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Moment-resisting Properties of Post-to-sill Joints Connected
with Hardwood Dowels*!

Akio Korzumr**?, Takanobu SASAKI*?, J@rgen L. JENSEN*Z
Yasuo IijiMA*? and Kohei KoMATSU*4

Moment-resisting properties of post-to-sill joints made with glued-in hardwood dowels were
studied. Dowels of 12 mm in diameter made of hard maple (Acer saccharum) are glued into post and
sill members of sugi (Cryptomeria japonica) glulam with polyurethane adhesives to make joint
specimens. Assuming that joints fail by withdrawal of dowels, moment-resisting strength and
stiffness of joints were predicted by considering withdrawal force of dowels and compressive stress
perpendicular to the grain in a sill members. Withdrawal strength and stiffness of single dowels were
derived from previous reports. Tests of joint specimens showed the possibility of controlling
moment-resisting strength and stiffness by choosing proper arrangements of dowels in the joint area.
The greatest strength was obtained by arranging dowels in the outer section of the joint area. In this
case, predictions of strength and stiffness agreed well with experimental results. For example, the
joint of 105-mm squares with 6 dowels in the outer section showed a maximum moment of 3.49 kNm
at a rotation angle of 38.9X107° radian, compared to a calculated strength and stiffness of 3.69 kNm
and 38.6 X107® radian, respectively. However, strength and stiffness for joints with dowels in the
inner section were overestimated by the calculations. The reason may be explained as follows : The
compressive stress at the edge of the joint area exceeded the elastic limit and the neutral axis moved
toward the tension side, which caused a larger pull-out force for the dowels than calculated assuming
elastic behavior on the compression side. Furthermore, bending forces would act on dowels when a
joint rotated significantly. Racking tests of dowel-connected frames were conducted to verify their

- performance as shear walls. The test results of frame specimens without braces showed good
agreement between experimental strengths and calculated estimations based on moment distribution
among joints assuming rigid-joint frames. Test specimens with braces failed by buckling of the
braces, which showed sufficient withdrawal strength of the dowels comparable to metal fastners for
post-to-sill joints.

Keywords : hardwood dowel, polyurethane adhesive, post-to-sill joint, moment-resistance, shear
wall.

*®1

*2

*3

*4

Received December 10, 1999 ; accepted August 1, 2000. < D& D—ERITE49E B L UE50E HERAM ZE SRS
(1999% 4 B, R, BXU20006E4 B, 5 LB TRELE, '
KEBRIIREAME I TSR  Institute of Wood Technology, Akita Prefectural University, Noshiro 016~
0876

Present address Jt¥REAEEYE  Faculty of Agriculture, Hokkaido University, Sapporo 060-8589
FEAZEARERENEFR Wood Research Institute, Kyoto University, Uji 611-0011




2001 1 A]

KRS Rz & 5 EHETIESH DT — £ > MESIEE 15

AT REBABRERES RO LEHEREESEOE — A > MEFIMEEc O W, AT 7.
FEATIC RS R DB L RN OBIERISICEE LI RE 2 v, K R o8 |l % &0
LT, HEMOMAZFEL7zo KV RIZERZIZmm O — R X — 7 Uitk Ev, S
AFEEM A TRELIBEOE— A MEBRET >R, S ROEB L AK2%2 5
ZET, T—AVMEPIERFIEITE 3 2 LVRENTz, L, FSREMBEE L-EEEA
ERMAERD I EDBTE, FREOHEEGTED H2 572, 105 mm EAMOMEE 6 A0 4 % »E
BELbDTE, RAE—AY MH3.49kNm 2R L, BHEREOERAIX 1/26rad. Th - 72, &
51z, MHEEYL UTOBREEERT 2701, K REEEAOTBHERDO AT ANRE»
fTolee ZDFER, 7V —LBETE, KSREESMOE—A > MEFUC X > T AWRIE* =
WHIEMTE, MHBESHOMIBEN» S FHTL I B8 TEL, gk, FrLErRFrz
BRETE, HOFHIEHLT+o2EEE2 LI LBEID SN,

1. #

ERMEEE LT, BREEEHotOxER
FELKT 254, BOFHRCHL TREEOHFM
SWEHBALTERI® TV, UL, Bruvi
ANTEE P, #HIER COKFEREIC L - T,
ROBIRG 2 2 & 03h 5, KR TIR, BMEFOR
bORKRSTRERY 7 vy ISR EFwTE
AEEL, SIWECERSE L eE 1, &
72, BEFEL TRESTOE— X v VEFIIZERE
Lizwds, KIRESTRIIBEDE— X ME
NEPEFTL LN TEL, XAEZBOEED ©
BEICAWD 2 & CEHE R B 2 RRE ORI E D
BTEaupEEdH 2, FETIE, WD R
BE B wicE-L 58T 0€— X >~ MEFEEE
oW, B RBOME» SHETL, —%ico
WTREREDOAKER AMAERKE X 22T
Tzo %8, KI ROSIRMEREI DWW T, BERY T
SR UTERIE S W,

2. I8

2.1 RO R4 & Bk
57\\% 1 2&%%3 D @@Hﬁ?ﬁfg (Qmax) tlﬁu‘ﬁ%i‘%j—
Ch R (Ko i, UTFof»okdons?),

Qmax:“m%hg)'ﬁdlfv (1)

il

S

&:E%ﬁmw )
ZZT,

T

w=2] ion (3)

5o L EBBORANEE (MPa), I EEEDYA
Wl (N/mm?), [ SROBEAAES, 4 5K
&, Ea: FHRDY7IE,
IhoORIZF R T 2O E ERA L
RELI:bDOTHD, BILLEEBRAEBL &, Fi

FIHEIP b o7 b I ERB WCBET 2 3 0
HREEREZZEME, EEE 28T, L@
O-B)REMHES ZE B TELRERHZDT, 2D
X3 RREL, 8, B 1»58EAE TO
T, FIHAE LRIEOFFEMIIREIRE
1{)1,2)0

2.2 HE-LHESIBomN &/

4, Fig. 1 D Xk 5, WHEE D ¥ RESEICE —
Arb (M) PERTZEE, BEEHOLEBOL
JREIZ, UTO220BERSTTEZLDL I LM
TE 5,

221 25 REPEOFTENCATE T 2 BE
(g<A)

FEEI(C) E LT, EEElY RFUOHENREICG &

BOBERENOBEMRIC 2 FE/T 5 L RAM
Bons,

AN

,_"
\
e

TdAd
nQ
5

L

=

Stress assumptions in a dowel joint subjected
to moment.

Fig. 1.




16 AINREER il

[KHERFE Vol 47, No. 1

C=ag4Aa +_%/“”JO M_(/"":A:'Q—)VUOA

E)i—g)} @

Bt nnd(Eq—

4AE

T IT, o4l IROREREISH, Ac=ard 4, n:
FRFM DI RE, b FEOMIE, A ESEOM
B o E OB, g Mgy o TR ET
OFEE o MEOEERE, £ O OBERE
YR,

-, Bl (T) F5HES RFIO5HFED
BHTHD, BEAEOVFAEREESHAVS &, X
RTERT T ENTE LY,
nlsKsSUoA(g;-/i*gl 5)
ET, QI FRIAYYO5KA, L SROEE
~OBALRS, K | ¥R 0150 5 05 [T
DR, H:BEo#ewn,

C=Txh, ¢4@®uﬁimﬂ@;aaﬁmm
25,

T=ng)=

A= 4}bF[ 4nleKe— nrd*(Es~E-)

+ iRt ad Ba- B A S E K H -+ BB (6)
-6l & Y, Eemo gzl 2 €—2 > b
BN TkENS,
M= bg gt G g) Adag(wE—i—l)

Es
+ %Q(HMA -g)

"Es)(/\ g) +12”!s SS(HM/{MQ)Z} V (7)

MR Q (MAD Quax ZHRATHIL, BAE—
AV (M) PGB, &2, FRO5EG
T BEOERFA () i3, I S5EREIO SR

TIT, B 8 FRFN, FROFEE TSNS O]
HEfr, Ko FiBT 250 250
(o @ =8 )’QM’(A@‘% EXRADBFONL,

3 Z M(&i FKo) )
T FAE+3nnd fEd EJG~oF Il ELH=3~¢P

( )Itb;. xM*‘.{Wmnx %‘(’t)\'ﬁ'ﬂvi, ﬁiﬁi%@?
R (Gro) BROND,

222 2P O RPPEFORBICEET L 8BS
(g=A)
EgEH EBEAE, #heh, ), RXcExh
5,
Cz%‘/{“ﬂb ﬂu)
(H=24)
T= (H=i<e)
— 2L (1= )+ (0= )
aw’”ﬁfﬁ(y—u) ih)
CmTiU,*ﬁ%@ﬁﬁ@@ﬁ@iimdﬁﬁ
, —EERD,
A~w—~{ 2 Ko+ V2nL K BHE F 2nLKes)) (B

BAE—AVIFEFOLEOEEAIR22]1 0%
CEBRELT, 13, R TEEND,

M= 20055 (0P 1 3l Kon(2g
—20H + H*—24H 4 249} 0

Ormax=

3l Mipax{ Kes + Kop).
Kol b E 30 K26~ 2gH + H —2AH 4942

3. MEEHERSE

5 14

ETOEBICH TS S ROBREMOLE E 2 2 1. HEHORUE.
Y, O BNEWEETIR, RO L I REFETIEHT BEWOSEERER" *ABEOFRTIT > K
x 2 FERE, N KA~ (Acer saccharum) %3,
St 8, QUK+ Kop) BEE) D CGLESZEME, RB-3C) i0k-T, BEE
0= B (8} . - .
H—-i—g KK (H~-1—g) 12 mm OB GIE L7z GREM TR L), e +5
Tahle 1. Cross sections and basic properties of joint members.
Member Species Cross section Density E;
Means A% Means CV
(mm) (kg/m?) (%) (GPa) - (%)
Dowel  Acer saccharum ¢ 12 719 2.5 15.9 5.9
Glulam  Cwptomeria foponica 160100 404 5.4 7.7 15.3
1053105 394 4.2 10.0 7.0

Legend: E;: Dynamic Young's modulus obtained by a longitudinal-vibration method.:
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Table 2. Maximum moment and stiffness of tested joints.

Dowel Moax {(Nm) Moz flpnax (rad.) Failure
pattern exp cal¥ exp/cal (Nm) exp cal” exp/cal mode
A 1204 2468 0.488 281 0.074 0.192 .383 B
A 1259 2487 0.506 362 0.072 0.174 0.416 P
A 1150 2492 0.462 272 0,078 0.170 0.460 p
A 851 2462 0.346 326 0.087 0.199 0.436 B
A 842 2469 0.341 272 0.098 0.192 0.514 B
B 1078 1492 0.722 317 0.048 0.075 0.633 P
B 1132 1509 0.750 n 0.053 0.074 0.719 P
B 1168 1552 0.752 380 0.050 0.071 0.696 P
C 1992 1970 1.011 661 0.041 0.044 0.922 P
C 1983 1961 1.011 498 0.044 0.045 0.975 P
C 1784 1945 0.917 498 0.033 0.046 0.716 P
C 1965 1949 1.008 634 0.039 0.046 0.859 P
C 1632 1955 0.835 625 0.029 0.045 0.644 P
D 3459 3683 0.939 553 0.037 0.039 0.961 P
D 3330 3685 0.904 539 0.044 0.039 1.142 P
D 3674 3695 0.994 680 0.035 0.038 0.918 P

Notes: ¥: Calculated from Eqs. (7) and (13), ¥: Calculated from Egs. (3) and (14).

Legend Dcwel pattern: Refer to Fig. 2, Mpax : Max1mum momernt, Mz ¢ Applied moment at rotation angle
of 1/120 rad., famax: Rotation angle at maximum load, Failure mode : B: Bending failure of dowels,

P: Pullout failure of dowels.
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Table 3. Results of racking tests of dowel-
connected frames.

Specimen Load® Frex Vimax Failure
No. direction  (kN) (107rad) mode
NB 1 5.50 51.6 D
NB 2 5.23 56.7 D
NB 3 5.67 55.8 D
SB1 C 15.71 16.0 C
SB1 T —-7.29 —13.6 N
SB 2 C 18.60 30.2 B
SB 2 T —9.17 —27.4 N
SB 3 C 18.76 24.3 B
SB 3 T -7.96 —17.7 N

Notes : Specimen types are shown in Fig. 4.

® Load direction is denoted by stress condition of the

brace ; C for compression and T for tension.

Legend: Fyux: Maximum load, ymax: Deflection
angle (y) at maximum load, Failure mode:
D: Failure of dowel joints, C: Crushing
failure of glulams pushed by the brace, B:
Buckling failure of the brace, N : Failure of
nailed joints of plate connectors.
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