BT

LM DBHEFETARICEDRAEN-F TR ) 2 =KL MEEE

D5IREM A D =X LOFRERLEHXDIRE

INGS B



L U OO PUUUOOSUSORRSRRPPOPR 1
Lol I D T B ettt h bttt ettt ene e 1
1.2 BEFEODIIFTE oottt 2

121 N DIFTEEE c.eoveeeeeeeeeieeeeeee ettt 2
1.2.2 VIR DIIFGEEMT] oottt 4
1.3 ARFFFED HHE BB DBEE .ot 5

Fo2wm MAFORGHEEZ AW EAT G EORBESSCHE O & FRRR OBFT 6
2.1 FRETEE oottt 6
2.2 HEATBDET MU L HERTBIETE D TE T o eeeeeeeeerieeeeeeeieiees ettt saeas 8
2.3 BEAFDOBRGRIE U TERRET ot 11

2.3 1 BEETBIZEBR oottt 11
2.3.2 BEAFDOBERRAZ W BRI R OFHM ..o, 14
2.3.3 BEFOHGRN & EAM 72 1T T /% FIOTERRRT (e 19
2.3.4 FEGHFEBRE R A MO TZRET CR BV HR e 26
2.4 AIREFRIEHTIZ L DIRET oot 27
2.4.1  FEHTO E oottt 27
2.4.2 BT AL OMIRHT ITIE oot 28
2.4.3 FEATBEBIER & DB oo 31
2.4.4 LSB &AM OBEHRBEIROMITEDFFEEAM ..o, 34
2.5 AM OB HEHEFEDFEAM ITEE DFRFET o 38
2.5.1 AM OFELIWTHEFE DRI ITIE DFRZE oo 38
2.5.2 BEFOHGGNE BM2 IFEET N E FOTERRR o 43
2.5.3 KM OB HEAE DS BEAIBIRIMEIZ B Z DEER oo 46
2.8 E LB e 50

53 BIHEIRBIA = X A DR EBREE i 51
Bi1 A ot 51
3.2 BRI FIFEELD A F7 20 K 2n ittt 52
3.3 EEAEORKM ) L LSB & AR OEEHR GO BEIEZITERE S DBESR oo, 56
3.4 THMEFPHICE T DEEREBETE DI A T 2= K I e 60

BT T S5 RSP RPPURSUPRUSR 63



A1 HEZE ot 64
4.2 FETTITAT O ELIE oottt 65
4.3 GIRMERBELIETUDFEZZ oottt 68
431 BRI cooeoieeeeeeeeee e 68
4.3.2 TBIRTETT coooveeeeeeeeeeee e 69
4.3.3 FIHHIITE ..o 70
4.4 AR OFBIBITETED T coooveveerereieeeeee ettt 73
4.5 FEFT TRV DHENEELDIRET oo 74
4.5.1 BEFFEIR O AUBITRIE oot 74
4.5.2  BEFFIR D AWITEPELRII oo 79
4.6 PEATFEBRFE J 2 FIUONTARTIE v 80
4.8.1  SEERHEEL .ottt ettt tenas 80
4.6.2  BEETBIEBREE I oottt 85
4.6.3 KT T) B OBEARIE JT O FREIE 1.t 90
4.6.4  FIHIBITEDBRTE ..cvovieeiiie ettt 93
AT FE LD et 98
B B B R v v eeeeeeteest ettt ettt ettt ettt ettt s et bbb bbbt sttt et e s s s e e e 100
TS oottt b e 105



£1% F®

1.1 HEOES

7 A7 Y a—ARN b (Lagscrewbolt, LA T, LSB &7 %) 1, REMEESTRI~v=2
TV T, [fFHOIFEERICESTT VA7V 2a— 2B LR 2 T L, Walblo A v b
ERICHER 2N L L7 b D, b L<IEAL b &R UBER O Z2 NI L L 7oA RS
BThod, AR, FREMLLUTZESMAICZ 0B REEZ R LIAALT, £O5| 2 H U
BAFELT, NEBETDIIEEBRLEEEGRETHD ] EERSNTWD, D7, LSB &
A DTG S TARRE L 72 D T2 O 2 3070 | w2 B G EBLARE TH O | KEZ
— A UEEOBEAHE LTHOWLND Z E3Z W, LSBiE, Zv— K- A v -1y K (Glued-in
Rod) #AH & RIS, MMICHEA B2 DAL S REN S S 288X TH I, Z7—F -
Ay vy REFERRY | BIGEE 2 LE L L WEBMES TH 2 720l LIEICENS Z &
FED1>THD, £z, HAE (LSB) NHEBEND -0, EBMICENT AL 25,
LSB G ORREFHEIT, NEMEEGHRG~ =27 VL 1R T F A7 2 —R)V MEGRRGE!
ToaT N IATELOLENTEY . TNLEBBITHEAMEFINARETHDL, LNLRNb,
I DIRIZE SR Z1T 2 %A LSB & A OB D A WritERECAH O 2h i
% ERCTHIET 2 LERH D, 23, BURTIX. LSBITIX JIS BUKEOBUENFEEL TH S
FA—I = MEIZEE - WEEIT-o TN D, 2D, REFE1T 9 121E LSB O A
DR « TR ERSCW i OFLAG OREICERN LI L 220 | ERHESCEBMEICRIT TR Y
BT, £, A—H—MAOHKDOT-®, LSB OB% « WFRITIR & 7z B RKFEE O
ZERERITITON TR Y | RO FRE D RE LI REH OAH TH S, 21T, MFFERFRIZE
DSEMEINLHRFHED ., EZFOMDIRY TliX, EFEO SRR 1-1) K OSCHER 1-215edki ok FHE 1
DL (EHOLOES FE URFANTHINTWD) ORET, BRTIX, EREITV, FH
REHEZ AW TR TG 217 9 ISMOE RS U,



1.2 EREOBE
1.2.1 EROHEEHA

LSB (%, /NMADEHSE 9L, ZDt%, A - IMAOIIZE 19 1O TH BRSBTS,
HAR < MR AEEE U 72 B 1R BERRIE . SERUR OO RHE AT 5 i M ONELAS 5 TN L 603A E N TAT R O
WK+ BLDIATR S D LSB #25-# D i KA 1R ) e O = O il 25K 5 7= O DR AT, Z D
HERA SR 1- DL OSCHR 1-212 LSB#AHORGHEE LTELEH LN TND, o, F5H -
IR B 1D T LSB & A AT A O LSB O MR RIR A 5 HIEREIC 5 2 D
ERBAICHIE L, 2D ORMEN SR 1212 LSB OFLEL—LE L TEEDLNTND, Z
L T, LSB MHMG R A 21T 235G OMIZ, E— A v MEFUEEAT ORI /1% 1107110 & LT
x> 2 A4 7D LSB & feikaa H iz LSB #2454 X512, LSB O slktEaE 4 it oM
ATk, O OEERINER O KT E— X > M & FHET 2 HEEZEE LTV,

FE D V2 MErER R aENER A2 R T LSB Z W RKE 7 — A UE ORI A xR & L
T, BEREZ MR T D7D DBHFE & AT > TV D, A — REEAIIL, FERORICH DA £ 72 LSB
LN EReMmE 2, —ELU LOMYWEZIZRE S 3 RGE S 7172 SNR490B ik THLE L 7285
WRUARLNERAND Z & THMREZRM L TV D, MBS, B — A L Rk
SNR490B it TlliE S puicfiniEha U7 v I —HR L hE WD 2 & TEMERR 2R L T\ D, 2
O DA E KB HEA MR OBELITV, ERT7 L —LERCTHELHE L., BHohk
TR & AR5 L 72 G U CRMAL L7l & O Uit R &2 S LT 2,

Sl B 19 AR MR B OFFFE 11971194 LT LSB A W2 — A v MEFTEEA T O dh
F—EAWHE G TICB T 2 REMEREIIE 2 FT LT D, A - /MA S OFFFE 1197115
TiE, EAIRITRIBIZEB N T, BEAMICERT 2 EAM IR KRELL DI LA TE LT E—
A FHHETIRIEL Y b RE 2o TRV HFEBLRENG RTHAE LB TCWRR L 72> T
Teo 2T EAISTTIREO S HMNTIREL Y bAHETE L MITE—A L VNS5 LR
E L. BEEMERICI T 2K N OEEEIAEMT 2T £ — 2 > b & FHET 2 B Al
ARy (1A E R TIUCHEY) Z2AFMEL Y 260mm < LHEFMMiZ 7o/ L 2 A, dif
E—A L EEABNTHEBBERB R ONDFERE o7, L LR 5 LSB #5054,
HIHIFEA R Y 7 DA & TR0 HBEHEERO KA O E S PHICBN DR TIE RV
B, A%, X0 FEMARREN L L RGRfTT TV D,

05 110712003 CREEARL b ERFIN D KPR RTEIR DA 7 ) 2 — 2 H O COARMITI T S
NTCHER CITHRAT 288 AR L, —HOMREZFR L T\ D, KERL NI, AL MZA
7V a—NT. (LSB OHBARIXT I/ A7 Y a—ITEER WENTWND) ZHid ATk LSB &
[FER T 203, RER/L b OGEIIARMAO L FLIZHER TN LA ST 2D DIZk L, LSB



DB DOHRTH D RN RR D, —HEOHTETI, #HBE HBERD R KRG KM OHEE A #
BEOBAERENTE T L OB, KOEAIEN T (FE—22 b EAR, #) 12650 5%
FHEE R L BT TR FER Y A KDL BR A 72 BN SR A 1T

HACHNNTIREN 15 TR CREEAR L b & FW T2 B OREIETERE & BRENE DR 1T > T\ D,



1.2.2 @ omEEs

WM 5 LSB ORFFESflIL, EENRE LR FELRVR, EART T RAI Y a—
DOIFFEREBNIE S AFET D, EART 7 A7 Y a—%, R UL S 86 B4 AR
CiAte W H R TLSB & —HT 5, WS Tik, ©ART 727 Y 2 —05$ki ) & Hed BAE,
HDIADIRE K OARM OED LEHR TR PREIN TV D BEIN TV LG,
FERE R EICERME SN TEY . ZOER OO DWFEREANATON TN D,

Eurocode 5 120 TiX, EADFHEMNOFRERNED b TH Y, FARUL, © X DEEHFE
RAME, ERADHE L RO LLORIBRZN 72 L T UE, BERADOHAME, DAL S | KDt
T ORI OREHE AT T A5 2 B A DOHLDA R FE D S5 KIM I A EEATHETH D,

M. Frese & 122 |3, Softwood % %%t & L 7= Self tapping screw D38| #kilif HHEREZREL T
W5, [FIE, 1850 DB HERA R & KLiCRlm ot 2170, EXbL Tna, Rz AT
A OBERNE ZAOLE, HDALES D BFHE LIl EBREFICK LT, Eurocode TiF
DHNDFREXI2DTEHE L72FR LY bRER S SIKM AR HEERTRETH 5,

Thomas L. Wilkinson & 123 |3, B ADEEIIH > TR UM LA S 7z Tapping screw %
W, 3FEMHOAIMEFE (Red oak, Douglas-fir, Redwood) # %f4:& L7-EBREITV, 5lik
K O AWIERE DRRET 21T > T D, BIRMERRIL. B XA D%mN 6 RED 2,3 OFFHD 7
(2R U LA L 72 Wood screw % HIVW 7 515 BRHE R & el LT, Tapping screw D J5 7% 6~
15%5 1k 8@y, £ LT, —mE A BREIL, A OLE L EADBREO ZRIZHEIT D Z
EERLTND, Zofich, BHREEHE LIEERZITV, BARIIEADORED 60%7H°
KM CTHDN,ZNLUTIZR D EFTHIARIIENRAEL D Z L AR LT D, £z EHBIITIE,
BRI EADBED 60% LD D LREVWENREWEDMAEZRL TS, FRWFZERERIE,
REFCE R A BIRT DBEOEMT — X127 D LfEamfHIT T b,

J.A. Newlin & 129 (X k4 R2fEH DT 7 A7 ) 2 — EBFEOM G L THIHRFEREZITV,
ZOREREZHRICLEEHERZREL TV D, AL, 7727 U 2 —OIRITE S DAME &AM D
RO A OIAIR S 72 0 ORI AN EEARE T D, £z, B EEH L LI ER
ATV, BRI R R eI E R LTV D,

T. E. Mclain!?? (%, J. A. Newlin & 2325 L7258kt ) OFFF K 120 (23 LT, AR &R T
WDIREDERT — & & A\ CIRIEEIR T 2470, J. A, Newlin H2MBR L723tRAL 0 b
LM N OEBRAFER LR R S HEE TR R RRNOREZIT-o T 5,



1.3 AHMEDENEBZTEOHE

AWFZE TR, EHRGTOA MG Z B E L, FRIALER) O R E 2 F8REE Fv
T IEETREE OB D) D LSB 25 ORI FIRE 7R T - Rt XOREZ AR & T 5,
RET HRRFRT, B FR IR TH DISTI 00 & L MRHREECY o 7RI O R &
SEEL CTERILT D 2 & THRENEZH SN L EHRFHE RIS U T LRk LS
WEREIRE BIET, ol AWFIETIL, R ORHEEAT I H O IA £ 72 LSB #2458 % Xt
GL L, ZOGHRMRREERDIREEZIT I,

AW TIE, BEFOREHETH LA - /MR E L 72 #H5mX 19 (BT, Hamed5) o
MR RO & R LA SR A a2 2 & T 200 OET T b LRI, £ Dife
THROLNTH AT OB BICEN D LB R, WEatEd 5,

AL OB 2 LA FI2R,

% 2 # (BEFOBRGHEE AW AR 1o R SCRE OHE & SR O T,
AR TRMA U7 & OV AR = & S Al 72 B BT 7 L 2 O T BB AR AT SR & 3260 F2 Bk
RELT 52 LT FHRICERE Z 02 &3 2 BEa=No WA &R A R U, MR 4 /et
T2,

53 (SRR A I = XL OMP EGEE] TlE. 5 2 EOMFHER L &IC, LSB #5H0
FUHRIRHIA U = X L ZAUE L, BEw = & Sl b BT 7 & O TRE DRREEAT 9, MREE
THNEIE, LSB #A OB KIM 113 A I = X 1 L PEEEPHIZ BT 2 E B ORAERA B
=X NE LT,

554 5 S| PMEREEE R ORE L MGk Tl LSB A MO 7= a5 [ E EXNORE L |
ARSI L 72 DM EORF 2175, £ LT, 2RO EHWTEHAZITo LR D
FERR T L 7o G B R & O ATV, BET RGOS L BEET D,

F 5 [ffim) Tl B22EIOHEAETHONCIMAEZ E LD TR,



F2E BHFEOHRMEZAVESHRGT LOMERCREDILE & ARRRDORE

2.1 REBRE

LSB #2431k, (2.1 TR INDBKRF K E M) Prax L OT =0 £-EL Ky (RBFFE T IE A
PE K &92) OFREXNHER 2-DEOSGR 2-221CF Lo b T, FHRIEL, 4 - e 29
NIRELEGRA (UUF, Hiae35) Thd, RQR.1DTrRENLEHAIL, Volkersen €7
N EBEBIZEIN TR Y . LSB &AM OB, dEONT LSB &AM OB (LUF, 5RH
e 5) OB AMIITES LSB O S HEIZ—ETH S LE L, R(2.2) TR SN DM
X2 RQ@I)DHEREMTHL Z L TR DB E2HND,

f,zd_(E,A, +E,A)sinhkl

(E.ASEA)
k(E hkl +E
Eoxsl by <] (SACTKTEA,) @.12)
f,zd_(E,A, +E,A)sinhkl EAZE,A)
k(E,A, coshkl +EA) (EA=EA,
I'zd_(E,A,+EA)sinhkl
(E,ASEA)
k(E hk
Fu sk, -] C(EACIMIRA) (2.1b)
I'zd_(E,A,+E,A)sinhkl (EAZE,A)
k(E,A,coshkl+E.A)
& oo mrL. k:JmL(L+LJ 2.2
dx EA, EA
Xx=loLx o, =0, aW:% (2.3a)
X=0m&x as=£, c,=0 (2.3b)

ZIT, o BEAEIROE AR &
d. : LSB O4p%
E, : LSB O v /%%
Ew: AM DY 7155
As : LSB DA W i f
A 1 A OFZTEFE CREDIZ LD
| : LSB OB LD IAARES
T BEF OB A WIS
P BEAEICA L Dl
o : LSBIZE U B8l 57



ow 2 AT 2007 M)

RQ.DOHGNTHEAHZRE 2175 HE . HGRER &IN5 LSB oA LIlE y 70 1.5 %
~3.0 f5FDIE S OAMIZ LSB &AL, fl#k< (b L<ITHAL) EREITH 2L T HR
S D VB ERE A IR T 2 M ER B D, Fio, AMOERIMIHERE A, ORI, K241
RYRE e (LLT, e &%) ZEDDILEND LM, TR 2-1D) K OSCR 2-2)DFE & 75 7z
SCHR 2-3NC T, A RO BHENMR D H T2AHIE L CARM OF DI dE A, 25 L
oL DRI D D, TDOT=D, SIFHNIFHIT 2 FIERIREIC > TR BT, 3k 2-1)Tldc=
1.50~3.00, 3Ciik 2-2) TiX c=1.50~2.00 L RENTHY . BIUTFARL S TH7R,

A, =7(c-d, )" -z(05d, )’ (2.4)

PlE&y . RQDOMHGHAT LSB #AaM Al 2%a., WG Z6m, £ c DED%
UPEAZA R THGET DR ENRH D, £ T, AETIE, BEEFEIOE AWPERE M O % ¢
DFHIEFTIEICONT, RRRa B L JFRICRHI 2 FTRE R T 2 BT 5.



2.2 BEEHMOETIMELEERERDOER

AWFFE T, Fig.2.1 IR T X 912, LSB A OIAE L8k, HlD . R OAR D26 Wrifi X
BN 2Rm A AR & e HALEE TERIRE LTET M L, & O Mk o8 550 Feik
AR LA ZRIT 2 NFETNVERET 5, 72, KiwLTIE. LSB1 A& 7=V D5l #MERE
FEADREZ B & T 205, AFaSCLIRE b kAT ZE 21T B — A v MEFUEES I DORE
ROBERZFAMAAEL LTS,

L : Gauge distance of displacement

ISteeI plate LSB joint
[@ Axial force
]
- Lagscrewbolt (LSB) KTimber(GIuIam)
* Modeling
Axial sprin Axial force
j pring

Rigid member Timber modelled
with wire frame model

L : Gauge distance of displacement
Wire frame model

Fig.2.1 Modeling of joint and definition of deformation



T A v MEFEES L, Fig.2.2 ITRTE8Y . MIBIGIZERE SR 25T 727 vk, & L<
(. WA RS £ DU 519R & EMEO B AR 2R T T2E T L EEL TV D, WIho
ETMEY Fig.2.1 LRBROEZ ZIZES S ET ML TH D, Z ORE, 5I5EMA & JERER O S 1 0% (F]
TSR DG EFRER NSRRI T 2R 21T OB . FRRFFZEL TBY . RSORITEH
BIEZ D IODOIAER S L Z5RM & BRI TE L THR4ERH D, T, FIEMEE
HEA DN DFAMRAZ LT T AL & Sl A A3 T R CREM 9™ 2 BN B 5, BEA RO 58RI D
ZIL. LSB OHl 5 M O OVER, SERFERO LI . A OS5 m OMOER ORI E 72 553,
BN OFMFIEIZ Lo TUIWTNDOERRE EN2NWZ L1225, Flx X, EB Tl 21T 9
BRI, AMOKROMTICEMA 20 1, LSB & ORI 2 3 L7254, At o7
DB FHI SN BAE A E ENRNZ LT D, —FH, JEMRAOZERIL, EERE
LOMEATHLAETTWDD, IR & FIERIZE T MBIZIE U2 KON 2 53 2 MBS
b5, ¥, LSB NHOIAENT o AMig s L, O a et E£83T5 2 & CF
FEORITEE EyAy Lo (EwlEAM DY > Z4250 Ay IZEME OA RIBTIHEFE, Lo 138 DR
) TRHETE, AEHBEICBONTHRWNRTFIETHDS, RQ@HTREIND B HEHES o
HESTAT 7 1 O T JERIVE ko 23R 8D 2 72D DFHRIA 2D 2 LKA L CTHW S (] & LT3k 2-4)
VN2 12 D,

E
k, =—  [Hf7 : N/mm?3] 2.5
0 31.6+10.9d

Z T, Ew: AMOMHEVAT IRV > 74858 [HAZ : N/mm?]

d: 255 [ : mm]

UEDBRNG, AFZEICE T 2B ETOLIFIT, LSBRIC & LSB SEiniLE TO AL & D

STAENE oy & TEFE L LABERDRRET 21T 9



Axial force

Bending moment

Timber
N

LSB

) Wire frame model
Wire frame model with axial spring

with rotational spring
Axial force

Axial force Bending moment ’\
Bending moment/—\

Replaced timber
with wire modell

Replaced timber

with wire model
R Rigid member

N

L
Rigid b
igid mem er1 L

Rotational spring

W Axial spring

Rotational spring model Axial spring model
Fig.2.2 Modeling of timber semi-rigid column joint

10



2.3 BifFoEmAEAVRE

2.3.1 EEEREER

ARETIE, Fig.2.3 XU Photo 2.1 (2777, #M% d =20.56mm, A% d,=14.1lmm. LSB ©h
Uty F=6mm OfEETHIE S LSB %4 & L, Fig.2.4 (R T #Bik % v CHEAIE
B A FEhE L 7=, BEATRRBRIRIT, AM2Y 105X 105mm Wi o> JAS B[Rl — Skt kA4 v v =
U7 J = YRR E105-F345 T, RRBRIAD A ANZEERH 0 LSB ZHHiA s, FOHANT KA
D LSB ZHLDIAA TS, SRERMIO LSB 1M IAALEE S % 200mm, 300mm, 400mm @ 33@ Y &
L. KMo LSB I DIAAIREE & 450mm & L, 7232, 2 IRIED TR X e R #EE Al % 0F
M35 Z & T RB O LSB THEEICHEN AU D LI Lz, el AL AMED ¢ 17Tmm
T, WEPHDIAT LSB O FE & +50mm OS2 ML L7z, FEBrIL, BRIkl LSB 1R
BT, —HMOBI8RMN %EIT o7, MAE, TR 2-DE2 S5, INIBEGD D I K &
TORFMD 5~10 43 & 720 X O R L Lic, RBRIAEITA 6 (KT, B THERRDIENM DB
Bk A AR L 72,

i . Not processed Screw
Lagscrew (for Testing : 200mm, 300mm, 400mm_ for Reaction force : 450mm) ~ ¢l6.2 ~ M18
Pitch=6mm ‘

Top thread diameter 1
d @ ¢20.5mm

dis : p14.1mm Note : Material : S45C (No hardening) , Production method : Rolling

Fig.2.3 LSB

a0 ARSI ES1Y)

A AR R A e R R R e

S RS atkototokkayatetatfoti it sh ettt e AT

Note : From above, LSB of test side : L=200mm, 300mm, 400mm, and LSB for reaction force

Photo 2.1 LSB
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LSB of test side

LSB for reaction force (L=450mm) 1400 (L=200, 300, 400mm)
[
. 500
105 [ Displacement transducer [ [
525525 1 >
Force Force
0 direction \ direction
| ———— —_— -
=t B
S
‘ Lead hole |:Ld hol
Diameter : ¢17, Depth : 500mm ‘ f aad hole
Displacement transducer l Diameter : ¢17mm, Depth : L+50mm | 50 ‘

Glulam
Timber species : European redwood , Strength rating : E105-F345

Fig.2.4 Test specimens of tensile test of LSB joint
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FERRER % Fig.2.5 [T 7, 2k, FXOZENIL, LSB OMOIAARSIZE 6T, Fig.24
AR Y LSB & ARM T O RETEEREIL 500mm & L, LSB &AM ORI AN Jsg0 271 L 72
A D BARIT 6 (RDFEI DM P—2NL Jsoo HiFR TH D, ETOMRMBRILT, LSB DR DRER
M ALAF THERTIS L D mEIMET U, A OFIRMIEESE ORI CRinoTe,

120

100

Load P [kN]
N B D [00]
o o o o

o

140

120

100

80

60

Load P [kN]

40

20 1

Embedment depth : 200mm

1 2 3 4 5 6
Displacement dso9 [mm]

Embedment depth : 400mm |

1 2 3 4 5 6
Displacement dsoo [mm]

140

Embedment depth : 300mm

120 +

o 5
3 8
! !
T T

(o2}
o
'

T

Load P [kN]

20

0 t t t t t
0 1 2 3 4 5 6
Displacement dsq9 [mm]

Note
Experimental results
Average

Fig.2.5 Results of joint experiment
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2.3.2 BIFOEMRX T A -ERERO
e IR R Iox LT, 2D 0B TRl A1T 5 72 RO AWmRE f, &
HAWRIMEAREL T ORI Z STER 2-5)12 3D & HHGRER IR 2 W75 8GR (LT, MERRGRER &
T5) HiToTc, BRIE K OVENGAER H1E% Fig.2.6 |27, ABRMIEL, Wim2d 105X 105mm
D JAS B[R —FEBAER AT 2 2 U T I~ VK E105-F345 T, 8 KD R L7154 31K
ERLL, ARF24 8L Lz, FBT, Pl LSB O4ME+5mm=25.5mm RO LD - E &
12mm O TRER K ZEete = & TAMOMITER M2, BEREROTAMEFOL N4 L
HE Uiz, FHiiZ, LT o 280 & L,
O SR 2-BICEED & 24 (ROFRERFE R LRI & /MBS 3 BT SBRW =55 18
ROFEBFER LY | HAWIIR S fIXMEEKYE 75%D 95% FMAFFARRIE, & A WilHELR
BT ITERUKYE T6% D 50% FUFFARFEZ KD, FIHEICAWSEE L2BE,
@ AETIE, LSB #EAMOBBIHA I = AL EFTRDH ZENAMNTHD Z b, R
FERDP AW S f, & ABRIMERE T OFM ATV, 4 24 (KON & 31 RICH
WHIEE LT=5A,

P |

\
T Steel plate i
=

ﬂ—ﬂ%ﬁ/hnx/@ ***** -

a Center hole |
Top thread diameter of LSB+5mm=¢25.5
LSB

Displacement transducerj Timber(Glulam) Lead hole diameter : ¢17

—115

k%

Fig.2.6 Pull-out tests of thin plate specimen
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Table 2.1 (73 9 ARG R & VT S0k 2-2)10 B & Bl U CHEG HE D I KM /) Proax 2
ORI K OFHR 21T o 72, FHRICEW T ARMOARIMTER Ay 1330k 2-2) & 0 | #R%¥cc 1%
1.50~2.00 £ 95 Z AP INTND, £I2 T, KREOKHFTIX, ¢c=1.50 & ¢=2.00 D 2 i
W OFEEAT -T2, £, FSCERTIE, LSB OF DAL E X, A LI RERZREH S (UL
T AR U ET D) ZBRWCEHMET 2 Z & AN TS, 22T, AETHWE LSB
%, B EO#A T Photo 2.2 O X 912 LSB Ol L ARTTICARZEER UEHNAEL TR Y | FEBR
(W2 LSB #5342 & b ial 34y (B3 IXALE yF 6mm=18mm) K OMRIT
HHRAL TS (7TIHXALE YT 6mm=42mm) BNAFEERQ LI ER> TS, L LaR
5, Photo 22 2O b AOLND L HIT, ARETxGRE L2 LSBIL, AERRLHEEA LD
LREORUINIAEL TBY (AU LURERRES L T 2 L8 O 0WERRIK T AE L 5 rlEE
PEiZd 508, AT S X 2R BT NSV EB X RETIE, HEMRT 2 &2 TORGHIC
BT, AEER CEHEZ RN TICHEM 21T 5,

Table 2.1 Test results with thin plate specimens

fy r
[N/mm?] [N/mm/mm?]
Average 5.77 9.92
Evaluation by literature 2-5 Sample.s-tandard de.viffltion 0.512 2.578
Coefficient of variation 0.089 0.260
(DLower limit value 477 9.50
@Average 5.77 10.39
All Results Sample standard deviation 0.645 4.015
Coefficient of variation 0.112 0.386

Note : Lower limit value
f, :95% lower tolerance limit at 75% cofidence lavel

I' : 50% lower tolerance limit at 75% cofidence lavel

" 1:’;\- AR R M e
al ’;\‘\:“ | B L

(a) Tip (b) Root

Photo 2.2 Incomplete thread part

15



Table 2.2 & O Fig.2.7 [IZHEEERAE R & Q. DOHGRATFHE L ROLEZ R, =
TR FEBRAE RATA AR 6 RO L L. WIMIAIE K (X, FEEBRAE RO
MO E & LT, 72, FRtMEX[RY
FUNT b AR D FiE THEEGRE R O WM K 2Rk 5, RRLOCFK LY,
72 LSB & AM ofiAAbEICB W T, 25 c=1.50 &£ ¢=2.00 T
bR oTe, D8, Fig.2.8 (2

Z T, REFEEVCRKOES
R RITEE Prax @ 10%fil & 40%/fi#

& il SIE

T, FHREEHCEBGUBREE R OEHEAKTE 75% D 95% FUFFAR AL % A 7=5

B 2

DIABIRE & FKRIMN ] Prax {Z

ARSIz

REHMEZ WD Z & TR(2.12) O BRI CEFRE U 72 e K7 B Pa (X FEBRAEL

PABE DR EHT
RETKHERL L
XFHERERICRE AR 22T R
3R % ¢ &2 ¢=1.50 & L CRQ2.D DGR TEE L2k R
& & FEEE v
WY 2T, TR 2-)2 BV TRU(2.12) OBEFR A CTROKIN ) Pray & 51HE L7255
IZIEOFARERIMRS L 5, Table 2.2, Fig.2.7 % * Fig.2.8 k1,

BOTHEEROMFA & 722> TS, Fro, RGBT RITIFEKYE 75%0 95% THIFF
Ik L Tl oRE
fili & 72> T D, FHGIEIPE K 1%, FEBRIE & BDABTR ST A OB A S i,
RS 200mm 235K, 300mm & 400mm [ZFRFREDE & 72> TWVWD, 22T, CHk 2-3)IcFB 0

THUA2.2b) D BFR A THIWIMMINE K 2392 & . AGwSC TR A W TR L 72/ R & ARk

DARBIRIGR AN L & 40 % 23

Fig.2.7 X v | EBEFIZR AR DB & /2> TN 5,

Table 2.2  Relationship between embedment depth and calculated value by Eq.(2.1)
Embedment depth [mm] 200 300 400
Exp Average 52.3 72.2 108
' cv*+! 0.069 0.111 0.082
P max Lower limit c=1.50 53.0 (1.01) 68.6 (0.95) 78.0 (0.72)
[kN] Cal. by value*? ¢=2.00 52.6 (1.01) 67.9 (0.94) 77.1 (0.71)
Eq.(2.1a) | Average of c=1.50 63.3 (1.21) 81.2 (1.12) 91.6 (0.85)
all results*? c=2.00 62.8 (1.20) 80.3 (1.11) 90.5 (0.84)
Exp Average 141 124 124
' cv*! 0.188 0.094 0.099
K Lower limit c=1.50 106 (0.75) 137 (1.10) 155 (1.25)
[kN/mm] Cal. by value*? ¢=2.00 105 (0.75) 135 (1.09) 154 (1.24)
Eq.(2.1b) | Averageof | ¢=1.50 114 (0.81) 146 (1.18) 165 (1.33)
all results** [ ¢=2.00 113 (0.81) 145 (1.16) 163 (1.31)

Note : () of Cal. is the ratio to Exp. ,

=1 - Coefficient of variation ,

16

*2: Test results with thin plate specimens.
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120

100 T

Pmax [KN]

60 T

40
100

200

300

400

Embedment depth [mm]

500

(a) Maximum strength, Cal. value : c=1.50

180

160 T

K [kN/mm]
-
(S

120 1

100 T

80
100

(c) Stiffness, Cal. value : ¢=1.50

200 300
Embedment depth

Note
—O0— Exp.

400
[mm]

500

120

100 T

z
=3
80 1 /
:
o

60 T X

40 t t t

100 200 300 400

Embedment depth [mm]

500

(b) Maximum strength, Cal. value : ¢c=2.00

180

160 T

[N
S
o
!
T

120 1

K [kN/mm]

100 T

80
100

200 300 400 500
Embedment depth [mm]

(d) stiffness, Cal. value : ¢=2.00

—O— Calculated value by Eq.(2.1), f,orI' : Lower limit value*, ¢c=1.50
—— Calculated value by Eq.(2.1), f,orI': Lower limit value*, ¢c=2.00
—2&— Calculated value by Eq.(2.1), f,or I' : Average of all results*, c=1.50
—*— Calculated value by Eq.(2.1), f,or I': Average of all results*, c=2.00
*: Test results with thin plate specimens

Fig.2.7 Relationship between embedment depth and calculated value by Eq.(2.1)
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Load P [kN]
w
o

Embedment depth : 200mm |

0 f—r— —t

0 0.2 0.4 0.6 0.8
Displacement d500 [mm]

1

1.2

Load P [kN]
N (2] o] S
o o o o

N
o
!

Embedment depth : 400mm |

0 0.2 0.4 0.6 0.8
Displacement d500 [mm]

1

1.2

10 1 Embedment depth : 300mm |
0 v t t } } }
0 0.2 0.4 0.6 0.8 1 12
Displacement dso0 [mm]
Note

Experimental result (Average)
—O— Calculated value by Eq.(2.1)

(f,orI": Lower limit value*, c=1.50)
—4— Calculated value by Eqg.(2.1)

(f,orT": Average of all results*, c=1.50)
*: Test results with thin plate specimens.

Fig.2.8 Relationship between experimental values and calculated values by Eq.(2.1)
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2.3.3 BHFOBSRXLEMEAFZETILEA B

K DO TFHF LML, ERIEISH L THEDIARIES LK ST Pra O BIRIZEIZ
HICTH o728, YIIRINE K 1382 20 & e oT, & 2 CAREITIE, PIIRINE K 235280 1E &
R TR B & Ao o ROV TR 21T 9,

R pmE o R K E LTUTD 3 ANEZbD,

O KEDOHEGHOIEL 72572 (2.2) TR S5 MRS HE) TR,

@ FHEICHWDREES (. T. o) OFFliFES#EE TR,

® HEAMERTOBEAMEN ORI E RQDICE T B HA AN OFHEAE A R 5,

AT, QL@ICEIZRWEfuE L, RQDOHEGRA L HFERICEMRET VLD
Fig.2.9 \Z/R MM BT 7 L 2 AW CUS T 2170, QD OBLERATRE L2l & D kg
R AT 5 IRIRATICIE . ATREARSLIK 7 L — Nl O BN 7 1 7 F & SNAP (kX
SHMEIE S AT A, Ver.7.0.1.1) ZMV, ZHLEOMMEILE 7L 2 AW - BUEfET s bR T
Ta s hEMH Lz, Fig.2.9 {ORTHRMERE T V1L, 2.3.1 8 CHE L 75 5B ik 4
BLL7ZET /LT LSB &AM 2 T L SR A AR A RICEBR LTIZET L ThH 2,
Z DR, LSB O Z12H Es 13 LSB 844 O AFME Td % E;=205000N/mm?2 & U, A 2k ifnfs
A, Sk 2-212 5% LSB OB dypy 7 HR(2.6) TR L7z, AMOY v 775 By 1E. FEBR
THW B OMHETAT I 10O Y > 7RO AFME E,=10500N/mm?2 & L, AoErmkE A,
T c=1.50 &L LTRQYTHE L7z, 22k, BRI RQDTHE LB LR Uy o 7155
Euw X OVE BB HiAE Ay & V2, BERGEIR O AW SR 1L LSB O 1 [FEIC#T, SEREE O
AW SF LB B 72 0 ORIE ky 1%, Table 2.1 (23 HEARGBRRE R HAU(2.7) TR L7z,

A =7-(0.5d,,)" =156 mm? (2.6)

k,=T-p-7-d =4.015kN/mm 2.7
ZZT. dyp: LSB OAET dp=14.1mm
I':Table 2.1 |Z7- 9 3 ARGERERAS 7> BRI L 72 & A B MR 2 T4 24 AR AEIN
-l T'=10.39N/mm/mm?2
p:LSBOALILE YT Tp=6mm
d. : LSB @ LT d.=20.5mm
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LSB(Not processed)

Timber (Glulam P = 50mm
Ew = 10500N/mm? A | — E. = 205000N/mm?
A, = mx(cxd,)>—nx(0.5d.)? $” ) )
= 2641 mm2 5 LSBAS = 7x(0.5%16.2mm)? = 206mm
o )\ 5. |_JS|_ E=205000N/mme
4 'D(’J%_F | E A= mx(0.50u) = 156mm?
ks E 9 S
= — _ _ .
213 % S|Y Calculation method of deformation of joint
< < - ——
© 46_ E (SJomt - (SA
E E" % 1< ORoot = 9B — (D
ElE = S JTip = dc— Ok
T
=1 £ £ Note
ele 8| oa : Displacement of point A
3| % El8 s : Displacement of point B
g8 o dc : Displacement of point C
SN E %(K]I ] oo : Displacement of point D
C ok : Displacement of point E
\/\ oF : Displacement of point F
Timber (Glulam) f XF
= Shear spring : Boundary zone between LSB and timber
IE -_4EOmm,\T/EmtzJedment depth of LSB[MM] “gpring placed for each thread pitch of LSB
'z 18200 T(TS = Placed in the 6mm pitch
w = LUSmmxUomm Spring stiffness Eq.(2.7) : ko = 4.015kN/mm

= 11025mm?
Fig.2.9 Wire frame model and calculation method of deformation of joint
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K. DL, A& LSB OAHR N ASEE FAEI I B < & AW ) ¢ OEKAIZ LB 2 & AE
L. ZnH0fRE2R2.8 TEXR L. TAWILT) © DR KMESEEREIRL O AWIHRE f, & 72 5 K
KN T) Pray & LTS 28, F72 H(2.12) & (21D AWIHRE f, & W AWRIMEGRE T ©
ANWEZ DB T D Z DD BEREIE O AWIE T E © OFKREDE AVWITRE f, L 72 (0@ T
® LSB &AM O BN Z BEATREN L EFR L TWD, ZD72®H, LSB O EA, & A D EA,
DRPNBIFETAREI Y B> THY ., LSB IRt R OARAM) THERMEBOE WG IE
PR L 72 % EWAyZ EA, TH AT LSB AR I & AR A O DA AL dpoor, LSB SEHiHAL B T B S i
WO AWIR I © R E 72D EyAW=EA, TH AL LSB L& T LSB & % O Wi &
(\ZBT DA & DFKRIERL o £ 725, £ 2T, LRIIRTREDDOHGRROMHRIC SOV T,
Fig.2.10 &2 Uf Table 2.3 (27797, LSB & L < IZAM D2 Dbl 4 2 HEFRA (R 6D TN T
VVIREE) & L 7oz il &2 VTl R2Ab) 0BRGN AE FIWZEHRAE & Fig.2.10 (SR 3R E
ET NV E RO MNTEZ i U, iR A T o 72, Table 2.4 ([ZHIHIMAIMED % | Fig.2.11 (5%
SR DIS ) A& v T, 2 2T, RIRKORE &R OBilE, Zh 2O KECHRT 22 & T
WAl L CTHRFL LTV 5, Table 2.4(a) £ V| E,AVZEA Th D720, fiEHT T b7z LSB Rt
Bl CREFOAROM) O LSB & A ORI ZENL D & 5l L 72 H1 % 23 2(2. 10) O Blam = TR A
Lz e in—B L b, £, Fig2.11(a) XV . EAZEA, ThHiLiL LSB Rl R D
RPN OFAWIET) Qi Quax WKL 72> TEY EFUMRE —E L T2, [FERIZ, EWAS
EA [Z2WT % Table 2.4(b) %" Fig.2.11(b)7> 5 EREMERAE LW MR SN, 728,
Table 2.4 (T3 9, R(2.1b) DFFRA THE L7 & T CENCENRR OGN D OE, B
PG A VTV D oSk L, #HTHEIT Fig.2.10 \OR BB T T v AWz L&
bbb,

T =

Pk [ E,AE,A, 1 ( cosh(kl—kx) . coshkx 2.9
zd, | E,A +E,A, )sinhk E.A E,A, '
Z T, kirk@.2)., A iER@IC X B,
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[200mm, 300mm, 400mm |

E
=

Same as embedment depth of LSB

Fig.2.10  Consideration of theoretical formula with wire frame model
Table 2.3 Conditions for examining theoretical formula
Case Timber is rigid*" LSB is rigid**
' [N/mm/mm°]*? 10.39 10.39
E, [N/mm?] 1.05x10" 10500
E, [N/mm?] 205000 2.05x10"
A [mm?] 156 156

Note

*1 |t was regarded as rigid by making the stiffness in the axial direction as large as possible

o]
D] ——LSB

e

Embedment depth of LSB
200mm, 300mm, 400mm

Analysis conditions are shown in Table 2.3

Shear spring : Boundary zone between LSB and timber

Timber (Glulam)

Analysis conditions are shown in Table 2.3

Spring stiffness Eq.(2.7) : ke = 4.105kN/mm

*2 T : Average value of all results shown in Table 2.1
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Table 2.4

(a) EnAW=EGAs : Timber is rigid

Comparison of calculated values by Eq.(2.1b) and analysis values

L [mm] 200 300 400
c 1.50 1.50 1.50
Calculated values A [mn?] 2641 2641 2641
by Eq.(2.1b) EvwAw [N] 2.77x103 2.77x10"3 2.77x10"
EsAs [N] 3.20x10" 3.20x10° 3.20x10’
K [kN/mm] 106 129 139
L [mm] 200 300 400
P [kN] 100 100 100
Point @D 0.94 0.77 0.71
Displacement Point @ 0.66 037 0.22
Analysis values by *Showr[lr?rr:?:ig.zlo Point ® 0.00 0.00 0.00
wire frame model Point @ 0.00 0.00 0.00
Deformation of | Timber edge side (D —®) 0.94 0.77 0.71
joint [mm] The tip side of LSB (@ — @) 0.66 0.37 0.22
Stiffness of joint Timber edge side 106 130 141
[kN/mm] The tip side of LSB 151 270 448
L [mm] 200 300 400
Comparison of Calculated value [KN/mm] 106 129 139
stiffness Analysis value Timber edge side 106 130 141
[kN/mm] The tip side of LSB 151 270 448
(b) ELAL=EA;: LSB is rigid
L [mm] 200 300 400
c 1.50 1.50 1.50
Calculated values A [mn?] 2641 2641 2641
by Eq.(2.1b) EvwAw [N] 2.77%107 2.77x107 27710’
EsAs [N] 3.20x10" 3.20x10" 3.20x10"*
K [kN/mm] 103 123 131
L [mm] 200 300 400
P [kN] 100 100 100
Point @ 0.968 0.805 0.752
Displacement Point @ 0.968 0.805 0.752
Analysis values by *Showr[lr?rr:?:ig.zlo Point ® 0.320 0.450 0.544
wire frame model Point @ 0.000 0.000 0.000
Deformation of | Timber edge side (D —®) 0.648 0.355 0.208
joint [mm] The tip side of LSB (@ — @) 0.968 0.805 0.752
Stiffness of joint Timber edge side 154 282 481
[kN/mm] The tip side of LSB 103 124 133
L [mm] 200 300 400
Comparison of Calculated value [kN/mm] 103 123 131
stiffness Analysis value Timber edge side 154 282 481
[kN/mm] The tip side of LSB 103 124 133

23




Qi / Qmax

—O—L=200mm
—{1—-L=
02 1 L=300mm
1 | —&—L=400mm
0.0 t f f } t } t f :
0.0 0.2 0.4 0.6 0.8 1.0
Depth : L; / Ly (1.0 = The tipe of LSB)
(a) EnAW=EGAs : Timber is rigid
1.0
0.8
£0.6
(@4
<04 —O— L=200mm
02 I — L=300mm
4 —— L=400mm
0.0 t } | : : : : } }
0.0 0.2 0.4 0.6 0.8 1.0

Depth : L; / Lyay (1.0 = The tip of LSB)
(b) ELAW=EAs : LSB is rigid

Fig.2.11  Shear stress distribution of boundary zone by wire frame model
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Table 2.5 & O Fig.2.12 [ B2 A HEERE & . X(2.10) O BEFHZ CRIAE L 72 & O Fig.2.9 Okt
BT T V% W T fRTIE O Bl & 7”3, S BT 7 v 2 - To AT SIS I 21T 5
LN S Fig 2.9 \RT HIETHEAIMA 2 HH U, FIEIM: K OFEi 217 - 72, M4
11572 LSB &AM OMAA DEIL EWASEA, TH D728 (EA,=2.77X 107N, 7272 L ¢=1.50,
EA=3.20X 107N), #(2.1b) TiE LSB JEi#iii& T LSB & O Z DML E I ZF 1T 5 A & D
FASHERL NGB L 70%, ZHUTKHET 28 BT 7V & O T fEITRE SR IX, Onp 22D H)
BRI K 2358 L7236 CTh 572, Table 2.5 O Fig.2.12 KV | FHEA & fEAT i34 a— 2
LCH Y., ArgizI T 2 P K o5 E & X(2.10) O BlER TR 72 FHRAE OB R O,
WE CER O ITER =B L 2N ERNRINTH D LR Svc, 0B, #A AN on OFF
MIIARM NI DAL (Fig.2.9 TIX E &) HAUETHLH08, FEBRTIHHT 5 Z EARARETH
%o DT, RETHEE Liz LSB L AMOMAEDLEIZONT, R(2.1b) DHEFHA OIS
P& EBRIICHEGR T 5 Z LN TE RV, 22T, Table 2.5 XU Fig.2.12 127~ 9 2(2.1b) D Bl
TR O T2 FH A & RATIE THEDNZZED AL B AL D OIE, AT Cor L2 BN O R O s & [FlEk
(L B RN G B R A -V TV 2 OISk U RITIXBER 2 BT V2 W2 eb L ZBE 2 b D,

Table 2.5 Comparison of calculated values of stiffness by Eq.(2.1b) and analysis results

Embedment depth [mm] 200 300 400

Exp.* [kN/mm] 141 124 124
Calculated value by Eq.(2.1b), ¢ =1.50 [kN/mm] 100 (0.71) 125 (1.00) 138 (1.11)
) Deformation is ¢ jgint 66 (0.47) 72 (0.58) 72 (0.58)
An"’[‘l'(ﬁ/'rsn;?'”e Deformation is d root 105 (0.75) 136 (1.09) 154 (1.24)
Deformation is d ip 101 (0.72) 126 (1.02) 140 (1.13)

Note : () of Cal. is the ratio to BExp. , * : Average value

160
140 +
= Note
< —1— Calculated value by Eq.(2.1b) , ¢=1.50
« 100 T —>— Analysis value : Deformation is d 4,
—A— Analysis value : Deformation is droot
80 + —o— Analysis value : Deformation is Jrip
></X X
60 t t t
100 200 300 400 500

Embedment depth [mm]

Fig.2.12 Comparison of calculated values of stiffness by Eq.(2.1b) and analysis results
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2.3.4 EAMERBRZAVERETHELON-MER
PR ERAE R Vo a T Sk 7 E LU TR,

©  FKIM ST Pray DEEE T FERAERIL, BLOIARIE S S IEOMHBARRA A bz, £72.X(2.12)
OFERAAE W2 FHRAEIE, #REEBREE R OEBUKYE 75% D 95% FMAUFFAREL W5
2 TREMOFHN E 72> TV D,

@  WIHIAIME K O#E G ERFEERRE R 1d, HOIAAR S & AOMBARMRA R & 4v, —F TEEMEI,
HLOIAZIR S DEINZAENKR E < e > THE Y (HDIAZIES 200mm T/ N, 400mm
T RFHE & 72> TV D,

@  FIERE K 0 F2ERE & 2(2.10) D BLEH R CoR 6O 72 FHRAE OB A OE L, H25 2SN O T
HEOEWNIL D LD THD, AETxEE Lz LSB L AMOMAG DY LT, A
fliX, LSB SEhu(iiE T LSB & % OWrRifL{E TOARM O AL B3R E DMIMEDT= 6
FERICHER TE RV, 22T, RQDOHGN L N PRI E M7 €T /L Th 2 b E
BTV O MRNTE & SRR CAN OFE RS — B S5 & EIEERMEICK LT
RELS TEIDAERL 2 D0, HOIALRS L AHIRIME K OBIERIIMR—ET 5 2 &2 Ed
I,

@ ARETxHLE Lz LSB L AMOMAEGDEIZB W TIE, R(2.4) TR EIN DA OH W
T Ay 3RO 5 72D DARE ¢ 23 2. DD BEFRFTHAA L7/ RIS 2 2 BIIENTH D,
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2.4 HRERMEICK KRG

241 BFORM

AT O F2 6 F0 SRR R 2 IO T BT B W T AN K o 525 fE & F(2.1b) D BTk ed
TRPEAE T, A MAMOE EE i 25 2 L THEMP—HT 2 Z EMMER I, LinL
RIFG . ZDOEIZOWTITERRE R LFHRBRCTENR LN, £ 2T, EBRTIIMZENLEET
% LSB R°oAK, BERHIR OISR 2 AIRER AT (LLF, FEM fi#th &4 %) THEET S
Z LT, LSB #EOEHA N = A L&A L, HEE FFEBRGE R &b BT 7L TR I
P R TR DK Z RS,
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2.4.2 ETIELRUVBHAE

LREAMOZEITIZE W T FEM BT TR REFKER S HHT L5 2 MO TEEL 22D,
FRCBER IR O MERRIZ DWW TR, FERICE R DBNRRE VLB LN T2, L Oy O E
EHIILL T OFRINETRE LT,

BERAEIE T, LSB # A TeER O BEERCIR W TR L, Table 2.6 [IZR T M EHER L1322 5
ETH 2 RN EV, £ 2T, RE.DOEGH ATV T, LSB & AR O AWriRE 2 5F M
THIZODOERE L THONON D ERGAEREZ ., Fig.2.13 [Z~x3 FEM fi#tth£5 /v (LLF., #i
FreEsned2) & UTHEL, BRI T T L TR b - MHTS R S IGRBR S R & — 8 %
F oI, BEREBROMEBVEROFE 2TV, R L Fig.2.14 (R THEGHHBEZ FE L7z
FEM gt €7 /v (AT, EEMBITET V&4 2) 27 40— Ry 792 2 L CTRITRE OIm
EER o7z, 723, Table 2.6 (ISR TAEHERIL. SCHR 2-6) L OSLHR 2-T) 2 BB (ZRGE LTz,

FEM f##71%. Femap with NX Nastran (Siemens PLM Software, Ver.11.3.2) Z v /=5
PEfEMT & L. ZHUBEIC R FEM f#HT 6 ARk Cd 5,

HWIRNTE T L E BRI ET X, A vy a0 J - A XEOET Y v 7 & [H—Fik
LT nZ e TCmiFoLEbEX STz, T /UIZ, LSB & AR, S EE A 7 D B CUER
L. LSB &EFHIROEE ST, BRI &AM OB RS MFITEE TET M LT, &
FHED LSB OMDIALRIES FHDA v 2t A XFLSBOAL 114y, Alh, 6mm £y F T
Avaktlol, ZIZT, EEED LSB O U LTRIER Th 523, #EkIcET /ML A v
TakET L ERREETH o Te e, A TIZY o RICET U LT, ETo, EERIR
2V RICET LT D 2 L ORESIE, RIS TIEY | GRS R U TR RS SR A
Fy VT L—va 52 LTEHEELE B, BOLDORERL F & HWTZFE 20280 T
H KRNV MO T LEY > 7RIZET UL LTz FEM f#HT CHEE SN OIS 17 & 088 LT
2B VU RIZET MET D 2 IR E RIS 5, BET VO FREM:
(. HEARARATE T WX, RBRIR A B ASA TSI A B — n— T — 3R L, BEAIRITE T LI,
AMIEE (M) 2y —n—7 —XFFLi,

ARG R, 2.8.2 B CHEM Lo E A Az, Fig.2.15 ICEERBR e o/ LSBAal 1
W& 720 OFWE AP0 6 BfRZ/rd, 22T, LSBAL 1 b= v OfE AP 1X, R(2.9)T
B UTe, WERGRBRAE J 0 9IIRIME 0O S B A o 7o HEAR AT E 7 L CFF b LT i/l R &
Fig.2.15 (ZffE TR, RN R TR RO ASEB O EHEEIL, Table 2.6 (2T A D
Y TARE L O AT MAR ST LT 8.06 X 103 F5 & e o 72,
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AP = P-(Tp] (2.9)

T 2T, P lERRGRER TRl S AU fr LA
p:LSBP®#ALCILE YT Tp=6mm
t: EAGRBRIROE (IR [HA7 : mm]

Table 2.6 Material properties

Modulus of elasticity Shear modulus Poisson's ratio o
[N/mm?] [N/mm?] Frlct.lo.nal
coefficient

. E. 10500 G r 700 Vit 0.51
Timber E 950 G 700 0.42 g
(Glulam) R RT VIR '
ET 950 G TL 70 VRT 0.68 05
Steel (LSB) E 205000 G 79000 v 0.25 '
) P
Pin ppor‘[ Roller support
Steel plates

Timber (Glulam)

| AN
Pin support
Whole view

%Y

X Note : The same model as analysis model of joint

Boundary zone
between LSB and timber

12mm -

=2 Thread pitch of LSB

Fig.2.13 Thin plate analysis model

29



Pin support

Whole view Sectional view

A6 7 i T VP (T )
e e et < F LA

Lead hole
¢17mm, L=50mm

z Roller support

Load of unit thickness 4P [kN]

Fig.2.15

z

Timber (Glulam)
J-Mesh size : 6mm=Thread pitch of LSB

LSB
Reproduce screw of LSB
Mesh size : 6mm=Thread pitch of LSB

b j Thread pitch of LSB=6mm

Boundary zone between LSB and timber
Reduced material constants of timber
Inner diameter

¢17mm=Lead hole diameter
Outer diameter

¢20.5mm=Top thread diameter of LSB

Fig.2.14 FEM analysis model of LSB joint

0 - t t t t t t

0 1 2 3
Displacement 6 [mm]

Note

Thin plate specimens : Exp. results
= = =Thin plate specimens : Average
—— FEM analysis

Relationship between tests of thin plate specimen and thin plate analysis model
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2.4.3 BEAMEBRBEREOLEK

AT O MR ARAT £ T L CAT o 72 BE FLEIR O & AU WiMERE AT RS SR 2 92 8 ST £ T i 7 4 —
Ry 7 LAsbi - FEM TGS & 2.3 Hi OH26 5 2R R & O Ik % Fig.2.16 (2. Table 2.7
KO Fig.2.17 ([ZHIHIIME K 0 F25r Ml & FEM fi#T e o ik 2 =3, 7235, Fig.2.16 O Fig.2.17
D FEEREITA 6 ROFHEA 7 L, Fig.2.17 DT F— S — [T HEERME 6 K5 DAL R % 7
3, 7. Table 2.7 } } Fig.2.17 |2 Fig.2.9 T/r LT- MM EHRE T L& AW fRris R T, B
B IR OB OFHUXHE & — B S W ofE R a2 0 TR, FEM BHTHER D S IR K 2 5F
filid~ DB H LEMIT, EBRCTRELIER L —HT 2 X510, LSB HDIARES LS
FTAMARA 2D LSB Jeii /7 12 450mm + A AR 726 LSB R J57 I 50mm =451 500mm
AR RRIEERE L U7 LSB & KRB OFRRIZENL 500 2 HEEFNL Sgoine & L THWZ,

Fig.2.16,Table 2.7 % O* Fig.2.17 & ¥ (FEM fEAT# I3 ZEHRAE A /NGl LT D, 2,
MMEHET VERWERER BRI U TH Y, #HDIALES EWIHIRIE K OREMR b7 R & 72
S TWN5, Fio HOIARFES A 300mm & 400mm OFER AR U THh 5 2 &1k, KR fE,
FEM f### F K ORMEHLE 7L TR O TR RO TIZB W T@ETH 5, 22T, K
@D L NFHNEM 2T TV Th DM BT T /UL AR ¢ & BHGRBR) B oRE D58
SAEIR DO AWIRIIPELREL T D 2 S3RHE L 72 D53, FEM f#ir O %6, & AWIERRE T LSt
VA0 & D - HERICE D X T /B EAT O BN T2 | EHGRER TEESR SR O A MR
P2 i35 2 L RBEO FRENEDLR & 5,
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o
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| Embedment depth: 300mm |
0 y t y t ; f ;

0 1 2 3 4
Displacement dsqg [mm]

—————— Experimental result (Average value)
FEM analysis

Fig.2.16 Relationship between joint experiments value and FEM analysis value

Table 2.7 Comparison of stiffness by joint experiment and analysis

Embedment depth [mm] 200 300 400

Average [KN/mm] 141 124 124

=P Sample standard deviation 26 12 12
FEM analysis [KN/mm] 78 (0.56) 97 (0.78) 102 (0.82)
Analysis value by wire frame model* [kN/mm] 66 (0.47) 72 (0.58) 72 (0.58)

Note : () of Cal. is the ratio to Exp.
* Analysis condition of wire frame model is same as Fig.2.9 and deformation of joint : d joint
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Note

—O— Exp.

—O— FEM analysis

—— Analysis values by wire frame model
( Deformation of joint : ;)
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o
s
T

* Analysis condition of wire frame model is same as Fig.2.9
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o
'

T

100 200 300 400 500
Embedment depth [mm]

[*2]
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Fig.2.17 Comparison of stiffness by joint experiments and analysis
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2.4.4 LSB & R# DIF R ORI HF
FEM A7k Rl B A 0BRSSk L CHIIMINE K & 38/ NaFli L TR Y L ZoFIR & LT,

AR CHR IR O AWTRINEZ G925 2 & AMBEO FTREMENS R S vz, £Z T, ET /L
LB RIS | 2o, SEEAGEE O AWIHIMEIZH O IARR SIZ L HFR—MRETH 5 L)
E L, HAMFEREIT > 72 3 HEHO DAL S IR LT, A MMNT€5 V& fv 7z FEM fig
Mt R —ET D & O ITERFEROM BIEE DO FHE 21T - 72, FiHE% D FEM fiffr i iR & 2
BB RO % Fig.2.18, Table 2.8 X Fig.2.19 (Z/” 7, Fig.2.18, Table 2.8 K}
Fig.2.19 X v [i#t% 0> FEM AT R O FIIHIME K 13X, LSB O#LiAZ % X 300mm & 400mm
IR —E LTS, 200mm (DWW TIE, EBRFEROFHEZ FE 523, Fig2.19 (27—
— CTRTERE 6 (K57 OEAFEERFZOFHMENITELS , ERELMAHFI TETWD &k
%o ZOWE, Table 2.6 (2R A O o ZREN O AW PEERBU T 69 2 B A EI OO Fi ==
I3 0.01 15 & 720, FEBGEBRAS B ICBE TSI OMERE 2 A DR T 458 & Bl LT 3.3 (5o FiikR
L 7pol, Fig.2.20 ([CHHBGRBRRE R &, TR Z 0.01 5 & L CTHRAGEE A T 7 /11 L 7z kiR
Bre7r L cfh bl FEM TR ROl 2w, R KD | J%E% oSSRk O VERR X, ik
AR O BRI, & L <UE. FEMEO R AAHT OEEFRAITEIZ T ME L e > TV D,
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Fig.2.18

120

Load P [kN] -
S (2] (0] o
o o o o

N
o
!

T

| Embedment depth: 300mm |

o

1 2

Displacement dsqg [mm]

4

Experimental result (Average value)
Adjusted FEM analysis

Relationship between adjusted FEM analysis value and joint experiment value

Table 2.8 Comparison of stiffness by joint experiment and FEM analysis after adjustment

Embedment depth [mm] 200 300 400

Average [KN/mm] 141 124 124

B Sample standard deviation 26 12 12
FEM analysis [kN/mm] 112 (0.80) 130 (1.04) 125 (1.01)

Note : () of Cal. is the ratio to Exp.
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Z —O— Exp.
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Fig.2.19 Comparison of stiffness by joint experiment and FEM analysis after adjustment

25

Note

Thin plate specimens : Exp. results
— — —Thin plate specimens : Average
— Adjusted FEM analysis

Load of unit thickness 4P [kN]

{ Ky = 9.403kN/mm

0 —HH+——+—+—+—+—+—
0 1 2 3 4

Displacement 6 [mm]

Fig.2.20 Relationship between tests of thin plate specimen

and thin plate analysis model after adjustment
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Z ZCHEBEOBEAE TIL B EIR SN O AR OB OB E LT D Ok L HEBGERER T,
LSB D44 E+5mm D FLANBH 728tk TRBRIA 2 $ede 2 & T, A 0 #lF BT 0Mh 7 [0 287 0 5
BhRMz., BREEOEAUMEROHZZETED LI L TEREIToTND 29, T,
KQDOHBRTHET DB, EREROTAWIS AL SNIREE, 2o, BERFEER
DISNDZETE 3 A U 72 RAE TR O 7o BE TR O AV WriR B f, K OV AUBTIRIVELREL T 2 V% 44
ENH LD, ZOX I RERFIEATEHA LTV 29, Fig.2.21 |2 FEM @t & 6N 7-ZF
MarT, RKEY ., ERETE T VIL, SEFREBOE ABIETEDOHRAE LTV DS, 6 TAT
BT VB SRBEB LIS O AR O i F w5 AT 0N AHPE TA TR Y B L L)
SN OFERNEFN SR OBIR E A>TV D, 2D, HEAEREE R L EAHRNEL — S8 X
5 & D& BRI OMBHER Z BRI ET L L0 b E<RET D LER S D | BEATER
FERE —BT 5 & O ICHEE U7 BB AT £ 7 L ORI JEBGRBE R & — 5T 5 £ 5 I
BLTGE LB LT, K33 FICRo72 B2 biLd, WRIT, HHREEREE R ORI
A RRER OB I O W AR F SE 2T BT & TUOV/R W ATREMEAS R S iz,

T
U]«
RN«

P
Not deformed T

Shear deformation
of boundary zone

Deformation outside
1 /the boundary zone

-

Thin plate specimen analysis model Joint analysis model**

—_— T

After analysis*?

Shear deformation
of boundary zone L

Note
*1 : The joint analysis model shows the result of the embedment depth of 300 mm
*2 : Displacement is displayed without enlargment of the analysis result

Fig.2.21 Comparison of deformation between models of thin plate specimen

and joint specimen
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2.5 AMOBEMEEEOETEDRE

2.5.1 AMOAMHEEOFTELEZDRE

ATEIIZ BV T FEM BT 7 /013, A TMERMS R HER S HHRAETH D 2 L1HEE ST
oo FEio. WHBGRER & A EER CIE, SERMEOERIERA B D72 HHERER 05T R Sk
A FEBR OB FSEIR O W VWK £ FE RN FRELC & TR W ATRBIED JLH S v 7o, AREI Tl
KE.DOBEFGH BN TH H 1 DORMETH 2 AKM OFRWEFE A, OFFZ . FEM fighrfs
BB FHNCFHIET 5 IR EARETT D, 2T, 2.4.4 FHOEA MM ET L% V- FEM
FRIT T BTG AL, EBRREZIZEHBTE TV D ERET D,

Fig.2.22 12 2.4.4 i CHHE L7z FEM fi#Ar TN BISNEO 54 (BUF, BTG 9546 &
T2) MAamRd, REIORTIEY . KROS5 AE =R TSR > TR Y . KM OS5
i B EEICAM OF WG Ay Z ED D Z EIXREETH D, £ 2T, LUTICRTHIET,
LSB (24 U % 5|9k ) DB OIARIR S T DAL B ARMIAE L 5 L OFHE KD, KD
BRI FE A, W HT 5,
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Fig.2.22 Stress distribution obtained by FEM analysis
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(1) LSB O 7

Fig.2.23 LV, LSB Ox L x> Mg (RAUILfE) OISOV og & ¥ o 7475 E,
MHREDLDOT e ICRALILE Yy FpERRLDHIET, =LAV NMEOENL Ap; 71 L, LSB
DI B BRIMNT 2 Z & Ti MNLE TOEN 65 RIS N D,

£, =25 (2.10)
ES

Ap; =& P (2.11)

55 = Ap, (2.12)

Z 27T, Es:LSB DY 7{## T Es=205000N/mm?2
p: LSBORLILE »TF Tp=6mm

Osi
A LSB
. i
T LSB Thread pitch of LSB 1 Unit of element
/‘J =6mm i+1
FEM analysis . Boundary zone
Si+1
T Replace with P
Timber dynamics model

Boundary zone between LSB and timber

Boundary zone between |

LSB and timber
T ([p )
oI Z i [known
Pui / biv1| | Psia
| e
Timber elements —J_—EsAs : Known
PWi+l Qbi+2 Psi+2
/_\_/ / i
EwAw i+2 '_%q i+2
Ew : Known P
Aw: Unknown "2 |, Qbiss \Py
I+3 O0<]| LSB elements
i+3
I:>wi+3

ﬁ ks : Constant (Known)

Fig.2.23 Calculation of effective cross-sectional area of timber
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(2) LSB & ARM OBERBEB D AT & At Ol 716 £ T

Fig.2.23 L v | BRMEEICAE U 57 Quid, LSB 2 L X MK Y- 72D L T DE 7
EThdZENb, X213 TROLND, FRFEEHOT L AL MEDEE & 13, :(2.13a)
% BE R EI O F AW ky TBRT 2 2 & TRU2.14) THE X4, i SNLE TORM OEAL i 1.
LSB @ i 5ALE TOENL 647> BERFILD T 6y 2BR< 2 & TRE.15)D L H T RD BN D,
D7D FEFRFEROE AKIHINE ky 2 EF L2 T UL, BEEREBOETE &AM Ol MR &
RKDDZENTERY, Fio, ERFEIROEAWHINE ky 1X. LSB RAM OEE % 5 F 72 WOtk
ETDUEND D, £ 2T, FEREIROE AWHINE k13, HHRAEITE 7 L TH L7 LSB 0k
U 1 L5y OFfE AP— 20T 6 BIROPIMIMITE L+ 2, 7238, LU ORI, B4R R L
— T D KO ITHEG ERTE T L OMEHES R T L R E T UIC T 4 — RNy 7 LTk
F (Table 2.6 lZ7R T AM OF o ZHRE O AVWIHIELR UK L T 0.01 1% L 72356 OfEHTHESL)
ZHWD,

Qi = (Gsi _o'si+1)' A (2.13a)

A =r-(05d,)’ (2.13b)
_Q

Oy = K, (2.14)

O =0 — Oy (2.15)

Z 2T, A : LSB OA WAL
dyp : LSB O/ T dyp=14.1mm
kp @ B FLGEI O AU WERIME C ky=9.403kN/mm (Fig.2.20 X v )
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(3) A¥ D WAL O FHAM

AMIZAT D, BERERICA LD OB THL Z b, R@2.16)TRSNLD, Eo,
FROFFIZILSB O L 2 v MeEDOfE, BB, LSB 0 U 1 [LEOETHD Z Lnb, X(2.15)
THEINAIAMO I R E i+1 BAETOEMNAZ LSBOR LY Yy F p THRT5Z & T, AH
DOTH gy DRQRADD LI ITKDEND, ZNHOMEEAWT, R(2.18)7 5 (2.1 DIE,
B AM OB N THEIE DDA U TV D EUE LD ARM OB BB Ay 23K
bivd, 7B, et RQI)THE I NENHH(2.19)TRD D Z ENATRETH 2,

Pui :ZQbi (2.16)
&, :M (2.17)
p
PWi
A, —m (2.18)
c= A\Nz +0.5 (2.19)
7d,

Z 2T, Ey: AMDOY IR T Ey,=10500N/mm?2
d. : LSB ®O4MET d.=20.5mm
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Fig.2.24 \ZAM OF Wi FE Ay DFFREFEREZ T, ARETCIE. LSB OIS EN B AM DIk
NEZWFE LT 5H72, LSB Jelii K 0 AEDSEADBBRNTZE 3D A v & o O REFE DR &
TEKD 7 L—HFRO K 5 AR OF 2R A3 e K & 7 2 A0 LA OE AN B U FEAT T & 72,
Z 2T AMOFRWIRFE Ay SR &g DA KV S (LSB D JiTm) 13K o2 WrimifE 2L
TOMWTHLZ EEEEEZ T LT, —EL 72D L2 ICRKOEE CRIMIEEITo T, FMIZR
TR IERS O AR OFZWTIEIFE /340 & Bl K Ol =LSB DOHLDIALR S CH £ 2 fifs & F 1l
AL e DR ERICER L (LU, SE kS a oW E 9 5) . X219 THRE ¢ &
BT % & HDIARZES 200mm 1F ¢=2.03, 300mm (% c=2.19, 400mm |F c=2.42 &£ 72 1) |
HDIAHRSIZ Lo THREL ¢ DR DFER e o7z, 22T, (2D TIESCHK 2-21280 T,
HOIARESIZ L 59 LSB OFFEEICRE c NEH LTV DN, MitERN L, 2 ToOHD
ARSI L TRERD OGN TEHE L2k R % FEM @i R & —B S 2121, HdA A
RSBIRE c 2RET DLENRD D,

16000 16000
| Embedment depth: 200mm | Embedment depth : 300mm
12000 + 12000 + A § offesti : )10
. . weraged effective cross section :c =2.

— Averaged effective cross section : ¢ =2.03 —_ g
E E
£, 8000 T E. 8000
= =
< S A A S S A
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0 : : : 0 : : : : :
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16000
| Embedment depth : 400mm |
Averaged effective cross section : ¢ =2.42

12000 +
E
£ 8000 = = e e — = Note
< FEM analysis value

Correction value
4000 T
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Fig.2.24 Calculation results of effective cross-sectional area of timber
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2.5.2 BIFOERREEMENEETILEANEEH

FEM gt 8 & QDO FEGRACTEHE LR 2 —BS ¥ Lo & 75 & AM OB LW
AwlE. LSB DHELDIALE S MICFHE 24T 5 MERHDH Z LN R E Tz, £2C, 2.33HTH
W@ DOBGRR E I E 7T TV Th DM BEIRE T IS, BRI ET VA2 H
W2 FEM i b 6N 7f e 27 4 — RNy 7425 2 &L T, FEM it T S AL 7e AR O
WrTEINIZ IR V) & R0 J) 5340 2 Y& 720G ) ORI 2 Wi (A2 i) (@S 2 HiED %
BPEORFE . RQDOBGRHRATEHE LIEOFER 4K 5,

ARETTHW DM EBE T VO RER O AW S KT, 2.4.4 8 CR LIS T ERAE R L
— T D KO TG IMRNTE TV OB RS O EHES A TR L 7ZBE o5 (0.01 %) T, #
WREATET NV E2ET ML L THELNZ LSB O L 1 Lhdhizv O (AR THW -5 HE
B AKHIVE ky, T, Fig.2.20 £V . k,=9.403kN/mm) % A 7=,

=T, RQDOBEGHNTIE, AMOH W Ay TEDAL RS FHICBWT—ETH D
EE LTV 508, FEM FENTRE R B R D72 AR O AR FE Ay 1Z. Fig.2.24 O X ) Ic—E
T2, LLAERNG, KM OB A, 28— E TIERW ERE Likit X e Mg 52 &
I, RENE M 2. REFOVEMEC R D TREEN B D, £ 2T, Fig.2.24 (BB TRY. FEM
FENT D B 15 DT BALE TOARM OEIWHEFE Ay DE I HIOMIE#R O 2% O F MM E
BET VAT LT85 & Fig.2.24 OFEUE S B 2 Wi i fl & b @ #ee 7 VI AT Lic s
BERHB L, ZOENEG 2 DEELRFT 5,

Fig.2.25, Table 2.9 & U Fig.2.26 (ZF25f R, #EHRITE 7 /L 2 v 7 FEM g fr i £ &
OMMEHE 7 L & W T fITRE R 2 7n 97, 7eds . MMEHLTE 7 L 2 HIO T SRATRS 550> © 1) B
PE K 23RS DBROENIE, 2.4.3 8 & FAERIC, EBRCRELIERE —ET 25X 512, LSBD
HDIAHIRSIZ I ST ARM AN S LSB Sl 5 MiZ 450mm+ AR AA 26 LSB RIcH Mz
50mm =47t 500mm & 42 SR EHEE S U7z LSB &AM ORI ZENL dsoo & FIV 72, [FIIX I OVRIF%
£ 0. FEM fEFT#ER D DM L CROTZAM OFZIEmE Ay 2 FH W78 BT 7 L OfifhT
RN, BEGHFEBRE O FEM Rt RISV, 7. AMOH TR Ay D532 20T
X —E L LIa CEE b S N AOWrEfE) & BB S 7056 TREREITR SN o T,
WA, AMOALKEIE AyEZ—EL LTS 5 Z L 0BT/ NI NnEEILND,
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—————— Experimental result (Average value)
FEM analysis

————— Analysis by wire frame model with
constantvalue "c" as shown in Fig.2.24
Analysis by wire frame model with
correction value "c" as shown in Fig.2.24

Fig.2.25 Relationship between experiments and analysis

Table 2.9 Relationship between embedment depth and stiffness

Embedment depth [mm] 200 300 400

Average [KN/mm] 141 124 124

Be. Sample standard deviation 26 12 12
FEM analysis [kN/mm] 112 (0.80) 130 (1.04) 125 (1.01)
Analysis by wire frame Constant value* 104 (0.74) 112 (0.90) 119 (0.96)
model [kN/mm] Correction value* 106 (0.75) 114 (0.91) 121 (0.98)

Note : () of Cal. is the ratio to BExp. , * : Value "c" as shown in Fig.2.24




180
Note
160 T
—O— Exp.
= is
E 140 — FEM analysis
=3
v 120 T /)I(\ —x— Analysis by wire frame model with
__—— constant value "c" as shown in Fig.2.24
100 T+ = —X— Analysis by wire frame model with
correction value “c" as shown in Fig.2.24
80 t t t

100 200 300 400 500
Embedment depth [mm]

Fig.2.26 Relationship between embedment depth and stiffness

7B, HEATTERBRE & FEM AT & O BT 7L O EERICE O T, BDIARIES & PRI
PE K OBFRIT, AR —E L T2 28, HEDIAAGE S A 200mm D4 1%, 300mm, 400mm
DEE L R U TERME & OEDKEN, T, LSB ZHDIALERICARM OAR AT S
D Z & TAMIZHEEN LT, HDIALEI A 300mmm M O 400mm & fhig L C 200mm D3
BRZOEEBPRKEL, EREDIELOXBRKEVIERFRRD 1 2L LTEXLNRD,
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2.5.3 A#MOAMMEBEN|ESHEIMCER 5HE

ATETOMFHZ I T, A OF 2B FE Ay O FHT OEW IS RN K 125 2 2 8T
ThdIERMERINTZ, L LRns, ERROBRFHIAM OWEfESFFE (106mm ) D%

IR AL Ay ORI OEWERFT LI b O THY | AW N E D> HA I bR
FROMANZ 72 5728 9 WA TH D, £ 2 TREICIE, AMWma= 2% L Lz FEM f@#trt7
N NTZE DB E T 5,

A€ 7 )V % Fig.2.27 (2R, fRATE T /L OARMWEIZIIE & U, A8 04813 LSB 44% do
D 2.0F5, 2545, 3.0f%, 355D 4@V MDAAKSIE 200mm, 300mm, 400mm @ 3 i
D& Lic, FBITETNDRA v 2D J« A ZOMBIERILIZNE TOMFTEF LT E L, 58
S OMBHESRIL, 2.4.4 B CR LICHEATIFEBRAER & —8T 5 L 5 IR L7218 (Fig.2.20
TR LT2flE) MWz, Zeds, #EEIE K Z ke 2BR D8 O AL, LSB Rt Chn /i)
& LSB SeiifiziE (LSB DL DIALERE SITKEIL) CORE & DFHR AL Sioing & L7720

Radius of timber

P
2.0k, 2.5dv, 3.0k, 3‘5& T d. : Top thread diameter

l
£
=] LSB
S
= | E
G| E
E % § Timber (Glulam)
> imber (Glulam
S| Qs
e
N
o
o
N
c ‘ Lead hole diameter
g | ¢17mm, L=50mm
S Y
— |

#Modeling is the same as joint analysis model (Same as Fig.2.14)

Fig.2.27 FEM analysis model to investigate the size of timber cross section
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Table 2.10 K O Fig.2.28 (2 A &M & FEM fi#T C& S - A ERIE K OBIfR %2 777,
RIELOFRIK LY, MOIALES B —EL EIZZ2 % L ESHOWIHIRIME K D8 6127 A EH M
MR THEN D,

Table 2.10 Results of FEM analysis

Total cross section i
Embedment depth Radius of timber ) Stiffness Value "c"
[mm] Ao [mm?] K [kN/mm]
2.0d | 4951 158 158
2.5d 7922 171 172
200
3.0d, 11552 173 1.80
3.5d . 15843 173 1.85
2.0d 4951 148 1.73
2.5d 7922 165 197
300
3.0d 11552 172 2.14
3.5d 15843 176 2.25
2.0d 4951 128 1.81
2.5d 7922 147 213
400
3.0d . 11552 159 2.42
3.5d, 15843 169 2.68
180
170 +
= 160 T Note : Embedment depth
% 150 T —0O—200mm
X
< —{- 300mm
140 T
—— 400mm
130 T
120 : } : :
15 2 25 3 35 4

X d
Radius of timber

Fig.2.28 Relationship between radius of timber cross section and pull-out stiffness
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Table 2.10 & O Fig.2.29 |2 A Wi & FEM AT 5 R 5ok 72453 ¢ ORIRZRT, [F
KLEOFK LY HOARERS ERE ¢ [ZITHBEAMERDH D . HDIAARIRIDREWNIZERE ¢
IFREL RHMHEMMA L THERND, T4, 2.5.1 8T FEM fEMT#ERN D858 ¢ 2 ROT-FER &
—HT 5,

2.8

26 T

24 1

29 1 Note : Embedment depth
o —O—200mm

207 — 300mm

18 T O/O/O/O —— 400mm

16 T

14 f f t t

15 2 25 3 35 4

xd,
Radius of timber

Fig.2.29 Relationship between value "¢’ and pull-out stiffness
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Fig.2.30 | LSB O iais o3tz md, FRE Y, AMErE»A LD ->72L LTH LSB I
AU IO IR IS 5, 22T, 251 i Cib @0 | BEREERICAE U DIS
J1E LSB oL A > N O#h /7%, % v, Fig.2.30 (2789 LSB O /304 O & 2355 FL 68
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Fig.2.30 Stress distribution along LSB

49



2.6 F&H
AREICIBVT, HEAEHERE R L TRQ.DOHEGRATHE L7 fl R & OBEAATRS R &
DB ZEAT> 1o, HoONTMAZ L TITRT,

O  BAHMIERM L RQDOHRATHA LMD KR AT o2 L 25, BRI S) Prax 12K
RBRAE ROEHUKYE 75% D 95% FUFFARRIEEZ V25 2 & CRAEMOIHE L 72523, #)
AR K IR &SR CRA DM E Ao tn, T ORKIL, HEA AN O SIS
ErboThHy, KoL RQ DO L FENICEMRET L TH DB ERET L
AT FENTE CEAM ORISR — B S W5 & WEOFBIRINE K L HOALGES O
BRI A — 5092 2 & D3RR ST

©  BESEE O AWRIPEFEAMIC SV T, EAGREBRA & B2 AR A TITE TR B2 - T
BY . EHRGBROBEREMT, #AMEROEREBROEAMMRZ ERICHITE 20
AREMED N B D

® LSB #EAMIZ. BAMERBRICH L TxY U 7 b—a v 21T ikill7e FEM figh ©
AR NE OISR EEA AR FTRE T U | [ R 5 | 3(2.10)~3(2.18) THE R BEIK DI 7
AW OIS T OAM DA RS Ay OFH A FTEETH 5, £ LT, ZOREEN D, 2(2.19)
ZHWTRE e BFHEFEETH 5,

@ BEAIIERRAL L FEM fEHT B O B BT 71 % F O T2 ©F5 D AL 7= I IIRIME K o ik
T, LSB OHDALIEI N 200mm DA DO BB DB R LD H, 2k, LSB ®
DA RFIZ AL U D BEOBE NEDIALES TR L TREL, ZRICE D EREOIES
DERKRENWIENEZILND,

® AMOHWERL Ay 1T OIALES & QMBI & <. FIBIRIME K 1Z, A8 oA 2 W7 mERE
A3 B —ELL EDOEE 722 LEFT HIZ 72 DM A R STz,

® BEATOMPRIME K X, SEREROFEGIEIC Lo TRES B D, iz, A oWk
X, LSB OIS NARICH L THBEZ 52 20T 0BT/ NS <, 2L RIS RS oM
BEREMN N EE ThH D 2 E MR SN, AT, Rt ROBEMRICIE, SRS OIE N5y
A L MRHRFE A OIS 2 Z E RN EETH D,

50



FIFE SHRIERA DX LD EHRELE

3.1 BM=E

ARETIE, ATETHELNAMRAZRIC, LSB A O5HKIRIA W =X L2 L, B/
RETAOBRICET D L2 AL T 5,
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DRTELKH LSB ORI, & L < ATAM OFIRTF O TI3722 < (LSB 05 [#HkiT Hl b,
BEFEIR OFRR K OREERIZ K D b DITIRET 5,
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3.2 ZHRMARBEDAH =X L
BRI OB AWTIE A1, AR - MR OBFZE 3V TR SN2 RB.D & D | LSB DR SLiil Ok
MoARBMAD) & L<iE LSB Ol TEAWIS AR K ERD,

= -1b-cosh (KL — kx)+ ¢ - cosh kx (3.1)
i = i €0 (KL =) }
=77 L.
_PK[_EAEA, (3.10)
zd, | ELA +E, A,
b:;L_ (3.1b)
E.A
Cc= 1 (3.10)
E. A
k= [rzd [ -1 41 (3.1d)
E. A, EA
ZZT, P AT
d, : LSB O4p%
L : LSB Ol iA IR S
I B AWRIMERE CAMFZE TIT TR L D
r:ﬁﬁm (3.2)
zd,
kp : LSB R Ul 1 &7 v o sk o1 AWiiE T TRz L 5
k,=G -p (3.3
G’ : AT o AWML EL (4.5.2 HiZ )
p:LSBoHaLILE yF
E, : LSB O v 7 12%
A LSB OFZMrmE T TIRNC LD
A =r(05d,)° (3.4)

dy : LSB O
Ew: AM DY 7155
Ay KB O F Zhr A
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B IR O AW RFME & SE BT L CIRET 5 &, Fig.3.1 1R & 9 ICEE R ko
LSB#Rcfll CR#MOAR DD & L <X LSB LMD &6 622D KIS S5 K & 72 HALE A
SEARWIBMEE T NV ORERA py (BUF, BUCRRA py &7 5) (1TEE L2 RER D3 BB O FER i )
Py L7220 ZDt%, LSB ORIl CRMOAR ) KT LSB D576 LSB DML IA T
S G O I T TNER VAL S HEAT 9 5 o S5 SO0t VW MERIR I 159 7R BB PR ZETERE 1 3 &
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B DT KIMNS) Prax DR, BESGEIR O TGE ) & B A WG ) 5047 % BT 5 2 &
NHEHETHD EHRIND,

Shear characteristic of
boundary zone

Boundary zone between
LSB and timber ‘ ‘
Oby Obu

b, . QA/ Yield at maximum stress

Joint Joint
P Py
Do L (Embedment depth)
Q
P, Py+
X Joint Yield gradually from
= E'P, both ends to the center
y max
L
0 U
Q Yield in all areas
Py
Joint
Pmax
L

Fig.3.1 Mechanism of pull-out resistance
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Fig.3.2 TR MM EHET V2 VT, SR O AW AR 2 22T L L L2
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TRHEIT I,

-
o

Timber (Glulam)
Ew = 10500N/mm?

A, = 105x105mm K| —
=11025mm? o
2 IDOJ%_F A e
5 = E
< 58
[<5) o
2le 3
25 i E
g% g
5 J%_r = LSB
@ T Ed= 205000N/mme
(5]
£
3+
(9p]

As = 7+ (0.5d1p)? = 156mm?
-—XJ%K]I —  dw=141mm

Shear spring : Boundary zone between LSB and timber
- Spring placed pitch = 5mm

2 T 2 7
172 w
3 3
< 16 g 167
8 )
£Z12 £Z12 1
=X = X,
S%08 SSo08 7
o o
32 04 T 047
3 3
00C } } } (I, —+— } i
0 04 08 12 16 0 04 08 12 16
Displacement 6 [mm] Displacement 6 [mm]
Note

Thin plate pull-out test
—O— Perfect elasto-plastic model
=L PBrittle fracture model

Fig.3.2 Consideration of pull-out mechanism with wire frame model
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AT TIL, BESBEI D AWNIE I3 e R & 7 DALEDRER AR py [T D REDEES E Ol /)
AR ) Py & EFRT Do

—J5 [ D EF I TEIBIE R ST DGR TH 5 Fig.8.3 ISRV T, BEREIROBIEZTHE ) D3
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2o TEY, EEOHENE LN EPREES T,

160 160
| Brittle fracture model|
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z 1 z
= =
o 80 T o 80 T
o] o]
5+ 1 o
3 3

40 T 40 T

Perfect elasto-plastic model |
0 —t 0 —ttt——+—+—+—
0 05 1 15 2 25 0 0.5 1 15 2 25
Displacement ¢ [mm] Displacement 6 [mm]
Note

Result of analysis
O  Yield first at either springs
A Yield atall springs

Fig.3.3 Results of static elastic and plastic analysis

with the different ductility parameters of the boundary zone

55
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IR OB RS T 5, L2235 T, BRI RIEMRAE & 72 5 7= O D &AF1E, B
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W\

Note
%1 Incaseof lu=r,) ,Pmx=Yieldin all areas
2 “§” is relative displacement of boundary zone between LSB and timbet

Fig.3.4 Relationship between maximum strength and ductility
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Timber (Glulam \ P : Elastic analysis with pushover loading

Ew = 10500N/mm?
A, = 105x105mm | —
=11025mm?

m
i |[>°'I_$_r (2@)
S -
g [Piq=
B -
o B E
Zle S E
&|E S5
g5 [ E°
(3] o
€ 2
o i 5 s
@ S TE = 205000N/mm?
El | — s = Analysis variable
wn

1Shear spring : Boundary zone between LSB and timber
- Spring placed pitch = 5mm
- Elasto-plastic model Su

p u= 5

ol == _n

(g "o
| i Displacement

S Sa 9

Fig.3.5 Consideration of relationship between maximum strength and ductility with frame model

Table 3.1 Variable of analysis relationship between maximum strength and ductility

Analysis variable
Case ru
EsAs/EwAw| py [kN] kp [KN/mm] U

la 20
0.28 2.2

1-b 25

2-a 11
1.00 2.95 12

2-b 15

3-a 11
1.20 12

3b 15

1.69

4-a 3.0
0.28 35

4-b 35

5-a 11
1.00 5.90 14

5-b 15

6-a 11
1.20 15

6-b 15

Note : Stress ratio "r'" is calculated by elastic analysis
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Load P [kN] Load P [kN] Load P [kN]

Load P [kN]

+|Case 1-a:u<r,

0.5 1 1.5
Displacement § [mm]

+|Case1-b: u=r,

0.5 1 1.5
Displacement § [mm]

4 Case d-a : u<r,

0.5 1 1.5
Displacement § [mm]

1 Case4-b:u=r,

0.5 1 1.5
Displacement § [mm]

=
D
o

.2.120 r =
= =
o 80 + o
k=] =]
[+ [s+]
S 04l S
0 — —_
05 1 15 0.5 1 1.5
Displacement 6 [mm] Displacement 6 [mm]
160
=120 T =
£ g
o 80 + o
R E
3 40 + -
T+ Case2-b: u=r, Case 3-b:uz=r,
0 1 ——+
0 0.5 1 15 0.5 1 1.5
Displacement ¢ [mm] Displacement 6 [mm]
160
120 +

Load P [kN]
[ee]
o

0 —H
05 1 15 0.5 1 1.5
Displacement 6 [mm] Displacement 6 [mm]
160
120 +

Load P [kN]
[ee]
o

Case 2-a : u<ry

05 1 15
Displacement 6 [mm]

Case 3-a : u<ry

Load P [kN]

Load P [kN]

0.5 1.5
Displacement 6 [mm]

Note
Analysis result ( Pushoveranalysis)
O  Pmax: Maximum load
O  Py:Yield firstat either springs
A Yield atall springs

Fig.3.6 Results of analysis to which examines relationship between

maximum strength and ductility
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3.4 HHHEICHETIESHEROREAN=XL

WAL K OFHEClE, #26-5EBROZAZHI O SR L 1P ET vk —HEE5 2
EDOEBEVENE 2EOMG TR S, Fig.2.1 128§ X 912 LSB 23 biA £ 7= etk Bl
ARMORAPHWERENELS | RIS G E RO EE TS LTET ML L, £ Dl
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ROBMBEIZ L 2ET ULDFIETH D, DD, Rt TiE, EitET MbEEL T,
P METR O AT 5

PEAEBZENT Sgoime 1E. LSB AR I (R DA D) & LSB Jeiiefii & COAM & ORI (Fig.2.1
T LOXFEOER) L EFT D, TOERICHED & Fig3. T IR THEAHMAER OB L0 |
PR ZENT. Sgoime (T LSB DA OVE: 55+ LSB Sl & T OB GEI Dt AW AL 6, DA FHE & 72
B, ZORE HEAEMNOAMIZHONAE LT L LTH, BAOREEDBAM OA ORI T -
BIEEENL Sgoing \ NI -2 720, Teds, UK 3-1) DGR ClE, LSB @ EA; (EsI1X LSB o
VRS, AT LSB OFZMiERE) &AM D EWA, (EW IR OV o 7155k, Ay IZAM OF R
Wi AE) O K/NBIFR THESIBAENL Ogoim DRHENLE A B2 D, Z DT EAZEA, ThiviE LSB
RIT &AM OARD & OFREN & 720 . AR O LSB Jeliii & A D H £ TOMORZBIRINE
LZMENRS D, — ., EWASEA THILE, LSB Ll T LSB & Z Wi E Iz BT oA
& ORI L 72 b | LSB OMONEZRIRINE T 50N H D,

L : Gauge distance of displacement

ISteeI plate LSB joint
[@ Axial force
]
- Lagscrewbolt (LSB) kTimber(GIuIam)
* Modeling
Axial sprin Axial force
pring

L : Gauge distance of displacement
I
Wire frame model

Rigid member Timber modelled
with wire frame model

Fig.2.1 Modeling of joint and definition of deformation (F5-4)
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4 Displacement of boundary zone : db )

Deformation of joint : di = ds + v 1
Lse [ [ |

Displacement of
boundary zone : s

Timber

Elongation of LSB : d <Elongation of timber is linked
\,\\L : Gauge distance of displacement/ \ to deformation of boundary zone/

********************************

P<— [ [ ]

LTimber 1 Position where all cross section are effective

Fig.3.7 Schematic diagram of joint deformation

EREANEICOWT, Fig.8.8 IR M EHLE 7L & F W TS AT CRET 247 5, RT3k
I% Fig.3.8 127”7 2@ Y T, LSB @ EA; & AM D EA, & ZE KL 35, Table 3.2 [Zhi JIfEHTH>
SR ONIEHOEN 2R T, RREY | BEAEHENL dm 4 LSB 24T LSB O UM 6+
LSB Zel{\ i COBRMEIR O VWL 6y L 72> THRY, LEEOBZNHEHE) TH D Z & HiHkER
ST,

723, LSB OO 6 13 DIAL IR ST B3 5 725, LSB Selinfis & T DB sk O A KL
B Sl FTIEN M EFE L TV DD T, HOIALRRIIZHBI L2V, D7z, LSB OHUE 6
& SRR D AW ZENL 6, DEIEIZ L - T, HEAEOMBIAINE K & HDIARTRS & D BIFRIEN
Eob Lilhhsd,
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Analysis conditions
Case A : EsAs/ EvAw = 0.28

A, = 105mm? = 11025mm? == Deformation of each part
! Es = 205000N/mm® | eformation of joint
AQ||— As: Case A= 156mm?

— 2 5j:5A—(5D:55+(5h
C Case B = 678mm Elongation of LSB
IDO% @ 0= 6a—0b
| Deformation of boundary zone
© b
J%_F Sl e Elongation gf timber
= 3 g 0w =0dc— b
g Pz s
< E Note
2 Oa ~op : Displacement of point A ~ D
% € all displacements are relative
w displacements for point D
— |\
b | — Boundary zone between LSB and timber
E B Shear spring placed pitch = 5mm
o) Shear spring stiffness : ko = 2.95kN/mm

2 oy : Deformation of boundary zone
oy is deformation of the spring at the tip of LSB

Fig.3.8 Wire frame model for examining the behavior of deformation in joint

Table 3.2 Deformation of each part obtained from results of analysis

[Unit : mm] Case A Case B
Point A 0.91 0.63
Relative deformation of each Point B 0.37 0.48
point against point D Point C 0.20 0.17
Point D 0.00 0.00
(DDeformation of joint : § joint =64 —0p 0.91 0.63
Elongation of LSB:ds =dp—Jp 0.54 0.15
Deformation of boundary zone : oy, 0.37 0.48
Elongation of timber: oy =dc—dp 0.20 0.17
@6+ 0.91 0.63
©/© 1.00 1.00
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DEFHEE 725,
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4.2 BARHDERE

2 BORFHIB W T, BEAMMITET L% V72 FEM fif#r T H a7z LSB AL 5 5|9
#if ) DHL WO IAFR IR S T OB B TR 4- DO D N FHET VI THR$ 5 2 & T,
ZRTTHIRIRDN V) D & 2 RN DIET1 00T 5340 2 DTSR O A2 fE A, %2 303 %
HEaBRE L, ZOFiEEZMWD & LSB, BEAEES L A OIS0 O WF L n3 4t
BETENIETORAPEL L D,

Tk 4D LY AMOAROMEFS x=0) & LEBEREROE WIS ES ARG T
Hzonz &, #2 B0 LV LSB Ol /) /540 B O & 235 RG5O & AW 115340 T
%2 Ehh, BEREMETH D x=L T LSB Ofili/) Ny=0 #ZE LT, RAUDEZHHT DL, x
DALE T D LSB Dl 1534 Ny 2N H(4.2) TR S D,

= -!b-cosh(kL —kx)+ ¢ - cosh kx 4.1
4o sinh kL { ( )+ } (4.1
=77 L.

a= Pk | _EAEA, (4.1a)

7zd, | E;A +E,A,

bo_ L (4.1b)

EA
c= 1 (4.1¢)
E.A,
k= |rzd, t ., (4.1d)
E.A. EA
Ny, =—7d, 'IT(X)dX
b -sinh(—kL + kx .Si .
— g, || 220 (K+kq csinhke) a | a-c (4.2)
k k sinh kL
ZIZT. P:AS
d. : LSB o428
L : LSB O bIAARES
I AR A TIE TRUT L 5
r— (ky/P) (4.3)
zd,
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ko : LSB 04U 1 11H 720 OBEEREEROEAWRHIPETTRIZL D
k=G -p (4.4)
G’ BT 0¥ AW (4.5.2 HiZ )
p:LSBoRalCILEyF
E, : LSB O 7% %%
As : LSB O A ZhrEfE T TS L 5

A =z(0.5d,,)° (4.5)

dw, : LSB O£
Evw : KM DY 7175
Ay i KM OEZETERE (4.4 HiZ )
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D% Fig.4.2 (7, FKE Y, FHRMEIIMTE S IZIE—S LT, XK@ D TRENDHEE
SRR OB AWISIES B RD-X(4.2)F T, LSB O#h /15N FEAfETH B Z &

MHER I T,
P =100kN
Timber (Glulam) 00
Ew = 10500N/mm? LSB
A, = 105mm? = 11025mm? Es = 205000N/mm?
| |— As : Case A = 156mm?

100

80

60

40

20

Axial force of LSB N; [kN]

Fig.4.2

Case B = 678mm?

Dol 2

m
wn
-
2 f
sle Analysis conditions
£ S| E Case A : EsAs / EvAw = 0.28
E s 5[ |CaseB:EA/EA=120
o
s =
8
il E
L
\/‘\
t— %&K]I —+ Boundary zone between LSB and timber
E Shear spring placed pitch = 5mm
) Shear spring stiffness : ks = 2.95kN/mm

R

Fig.4.1 Wire frame model for examining the stress distribution of LSB

__ 100
Analysis result é Analysis result

T Calculated value = 80 T Calculated value
m

+ 3 60 +
S

4 8 40 4
8

t } + } + } + 0 t } t } t } t
0 100 200 300 400 0 100 200 300 400
Depth L [mm] Depth L [mm]

Comparison of calculated value and analysis value for stress distribution along LSB
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4.3 SlrMtREEEADRE

4.3.1 &KXMtH

5 3 EOMGERS R & FEIC, LSB #EAH O 5 HMERER EX 2R,

PRI DR AR ERIT, FEREE R IERIEIE U 7o RIS H DS B KT ) Prax 123
TLEHEL TS, RMA.6)TRENLD,

P = foo -7-d_ L (4.6)

max

ZIT, s SRR B E A A WTSR L

722U BRI O EBNESR o S EESE ORI ) Py RHZ IS 1T 2 BRI OIS Ay b ry (BEAE
D AWHE ) DR/IMEICKTT D RO LU OHEIZIE, LFOWTRANDOHGIECLY
BRI T) Prax DFFH I ATRETH D0

@O  FKIMT) Prax DEFFIZ, BEFRGEIR OISR 1 2 B8 U I BRI O¥ AWE 15540 %
W5,

@ HBBOXADTRT, BRI ) Py OFHH KX Z B KN ) Pra DFHRAE LTEEZTT D,

© BERBIROWEVER u B3I H D5 LERBEIMOIS AR CTH D LARE L T,
K(4.60) L UK. D2 AN T, BERBUIROBGHE AWTHRE fo 288 L TR 21T 9,

B, @OEFFRNICOLEFR L THDN, MEHERZHIET L RN RRD,

68



4.3.2 BRRTWtH

RetRI ) Py i, F4. DICEE S GEI ORREHH & VMR EE fos & 3 UM ) P 23R D D TR U
E LV, FHRXSEMEIC 22 0 ERAM TRV, 22T, R4.1) ORI ERERO W A KIS
JESFESREROE R (axXd) ZF L, x=0 76 x=L T L7oEE, SEREKO KK
FAMIETT Ty EHRDIABRES L TR 5 2 & TR b U, 5L 2R ae o 3 L 7= I
L BIG . BRI T) Prax (KT 20REELL g 3R E D, Tk 0, FHEANEA S v, BRI
Py AN TEIND,

P=B-Py=p f-zd -L (4.7)

72¥5, BERBEIR DN e KA AV ) Toax & 72 HALIE I, LSB D EA, &AM D E A, DKR/NBEFRT

D7 4V LUTICRT#EY | SREW gIXim#E O R/NBER THES T S,

(1) EWAZ EA DT OREF DA IR TEER I DO A WIS D3R & 722 D 356)
1 {-c—b+c-exp(-2KL)+b-exp(-2kL)}-exp(KL)

= ——— 4.8
P 2 kL(b-coshkL +c) (4.82)
(2) EWAWSEA DA (LSB Sl THERFER O AW 103 e K & 72 D 56)
—Cc—b+c-exp(—2kL)+b-exp(—2KL);-exp(kL

kL(b+c-coshkL)

ZZT. b, e, kKIFHUDITL D,
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4.3.3 WEARIHE

ARETTIL S ORREN 6, %KD 5 Z & T AR K OREXZFHET 5,34 H L0,
BEBTRZENE Syoin 15 LSB 4238 T D LSB D UM 95+ LSB Jeliih i ¢ OBEFAEIR D1 A WTZENL J,
LD, Ko T, BRI PyRED LSB OO 61%. (4.2)D4 ) P=F&IKIi /) Py & L TR
D7z LSB Dl 115347 Ny 53 (4.9 2 HNT X (L TOOT Az R L, x=0 7225 x=L T
533 %2 L TLSB OGO OT HORITH 2 LSB O UE 6, 13 R(4.10) TE XL D,

Ny
gs(x) = E Ag (49)
L
o, =j0 &4y dX
—2b-exp(—kL)—c—c-exp(—2kL)
+2ckL -sinhkL -exp(—kL)+b
b-exp(—2kL )+ 2c-exp(—kL
_rdoa exp(kL)- T Xp(z _ ) 26-exp(L) (4.10)
EA 2 k®-sinhkL

22T, X410 % HWT LSB OO 6, 2k 5 Z L ITHMETH 5720, 4.10)DOfElEL
kA b, LSB Ol )AL, Fig.d.2 X0 x=0 75 x=L (2 CHRICED L, £ ORE
XEESEIR DO AW T O G AT T D, L LD 6| BESEIR O § AW 1) O FE 5
23 LSB DM /)70 % Z &G, FEHHNZITEAFEE O WSS DR TIR OB T D T &
TN CE B, 2T, BRSO ABIE S 54078 — 8 Bl il 5340 ASERR A
DI B ERET D E LSB OMOE 613 RM4.1)TERIND,

5S'=(PV'L]/2 (4.11)
E.A
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Table 4.1 |Z/RTREOETOMAEDEIIR LT, K(4.10) THINHFHEA L R(4.1D)TE
ENDHMBHRTEHE LEROLKE Fig.d.3 17T, FRIE 612x LTS RO HE 60
HeERGENE U AR D 5 &AM OBIINE E,A, /L O80T BR RO A BTRITE k, <> LSB
DERRIITE AL & TR TO720, 207, HEEFEDOEEIT (EA/L) k TR L
72 FB LY | (EA L) ke 23 50 LA E&IVTHEEFRAZIL 5%LL FTh v | Ai(4.11) % T LSB
DI ORI SCH AT TH 5.

Table 4.1 Calculation conditions of exact calculation and approximate calculation

Case

EwAwZE A,

EwAw=<E A,

E, [KN/mm’]

10.5

10.5

Ay [T

11025

11025

E [KN/mn?]

205

205

156

678

A [mm?]
Py [kN]
L [mm]

kp [KN/mm]

dy [mm] 20.5

p [mm] 5.0
* Cross section of timber = 105x105mm

100
100, 200, 300, 400, 500, 600
2.95, 4.43, 5.90

Note :

15

14

13

»

<

12

1.1 T-g01----F---4----t----

1.0

0.9

e ———p—— =

0.8

0 50 100 150 200 250 300

(EAJ/LY/Kp

Fig.4.3 Comparison of exact calculation and approximate calculation
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B AU O AV EANL 0 13, LSB Seim\i & T OB OE AW TH D, L->T, LSB
JeShL & T OBES R D AWIZERL 6, 13, :(4.2) DA ) P=FEIRIN /1 Pyox=L 2 A L72fHIZ,
X(4.12) TR EDHFERFEHDOEL t 2R U T, THEEMEED R oE A REERE G
(4.5.2 HiZ M) TR LMENA(4.13) THK SN2 B FHIB O REIRE AWIZENL 6y & 72D

t=d -d, (4.12)

: a .
8, = G —HsinhkL-(b+c-coshkL)}-t}/G (4.13)

Z 2T, dy AMOSeALR

Plb& v S#EFHOBREN 6,17 M. 1) TR SN D,

5,=6,+6, bLE 6 ,=5+0, (4.14)

7. PN KIEL BRI Py & BRIRZENL 6, 1 HA(4.15) TR I D,

K=-L (4.15)
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4.4 K DA EE O

LSB SCEESEI DG 15340 DFFRISIT, A OBFIWERE Ay Z T 50BN H D, KO
AR Ayix. FEM EATHER DR ATRETH 2 2% (2.6 FiiR) . EBHFHIB W CHE
FEM it 247 > TRM O A ZhErE R Ay 2542 Z L I3EE L IFEVEy, 22T, 253
HiCHNE L 72 AR Wil & LSB OLDIALIE S 284 & L7z FEM TS5 2 (2.5.3 Hid Fig.2.29)
D ARM O RWTEFR Ay Z2 KD | ARM OEWIHEFR Ao (5T DO RYRRZAER T 5 2 & T,
FRE TS A OF 2T A Ay DRI CE 2 K 912 Lz, Fig.4.4 12 2.5.3 fi> FEM fiZtr
FERNORD T L FUIFNO M Z R~ T, FRKE Y, A OGS Ay %KD 5 720 Dlal
HiE(4.16) TrREN D,

EA _097. exp{—0.0016 - (Mj} (4.16)
EvAu L

Z 2T, EWAWSL A EWrmEmaE o mi M A7 kN/mm]

1.0 |
T E.A, E.Aw
08 1 i —0.97-exp{—0.0016~(|_]}
2
<
o +
\; ® FEM analysis results
<E§ by section 25.3
“oa L . .
— Regression equation
0.2 T t

0 200 400 600 800 1000
EwAwo L [KN/mm]

Fig.4.4 Regression equation of effective cross-sectional area of timber
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4.5 BEITRVDIMHERDRE

4.5.1 BEREEHOEAMERE

BE SRR O VW TR fos 1, BEE I IR D 7o O EE LEEL L 72 5, Photo 4.1 ITHEAHE
BRCHERR ST REFEW ARV 2077, WEE LV LSB #4460 EIER L, LSB 0l
AR D375 L7 RREC LSB MR & EAS & 75 MJE i 038 AWTAEE L CRlHT 28 Th
B EMND, BREHCAW DB O M T AR 2 VD, 22T, A O AW O
SREE (LLT, BUCHEYERE L4 5) 13, Rk 18 FE1mE HRE 1024 5 TED LN TN D
D, ZAUT, HEREEMICAE L D EARNICH L TOMETH Y | LSB #4THO L 5 ITikiEF
ITH NN D NP EL D KD o6 2 40E LICiE CI3iEy, 2 2 C, Figd.5 [Z7-7R
5715 C Table 4.2 (T BRI Z FIV TR OMEE & ER ATV, EOMEOFE 21T > 72,
7k, RERIRIT 1 SO — BESROMAE DK LT, 2 RKRDRR ZEHM D54 3 1Kk
Bt 6 RORERIAZ )Y L7z,

Photo 4.1 Representative destruction in joint experiment
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Steel plate i
Round steel ‘
= Same as top thread diameter of LSB P VA [~
t —12 X< i
|

(p20 5
P (Punching-out) |

\
/ m Center hole : ¢20.5

= Same as top thread diameter of LSB

Displacement transducer j

Timber

(Glulam) Lead hole diameter : ¢17

= Same as lead hole of LSB
—110

% ,&ILQ

Fig.4.5 Punching-out tests

Table 4.2 List of punching-out test specimens

Wood species Strength rating Number of specimens
i E120-F375 6
Douglas fir

E105-F345 6
E105-F345 6

Larch
E95-F315 6
L E105-F345 6

Hinoki
E95-F315 6
E105-F345 6

European redwood
E95-F315 6
. E75-F270 6
Sugi

E65-F255 6

Note : Glulamis single-grade laminae
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Fig.4.6 }¢ 1" Table 4.3 |[Z##k & EEHE R A R"T, FRROEAMISHE ¢ 13, EBRTFHHS
NIHEEZ . ZBRICAWEHMOEE (rxd) XRBRIEDER (EHE) THRLTRDZ,
Table 4.3 &V | 4 & SRR O Rl L 725 BUKYE 75% 0D 95% FUFFAIRIME (LLF. 5%
TRRAE & 3 %) 1%, Table 4.3 @O,/ @IZRT L 91, FEHERE DK 1.2 5~ 1.5 5L 72 o7z,
F 7o EERREL S A CAE OB fE IC R & EBR TR O L7 5% FIRERFREOHE L 78> T,
2T, MBS 2.3.2 B CHEME L 7o GBS R A bk 95 & | Table 4.3 @,/ @IZR
TR HIT, GBIk & R R A TR R Lo TWnD, ZOFINE LT, LSB
FHLOADBROEERCIR UV ICL DIBENE X bLb, £ 2T, LSB WAL ML s %
FHHIL72& 25, Figd.7T L0, TABOREMERENEH D DIZE MLy BRRE N T & D3R
iz, LLEDFERNG ., EHGRER DR KM L0 & 4k & 2B o & Kt /7286 < 72 R IR
LSB # AL BEORFHKOBEO TR L Db D EBEZOND, LNLARBE, DAL
DR OFLE &7 Hili+ 5 2 L IZNEETH 5 2 &0, FeYERE ISR 2 Mgk & ERIEROR L |
BE SR OB K D IR T OB RERRERICH D Z LD FEHEREARREHME S LT
ANWDZ L IZYTHDHEEZLND, B, B0 LOMIE +2TBNTHEAWBRED) S X
PRV NEGE ORI /IFHREZATV, FHRENFEREZ 1T 5 2 &N TE2DiL, [AEkD
B EHER S D,

) RECE TRMOEAKRE (WiERERM A~ O ARBEAHEE L)) £72oT
WD, LA D, amCFER YR (2011 ) O BARRKEBKIITEEEOEAWRS O
HEITH 20, M BEEOEAWIREDHEN 2NWER, AKICHIC TR A Ow AKIRE
(8.6N/mm?) | Lit#ishTIRY ., ZAuE, Pk 13 FELZWAE EHRF 1024 5 TED 5
AU D BRI OFEJE 5 10 D AW D BEHEFRIE (C — B3 2 7o w0 BLUEGR AL & il L 72,
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Shearing unit stress z [N/mm?] Shearing unit stress ¢ [N/mm?]

Shearing unit stress z [N/mm?]

[y
o

8 4
6 4
4 4
2 -
Douglas fir
0 - } } } } }
0 1 2 3 4 5 6
Displacement & [mm]
10
8 4
6 =4
4 =4
2 4
0 } } } } }
0 1 2 3 4 5 6
Displacement § [mm]
10
8 4

0 1 2 3 4 5 6

Displacement § [mm]

Shearing unit stress z [N/mm?]

Shearing unit stress z [N/mm?]

=
o

(o]

[op]

SN

N

o

10

1 2 3
Displacement 6 [mm]

4 5 6

|European redwood |

1 2 3

4 5 6

Displacement ¢ [mm]

Note

— Average

Fig.4.6 Results of punching-out test
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Table 4.3 Results of punching-out test

Wood species Douglas fir Larch Hinoki European Sugi
redwood
Average [N/mm?] 8.1 6.6 6.6 54 52
Sampling standard deviation 13 05 0.5 0.9 0.9
Punching Coefficient of variation 0.166 0.081 0.078 0.171 0.173
out test Variation coefficient 0.660 0.835 0.840 0.650 0.645
@ Lower limit variation*" [N/mn?] 54 55 55 35 33
@ Load of unit thickness*? [kN/mm] 0.52 0.43 0.42 0.35 0.33
Fracture strength of | ®Laminating direction
3 ) 36 36 36 30 27
shear* [N/mm©]
Thin plate pull-out test @Load of unit
n pra‘e purout tes _ ) 0.35 0.37 0.42 0.30 0.28
specimen thickness*“ [kN/mm]
O3 1.49 153 154 117 1.24
@/ 0.67 0.86 0.98 0.86 0.85
Note *1 9504 lower tolerance limit at 75% cofidence lavel
*2 Average value
*3 Specified design strength by law
80
g Note
— 60 T+
£ & 8 .
IS L @ ODouglas fir
Z a0 L e) O Larch
o Q% inok
= L % AHinoki
5 O
F o0 4 % & X European redwood
i o OSugi
0 } } }
0 50 100 150 200

Embedment depth [mm]

Fig.4.7 Torque with embedding LSB
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4.5.2 BRMEEHOEAMEERRK
KA O AWTHRIERREL G 13, SR 4-3) TR SN 2417 & VT ARM OREHMEFEAT I DY
TR B DR D TIEN RN TH D,

G=— 4.17

L L72ems b, 2.4.4 BiOBESEMITET V% iz FEM f#HT Clk, SR80 Y > 7175
E KO AWrHPEAREL G % 0.01 f5ICHiHE T 5 2 & T, #AMERER L —&T 5 2 & 23R
i, Fio, 3k 4-DO PR T AW 2 5 R E 08 AW RE & JBGRBR CRM 35 2 &I,
B ERICE T 2R OBRR L2 BB TE TWRNWI &2 244 BiTHL N E RS T2,
INHEZBET D L BEREKOE AMENL 6, DFFEIZBERMOfE T dH 5 AWMELREL G <0,
TGRSR DR E D FEREZ VD Z LITEY TIERWEB X b5, 22T, ERAEROE
(X, Photo 4.1 [Z/R§HEETHIEBRD LSB J& O AM O AWHIEEDORIL GHELRT 5 & SR
PIROEBITEAWERNEB L T D EE2 LD, EEICIE, BiFmOEN CGJE) £k
RHTERNEL D Z LY 2.4.4 ffio FEM BTHER CHRA SN TWD, £ 2T, AIFFETIE,
ETNORETOEREZEAWER L UCHHET 5 2 & TERAEKOMEESRE L TRANTOEA
WrMEARE G2V D, BT O AR EL GiE. 2.4.4 H#iCElE L 7o #58ER & —%
T2 X ICET ML LT BEAEMRNTE 7 L % 7= FEM b s 5 ©15 S - BER sk ow A
WIRIPE ke 205, RNTOEAWENMESRE G AL, FHEICHWDHEE TS5, 22T, 244
i L v . FEM fi#hT T S M 7= BRI LSB D U 1 & 7= Y ORI k,=9.403kN/mm 7> &5 =X,
(4.18) T HRINT DOE AWML G'ARD D & BT ot AL G'=0.51kN/mm? &
25, ZHUE. MEHEEAT IR O Y o 4R Ep=10.5kN/mm?2 (2% L CK) 1,720 DfETH Y . #%
HEEAT H DY > TR %% Eo 2> B BT o8 AWrilERRE ¢ 13419 Tkd b s,

oo Kot (4.18)
-d,
E

G'=— 4.19)
20 (

Rl G = = W 00 7)) Tl
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4.6 EHEMEBRERERVIRE

4.6.1 EBRHE

AWFFE TIRET Dk a0 2 Y M 2 e G B R & O Thar+ 5, #BRIKIE, 2 fEO
LSB % A\ CTAM O LSB OHLDIARIES 225 L Lz, Table 4.4 IZHEAMRBRIA—E
% . Fig.4.8 XU Fig.4.9 ITRBR KK 2 7~d, FEBRIZHV /2 LSB (X, Fig.4.8 XU Photo 2.1 |27
THIFED LSB (LA T, fifk % A4 7L+ 5) &, Fig.4.9 } O Photo 4.2 |27~ KD LSB (LLF,
KBEIATET D) & LT, FEBIE LTOFETERLE,

(1) Mg s A 7D LSB % A 2R ik

MPE S A 70> LSB % A 7o ikli (A3, 2.3.1 i & AR OB A TR 2 URIR 7714 T, Photo 4.3
(R T R E TR AT o 7, Teds, AEICRTERENA T 2 U7 I~ Y OFEFERICON
T, 231 HITRLIHERLEFCHERTH D,

(2) KFE4 A 7D LSB % V=i Bk

KEH A 7 O BRIR % AW TZ 38R K1, Photo 4.4 (239 3B E C©, LSB I N AR &2 1R A
TS, —HMORFBIEM S &7 o7, MINEEIL, 0.156mm, > (IN/1B4ED & R E £
TORFHENL 4 5FE) & Lz,
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Table 4.4 List of specimens

LSB type

Embedment depth
[mm]

Wood species

Strength rating

Number of specimens

Small diameter

200

300

400

Douglas fir

E120-F375

200

300

400

Larch

E95-F315

200

300

400

Hinoki

E95-F315

200

300

400

European redwood

E105-F345

200

300

400

Sugi

E65-F255

Large diameter

150

250

Douglas fir

E135-F405

150

250

Sugi

E65-F255

WlRr|lwlkr|lO|lO|lO|O|O|O|lO|O|O|lO|O|OO |||

Note : Glulam s single-grade laminae
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. LSB of test side
LSB for reaction force (L=450mm) 1400 (L=200, 300, 400mm)

105 N 500 / {

Displacement transducer ‘ N
52,5525 L
Force

Force
o direction \ direction
| - —_—
=iy B
o
o |
/ ‘ Lead hole ==
Diameter : 917, Depth : 500mm . Lead hole
Displacement transducer - . . ‘ ‘
Timber(Glulam) Diameter : ¢17mm, Depth : L+50mm | 50
Wood species Strength rating
Douglas fir E120-F375
Larch E95-F315
Hinoki E95-F315
European redwood | E105-F345
Sugi E65-F255
. . Not processed Screw
i Lagscrew (for Testing : 200mm, 300mm, 400mm  for Reaction force : 450mm) 016.2 M18
Top thread diameter | - I I
d: (p20.5§n Pitch=6mm ‘
559&3{3{?%% Note : Material : S45C (No hardening) , Production method : Rolling
Small diameter of LSB
Fig.4.8 Specimen of joint with a small diameter of LSB
1000 N
200+ L 120
‘ } 60 60
Displacement transducer1 LSB: Emljedment depth L = 150, 250
B o — —
D / Force direction o
L o o o o — 3|
— ] - = == b 8
i o o o o 3
b /
Jig for reaction force Displacement transducer Lead hole
Diameter : ¢22
Timber (Glulam) Depth : L+50mm 200
Wood species | Strength rating
Douglas fir E135-F405
Sugi E65-F255
Top thread diameter
- Note
doig2smm Meaterial : S45C ( No hardening )
Root thread diameter  Production method : Cutting
dwb : 920mm
925mm Pitch=10mm 919mm
3{“)«'\&\\\\\\\\\ L
M12 . OO
30 ‘ Lagscrew : 400mm ‘20
450

Large diameter of LSB

Fig.4.9 Specimen of joint with a large diameter of LSB

82



R gtk okototy ot st abutethiny st ettt utul bl u B W R R0

Note : From above, LSB of test side : L=200mm, 300mm, 400mm, and LSB for reaction force

Photo 2.1 Small diameter of LSB (F48)

¥ G0 G 0 0 "

Photo 4.2 Large diameter of LSB**
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Reaction force side i 8 Test side

Hydraulic jack

: Jig for reaction forces
Specimen 3

Photo 4.3  Joint experiment with a small diameter of LSB

M

i

S=Eorce direction

IR

Photo 4.4  Joint experiment with a large diameter of LSB
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4.6.2 HEEHMERBZER

Fig.4.10 X O* Fig.4.11 I/ # A 7' LSB % HW 2 3255 R %4 | Fig.4.12 ) O Fig.4.13 [T K
A A7 D LSB W B TR OBl P—20L 6 BAtRZ "7, Fig.4.10 X Fig.4.12
By, RBRAEESERAROSHE O VHEE R L, Figd. 11 kO Fig.4.13 i FAMEO A % ik
L7citiR a2 md, ol RTOEREROEN 6 DIRATIX, BN O RHERZ =T,

% < ORBUKROMIEMER L. LSB ORI ORRRIM LA T THHRITIC K0 EAME T L, A
DFIGHEIESE DAL Uo7y, MBS A 70 LSB & AW sk BR IR TRIFEN A~
NIV B F AXD I L, HOALESH 200mm & 300mm DD/ T, Photo 4.5 12
YK D72 LSB ORIRITIZ L) R OFIEENAE U7z, o, KEXA 7D LSB # Vi
RERIA T, HOIALEE D 250mm ORBIKIZB N TEH, MR A 7 LD, Photo 4.6 (TR
FAM OBIZENE Uz,
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Load P [kN] Load P [kN] Load P [kN] Load P [kN]

Load P [kN]

140
120 + Douglas fir
L=200mm
100 T
80 T
60 T
40 T
20 1
0 + +—t ——t—
0 1 2 3 4
Displacement dsq9 [Mmm]
140
120 + Larch
L=200mm

140

1 2 3 4

Displacement dsqo [mm]

120

Hinoki
L=200mm

0 +—————
0 1 2 3 4
Displacement dsoo [Mmm]

140

120 + European redwood

L=200mm

100 T

80 T

60 T

40 T

20 1

0 —

0 1 2 3 4

Displacement dsoo [Mmm]

140

120 1 Sugi

L=200mm

100 T

80 T

60

40

20

0 +—+—F—F—F——+—

0 1 2 3 4

Displacement dsqo [mm]

Note :

Load P [kN] Load P [kN] Load P [kN] Load P [kN]

Load P [kN]

——— Experimental results

140

Douglas fir

120

100
80
60
40
20

Displacement dsgo [mm]

140

Larch
L=300mm

120

0 +—F+——F—"F—F+—+—+
0 1 2 3
Displacement dsoo [mm]
140
120 + Hinoki
L=300mm
0 —t—t—t——+—
0 1 2 3
Displacement dsoo [Mmm]
140
120 A European redwood
L=300mm
100
80 T
60 T
40 A
20 T
0 —t—
0 1 2 3
Displacement dsoo [Mmm]
140
120 ¢ Sugi
L=300mm
100 T
80
60
40 A
20
0 —t—
0 1 2 3

Displacement dsg [mm]

Load P [kN] Load P [kN] Load P [kN] Load P [kN]

Load P [kN]

140

120 +
100 T
80 T
60 T

40 1
20

Douglas fir
L=400mm

0 —t
0 1 2 3
Displacement dgqo [mm]

140
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Fig.4.10 Results of joint experiment with a small diameter of LSB : All results
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Fig.4.11 Results of joint experiment with a small diameter of LSB : Average value
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12 Results of joint experiment with a large diameter of LSB : All results
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Fig.4.13 Results of joint experiment with a large diameter of LSB : Average value



Photo 4.5  Destruction in joint experiment with a small diameter of LSB

Photo 4.6  Destruction in joint experiment with a large diameter of LSB
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Fig.4.14 Comparison of experimental and calculated values of Pp,.x and Py
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Fig.4.15 Comparison of experimental and calculated values of yield strength
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Fig.4.16 Comparison of experimental values and calculated values
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4.6.4 WEARITEDIRIE

Fig.4.17 (CHIHIRAIME K O FERE & SR Ok 2 rd, 22T, FXOAHRIME K o FZE5RE
(X, AUEI TR L7ZBEIRIN /) Py & [EIERIS. SCHk 4-5) DSE RFHPMEE T /L ~O EHIZ K 5 35 15
TR L7,

AWFFENTIBN T, RN dyoing 1. LSB DIRIT & LSB Jeim{ii & T D AR & DFEXZENL & E
F#LTW5M, Fig.d.8 X Fig.4.9 lIRT X 9 ICEFEBROFHIEE ST, BEATENL Oy D EFR
E—FH LTV, T, RIS L CTLLFOMIEZR TV, EERIE O SR I L — 8BS
wic,

(1) #EE% A 7D LSB % iV =ik B ik

Fig.4.8 |9t % A 7D LSB & M 7ilBiRiAkl%, LSB Jthi & U SEOARM OO E & LSB
WRITDFEH L7z LSB #4r 50mm DM OEZEZE LT, 2B, KOV 7T, JAS itk
DAFEL Y @2 & BRE S5 720 FREBRATNC IR IR 715 T & D HHRENE TV o 7%
BEFHIL, ZOEAEHOTAMOMOE AR Lz, fMERENECEHIIL72v > 7 %% % Table
4.5 (21,

Table 4.5 Young's modulus measured by longitudinal vibration method

Young's modulus
Wood species Average Sampling standard |  Coefficient of
[kN/mm?] deviation variation

Douglas fir 16.6 0.6 0.039
Larch 15.7 0.8 0.049
Hinoki 16.4 0.6 0.035
European redwood 111 1.0 0.094
Sugi 115 0.7 0.061

(2) KBEZ A 7D LSB % 7= 3Bk
Fig.4. 9 2R T KEZ A 7D LSB % AW =3B K1 . LSB HR el 88 H L 7= LSB #45 200mm
DM OEEZEET D Z & THERME & B OE SN LZ — &S,
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Fig.4.17 Comparison of experimental and calculated values of stiffness i)
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Fig.4.18 Comparison between calculated values and experimental values

using reduced shear modulus G’ ¥
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AMFFETIX, LSB #2560 s MEIHIZ 36 1T 2 B BN Syoine &2 LSBARIT ORFFOAR A &
LSB JCiihi @ COARM & OFRZEMN EER L TND, ZOERICHD & LSB O EA & A D
EwAw D R/DBIRIC X 6, BEATBENT dyoim 13 LSB O OV 55+ LSB Sl & T O BT A fEisk o
B AMENT 6, DEFHE L 72 D, 7235, LSB OHIONE: 5, 13D IALTE S I FIT 543, LSB S
P& C OB O AN 0p 120 15040 & AR L T2 O T HLOIABRIRE S AT L 72,
£ > T, LSB Ot O o, & BERFIR O AWIZENL 6, DEIEIT L > T, H#EEROMIHIMINE K & 5
WIARIRE &L OBMRMENRED D Z L1278 %,

54 T TG HMERES E XD L MRFE) T, 3 2 B/ 3 BETHONIMAZIRY 1A,
PR - AMRDMER U7 BlaR A 50 TR S TS BE RSO VWIS I BE S A & BRI . LSB HAH O
FIRMERE R E R DIRER & 1T o 7o, AWFZETHRS L7ikataUd, EERGH COEBMESEMIEICE
JE LT, ERECHERD O K E 2R EE AW, EREREFEOBMOMEN S LSB #4500
RErTDS A RE/eRR A AR & LT,

FHRIC LT L 72 DA OA W RL Ay lE, 55 2 T CENE L 72 Wi & LSB DHLsHIA Pk
S AL Uiz FEM MRATHRE R & AR Wi Awe (2592 A0 IR A, DIRMR A2 1R L

102



FEM fi#tr 24703 & G ARM OGRIWEFE Ay OeHli2 e L Lz, Fo. FREOMEER
1T, BRE 10mm DA % LSB SME & [FIE DA THIHL < | itk & EBRAITV, BEROETH S
F AWM OIEHERE F &2 VD 2 & O S EE R LT,

AT THREE Lok G T, A ) O EZER A LSB ORERLCHMT, & L < IIARM OF|
FEEOEETIZZR < LSB D513k, BlS ., BESRGEB O RER K OBHEIZ K 5 & DIZIRIE LTz,
Z LT, B2 Ze e & MPEMRR IS 0B L CTESRBL L, IS D0 2 R oub 2 2 L TEE
OREHERIH L CRHRDIFLZ Koo, £, BTN dpim & LSB Rt & LSB Jeififir
B COARMOMEME LTERT D Z LT, BROFN G IEN BRI L 72 v | FHEANR
fligfb S 7z, RROZYPEIL, 225 2 fEHO LSB LEBR OB ICx LT, HORAARS %
TEgg & LT RS R & O R R TR L 72,

KM )] Prax (3. BERIOME Tl 5 AW O FEMEFREE Fo 2 HWTEE T 5 2 & T EBEIC
L CZBMOFM L 722 Z & 3R STz, BRI Py X, KIS Prax & [FERIC AW D B
YERRTE Fy 2 W CRFE 21T o 720y, FEBRFE I3 U CORBREE B AR OFHE & 72> 72, JFIA
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HIAEE K 1%, BEENOAE T 28 A Bt G (26 LT, LSB OMDIA LR DEEHERHR U
VAT L BB EB O PERRK T o R e UE OMIMAR T 2 Z 8 L7z AT o ABHMRE 6°
MWD Z LT, FEREIC S L OIS R R &0 D 2 EBHEGRE S NIz, 22T, Rnrido
AWTHEARER GIE. 5 2 B CHEM L7 FEM fi#f & #5638 O L T B AL 7o fE R 2 K,
LSB #lOIAZRFOEEELCH UV I K D BERBIR ORI T2 BB L2 & 24, M AT A Mo
YU TREE D 1,720 L7x o7z, UL D, BESREHI D Bk BN 6, 13, LSB Jebifi
& COBREREROEAMEN D=, LSB O ARZELR UROEEELZ T 5, Told, b
RLOD RN OF AWEHARE G R0 BRI T 2R E <. ARGETTIE, AT o8 AWtk
# G'13I LSB OfERICRET 2MERH Y . WX A 7L G'=Ey 40, KE&EF A 713 G'=E,
/200 &35 2 & T, FERMEICK L CEMREIIE R Y A R L Ar oo, E. FIMIREIME K @
FHERFIC LSB OO E A S 5 CHEA L7256 RBAENX CHE L72H4 L RO RS SE B,
HEXOEALAFRETH D Z & MR I Lz,

LLbE& Y ARFZETIRR Uikt e W7 FHRAE I RO AhR T 320 L 7o B A B R
(2 U TR 7 R & 7 o T3 FACEE IR O BHRFEREMIC DUV CRRE D R - T2, Bt
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TEILOMEHRFE DRI 15 & LT, B2, LSB % 1 ARHLDIAA TEHEH FEBRAE B0 b bR Rr

MEWE T D HENREZBND, KX TE O HE OB EORERITHOW T, AjRSCUE
BRI 2TV, 18

REITOTETH D, AL THRONTHEZ L FIRT,
O  FERGIROMBHRFE T & 2 B FHHE AWIREE fos L O OF AWrvELR S 612, LSB #

WIATIE DEEFERIR U 0 1 & B BERAIR O MEREIE TR0, Rsefh Lo
PIE T 5 2 & 2 &M LI il ik,

B

FECE AW ERE

@  BKRIMNT) Prax (3. 5 3 FEOMGE CTEER IO 4 LISHAMBREBFRLTND Z
EBHBMNE o7z, BRI OBIER 1 Ol IHR RIS W THEERIICHEE T 5 2
EIINETH D20, FERIZFHES 5 FIEOMENL,
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8%

T8 1 LSB ORIK & kAL DEEZR

LSB #HiATe7z OICARMIZER T 5 EFLIX, LSB AT O S EMEREICRE < B L 5.2 5,
TAEN DN ENEE, LSB WAL R E A2 MLy BB L /20 | F7-, #EFIC LSB #Hw
ARG D ET DL RMMNEIHBIEET S, —F5. BABENREWIEE, LSB O Ul & KM Ok
BREL 2D 72D, BIRMEROKTICER 2, £2 T, B DTIE, ERERNOFE L725%
AR OB % KD D 72D OFFRLNAR(D) TREN TN D

r,=04(d_—d,)+d, (1)
ZIT e BABROREM [HEAL : mm]

d. : LSB 42 [HAL : mm]

dp : LSB OR4E [HYZ : mm]

KDICESE, AFETHWER Y A TR OKEX A 7D LSB ORAREZHET D &,
Table 1 IZ/RTfE 725,

Table 1 Study on the lead hole diameter

LSB type dy [mm] | dyp [mm] re [mm]
Small diameter 205 14.1 16.66 — 17
Large diameter 25 20 22
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3% 2 HRREEOIENS

ABFFETIZ, T8 - MMasdes LB 2 TR Sz () OB S EI OB IS ) 534
BTG DRRE LT o 1o, REFROREIENL BIRER R ZIMETIEH 05, Bimn bR E
DI040 L BUERT TR O N TS i 2 e U, 242 el L7,

__ Pk EAEA, 1 COSh(kI—kX)+coshkx (22)
zd, | E,A +E,A, Jsinhk E.A E, A,

2

& oo mrL, k:JmL(L+LJ 21)

dx E,A, EA

Z 2T, d: LSB DAME
E, : LSB O V1%
Ew : A DY 7455
As : LSB O A 2h Wt imifs
Ay © AR O 2T iE A
| : LSB Of 2 DIALGES
T Sk O & A WP 2L
P HAESICA L D7)
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(1) PRFRC & MM BT 7L O ik

ANV TR B HE 7 V1L, B 2 & IS M7 £ 7 L & L TR 2Rz v
T2, LSB Ol /j534ii%, 4.2 filcV\T, BERUCaME Lol & M E T 7 L &2 V)i
FFHTRERDZE BT D2 L 2R L T D, 22Tk, RQOIGHATEE L5 S ik
DEAKINEN AL 4.2 HiD Figd.1 (R ERLE 7 L 2 AW T2 S T CF DA 72 55~
BRI O AW J) 59 AT & LEBR AT 3 5,

Fig.1 (ZFHRAHE & i o bk Z2 s, R offeshiE, LSB oL 1 11 (Biéf E#E T L0
BAE. BEREROTAR AR 1 HbHe0) ORANISHERT, RKXD ., FHEE L wE
HIFE—B L TEBY | B ERET VL, B E FICE MR ET L THD 2 LR R I
7

2.5 25
Analysis result Analysis result

é 27 — Calculated value é 2T — Calculated value
15 1 915 +
» 17 =1+
g g

0 —t—t ——t—t 0 —t—t —+—+t t

0 100 200 300 400 0 100 200 300 400
Depth L [mm] Depth L [mm]

Fig.1 Stress distribution of boundary zone
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(2) M EHTE TV & FEM 47 /L O L

EREMEHC ROV THEER A & MM ERE T VI, )P EM R T AV Th D 2 L DR I,
Z T, 5 2 ED Fig.2.22 ("3 FEM s R & Fig.2.25 TR c 2 —E & LB E O
MEHE 7 V& AW TS IRATRE R O i 2170, B0 2 2 iR T 5, 2 2T, WA E
FEMT FAEN BRI D DB T, RITRIFIZRIC TH D,

Fig.2 (2 LSB D /14341 % . Fig.3 I[CHR O ARG N mzmd, kB, EHH 6
100kN RfDJis 1534 L L, Fig.l L RARIS, #tdhix LSB o U 1 (Ui (M ERE T L O5RE
(. BRSSO AR 1 EH7-0) OfEE L, Fig.3 1274 FEM Tt T b - 57
D AW A 1L, FEM MRHT#E B2 HiEH:, LSB 0 U 1 (U OB RGER O A WG /)%
MAOT&Eehroleiow, 5 2 EoOR(2.100~R(2.13) % AW T LSB DMl )/ Ain bk Lz,
Fig.2 %O Fig.3 &V, FEM €7 /L & M EHAE 7L & W TS I TS S i 145y
flER—E L T 5,

PLEORBED S, R - MADRE L2 B 27CoR S 72 R(2) O3 FLEI O AU WG 715y
MERKICRFREWEST 22 &0 KO SMERET V2V TRA 2BEt 275 2 L8 13%4 T
b5 L L,
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100 100

Embedment depth: 200mm Embedment depth: 300mm
80 T 80 T
z z
= =
Z_ 60 T Z_ 60 4
S S
S S
Z40 + <40 +
(381 o
'R <
< <
20 T 20 T
0 + . —t —t t 0
0 50 100 150 200 0 50 100 150 200 250 300
Depth [mm] Depth [mm]
100 Tw
| Embedment depth : 400mm
80 T
z
=
Z 60 T
8 Note
S04 N e Wire frame model
3 FEM analysis
<
20 T
0

0 50 100 150 200 250 300 350 400
Depth [mm]

Fig.2 Stress distribution along LSB
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Shear stress Q; [kN]

Shear stress Q; [kN]

Embedment depth: 200mm

Embedment depth : 300mm

Shear stress Q; [kN]
w

50 100 150 200 0 50 100 150 200
Depth [mm] Depth [mm]

| Embedment depth : 400mm

------ Wire frame model
FEM analysis

50 100 150 200 250 300 350 400
Depth [mm]

Fig.3 Stress distribution of boundary zone
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8% 3 BEREEOIMIEDSIRMERE

LSB 824 00%, JefLZ B 72 AMIZ LSB 27 UiATeiz s, HOIALRFDOBEESCHR U D TAM
WHEETDHZENBZZ 6N, £lo, RMORAMEIR, FTHIALRFHICHRON D720, OH 5y
EHARTHEOBRERKRENI ERTHIEND, T2 T, LSB OF HIALEIAEI 5 [ H PN
EORERRD D, FBRTHRIFEITo T2,

LSB ¥, % 2 %LU 4 TR LMY A 7O LSB T, #H¥HIAZES 200mm & 400mm
O 2 EE Wz, Jedks, MBIKIL, TOFIETIER L,

O 1 ROERM D HREBIK 3K OAMEGI Y T, ZOk, A#f225% 1y~ (Fig4

DALBT1Ey ) &L, ZHhEERM 6 A5V HT,

| 200-1:A | 200L-1:B | 200L-2:A | 200L-2:B | 200L-3:A [ 200L-3:B |
| 200-4:A | 200L-4:B | 200L-5:A | 200L5:B | 200L-6:A | 200L-6:B |
| 200L-7:A | 200L-7:B | 200L-8:A | 200L-8:B | 200L-9:A [ 200L9:B |
| 400L-1:A | 400L-1:B | 400L-2:A | 400L-2:B | 400L-3:A [ 400L-3:B |
| 400L-4:A [ 400L-4:B [ 400L-5:A | 400L5:B [ 400L-6:A | 400L-6:B |
| 400L7:A | 400L-7:B | 400L-8:A | 400L-8:B | 400L-9:A | 400L-9:B |

Fig.4 Cut out 3 specimens from one material ( 1 specimen =Aand B)

@ v LEAMIC HDIAT LSB DK & +50mm (Fig.5 £ ¥ .400L > U — X% L=450mm,
200L >V — X% L=250mm) TEL 17Tmm DAL ZBHT 5,

400L specimen series Lead hole 200L specimen series
Depth : 450 Diameter : @17mm Depth : 250

52.5|52.5 | 500 | | 300 |

Timber species : European redwood , Strength rating : E105-F345

105
525 525
—
_ ié A
|
|
‘ _
\ —
I
L
|

Fig.5 Drill a lead hole in the cut specimens
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® Fig.6 X1 Photo 1~Photo 3 (/"7 1Y | LSB A ®IAA 1%, 50mm [HkFE TR IZY)
NWEHZANL, 1 ORITL TAMZRET 2, £20%., AMZERE L7250 LSB % Ul
L., ZhzailBrike 42,

Specimen 1 Specimen 3 Specimen 5 Specimen 7 Specimen 1 Specimen 3

f400L:A . s R R ﬁZOOL:A — e B S

| 50 | 50 | 50 | 50| 50 50|50 50] 100 |50 |50 ]50]50] 100

One set One set
Specimen 2 Specimen 4 Specimen 6 Specimen 8 Specimen 2 Specimen 4
400L:B —-—f-— e e 200L:B ——-— 2ol iaaley BREESE RS S
o
| 50 |50 |50 |50 | 50]50]50]5] 100 | |50 |50 ]50]50] 100

Fig.6 After embedding LSB, cut out of the specimens with a width of 50mm

(a) 400L series (b) 200L series

Photo 1 Cut out timber
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(b) 400L:B

(c) 200L:A (d) 200L:B

Photo 2  After removing timber

Photo 3 Test specimen
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LREDOFINETHER L 72 Photo 3 (2”4 7R 1A %z, Fig.7 & U Photo 4 (27”9 5B E 2 VW T
M EAT -7, FEBIE, JEE 25mm THRIZER 63mm (LSB #ME 20.5mm 4 AL T 21lmm
EL. 2D 3£5=63mm DL L72) OAOBAWEHRD LicT77nrv— b a2HE, 20k

WCRBRIAZa%E L, LSB A LiAte Z & TIN) &2 7o 72, MJJEEX, Imm/min. & L7z,

Fig.8 X O Fig.9 I FEBR TH b N2 BIK D AR E & 72V OffH AP—Z241 6 #hi#i % | Fig.10
KO Fig.11 12819 Y UL & 4 O e KAf B APpay & FIIAIME AK O# 2R+, 22T, BIE X
BT OWE AP 13, ERTEHI S W7o BEE 2 RBRIA DR L (FEHIE) TERL TR, 2L
%, Fig. 7 \OR T MG CEI S It 0L & Uiz, FE72, #IIEE 4K 1, HRATE AP pa
D 10%fE & 40%fH % fESEMMOMEE & Lz, 7238, Fig.8~Fig.11 @ No.ix, Fig.6 OiBAY)
D LA S LTV D

PU@Sh Test method Pu@Sh
LSB
Put a teflon sheet ;
J'Ibij between specimen and steel plate i Test specimens
o %}E 13t .
o 13t Steel plate : t = 25mm it Jig
S Center hole : 63mm LE3S
] = |~
|
|
“ ‘
g o
|
i
Glulam | 105 |
Timber species : European redwood
Strength rating : E105-F345  Test specimens Displacement transducer

Fig.7 Test method

Photo 4 Test method
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Fig.8 Test results of 200L series
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AP [KN/mm]

5 [mm]

-—-No.3
No.7

AP [KN/mm]

AP [KN/mm]

AP [KN/mm]

Fig.9 Test results of 400L series
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Fig.10 Maximum strength and stiffness of 200L series
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Fig.11 Maximum strength and stiffness of 400L series
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Fig.10 £ V. LSB OH®IALIEE A 200mm @ 200L 2 U — Rk, HOIALNLE & i KA E
APpax & L IZHIHIRINE AK ORRIIW AR —FH L Ty, EHL5DfES . LSB Jeiimil /7 2 Mo
4y & U CEAMEL 22 2 A3 L 5D, Zhid, LSB SEliaicid, RNEa RN FE
THZENFEKNEEZOND, —J7, LSB OMMIALES ) 400mm D 400L & U — (%, #
WDIABNLE & e KT APpax & L < IZHTHIIME AK O BRI —F L T\ D205, EAL O MERE
AR R SR, ZORKE LT, KM ORAMEIZEADOEEN TS0, LSB A
KOG DIAE I TN DA, Photo 5 12”70 . LSB DM ST E, KOk
B OB LSB AHDIAEN TV D, Zhud, A OBMEFEATH I L2 BT & 5
ETHE RMEMM THEINRRD Z &R0, BINFET D Z & CHEmRNERITTLEN, il
PR 72 513 & LSB i@ COREM L LW Th D, Dk, Eitoi@y LSB 2
il L THDIAEN S 728, LSB ORKBEHEAAE L, 230, SBRIKOE A2 50mm L7z
», Photo 6 IZRT X 51T, ERREZIT O &AM OFIZUIENE U T LEW, BRSO AWHE
RECIE <, AMOBIZERE CRE L — AR Ao, ZOXILOKBEIX, LSB O
AAIRS RV 400L 2 ) —ZADOHGNRE a2 5720, L200 ) —X &35y

DIARR S HOMEM B R SN le o To LHELE I D,

(a) Side of tip (b) Side of root

Photo 5 Status of the specimen before the test
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Photo 6 Destruction in test specimen
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1454 HEEMEBRTHONHE-—EMEREARITRELLZEHAXTHELEOLE
B4 BIZBWT, KL CRET DRG0 YA | #2585 IR R & Ol CHRET Lz,
B 4 BT, BEEOMERTH LA iR R L, BRI THEMERZYE TH D
T EEMER LA, AREICIBW T, HEATER TR LN E P—HEATEN dm PR E D

#2179,

Fig.12 I[ZHIE % A 7D LSB % FI =3 BR A T O FEBRE S L 2B O ik & | Fig.13 12 KRR %
A 7D LSB % W /- ilBR IR T ORERGE R L SR O 2R, 72d. Fig.12 XU Fig.13 (2
T EBRGREIRIE, 4.6 B THNE L oA MERE R T, EEIRE LRI, £ o EE
Y,

Fig.12 £V, #ifEZ A 7°D LSB & H o akBRIRIT, FEBRAE kT L TR CoR & 7o WA
K3 —8 L T o, BRIt Py X ORI ) Prax 1. BIFEDS A < D6 A R & 22 M
Dl & 72> TV D, A T VITONTIE, BRI Pray 23 FERAER & FRREZ L 2> TEY |
fhORHE & I TEB N R D, £2, KEZXA 7D LSB AW ikErikiL, Fig.13 L 0. EBis
Rz LT, R TROMMIRAINE K 1%, BERAXOEA ISR KL TWDER, <M<Y
OHEITBKREET DEMA R S D, BRI Py R ORI ) Pra i3, EBRIEIZ 0 L CEHA
EIX LM OFE & 72> TV D,

Fig.12 X (* Fig.13 OWFHUCEB N TS, BFERSA ~ Y OEA X, MoOBFE L (325872 D
PROND, Zhud, SHRTEAMOEMEREC, EAWHMERE G 2RI L7z AT oxA
WiEtELR S G2 VWD Z EICHERA S D B2 HND, F 5 EOMMm THik 728, MBSk
OFHIL, AFRRICE T DA HOMETH D,
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70 100
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80 T
50 + 1 Prax ! Pmax
Z 40 + / = 60T /
=} =)
R, 30 F o400 F
20 s "
10 20 T
K K
0 w + + + 0 3 + + +
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100 T
= 1 P,
z 80 I Fnax Note
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0 \ t t t
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(a) Douglas fir
70 100
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80 T+
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Q, 30 F ] 1
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10 4 20 T
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0 w t t t 0 w t t t
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0 w t t t
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(b) Larch

Fig.12 Comparison of experimental and calculated values : Small diameter of LSB
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