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MTIEARV, UFTE., E— XY MEEEABAGREZER DT 5 )5 0K 2 5
BHICKRDZ —DOHEXRZRT, NESLOE U T FPEVYZHOWEAEEER
BMeE—X Y ME#EASBICH L TRBETESMEZHA T2 D, BA#EAD
EMNICEX>THEEZR T ZREET S, HEAMSENTZIToTWVWET L
ERMCceeFEAONS, LTTIE. TOXIBRGEER T ZEM LIl 7z
RET 5,

WE, NNV IT DI SATI T 2O EFRIMAET NI, IOREIRE L TK
FHAEAWOE— A MO AMBREHEMERAEZGTOTAMBENRETIK
Mg 2 b) Y= 7R RS, Fig 28 ICHRAKZRT, FEBIFRM /T weMy I
FEDIRE, WAOMWMEZLENENSR2TOE ADBEARL T2 RAMEFEEICHEITT
e MMEOWMHE P ICBONTRENTWVE XS, BEBDORH»IT EORR
RO AR A BEART ST ey 1. FEBIBR T )T sy & 2T D E XADEEART B 51D [H
WCdH B, HALE XS O stage[ll] ICBF 20710 LFHZ A L2 E XD EE K
Jipy ZEHL TV 3 REZ IE T NIE IR ) weMy ZHEE T E B L E X
BN, ARBIICEK->TERHATE S, W, OB IHIMHTEZT 2L DL T
5 CNEMNMEEDZWVIEZTNICIOIVWHBEORBICHEHTZARMFTH %,
Dk, coRMzmiiEed %,

12

screwlMv = ir—l pY [213]
i=l Fi

4
(I
A

P == (o) + (=)
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ey | AN iral yield point
serew MY [ first yield point

Oy 6, Rotation
Fig.2.8. Modeling of moment-rotation relationship between glulam-steel

2RMIME K &, RHEME A ES D stage[lI ICFELEEKOE—X Y MESIC
HLWHDLK 214 TEBHEITN S,

K= kz[lx + -Iy] [2.14]
14 c2
C C T,
k21y
C2=
K Gwbhwl

RS 7T cereMo (& AR BE AR T crady > 5 G E IR D DI T (pu-py) %2
HELELEGOmM N ZE A, N[215] TREEI NS,

2
r'ai

n
screw/VIU — screwMV + Z

i=l r2i

-(pU—pY) [2.15]

ry
ry
~

ra= (o — 0 (14 ¢2) > + (=)’

ra= i x) (e + (i i)
B3 80 00 SR IR £ 00 3 BT C A BEA O W N 1A H AR R 2 i o I
M OEER LT, MEADFOAEINEE S AEES 0 &6, 13
FESLVEREE, X206 TERE N5,

Su

max|rsi]

Ou=

[2.16]

r
r
P

r3 = (i —x)’ + (yi— )’
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—Ji SFIV T T =i )T ey I B U T LEBIERIH )1 My DY € R B St )
woelly IC XD TIREZHAH, MESNBZAEME 3/8Z2—2H 0. () LI BR m
I croeMy = ARABBEARMS TT oMy B D 1 MR BE I () AR B AR TN JT My - #E R
M 77 ereMy (D 2 MIPETE I, (i) L. TH 5,

) DEHE. YHMIBHIEKBEEDTDE—AY b M, DEED waMy B &% L
WERELT, XRITTICK>TRIHETN 5,
sconMv bl

anel My = Fs 217
’ Y screwMVy é [ ]
22T
v (xi— xi)°
screwMVv = - pY
= iron

() DGH. RNRISJICE>TERHEINS,

panelMY = screwMV +

(1+c2)K> [bhwl

. Fws - screwMVy [2 1 8]
kZIy 6
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(7)) BEZBEBEROBEBSM

% 5 fi# (approximation) D GO ML Z HMWE LT, ATHEOEAIBICB Y
ZEMM - BRI E A EA ORI U THMEMT ZiT0. IWHREFRICXK S
Ji % fift (precision) & . 2 WM Koo ARAEFEART V) wenMvy FETRIT ) oMy #4 A1 TR
W f Op IS DWW TR Uz R HT 2 £ 7% Table. 2.1~Table. 2.3 IC {6 7z, Table. 2.1 I
RTHERWHOMARTIEATEI WK RIS HEET 2 C RIS XS0
B DB, Table. 22 IC/RTEAE Y FOMBIEXRMOELEAMERL O
HR27DICFELE, M, SHHOMAGDLEICHIET 2 8 A HA O
HIERE O EMFEZBRORBMALFARTHZ7H T TEEHEZT B (Fig. 3.4 3.5,
Table. 3.5 2 ), X 7z, Table. 23 I /R LM - MR BN AEEE O 1 WL
AWTPEREX . RETOEEMERICHN T 52 BRRXBRORBRMETH 5, MEOME
by Fig29 i Z DM EBELZRMEZRITICIED B,

Table. 2.1. Material characteristics and size parameter of joint

beam column
bh w o Ch w Shape G W Fws b W bh scr bl ser ch scr cl scr
[kN/mm2 [N/mmz] [mm] [mm] [mm] [mm] [mm]
L
290-290| T 200 | 200 | 200 | 200
+
L
450450 T 360 | 360 | 360 | 360
+
L 360
450-290 I 360 | 360 | 200 200
L 440
530-290 I 440 | 440 | 200 500
T 0.633| 3.6 89
690-690| T 600 | 600 | 600 | 600
+
L 600
690-530| T 600 | 600 | 440 240
+
L
850-850| T 760 | 760 | 760 | 760
+
L 760
850-450 I 760 | 760 | 360 360

Table. 2.2. Parameter of screw space

a a
H SCrews
[mm)]
| |
o.o-oTO-oTo-o.o-o.oé‘ 80
O | | . 160

18



Table. 2.3. Properties of single shear screwed joint

k Py Jy ko Pu Jp dy
[kKN/mm][ [kN] [mm] |[kN/mm]| [kN] [mm] [mm]
237 | 317 | 133 | 066 | 6.24 | 597 | 21.6

Fig.2.9. Load-slip relationship between glulam-steel

10

8 ~
Z N
X, 0 ] 1 v
FRRY Z )
o 2% EES
— 2 -O- Tri-linear model

— Exp. values
0 1 i

0 5 10 15 20 25 30

IWHREHREIC K> THE SN MEMDE— X > EHE A B4R O R P O FF 4l
. BRI Mo WHAIE ZEATOVIT NN I ARADNKRFENM O ICEL 2
Bt 1 U, RBHEEEA O IXZ O S OREERA & Lk, 2 M K &
0.6Mmx & 0.8Muax ZFESEFROE X & Uiz AT ORBERM 1 My 175 & BER
RZRSERE 2 R Z 78l L7ZERORRICBISM e Lic, £k, #&
Rt Mo &, PIHEIER G2 XM ZE LI X VF—Flitx3 X5 E3 R
WItEA 0D MUY 7RI E T IVABERLUZREOM ] & L, Fig. 2.10 I
Al 5k ORKX 2R U T

Moment
N

/ . .
Mool o first ulgrx;ate point

Mvu
0.8 Mmax}f - - - - Lo

0.6Mmax| - - '/{
Mv S
My

Oy 6y, Rotation

Fig.2.10. Evaluation method of moment-rotation relationship between glulam-steel of precicion
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Fig 211 IC ERMEMEICOVWTREMRE MEMzHR U, WIS NORMEMEIC

BLTE, HAERSPEAMEAZREFRARBEICELALEEZHZXT. BEMR
EHERIEROHBEE BIF @G 2R L, COZEND, BAMICE>T
A RBICE— A Y FEERAEGRZHETTRETH S L FA. TOHMME
mENnT,

BUL, BERE., PIIMoBHMPMETE2 T EMMREFMFTHD. EAR
BENZE LN THZGARMAOEZEIEAW D ERRICABT ZHAICD
WTREAEICRENKS., £, CX0ETHEEOEIRICDOVWTEEET
HB, THOIVOTHEAHBICOVWTRISBEHL TWIAREND 5,

80000

1500

K> [KNm/rad] My [kNm]
1000
40000
y=101x 500 y=097x |
R?=1.00 R = 1.00
g 0 0 |
k2 0 40000 80000 0 500 1000 1500
3
=
&
0.2 1500 .
Ou [rad] My [kNm]
1000 4
0.1
y=1.05x 500 y=096x |
R?=0.98 R2=1.00
0 0 !
0 0.1 0.2 0 500 1000 1500
Approxmation

Fig.2.11. Comparison of approximatio values and precision values
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22. HiF - BAMER ZZERY 2ESEDOERET IV

BOWMOEHBHICBNT, BRMOZREZRHATE ZVHEAL LT, Wil ?
KL THEAHBEOEVWHTFIIH LT, BMOMFEREZEELIHMER LD
PHEBICKAMEMREINT VS, UFICRTMREEREANICE N E A
DEZICHDLCEDTHAN, BIMICHEBWVWTEHL TV S HMEhE A m s i
KXBE—AVIMELEAMERZERLTVELEWVWI N THEXZ2EDTH
%o BRICFHIT 20, MEIOBESHMEZ — R ERBEKE LTRAZEDTHE
dhEashnicd, AR EDAHREREEINLEDICE S, BEETNS
toE L TR, BTt T MEl A mICEMRICESEZEETZ2E 0D
ExB, e, LR THS DR, BMEIENRC2MZ2HET S 2MEa8HEE
THHMN., BMRENEZZERICEEHIARTD S, HlAEE. FiEHTHE-
Te@t Aty PiREAERICELTE, ERMOIMITEROALZS T #RO
fiy - CAMZEZR L ERMICHTHMATRETH 5, Lich>T. CTOMHTETIVIC
INBEASHICBTEEREITIDLEOLHI2ANRNEREZRMTZILNTES L
E2bN3, HBHVIE, Rt EOERRICOVWT, BETRLENFEETIVOHE
JH P O S AR O WA R E DO HIFHEZHET HEMNTEI3EDLEEZILN
5, HL, TTTWRZI> Vo RERIET. LUFNTETHMMENEU 2 # 7% #
B35V TERLZITS> T L LT %,

glulam

L SCrew
M :

—
—_

o — ]

— !
—

Tﬂ%
rigid an

Fig.2.12. Long screwed joint with steel side plate
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221, 2MEEES

HMBMEAFRC2MEZEE2 2HMEEHEEICODVTHENETVERET %,
LT DEMEZRET %,

[1] Fig. 213 /R T KD, 2 M (LLFE A, B TRXAIT %) M OEAMKE.
o B zmaiiicd Ui EDM il G mic FMRICiES 52 &I
KoTHEEZ2LDZ/MET S,

[2] HHEBCHOHMEENMEAT2HEG. 2HMPFELIESMMELLTAH
HTZXI3CETIILTZZEAZ-ET %,

Fasteners

Neutral plane

Fig. 2.13. Coupling joint of intermediate of beam

FBEFECERAZEOIENMHMEIC K > THRICAE T ZEAM IS CTE AW
NOEEEMTbNE, M/NERZIETNIE. O AW Fig. 214 IR T
K DM D S E &AL A2 IS U 7 Wi /5 [A) (Cross-sectional direction) B 73 & Wi i
B 2 £ 52 12 5 U 7= Ml 75 1] (Axial direction) B2 12 40 1F B © & AT X Wi 5 1)
o E AW )2, M AR BHFE— XY FRELER S,

Fasteners

(a) Cross-sectional

direction (b) Axial direction

Fig. 2.14. Transfer mechanism of shear force of coupling joint in frame

— @Y 72 0 QR WIEE . W gm0 & T N0 K AT AR
R M K & U Ty Fig. 215 1CR 9 K ICHEADOBME TFITAmB X T
WEMEE AT 1 D9 XD WMIE ks ke VEHT BEBEAE a. AL S OB
a (HEEEES I~-0) ZHOVTERES, 2 &b, X219 215 %,
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Cross-sectional

direction L. . .
I Slip stiffness : Rotational stiffness :

Ist fast 2

L fsener nhoo Zhoe

i-th qutener MJ Axial

: direction

(n-1)-th fastener

n-th fastener .
Slip stiffness : k (Axial direction) (a) Cross-sectional S
of one fastener kg (Cross-sectional direction) direction (b) Axial direction

Fig. 2.15. Transfer mechanism of shear force of coupling joint in frame

n
Kslip = Zl k90
i=1
n
Kiot. = Zeiz ko
i=1

HiFxshoebichizb, RICRIT XKl OBEEHIMEZ T moES
SR CHRUTTFEIEUEREBEZE UTRZ 2 ICHMILT 5, WmAgmn
W& s, MG mmiazE s &EETE. K [220] 2153,

[2.19]

Ks]ip
S =
a
,_ Kw [2.20]
B a

MEXO, /KR [x x+d] ICBWVWTFig 216 IC/RTHODEWVWICH B 2D
REEIDZLLXRD, TODWVOEWVWEMEX O G AB OB AWK 11D 2L,
E— AV FOZEIFK 221 TEEI NS,

dd%A = *S(yB*yA)*g

ddA;[A = QA—i()LB—),A)

%ﬁf::Q&+AABfAA)

Timoshenko R FiGHICHE D &, X222 215 %,

dAa . %

dx Elv

dis Ms [2.22]
dx  ElL
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p/2
/Amember x My 'dm. My+dM,y My : 7 Mp+dM;
v C ED 3D
J Onl dq 10A+dO, QB. dm OptdQOs

; ax ax
/B

4 B b A-member B-member
-member dg = s(ye—ya)dx  where: s = nku/a
dm= l( —lB-‘r/lA)dx t= Zkoe,-z/a

Fig. 2.16. Definition of geometric parameters and balance of forces for coupled frame model

CCZT.

/IA:—%—F]/A

dx
/IB:—%—F}/B

dx

__Oa

T kGa.

_ s

yB_rf;Am

LbEZzRAWTERIETNE, M A BOREFAZEANL pan pp 1D W T [2.23]
DM TR ZR™%

Vi — Vi ® +u2¥1=0
[2.23]

Y. = £
ElLv

ry
ry
o)

Yi=ys—ya, Yo=ys+ ya
2s 2 2s [1 2t ]
U2 =
kGAw  EL’ Elv KGAw

U=

X 22310 LXMW AERICHT 28 AEXDOMIE . u, DID 155 M
K& - Ty O 4F%Mm. G 4 BEM. i) 2O 2 EHMRD 4 FEIRD 3 /3%
—VIKnEEINSE, HLU, AMETWOHLS MAPESICENTIE () O
2—2DHTHB, TDRD, LUFTREIDONRNZ—2VORICREL THEMm T
kT 5, M. (), Gi) &&20E., MW 2 XM oM R
U THEAMMENHGHICEWEATH S, () ORXZ—ro—ffige LTK
224] 218 %, C, (i=0~4) FREFRHTDHO., M A BOENFMHEEZEZT
REENDZEDTH S,

24



Cio| (cosh(ax)cos(Bx)

Ci1| |cosh(ax)sin(fBx) [2.24]
Ci2| |sinh(acx)cos(fBx)

Ci3) (sinh(ax)sin(fBx)

a:,/ﬂﬁ/z,ﬂ: L e
172 12

X [225]0c, BMOZA, WimmElEf, £E—X 2 b BAKH ORI
BEIPEITHMILEEZRLTEL,

Yi=

ry
ry
~

g (F°CY' X
@ 1 t
Yl(z _ (FC)Y'X [2.25]
V@ (FC))' X
Y (FPay x

Z C T,
0 B a O
P - 0 0 «a
a 0 0 p
0 a —p 0
us 0 0 w4
2 0 us —us O
0 ws us O
—us 0 0 us
0 wus wus O
73 —us 0 0 ws
ue 0 0 ws
0 wus —us 0
Co O 0 0
O 0 Cun O 0
0 0 Cn O
0 0 0 Cn
cosh(ax)cos(Bx)
X cosh(ax)sin(fx)
sinh(ax) cos(fx)
sinh(ax) sin(Sx)

w=a’ — B, us=20p, us=GBa’ — BB, us=(a’ —3p)a
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AXRBOTFTXOWDHERNE, FoMMEZZIZ2R2OMy T EAZRL
TWVW3, —ffRe LT, SEMOEN., WiliE#EMA, E—X 2 M, AN IO
R v 875 3 B E T LB 2 22601 I Rm L THE L C, Ak C, (i=0~4)
BRERBTHO, BMA, BOBEAFZNZHEATREENZEDTH %,

Y> P/24EL-x* + Cox’® + Cux® 4+ Caux + Cao
V2" | p/6ELy-x* +3Cax” +2Cnx + Ca

V22| | p/2ELv-x* +6Cax +2C2
Y,? p/ELv-x +6C2

[2.26]

X [2251 226 Z FHW T, SBEMOSEZEN y, HIFE—X > b M, B AW ] O,
Wrim oo [l 4 2 R IEXX 227 215 5,

yA:%<—Y1—|—Y2)

1
VB = E<Y1 + Yz)
Ma = lE]w(w” —Y2? ) gy,

2 KGAw
Ms = lEIW (—Yﬁ” — Y@ ) +s Elv Y

2 KGAw

s

Or= - EL|—1—vi® _y,® 2 Bl kGAw y 0

2 gy T

KGAw KkGAw
s
Os = %EIW _;m”}) —Y® 42 ElL iztGAW y,®
1+ 1+
kGAw kGAw [2.27]
A= —l(—Yl(l) + Yz(l))
2
s
+l El 1 Y _y,® _ o Elv  kGAw y 0
2 kGAw 2t
I+— 1+
KGAw KkGAw
AB = —l(Yl(l) + Yz(l))
2
s
l Elv _ 1 Yi® _y,® 492 El kGAw 7,
2 kGAw 2t 2t
1+ 1+
KGAw KGAw
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222. 2MEBEEEEERAVEEMOBIFEEDERL

DLFTWE. 2MEaEEaZHOTEEMIC DO THiF 28 2 EXMtd %,
(1) 2MEEEMICDOWVT
WHRETHOEMUGICEEEDRZZHEMD 2 AT STk T., I—X
TL—LOMREREMELT, KENAEHKEOE—A Y b ohZzHEL TS,
W, BIAEHEEEEHEELS & U TENMMAEp=0 &7 5%,
(2) mAZKH

— RIS, KFENEZFT—A T L —LOHERMMIZ, Fig. 217 IR T &
IICHHDOEEHDOE— AV FEHUICKDE—X TV FDW 0 X2 SN
MESICFEET %, 2MAEEERMOEE. KR E2MOE—X2 FDOMMN 0
B THHDN, T LE2MEBIC0LARZHMTREAEY, MBI, %56
MOMGOFEEE &, #AMBICBI 2 2MOMtLIc K> T, FLKCHIFE—R
YEROEEBZMEEZRED, HLU, FENHEESBERHGEICD S EHETN
. 2MOMFE—AV R0 R RMERKMAGLECHEEL, HOHMTFE
— AV EFOMEEE/NEY, T, BEHEEONHED S K FLFETO 2D
ZRBEEFELVWEEILONS L. 2HMERHEAICE > TLENZ -HEEE &
SN BENMTPNE, LDEXO, HAZAFAZUTOLSICRELTET L
— LBEANDOEREZZINTNEEZILNS,

[1] 2MOiiFMiERG—HT 5,

[2] KREBRMEICBF 2 2MOEAME—HT %,

Mp+Ma Mp+Mx

Mz Contraflexure point Mz Contraflexure point
Ma———_ "= \ | ~ My—— T \ |
_______ 7 = _—————
A - M, A=0 -
Mx=0 Mp=0 Ms=0

gap of position of M=0 Consistency of position of M=0

Assumption for moment distribution

Contraflexure point Contraflexure point
/fj:::::::i\l, N ST T T T = \
v V“\__;%
YaFVB YA=)B
Gap of deformation Consistency of deformation
at contraflexure point at contraflexure point

Assumption for deformation

Fig.2.17. Assumed boudary condition in mid span of coupled frame

27



R, HEEWMEDOOERFZMHFICHE L., Fig 28I RT X BNTEELEDD
DEVENEZRET S5, £9. 2HEETXHE & EAHXME ORI 2 x=0,
BEOMLAEZ y=0 £ T 5EIEZEXRT %, x=0ICBF2ELFKICEHAL T, &
WA OWHE O R A IFEATICBY S x FAOREEA e KT 5, £, &
MOBMEAMEZMBESTICBIT2MOZERE Ly AAOREERIC XK > T
=0 MEICHECZMELMNE BT 5, M. HZAMICBISHMOEAMER
KXo TEAMOEEEAIERRZ, HAMOAMHT Z2E— AV MEHLLAIEL
B0 L, FHMDOx=0ICHBIFEE—A2 AWK S MIOAE
EFTCOE—AVIDOHOPOMICFELVWEDET S, LEXD, BAEXKEDLOLOD
BREMFEOVWTR[228] 215 %,

Aa(0) = —0xa(0)

A8(0) = —0:8(0)

ya(0) = —0,a(0)-/a [2.28]
ye(0)=—0,8(0)- /s

Ma = Ma(0)+ Oa(0)-/a

Ms = Ms(0)+ Os(0)-/a

N

\
MA(0>
Q © Ly A0

*ﬂ.A(D)
\ Mz©)

\ D [ s

B (OJ OO

AN

x=0 in coupled frame area
\G,VA

EMA(O) M, eyAXlAu\\
| OO XIA
}GXB
F,
} Mz©) } M Oy X%1p T_E
| —~—J OO0 xlp ‘
Coupled frame area | Joint area Moment of joint loading Deformation at x=0

Joint area

Fig.2.18. Definition of geometric parameters and boundary conditions around joint
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A ETOHEZ oo, TITAHEITZEAMNZPELT, GEHAMICS
JABREMFE L TEMLUAET & [229] LB,

Ma(—ao)=0
Ms(—ao0)=0
ya(—ao) = ys(—ao)
Oa(—ao)+ Qs(—ao)=P
n(0)= - 20 J;(QA(O)'IA [2.29]
2n(0) = Ms(0) ;QB(O)-IB
__ MO +0r(0) I,
ya(0)= Xon l
_ Ms(0)+0s8(0)-Is e
y(0)= T l

METWE®AD., oFEREZ RLTEL,

WE, AR22NNEOHITE=—AV ., AWM OMICTOWT 230 215 5%,
Ma+ Ms = —ElL.-Y2®
On+Qs=—EIL.-Y2¥

RS EOEERFEEL D, KX [2260 DREFRE Cye C, DIRET B,

1 p

6Ely [2.31]

ao

[2.30]

C23:—

Cn=-—

2EL,
INEDARNNIEDVTHITE—AY MM, BAKM I QI DWW T [232]
1% %

Ma—+ Ms = P(x+ao)

Oa+0s=P
1 1 o s
MA:—P(X+GO)7—EIW Y'Y 42 Y1
2 2 KkGAw
1 1 @ s
Ms=—P(x+ao)+=EL|-Y1” +2 Y
2 2 KkGAw [2.32]
QA:lP—l EL ¥ 42 L—FL Y
2 2 14 2t Elv kGAw
KGAw
QB:lP+l El Y1(3)+2[L+ 5 ]Yl(l)
2 2 14 2t Elv  xGAw
KkGAw
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RIT, R x=0 I BT ZEREMFICOVTHELEN y. TbHAYITDNT

BT 25 X233 215 %,

A1 (0) = ! A I A
0= K M (0)+[KGAW * KxAJQ ©
PP 1 Is
; 12 [2.33]
»a(0) =— o Ma(0) — K 0a(0)
Is Is?
ye(0) = _K_yBMB(O) ~Xm Os(0)
EREZDVWT, . nZHVWTEHEINEIAZE S,
Oy — _ 1 A 1 (0 — 1 Ia . 1 Is .,
o= Kia MA(0)+ KB Ms(0) KkGAw + KXA]Q © +[KGAW * KxB]Q ©
00y — L A 1 . 1 Ia N 1 Is ] .
Ia s Ia? I8’
Y1(0)= X Ma(0)— K_yB Mz(0)+ E 0a(0)— E 0s(0)
Ia s In? Is?
Y2(0)=— 7 Ma(0)— E Ms(0) — K_yA 0Oa(0)— K_yBQB(O)
[2.34]

FRiew LT R23212ZHNT Y. LIZDODWTEHEITNIENX[235] 25 %,

D Dx Dsxn Dal Y1(0) D 0
D Da Dz Dal||Y1"(0) D: —Y2"(0)
e [2.35]
D D»n Dxn Da||Yi7(0) Ds 0 :
Diz Dx Du Da) |Y19(0) Ds Y2(0)
C C T,
Dl_l[lA—i—ao_lB—i—ao]
2 KYA KxB
1 1 S g
Kia Ka ) kGAw
D -1
10 [ 2 n Ia n s ][1+ 2t ] [L s ]E[w—l
Du . KkGAw Kia K KGAw El KGAw
ul™
’ —l[ L ]E[w
D3 2\ K K
-1
12 + Ia + Is 1+ 2t EL
2 KGAW KXA KxB KGAW
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D> =

1
E KGAW KxA

Do [ Ia Is ] |

2 +ZA+610+

1 _ 1
K Ka)xkGAw

1
21 ] [L+ s ]EIW
KGAw El.  kGAw

s+ ao
KxB

El

D2 B Ko K
Dl =
S I DL LU 7
D23 2 KxA KxB
1
S LS | PRI VS
2 Kia K‘(B KGAW
Dy 1 “A(IA +ao)  Is(+ao)
2 KyA KyB
LS
KyA KyB KGAW
2 2 1
o [1+ 2 ] [L ]Elw
D31 KyA KvB KGAW EIW KGAW
Dl =
2L By,
D33 2\Ka KB
2 -1
S S PO
2 KvA K}B KGAw
1 lA(1A+ao) lB(—I—ao)}
Ds=—
2
Z—A—— EL
KyA I{/\B KGAw
Dao lA ot EL
Da KyA K\B KGAW EIW KkGAw
Dol =
I AR S
D4 2\ KA KB
2 2 -1
_l ZL_IB_ 1+ 2 Elv
2 KyA KyB KGAw
X R27T K OMEEN., HFE—AY FOELCDVWTHA[236] 2155
yB—ya=71
Mo— My = —ELT® +25—E2y,
KGAw
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A. Screwed joint between glulam-steel ~ B. HTBed joint between steel-steel

Fig.3.1.  Assembling method for Beam-to-column joint

Fig.3.2.  Screwed joint between glulam-steel (Left) and HTBed joint between steels (Right)
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Table. 3.1. Spercification of specimens of single shear test of screw

Main member

Name . " Load direction Size N
Species Strengh grade
L110-0 L=110 0° 89x330x540 6
L110-90 Larch (E x=11.0kN/mm?) 90° 89x540x330 6
L70-0 (Larix kaempferi) L=70 0° 89x330x540 6
L70-90 (Eb=7.0kN/mm”) 90° 89x540x330 6
C80-0 L=80 0° 89%330x540 6
€80-90 Japanese Cedar (Eb=8.0kN/mm”) 90° 89x540x330 6
C50-0 (Cryptomeria L=50 0° 89%330x540 6
€50-90 (Eb=5.0kN/mm”) 90° 89x540x330 6
*1: JAS grade

*2 : Load direction angle to grain
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PD50% ZAMLIGAORMEAT O AMENZ EM - HIMBEOFEEEA
WiZZ i Ave.Ds & UL THIBE LT kD, £, 7 — 2O & LT, (1) AR
Hop, c B0, Q) FIARIME k. Q)RR FEp, + ZALd,. AT ORIEEZEAN S,
v @) IRKTE pu, ZRD T, FHEMEOREHFEE NIRRT,

(1)

)
)

(4)

FEIR T B p, (3. 0.1pmay & 0.3 ZAEATEERR & 0.3p00 & 0.8pps 72 i
ATEAB CHEANMIMRICHET 2EME OR MO E, BIRLN I,
. WIDICHERMEICELZREOZEN & Lk,

PIHARIME 3. R ERBRAZSEROBEE &L,

FIFZEAL 0, 13, BAMEOMIERZ NI, 0.8pn, X CHEMNME T U K
DERMD S Big/Mi & UTeo A& BER A Z 85 A 72913 R K O R
TR LU 03D & 0.8pp ZFEAREAEZA L, RIFEME T 2V
F—BNHBRICK2UMMEFMIARDE XD EHIHED 0D ti-
linear B VAL € T IVANEBRET VKRR Ep, & U, Z O EICE
LW ZzHhTORBEMEZENN, &Lk,

KA o, V& BBRAE T X COMICEAERIC D % % K faf 8 O i
L7,

43



%
=]
v
=]
o
| oo
©
©
v
=]
[y
o

g . 9899
| | ‘ | | |
\ \ ! i \ ‘
: R ] i ; | M FSRRAH i
I : $BAR(S5400) ‘ 789 330mm i I : $BIR(55400) [ arrryorrm— i
E¥9mm J FEE9mm }
! i = !
i | | - |
3 [ ]
2 PATEE i 2l e |
ol 1T T HERAE AM6X65 S b T EAE ZAMEX65
o . 8 | >
I R i >
g o b | 2 N ‘
5 2 i ; 063 I Py Up 3 : A AROMM )
i . BELAED
4 i 41 / 4
o H 1 o
o S | o =3
2 BRI EAL X ~ i Bl mnsArka’ 2o ~
. ! % y
ZZ B 2
| | | |
| | | |
Load direction : 0° * L R *
Load direction : 90
37

Geometry of screw

Fig.3.3. Dimensions of single shear test of scerw
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Fig.3.4. Geometry of single shear test

Table. 3.2. Definition of prameters

Parameter Method of devriation
P : Load Load cell
Ds f : $11p between glulam and steel Ds b= la-6341-64
in front side ls+1a
Ds b $11p betv&feen glulam and steel Ds_f= l2- 61+ 1-62
in back side bt
Ave.Ds : Average slip between glulum and steel Ave.Ds = w

Fig.3.5. Testsetup
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Table. 3.3. Test results of single shear properties

k Dy oy D max Du S, S
[kN/mm] [kN] [mm] [kN] [kN] [mm] [mm]

Ave. each Ave. each Ave. each Ave. each Ave. each Ave. each Ave each

1 2.88 2.93 1.02 6.79 6.20 4.50 18.4

2 2.58 2.98 1.16 7.11 6.05 433 23.1

L110-0 3 2.29 231 3.17 2.99 1.44 1.29 7.45 7.26 6.24 6.41 5.16 6.16 21.0 16.8
4 0.18 1.74 0.11 3.82 0.30 2.19 0.07 8.40 0.03 6.47 0.21 6.77 0.13 22.2

5 222 2.90 1.31 7.59 6.03 4.25 22.3

6 1.98 3.38 1.70 7.53 6.30 4.98 23.2

1 1.68 3.12 1.85 6.51 6.54 5.75 18.3

2 3.26 3.15 0.97 6.29 6.79 3.43 15.9

L70-0 3 2.64 2.34 3.63 4.19 1.43 1.79 6.58 6.73 7.11 6.88 4.32 3.88 19.0 17.5
4 0.22 2.63 0.12 3.76 0.24 1.43 0.04 7.02 0.07 8.01 0.20 491 0.24 16.2

5 3.12 3.73 1.20 6.29 7.34 3.79 18.2

6 2.82 3.84 1.36 6.65 7.08 4.13 27.9

1 4.96 1.64 0.33 4.60 4.54 2.61 19.1

2 1.03 3.16 3.06 5.10 4.76 5.55 27.7

C80-0 3 2.02 225 2.44 2.36 1.72 1.05 5.23 5.39 5.00 5.09 5.04 3.42 245 31.9
4 0.75 1.26 0.22 2.03 0.57 1.61 0.07 5.15 0.06 4.98 0.33 6.92 0.19 21.6

5 1.56 2.72 1.75 5.74 5.46 5.58 245

6 1.08 2.73 2.53 5.37 5.15 6.15 22.1

1 1.35 1.97 1.46 4.17 3.89 6.85 212

2 1.15 1.79 1.56 391 3.70 7.16 21.8

€500 3 131 1.08 1.81 1.61 1.57 1.48 4.19 3.71 3.98 3.48 6.32 6.40 24.2 28.1
4 0.42 0.85 0.16 232 0.42 2.73 0.09 4.85 0.10 4.60 0.20 7.56 0.15 28.7

5 2.40 1.58 0.66 4.29 4.14 3.98 25.0

6 1.05 1.61 1.54 4.22 4.08 5.98 20.3

1 1.48 341 230 7.41 6.92 8.86 22.0

2 0.87 4.05 4.68 7.54 7.21 9.90 233

L110-90 3 1.77 1.18 3.67 3.96 2.53 3.36 7.66 8.01 7.22 7.46 8.47 11.47 25.0 25.6
4 0.46 1.77 0.11 4.04 0.52 2.28 0.04 8.03 0.03 7.51 0.24 7.83 0.09 24.1

S 2.15 331 1.54 7.45 7.19 6.51 282

6 3.14 3.22 1.03 7.52 7.03 6.25 26.9

1 3.85 3.82 0.99 8.40 8.00 3.63 72

2 1.50 4.54 3.02 8.89 8.45 8.00 23.4

L70-90 3 2.68 1.68 3.75 3.55 1.70 2.11 8.19 8.01 7.78 7.60 6.14 8.14 18.7 25.7
4 0.46 1.63 0.11 344 0.50 2.11 0.06 7.65 0.06 7.40 0.32 6.49 0.37 13.6

5 322 3.50 1.09 8.40 791 6.74 20.2

6 4.21 3.62 0.86 7.78 7.31 3.84 22.1

1 2.34 3.46 1.48 5.96 5.85 5.55 12.5

2 1.90 3.44 1.81 5.76 5.51 9.15 20.9

€80-90 3 1.66 1.32 2.96 2.72 1.97 2.06 5.33 4.78 5.19 4.50 9.53 9.14 213 26.6
4 0.32 0.87 0.15 3.10 0.42 3.58 0.09 5.48 0.10 522 0.31 14.10 0.42 33.0

5 1.95 2.53 1.30 5.07 4.72 11.48 253

6 1.56 2.48 1.59 4.93 5.35 7.79 9.5

1 3.80 2.38 0.63 4.64 4.23 4.00 228

2 1.91 2.08 1.09 3.65 3.30 6.12 28.3

€50-90 3 2.18 2.65 2.37 227 1.30 0.85 4.69 4.94 4.30 4.57 6.86 6.03 23.7 21.4
4 0.43 1.85 0.15 1.95 0.56 1.05 0.12 4.55 0.13 432 0.28 7.23 0.19 16.4

5 1.08 2.85 2.64 4.99 4.50 9.50 27.0

6 1.77 2.69 1.52 5.34 4.91 8.28 26.3

* () Cov

Table. 3.4. Test results of slip load of single shear screwed joint with steel side plate

Load direction angle to grain direction

0° 90°
Ave. S.D. Ave. S.D.
Larch L70 1.13 + 0.22 1.08 + 0.24
L110 1.21 + 0.20 0.90 + 0.14
Japanese C50 0.85 + 0.14 0.95 + 0.41
cedar C80 0.97 + 0.13 1.03 + 0.20
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Load [kN]

L110-0

Displacement [mm]
L L L L

Load [kN] C80-0

Displacement [mmi]
L

20 25

0 L L L L

30 0 5 10 15 20 25 30

L70-0

Displacement [mm]
L L

Load [kN] C50-0

Displacement [mm]
L L

0 L L L 0 L L L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
10 10
Load [kN] L110-90 Load [kN] C80-90
8

Displacement [mm]
L L

Displacement [mm]
L L

0 . . . 0 . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
10 10
Load [kN] L70-90 Load [kN] C50-90
8 8 I
6 6

Displacement [mm]

Displacement [mm]
) .

Fig. 3.6.

10 15

Larch

20 25

30 0 5 10 15

Japanese ceder

20 25 30

Load - displacement relationship of single shear screwed joint
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Table. 3.5. Assumed load - displacement relationship of single shear screwed joint on
analysis for comparison with test results.

k kz py p u 5 v 5 u
kN/mm kN/mm kN kN mm mm
2.34 0.66 3.17 6.24 6.02 20.94
10
Load [kN]

Displacement [mm]
0 1 1 1 1 1

0 5 10 15 20 25 30

Fig.3.7. Assumed load - displacement relationship of single shear screwed joint on analysis for
comparison with test results.
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322, #tk - MRS ARV MEED 1 EmEART AN B
(1) L&l
MR ECZAHOR2MERTARE ST — AV OHK - KRB &RV S EEIEA
WikitE Z MGtk d 5 L2 HME LT, WSO > @RIV FERESE TN
D 1R 2 1T o T,
(2) HBRHEK
{7 FH 3 44
B IS G 3101
M8 JEE 1 SS400 / ¢ =9mm
flfi | RV B
BRLH SN D > E @ 1/ A RV b
L2 BB X ROV b PR 2 R
F8T - M22x60, F8T - M24x65, F12G - M22x60, F12G - M22 X 65
ROV b VAR 8 6 > & OB JIS H 8461, HDZ55 {45 & 550g/m’
JEE f52 T O UL B
U VBRI (R TEIXRDFRE04 ZHIRT 2 & N5 AL )
i Bk DA AN T
OMNVILYFRMEHLT XD T EIT - 2,
F8T - M22x60 : — X & k)L 7 K] 150Nm
F8T - M24x65 © — X & k) 7 #J 200Nm
F12G - M22x60 @ — X & b )L 27 #] 300Nm
F12G - M22x65 © — X & b )L 7 #J 400Nm
@QARKDIEF v bEIEAETITWV., Ty b OEEEA T 1200 & Lz,
F8T A% 30° . F12G A +0°~-30° O #HipH & L 7z,
QOAKDK T %, ABMADOHIHICT XD ERHOINEMMZ AN,
(3) %R
#6 B % Table. 3.6 1T /R L Tz,
Table. 3.6. Test results of slip load of HTBed joint

Slip load
Grade Diameter kN
Ave. S.D.
M22 81.9 + 3.2
F8T M24 87.8 + 6.6
M22 114.2 + 1.1
F12G M24 133.7 + 5.3

49



33. HERABIUHRAE
33.1. HEBRAELERAME

MMAEBRXUOCHREES Z Fig. 381 T, HRMICE A T <Y BER
K B 4 B AF (JAS E95-F270) & I W, 1 WD IE by A 89mm D 2 A&, SIS 1& —
isE 45 5 I 8 A4 (JIS SS400) Z FI v, B E & 9mm & Uiz, DL b, @Bk iLiE
BB, Bk, 2BV 45mm 23> Fa— )L & LT, K 290mm, | 690mm
XTZTable. 3.7 IC R T KO ICHAGD Tallifke Ui, idBithEidary buo—
Wik BRI 3 k. fiid 1 R D & L,

FEMGERICEEM Z R g D, M - BRBEAESICDONT, KHEZEE
ELEwF e lizlkd, REVEVLVEMENMICHICESZEHTH S, X
oo EEMOMEZ —E L LTWVWBEID, KREWVEWREEKM O A K WIE /i
NEHHWITNE L KZ, DFED, RKEVWEVLE, EXEAOESEREICHT
LZEBMOEAMEEDOFLENRKRELLAD . ZOREZMRIEL TWVWD, MA T,
HAHEBOY A XN EZbic T2 EAaEZMIEL TS, £/, AL
FWICDODWVWTHEHAGHEEOMELLDO®R XS T, D, SHM (W3 2:H)MHNHO, 0
BT S AMEZMREEL TV 5,

WA AT Y a—)bid, BEMOMMMA THME L2, T OB 1450 1300,
1200, 1/150, 1/100, 1/75, 1/50rad D IEEA R F 3 MEHFEOR L & L, v v F 5] E Ml
MWIE, LMD EEERT S, BREK TR, EAMICHEFAMOL, MEIRK
MEDSHETIKFNT 2N, ATy v FA I —JHlRICET 202 HK
EU Tl 7 & Ui, Fig 3.9~Fig 3.12 I BROIR I Z R” U 7z,

Table. 3.7. Specification of specimens

height span
breadth
Name shape beam column  beam column N
12-b,,  iphy My Tyl 1L
450-450L 450 450 3
290-290L L 290 290 2300 2300 1
450-290L 450 290 1
450-450T 450 450 3
290-290T 290 290 2300 3000 1
450-290T T 2-89 450 290 1
690-690T 690 690 2850 1
690-530T 690 530 2380 1
450-450+ 450 450 3
290-290+ + 290 290 2400 2400 1
450-290+ 450 290 1
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C——

1 }
f ?

Loading , ' —

B io o"ooo]
<}:"> ——————————— |—o Mloqolh . —

p 1o 0jisda]

| STl

. 02-9mm [ [1®4° |

| Beam o Steel J |o_?_o_|

[ 02-89mm xphy, (85400) [T}

.| oKaramatsu glulam

E95-F270
I ( ) 3
Column

02-89mm X /1y,
oKaramatsu glulam
(E95-F270)

—

L /2 | L/2

. Loading ,
;<= SR i
S _Beam

. 0 2-89mm X plry

! 0 Karamatsu glulam

, (E95-F270)

, | ~
Column : “
02-89mm X oAy ! 02-9mm :
oKaramatsu glulam |_°"';|/|:|Stee1 !

(E95-F270) 1000  (SS400) |

—— o ol —/———

—_ — o —|= - —
e ol
J : N
vl /2 vl /2

1 l l
I 1 i
Loading :

Column

!__ 02-89mm X .J1, N

oKaramatsu glulam %
(E95-F270)

il
N2
T

|

|

=T
_ / =
RISy
Beam
02-89mm X ph,,
oKaramatsu glulam
(E95-F270)

60
|

(-]
|

N_02-9mm N
o Steel =
(SS400) ~

Fig.3.8.  Test setups
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450-450L

290-290L

450-290L
Fig.3.9. Bending test of L-shaped
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450-450T

290-290T

450-290T
Fig.3.10. Bending test of T-shaped-1
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690-690T

690-530T
Fig.3.11. Bending test of T-shaped-2
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450-450+

290-290+

450-290+
Fig.3.12. Bending test of +-shaped
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332, &M - RECABRES UMK - MikEEAESOHK

BREHOREFOHHOMEH L, HEMEZROERM 2K ZAEE 26
[X [ (coupling zone in beam), D HE W H 2 %= & % H: & & X [ (coupling zone in
column), FEZ% &4 % 8% )V — > (panel zone) D 3 X [IC /7 $H9 %, Fig. 3.13 IC
BEREOY A A ZERT B2 TA—REEERMBEHNISODE Ty bEZ/RL
Teo XM DAL (zoning line) DY A Xid SHMICH D@ DY 14 X 7= K itE b
LTWa, ERMEVZ AV ERNZY A X0 FEZ S TRL K,

25 s 25
-t

MR

Zoning line

J .
' A 1Zz€
25 S el | 225
b,{3 e e
—|int = | chi=chw—2%25mm
R = — | = o (ohsfor 450-290L only)
t N |Couplifig

T
Fig. 3.13. Definition of zone in beam-column joint and derivation method of size parameter
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(1) &piM-HREERES

BREOE XS ORAMEE% Fig. 3141279, Koo fAMIkCE X JIS
SWCH22A) DIEIR « THEB XU 2 M ERROME LD Z R LI, E AWMU
mm, EX 65mm DEDZ MV, #RKICHT 5% 65mm & Lz, T DAL
AN, BEESOm Xy FODICEBMICHIEHEFHNOCE XEZI DT &
B, 4mm OEELZH T, RPOLEMICE XBXTHFME X 5EHE T H AL
DEEEZRLUE, BEESKBICH-HEEEL, ZO0KEN 5 10 mm & 30
mm A7ty b U EIC80mm € F T BHICESY U,

CARHMNDOI A RXABIXCMEZFERLDT,. D. SHMZNZNICDW T Fig
341K L Tee My A X8 X525 O RAR T H % 3R (baseline of screw
arrangemet) 7 JEHE & U C, MW /S )V Y — VKOS R T % € XS DML
XTOHBLLTRLTH S, Xleo FXBOY A X ZHWIZEBAKNEZY A X
DEHTHEEEE TR UK, Table. 38 ICKRRXMOY A X &, EMM - KLY
ABEGOY A X, fiEH., BzRL Tk,

glulam
1020 steel —I
IH H [ glulam edge 1 93
‘ 25 55 3.7
10 L i L =5 77_1_ S
20 3—|1 ?’ye?’.eia.e‘f —— _ 89 "
,C‘D l l I .O
} * = 4
? | 5 27 A 9 a3
i . — 6 54
i 9. AN 2 NG ~ 5
L o 3
I3 3
ol o
L4 o =
] ] . ¥ .
ot % pre-drilled hole
?c‘goo.ooo.o.\o.ooo.ooo insteelgq)14mm
_* ! I (for avoiding screw-head)

N
w

( baseline SCTEW (sweH2A)
glulam end of screw arrangement predrilled hole

zoning line in steel : @ 6.5mm

Fig. 3.14. Specification of screwed joint in each zone
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2525 2525
20 plser 20)(20 Frger 20)(20 plser 20

Size
- vhser = bhs — 2 X 20mm
- column blser = bl —2 X 20mm
- chser = chs — 2% 20mm
= ARLLEELN I clier = of — 2% 20mm
== I Number
h coser Hp = 4(bhscr =+ chscr)/gomm
D btser 29/25 bHp = 4(bhscr -+ hlscr)/gomm
5025
%gEE 20 clp = 4(chscr + clscr)/somm
% bhser Geometry
20 —
S bhscr ?a/gg ogr =0
" b/ bHc chser + blser 490
oD = —m8M— | ——m8M8— mm
25 l scr &P ¥p + bHc 2
- — chscr + blscr
20 _
T T vgs =~ +90mn
20 20\ (20 2ot 0 20 gr =0
2/5 Stser 2\52{s2 frser 252{52 fser 25 . oser - s
S D T LgD:7[7+90mm]
Np+ el 2
Mp : screw number of panel. zone + : rigidity center of screwed joint whser 4 clser
v/ : screw number of couping zone in beam - . — : centroid line of panel zone cgs = — 90mm
oM : screw number of couping zone in column

Fig.3.15. Screw arrangement of each member and deveriation method of size, number and
geometry parameter

Table. 3.8. Size of each zone and size, number and geometry of screwed joint

. screw arrangement distance of rigidity ceter from centroid line
size parameter of each zone .
Name size parameter number parameter beam column
R e R T S T e P e P e T TR T T T
450-450L 400 400 400 400 360 360 360 360 36 36 36 225 450 225 450
290-290L 240 240 240 240 200 200 200 200 20 20 20 145 290 145 290
450-290L 400 400 240 400 360 360 200 360 28 36 28 208 370 225 450
450-450T 400 400 400 400 360 360 360 360 36 36 36 225 450 225 450
290-290T 240 240 240 240 200 200 200 200 20 20 20 145 290 145 290
450-290T 400 400 240 240 360 360 200 200 28 36 20 208 290 154 370
690-690T 640 640 640 640 600 600 600 600 60 60 60 345 690 0 345 690
690-530T 640 640 480 480 600 600 440 440 52 60 44 327 530 280 610
450-450+ 400 400 400 400 360 360 360 360 36 36 36 450 225 450
290-290+ 240 240 240 240 200 200 200 200 20 20 20 0 290 145 290
450-290+ 400 400 240 240 360 360 200 200 28 36 20 290 154 370

*1~4: Fig. 3.13,*5~17: Fig. 3.15

58



(2)

BREICDOWT., K.

N

MR - MIRE SRV EES

Fik. PFULE.

fiiiE (% X DXL 72 H )

% Table.3.9 IC /R L7z, F8T X JISB1186 CTHIET 52 m IRV bty FOEE 1 4,
FI2G X R8T I X L C IS5 DM 12 H 9 5 EARZE DORE M. BEEE SO UM
B VEBHINROEFUI T, 04O ITXROFZEBEHELIEEDTH S,

Table. 3.9. Number-size-grade and geometry of arrangement of HTBed joint

Coupling zone

Panel zone
in beam in column
L
= 9-M22-F8T 5-M22-F8T
T+ 9-M22-F12G
T | = =
450-450 | —lo of «® O
| =& | I
_| g Q52 ||| 105105
] | T
L
T 4-M22-F12G 4-M16-F12G
-
290-290 . . = i
&
=2 |
— 404
’ C L
s 5-M22-F12G
T 5-M22-F12G 5-M22-F12G 4-M22-F12G
n
] |
450-2 e =
50-290 I15@ —@ ol
| —&r® |
[ =1 Soshos® ||l
] B I
T 12-M24-F12G 9-M22-F8T
S —— | —_ ==t
— ® O O
= g
690-690 —
= g *°
; 05550555
v HEEEPTTT TR
T 9-M24-F12G 9-M22-F8T
[ — _\é\ —
= N _ N 1
=
690-530 d = }f o o
-5 — @
® o = H ¢ 0
E j— ‘;—.\ O G
145%145 — - FHETEEEETELT T
C—x~—1 r
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3.33. RERMHMPREEERES

A 2B < HERMIZ, Fig. 316 IR T K S ICHIR 2 K7 DJEE 18mm D A
—Y—M (AT VITIF)EFER200mm ¥y FTEAEALTEE R (LT,
M Y RS (screwed joint in frame)), A X — Y — 1 M > 5 Smm, 4 BR M #%
MH 25mm A 7w b UAEIC 2 5 EdE L. Table. 3.10 IS /RS M w D A X —¥
—MOHPRTE IO LT, YA JISSWCH22A) [ ' U £ 6mm, £ & 185mm D
EDZHWz,

—_

. 1.5
Karamatsu-laminar spacer

200 405 89 18 89 g—"—

vy 2 125

I
laminar end —j-=—steel end
I

«——Dbeam or column—"— joint area —

Fig.3.16. Specification of screwed joint in frame

Table. 3.10. Width of spacer
height of frame width of spacer

W
290 85
450
530 130
690
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334, EpME L UCHROBERE

Fig. 317 IC /R KO ICICHEMM B XU MMRICITHEHICRT 2 BB DML
WIFE LI REN D 5, FRM I 1.9 2% @3 O L7 % Table. 3.11 IZ /8 L 7z,
RO ABIOCMHFMC AERFLIEBICRLD S, MEAFEEMEICE T
ZEBMB X CHMRO ERBEOKEPERE. W2 XE— X2 L WiHE R
Zn. WrinAi 4. 2 Wi A 2RI 9 5 R & & & IC Table. 3.12~Table. 3.16 I 71k
L7,

Fig.3.17. Section loss of pre-drilled holes

Table. 3.11. Pre-drilled hole size into glulam

Size of HTB pre-drilled hole size
into glulam

M16 D45
M22 D60
M24 D70
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Table. 3.12. Section properties of glulam at the pre-drilled holes of 450-450 series

Column beam
I, Z, A, 1, Z, A4,
ﬂll"ﬂ4 ﬂll"ﬂ3 mm' l"ﬂl"ﬂ4 l"ﬂl"ﬂ3 l"ﬂlTll
Pl 553290750 2459070 24030 P1 553290750 2459070 24030
82% 82% 60% 82% 82% 60%
P2 554892750 2466190 29370 P2 554892750 2466190 29370
82% 82% 73% 82% 82% 73%
P3 553290750 2459070 24030 P3 553290750 2459070 24030
82% 82% 60% 82% 82% 60%
450-450
Cl 554892750 2466190 29370 Cl 554892750 2466190 29370
82% 82% 73% 82% 82% 73%
o) 674241750 2996630 34710 o2 674241750 2996630 34710
100% 100% 87% 100% 100% 87%
3 554892750 2466190 29370 3 554892750 2466190 29370
82% 82% 73% 82% 82% 73%
I I
I I
I I
I I
I I
i i
105120 120 105105
— T 1
goefiie 2 us L
) + 2.6l ——— —— R
6961816 oTels T E
L osh 8
Cl~— .| 513 |8 ) K
[ [ &
Aahan cilc2fcs]
450
I
i
I
i
I
i
— 105105
A 5L, oo
) o 1g APad
=1 = 6% 1201105,1054120(120 105 105
€l | Moo L | &
Pl .| s 1 1E1 4
= B ] IR
——1Ip S O3 ——— —— 2 SR —
Z :
DL SIS s
cimaRS et i
e R cilcdics]
%0 |
\ \
i i
I I
I I
I I
I I
— 105‘105 ‘
~EnahoS et AoNd
aﬁ éféfag 'IUS'IOS'IZ(JTZ‘({"’%KWOSWQ‘%ZL‘I|ZOT'IUS'IOSI
oL Frasgeasoe |
——p2fo— + % ——— ——— to+org Lol g e
= - E . N Oy . &
pabrom| 00 HETo ol 1 ooololel
Cl—| T 118
[l [ [ &
2 HO- 1 2
o1 ’@i o7 lc3lic2lfct PlP@im lcilc2lc3)
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Table. 3.13. Section properties of glulam at the pre-drilled holes of 290-290 series

Column Beam
I, Zy Ay 1, Zy Ay
4 3 1 4 3 1
mm mm mm mm mm mm
Pl 160593083 1107539 15130 P1 160593083 1107539 15130
89% 89% 59% 89% 89% 59%
P2 160593083 1107539 15130 P2 160593083 1107539 15130
89% 89% 59% 89% 89% 59%
290-290
cl 166717396 1149775 17800 cl 166717396 1149775 17800
92% 92% 69% 92% 92% 69%
Ior) 166717396 1149775 17800 2 166717396 1149775 17800
92% 92% 69% 92% 92% 69%
C3
I
I
I
I
I
I
i
i
40 105 40
105 40 105 4

D1 N
ba?ao s lO————————
i :

v S01 0vSsol]
soLpor
|
|
|
|
|
|
|
|
|
-| Db

o]
i

P1}P2]ci][c2]

1 40
1055405 "[105 40

o

7 _lsol ov

o Is0i%0"
or sot| ~ovfsol]
|
|
|
|
|
|
|
|
|
o] e
e
aQ ??‘T‘
N o7
or
L
06T
|
|
I
I
i
i
i
i

4
W&i N 40 105 404105 40
Cl/_> Qo@faéo 40 IUf‘f 105 40
Pllslo| &3 [ hE L Sl 3.
R ar e
i H]
w%w S
290 cijp1jp2c1
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Table. 3.14. Section properties of glulam at the pre-drilled holes of 450-290 series

Column Beam
I, Z, A, I, Z, 4,
lIll"ﬂ4 lIll"ﬂ3 mm' l"ﬂl"ﬂ4 l"ﬂl"ﬂ3 l"ﬂl"l"ll
Pl 160593083 1107539 15130 P1 518847750 2305990 29370
89% 89% 59% 77% 77% 73%
py 179283083 1236435 20470 py 674241750 2996630 34710
99% 99% 79% 100% 100% 87%
P3 160593083 1107538.506 15130 P3 518847750 2305990 29370
89% 89% 59% 77% 77% 73%
450-290
1 160593083 1107539 15130 C1 554892750 2466190 29370
89% 89% 59% 82% 82% 73%
Ior) 179283083 1236435 20470 2 674241750 2996630 34710
99% 99% 79% 100% 100% 87%
3 160593083 1107538.506 15130 3 554892750 2466190 29370
89% 89% 59% 82% 82% 73%
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Table. 3.15. Section properties of glulam at the pre-drilled holes of 690-690 series

Column Beam
I, Z, A, 1, Z, 4,
4 3 1 4 3 1
mm mm mm mm mm mm
pp 1798022500 5211659 42720 pp 1798022500 5211659 42720
74% 74% 70% 74% 74% 70%
py 2251929917 6527333 48950 py 2251929917 6527333 48950
92% 92% 80% 92% 92% 80%
p3 1800566417 5219033 48950 p3 1800566417 5219033 48950
74% 74% 80% 74% 74% 80%
py 2251929917 6527333 48950 pa 2251929917 6527333 48950
690-690 92% 92% 80% 92% 92% 80%
ps 1798022500 5211659 42720 ps 1798022500 5211659 42720
74% 74% 70% 74% 74% 70%
C1 1890960750 5481046 45390 C] 1890960750 5481046 45390
78% 78% 74% 78% 78% 74%
Co 1890960750 5481046 45390 Cp 1890960750 5481046 45390
78% 78% 74% 78% 78% 74%
c3 1890960750 5481045.652 45390 C3 1890960750 5481046 45390
78% 78% 74% 78% 78% 74%
i i
25 | 225 ‘
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Table. 3.16. Section properties of glulam at the pre-drilled holes of 690-530 series

Column Beam
1, Z, A, 1, Z, A,
4 3 1 4 3 1
mm mm mm mm mm mm
Pl 834567833 3149313 28480 Pl 1798022500 5211659 42720
76% 76% 60% 74% 74% 70%
P2 834567833 3149313 28480 P2 1798022500 5211659 42720
76% 76% 60% 74% 74% 70%
P3 834567833 3149312.579 28480 P3 1798022500 5211659 42720
76% 76% 60% 74% 74% 70%
690-530~
cl1 874818083 3301200 31150 cl 1890960750 5481046 45390
79% 79% 66% 78% 78% 74%
o7 874818083 3301200 31150 o) 1890960750 5481046 45390
79% 79% 66% 78% 78% 74%
3 874818083 3301200.314 31150 3 1890960750 5481045.652 45390
79% 79% 66% 78% 78% 74%
i i
i i
145 1 145
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s
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Table. 3.17. Section properties of steel at the pre-drilled holes of 450-450 series

Column beam
I, Z, A, I, Z, A4,
mm”' mm3 mm' mm“ mm3 mml
sl 36088430 180442 2678 sl 36088430 180442 2678
75% 75% 74% 75% 75% 74%
2 35350430 176752 2678 2 35350430 176752 2678
74% 74% 74% 74% 74% 74%
sml 42665686 213328 3416 sml 42665686 213328 3416
89% 89% 95% 89% 89% 95%
sm2 41337286 206686 3416 sm2 41337286 206686 3416
450-450 86% 86% 95% 86% 86% 95%
hpl 43206096 216030.48 2952 hpl 43206096 216030.48 2952
90% 90% 82% 90% 90% 82%
hp2 43216464 216082.32 3168 hp2 43216464 216082.32 3168
90% 90% 88% 90% 90% 88%
hel 43216464 216082.32 3168 hel 43216464 216082.32 3168
90% 90% 88% 90% 90% 88%
he2 47989632 239948.16 3384 he2 47989632 239948.16 3384
c 100% 100% 94% c 100% 100% 94%
I I
i i
at HTB arrangemeﬁt at HTB arrangement
of Panel zone  of Copling zone
i at End of (et [o |
at HTB arrangement i screw arrangement ;

of Panel zone

&t at Middle of

at HTB arrangemen
of Copling zone

EST64 atEnd of
at HTB arrangemiﬁﬁt’ | atEndo
of Panel zone 50— sl

screw arrangement

screw arrangement

5,
3

e g2
i
[he2]

- at Middle of

he2| &

at HTB arrangement |
of Copling zone

i ; | atEnd of
at HTB arrangem ?ﬁ screw arrangement
of Panel zone wl

= se2

[

screw arrangement

sm2
- at Middle of

at HTB arrangement
of Copling zone

screw arrangement

I |
sel | se2 jsml sm2

atEnd of @t Middle of
screw arrangement  screw arrangement

at HTB arrangemeﬁt
of Panel zone

at HTB arrangement
of Copling zone

hp! [ hp2 F7E7A [ hel || he2
-6 rf‘«
14 &3
¥
[ [

sel | se2 |Jsml [lsm2
atEndof at Middle of
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|

|
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at HTB arrangement
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hpl [ hp2 F
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[ il IR
[set sc2 [font Jon2 |
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|
i
|
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Table. 3.18. Section properties of steel at the pre-drilled holes of 290-290 series

Column Beam
I, Zy Ay I, Zy A,
mm“ mm3 mm' mm4 mm3 mml
sel 7944258 66202 1607 sel 7944258 66202 1607
77% 77% 74% 77% 77% 74%
o2 7501458 62512 1607 o2 7501458 62512 1607
72% 72% 74% 72% 72% 74%
sml 8871286 73927 1976 sml 8871286 73927 1976
86% 86% 91% 86% 86% 91%
8133286 67777 1976 8133286 67777 1976
e 78% 78% 91% sm2 78% 78% 91%
290-290 9656064 80467.2 1728 9656064 80467.2 1728
hpl 93% 93% 80% hpl 93% 93% 80%
hel 9840852 82007.1 1836 hel 9840852 82007.1 1836
95% 95% 85% 95% 95% 85%
I atHTB arrangement  at HTB arrangement
{ of Panel zor}‘e of Copling zone
‘ at End of bpt | |

at HTB arrangement
of Panel zone

screw arrangement

at HTB arrangement|
of Copling zone

at Middle of
screw arrangement

at End of
screw arrangement

at HTB arrangeméiighis
of Panel zone R
bele:!

at HTB arrangemeﬁme
of Copling zone

\at Middle of
screw arrangement

at End of
screw arrangement

at HTB arrangemetifs?
of Panel zone e

3

-U\at Middle of

screw arrangement

N

S

ke

[l ]

atEnd of
screw arrangement{ screw arrangement

at HTB arrangemerﬁt
of Panel zorle

hpl

at Middle of

|
at HTB arrangement
of Copling zone

i

at HTB arrangeme

of Panel zorle

hpl

sel | se2
at End of
screw arrangement

e

I at Middle of

| screw arrangement

t  atHTB arrangement
of Copling zone

hel

H

at End of

screw arrangement!
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Table. 3.19. Section properties of steel at the pre-drilled holes of 450-290 series

Column beam
I, Zy Ay 1, Zy Ay,
mm4 mm3 mm' mm4 mml mml
sl 7944258 66202 1607 sl 36088430 180442 2678
77% 77% 74% 75% 75% 74%
2 7501458 62512 1607 2 35350430 176752 2678
72% 72% 74% 74% 74% 74%
sml 8871286 73927 1976 sml 42665686 213328 3416
86% 86% 91% 89% 89% 95%
sm2 8133286 67777 1976 amp | 41337286 206686 3416
450-290 78% 78% 91% 86% 86% 95%
hpl 9656064 80467.2 1728 hpl 43216464 216082 3168
93% 93% 80% 90% 90% 88%
hp2 10357632 86313.6 1944 hp2 47989632 239948 3384
100% 100% 90% 100% 100% 94%
hel 9656064 80467.2 1728 hel 43216464 216082 3168
93% 93% 80% 90% 90% 88%
he2 10357632 86313.6 1944 he2 47989632 239948 3384
c 100% 100% 90% c 100% 100% 94%
I I
| |
{ at HTB arrangemeri#t at HTB arrangement
i
} at End of
at HTB arrangement; screw arrangement
I

of Panel zone

hc2]
at HTB arrang

[

ement;

of Copling zone

of Panel zone

jE_ s

at HTB arrang

of Copling zone

at HTB arrangeme

of Panel zone

\
\
i
i
i
\
\
i
i
i
at HTB arrangemg@r
Ihp2i~.

at Middle of
screw arrangement

at End of

|/~ screw arrangement

at HTB arrangemeﬁt
of Panel zone

oS e

ement]

5

at Middle of
screw arrangement

at End of
screw arrangement

at Middle of
screw arrangement

screw arrangement| screw arrangement

of Panel zone  of Copling zone
|
: G s

at End of | at Middle of
screw arrangement] screw arrangement
I

at HTB arrangement
of Copling zone

atEnd of | at Middle of

I
I
i
i
|
at HTB arrangemeﬁit at HTB arrangement

screw arrangement screw arrangement
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Table. 3.20. Section properties of steel at the pre-drilled holes of 690-690 series

Column Beam
I, Zy A, 1, Z, An
n"lﬂ"l4 l'l"ll"l"l:3 mml l"nrﬂ4 mm] l"nrﬂl
o 146848688 258902 2284 o] 146848688 458902 4282
75% 75% 74% 75% 75% 74%
@ 145667888 455212 4284 o 145667888 455212 4284
74% 74% 74% 74% 74% 74%
anp 181089286 565904 5576 qn 181089286 565904 5576
92% 92% 97% 92% 92% 97%
Gy 178875286 558985 5576 Gy 178875286 55885 5576
690-690 1 91% 91% 97% 91% 91% 97%
hpt 17275954 520237 5058 hpt 17275954 540237 5058
88% 88% 88% 88% 88% 88%
ppy 19942436 593258 5292 hpy 19942436 593258 5292
97% 97% 92% 97% 97% 92%
oy 172889136 540279 5292 oy 174717264 545991 5328
P 88% 88% 92% P 89% 89% 93%
e 17470689 545959.05 5112 ey 17470689 545959.05 5112
c 89% 89% 89% ¢ 89% 89% 89%
|
at HTB arrangement HTB arrangement
of t%li‘mﬁk “@flCopling zone
s hp2 ]
i at End of S
at HTB arrangefy (" screw arrangement : 3

of Panel zone

hel

at HTB arrange
of Copling zong; |

Table. 3.21. Section properties of glulam at the pre-drilled holes of 690-530 series

;

screw arrangement

screw arrange

Column Beam
1, Z, A, 1, Zy A,
mm4 mm3 mm' mm4 mm3 mml
sel 62155716 258982 3213 sel 174258258 544557 5207
75% 75% 74% 89% 89% 90%
se2 61270116 255292 3213 se2 164959458 515498 5207
74% 74% 74% 84% 84% 90%
sml 74805286 311689 4136 sml 181089286 565904 5207
90% 90% 96% 92% 92% 90%
sm?2 73181686 304924 4136 sm?2 178875286 558985 5576
690-5301 88% 88% 96% 91% 91% 97%
hpl 73064754 304436 3618 hpl 172875954 540237 5058
88% 88% 84% 88% 88% 88%
hel 73830096 307625 3672 hel 174706896 545959 5112
89% 89% 85% 89% 89% 89%
i i
i i
i at HTB arrangemient at HTB arrangement
i of Ranel zone of Copling zone
at End of L@_J@

of Panel zone

7 screw arrangement

1

g, &

at HTB arrangemié
of Copling zone |¢

screw arrangement

it Middle of
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Table. 3.22. Distance of end of joint area from centroid of panel zone

Fig.3.18. Geometry of joint deformation

Distance of end of joint area

Distance of end of joint area

Name from centroid of panel zone Name from centroid of panel zone

bd cd bd cd
450-450L 675 675 450-450T 675 675
290-290L 435 435 290-290T 435 435
450-290L 595 435 450-290T 595 515
450-450+ 675 675 690-690T 1035 1035
290-290+ 435 435 690-530T 955 875
450-290+ 595 515
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Table. 3.23. Test results of properties(Ave. + S.D. for 450-450series)

K [kNm/rad] M ax [KNm] M, [kNm] 7y [rad] M [kNm] 7y [rad] 7 [rad] 4 [rad]
450-450L 10200 =+ 1210 154 + 12 794 £ 57 0.008 + o0.001 134 = 1 0.013 £ 0002 0.063 =+ 0022 462 + o081
290-290L 2120 54.9 26.2 0.012 45.2 0.021 0.091 4.27
450-290L 4610 73.6 46.2 0.010 68.8 0.015 0.119 7.99
450-450T 14300 + 3790 151 £ 29 793 £ 108 0.006 =+ 0002 136 + 30 0.010 =+ 0005 0.058 =+ 0034 570 £ 210
290-290T 1720 711 39.9 0.023 68.4 0.040 0.099 248
450-290T 5520 17 66.2 0.012 99.5 0.018 0.059 3.25
690-690T 43000 51 291 0.007 460 0.011 0.023 214
690-530T 25150 595 346 0.014 517 0.021 0.065 3.17
450-450+ 14200 + 5650 313 = 22 178  + 441 0.015 =+ 0010 285 £ 25 0.023 + 0011 0.124 + 0021 6.01 * 191
290-290+ 1940 107 80.6 0.042 106 0.055 0.102 1.87
450-290+ 6880 153 90.5 0.013 138 0.020 0.107 531
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at D of column at D of beam

150 A
\ at D of beam
100 ,\
cracks aound pre-drilled holes —_ -1
50 /’ - 2
O £ - _3
Y J ! ! T X bending fracture
-004 -0 0250 0.02 0.04 0.06 0.08 0|1
450-450L
166
200
e 150 -
Z cracks aound
‘ﬁ. 100 4 pre-drilled holes
S at D of column 1
- 50
E n bending fracture
Q Y T T T T and shear failure
g -0,04 -0 0250 0.02 0.04 0.06 0.08 01
= 290-290L
106
200
150 A

cracks aound
100 pre-drilled holes

—

\ develoved plastic hinge
at steel plate of D of column limitation of stroke
T T T X H 10
of loading device

0.02 0.04 0.06 0.08 01

450-290L

Deformation angle : y [rad]

Fig.3.19. Moment-deformatin relationship of L-shaped specimens
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200 yield of steel plate of D of beam
—————1
150 cracks aound pre-drilleg'l holes
100 at D of beam ,I
at D of beam / —_ 1
/ —_ 2
/ -— 3
T T T T ' X bending fracture
-004 -0.02¢ 0.02 0.04 0.06 0.08 01
. 450-450T
T
200
= 150 + develoved cracks
Z, cracks aound  aound pre-drilled holes
ﬁ, 100 A pre-drilled holes
= —
o
=i limitation of stroke
g T T T T of loading device
© -0.04 -0. 0.02 0.04 0.06 0.08 01
2 -50 A
290-290T
106
200
150 “|eracks aound at T of column
100 - pre-drilled hole
—_ -1
T T T T T X bending fracture
-0,04 -0.02 0.02 0.04 0.06 0.08 01
450-290T
106
600
400 cracks aound pre-drilled holes
200 —_ 1
'S 004 002 002 004 006 008 oj7| ** bendingfracture
Z -20
-~
= 690-690T
= 400
E‘: 600 cracks along line of screws
QE) of T of column
crackg/along line of s¢rews
§ 400 of T gf column
cracks aound
200 pre-drilled holes —_ -1
T T T T T % breaking of
-004 -0.02 002 004 006 008 0f1| " loadingdevice
-2
690-530T
400

Deformation angle : y [rad]

Fig. 3.20. Moment-deformatin relationship of T-shaped specimens
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developed cracks aound pre-drilled holes

cracks aound pre-drilled holes ]

— 2
— 3

limitation of stroke

—6 J J ' J i J of loading device
-0.04 -0.1002 0.02 0.04 0.06 0.08 0.1 0.12 0.
450-450+
200
400
g 300 -
E cracks aound  developed cracks
E 200 + pre-drilled holes aound pre-drilled holes
_ -1
.. 100
N
=) limitation of stroke
Oé T T T of loading device
§ -0.04-0.1000 0.02 0.04 0.06 0.08 0.1 0.12 0.}
290-290+
200
400
300 develoved plastic hinge

at steel plate of D of column
200 4 cracks aound
pre-drilled holes

— 1

X limitation of stroke
T of loading device

0.02 0.04 0.06 0.08 0.1 0.12 0.1

450-290+

Deformation angle : y [rad]

T T T T T

Fig.3.21. Moment-deformatin relationship of +-shaped specimens
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