determinating TL
TL: Fifth percentile lower tolerance limit with confidence level of 75%
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Fig. 5-56 Comparison of each group
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