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1. [XC®IC
BUE, REREDIZI W TS 13—
HRBERIETHY, ZOFTHRNL IR R 7 MY
RN Z RS IIEED D KBS EY £
TIRKFIHEN TV D, M OFIEIZL > THL
MR Z MEVZ 1 KAWL HEES, BEARH
WOHSEERHY . - RITREM 2E 5 & &, #
EEITERAROBEG B THIR ST D Z EBRZ0,
BEAROBEA Bx2 AW F RSO A
W 328, BLAZEEA R O AW S8 A oA
BAFUIMELIVEKS 22 LT LN TE
V. ZHETITEEADR L &AW #EEEO
FEBREL Y, BEEEORKEBEEH ORI, E
RIFEB L ORKRHREOBRICOVTHREN SN
TW5 (HF 1993, Gattesco 2004), = LT, #
B EOAREEE UK OGn T 2V
% (NDS 1997) Bk (Eurocodeb) DFREYE - 31
IZH Y, TAE OREMERGHHEE 2006) T
IARENCE U RO —EEZ /A SN TN D
M, AL - T 3HEDIRBHIZE 72> T\ D,
F oA ARG A BGE T 25615, M
TORGEIDLEERRLY b REDITIALEH
T2 ENHD, oK E TS BN AMIC
BT E COME, oW ESMAMELAHRT
ELETOLREICKET D, ZORBEHD
7o, JefLid AV MEATROE AW S IE T
W OWTERR (B 1991, FH 1993) B &
Ot (Hirai 1993) 2T TE 72,
THVE TES BRI OREIZ OV TIT
FIZMHINC DN THREN e ST E 2, T4ET
IIAEEY OFEAN & U CRIME, i), BMEESE L
ToPEREEDN Y EF o s 2 &LL< o T 5,
= ZCAMIE TR, AARBEA AR RE L, &
ANOARE, BlE L OB ¥ A REEEH O
B2 72t AUWTMERE IS T T B A G~ T,

2. RBRAB L UREBRAZE
2.1 FAREESEHAERA

PR 2 AR 2 T AW & AR TR G R IR I X
£ & 420~656mm, M 105~138mm, /£ 30mm
DAT N—A (Picea abies) B %\ =, Kbt
ZE (X 12mm, #ifE SS400) Tk &, £
12mm OFESH (SFE SS400) THEA L7,

ZRDOREIL 1~4 R TR/ NF — 13 7HE
L L7, Fig. 1 \CX RO EAAY — 2 &7id, =2
TIE, R 1 RKOEGEHES 47 (1,1), #h
Z 15 24TICRLE LA a8 a 2 A 77 (1,2)
25 LTATICEE L e e e #a 247 (2,1). 1
F 3ATICHLE LI a A 24 7 (1,3), 375
LTATICHRE L= a e e 747 (3,1). 2412
ITICELE LR a2 e 4147 (2,2) &RT,
AARBEFZOAREMERGHAEICHE T ImibpE
XA RED 7% (84mm) ., #EHET M D & R
ZARED THE (84mm) |, FHEE A T7 A1 D & 7R MR
XX ARRD 315 (36mm) & L., FIEEHEHI L RO
2. 75 fFLA EE LT,

FEARIZFZ ARED 1.00 5 (12mm), 1.08 %

(13mm). 1.25 f%# (15mm). 1.50 £# (18mm)

O 4FEEE LT, BHALEOHAN % Fig. 212,
2B R D4k % Tablel 127”7,

Table 1. Summary of dowel type joints.

Arrangement Loading  Number of
"o Coum e P tpe  specimen
1 1 1 1.00  Monotonic 15

1.00 Cyclic 3

1.25 Monotonic 6

2 1 2 1.00  Monotonic 18
1.00 Cyclic 3

1.08 Monotonic 24

1.25 Monotonic 24

1.50 Monotonic 24

2 1 1.00  Monotonic 3

1.00 Cyclic 3

3 1 3 1.00 Monotonic 21
1.00 Cyclic 3

1.25  Monotonic 18

3 1 1.00 Monotonic 3

1.00 Cyclic 3

4 2 2 1.00  Monotonic 3
1.00 Cyclic 2

Npin, number of dowels; d,pre, diameter of
pre-drilled hole; d, diameter of dowel

2.2 BEWEAMRARAE

AR B G A T R R LA AT 5 N )
T, INEE X I1mm/min.. 7151 — 1A
BN EIITEAEBEYIRLIM E Lz, EA#
V3R U1 ERER L — i iR 45 bz
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2 — U IR & SRR I O K8 S ZE N 23 BRAR ZE A
0.25 fi5& 0.50 5 CTIEA 1 BT o0 L7,
0.75 5. 1.0 %, 2.0 %, 4.0 1%, 6.0 f%. 8.0 1%,
12.0 5 CIEA 3 EIF 280 ik Lz, BRI EN
KRWED 0.5 [FLLFE TR T LR TR T &
L7z, RBRIEOMELA Fig. 3 ITR7T,

3. RBLUER
3.1 S RERREDEE
311 HE—FRYERAR

— G RER LY . WEAEHSD L
CLABE O ff B — =0 B O & i+ %
728, ZZTiE 0.2kN OFFERHIN-7- & X 25
FIZ E STl — R0 B & k7=, Figs.
4~T (IR IE TR £ COff E — 97X 0 27 HhfR &
R, AROENELL & HEEIC X - THlEL
AT E 72D |1 BN DL HORBLE L 72 7 S atErY
7erEEh AR LTV D,

B L VDN — 3R B AR D
VAR BEARZEAT . FEARAT L, e R ERFASNT
RRATE, KREN, &RfrE, #ET 25 ETI
W L7z =k b ¥ —% R Uic, &8 AWPERsiE
DRI /7L % Fig. 8 IR T,

AN TR OO BEAR AT B O REEICIE 5% A
7% v Ml (ASTM D5652 1995) #3JA< ﬁﬁu\ =Yg
TWb, LNLAERIVELNZME -3
ZENLHIAR IR A E Z T b onE o7
B, %A 7y ME (BRRER) D3 KRAEELARRIC
A SN DHAN D o2, F T TARMETIE, K
REFED 0.115 & 0.4 5D %k A TR & B —

Mre L, B—EfE X RED 2% FATRE) L2 E#
EAHE — TR B & DA R &Y FERA E

2% A7t v MHa) ZRH7= (Hwang 2002), 7
N0 BN ORI BE LTI & o8 % [
728, fE — 9~ 0 Zfr il b oD e fRff B iy |
Foe KA B, Fie Ry B A2 8 X B KARTEE D 0.8 {547
HFOFTRYEMNNOE—ERE X BOR 8%
72 LBIW T & T EAURRIR N, B K Aaf LIRS
AL, REREN & Uic, WIIRIES DWW T 6 F1 7
B OEBLER T2, B—EMHEE X #OR 5 & i
H—J R EN7 AR EORRRTE O S & BT
O (Fig. 8 HOEM D), EOEMEOM X & R
PEE Uiz, WO L & — 37 8 AN g KA B %

o AW RE

(D) 37

ZCHRKITED 80%IZi#ET 5 £ TITHEA AL
Lz ¥ —b Uic, #RmEIE, B 1L X il
Y S AT CTRORMED 0.8 %0 5% E 5 E
(Fig. 8 FOEM 1D . X #lZ FAT72E# (Fig. 8
HOER D T E - mESRI T R LF— &
HLL D EXOEMAE T O bR,

¥, RNELEC 2% 4 7 v MESEH
ST RBRIRICONTIE, #EEHARRINICET S
ATICAREE U7z &Il U, w0, BRAREEAL, B
R, &R EIZEH L TR0,

3.1.2 BABRMEREE

HARTIB A OF AWrEREE % Table 2 12, &
R OELE T 2 W AWEEEIE & Figs. 9~12127R
T, HEEXAT (3,1) BEIOY (2,2) 1T 3 Kk 2
ROPIARE, BEIRZENL, BRARATE ., KR A3
GBonehol-tzH, 1IROEDOHRLTND,

FIARIVE X250 & R A5 O BB &
A7 (1,1) KFV@EWEZRLTWDR, #EXA
7 (1,2) & (1,3) BDiEVVEEZRLTEY, X80

AREIH Z DN IIIRITE S B LT < &
BRI, WHEFRE 1N L2 5GE. wIER

ﬁ’iﬂf%ﬁf’%@éﬁi*%k&%ﬁwk
b, SEABEAHOTAMINIZ R 1 REEES
ﬁhmﬁ;&$®$&%%btmi0%ﬁ<@é
ZENMHEN TS (Jorissen 1998), BEEERDZEE
TR HEL A DML B A T & Z DA =X
LB Do TL 205, IR RIS T 22 L
LTI, Jx DX RICETTE DT TR
oL IS, AREFIETIE, AR EESNCEL L
AR T B Z ORI X & AR OARE L HF L
o dz, Lin LA REEINCE L= BA 5o %
BT =2 N DT BRI B 21T 9
TeDIZIT e D7 — 2 DEFPRDHILD,
BEARZENLIT BB X R AT D S5 A #
47 (1,1) KO REREEZRL. HRDORENE
L<TH 1FNTELE Lo & 0 #5051 1 171
Bl L= BB O DK & e R IRENL &R LT,
e Kinf ERFANLIIHEA 2 A 7 CBE R 22T D
NI ol RHEMITHEG 247 (1,1) BLD
(3,1) BMLoBEEX A 7LD b RE2fEEZRL,
B KAt RN DR EM DA & 5 & |
HEZA 7 (1,1) 28 1.8, #5644 7 (3,1) H 1.6,
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OBEAE LA 71X 1.2 THoTo, EEXA 7 (2,1),
(3,1) BEV (2,2) 1T RATELIKE, BRI i
FMEFTLTHEY (Fig. 5~7). ZNHD T &b,
BB XA Ko TRRMEICE L CTLE O E

ALTEE K T AR T E

BIHEBNZENEL TSI ERNATENS,
PRIRIFEE, IRME., KRMMEITVTL X
ROBREREZ DIZoNTHEMNML WS, £ZT

Table 2. Results of shear tests of dowel type joints.

FerE F1e

BEAZA7 (1,1) [ RO ZF U316 &
EBRE O Z1T o 7o, SED BT OFER %
Table 3 12/~ T, BRITEOEA, XA % 1 5ITHL
L7c#Ea (BEEX 47 (1,2) LW (1,3) @
FEREITF LD 0.85~0.86 (DA R L, &R
ZUATICR L7268 a2 147 (2,1) BIW
(3,1)) 1% 0.83~1.12 fEDfliz R~ L1z, FHHEMEE

Arrangement Density MC Ks Dy Py Dmax  Pmax Du Pu Energy

T Coumn Line P (kgm) @) Nmm) (mm)  KN)  (mm)  (N)  (mm)  (kN) (KNmm)
1 1 1 1.00 Mean 464 12.4 9.86 1.08 10.4 221 10.9 4.00 8.39 38.2
SD 43.0 1.58 1.86 0.195 1.39 1.79 1.33 2.00 1.93 211

1 1 125 Mean 459 10.7 6.95 151 10.3 2.13 113 411 6.15 35.6

SD 49.0 0.542 1.05 0.199 0.393 0.406 1.15 2.22 0.959 21.0

) 1 ) 1.00 Mean 465 13.9 15.7 117 18.1 2.17 20.3 2.67 12.3 41.7
SD 35.1 0.451 2.75 0.233 3.14 0.516 2.06 0.563 1.83 104

Mean 466 135 11.8 1.58 18.2 291 20.9 3.34 133 51.7

! 2 1.08 SD 32.0 0389 290 038 399 0511 224 0492 296 11.1

Mean 465 13.6 6.86 2.72 17.8 4.38 20.3 4.61 11.2 62.8

! 2 12 SD 322 0440 176 0.802 404 0814 242 0767 249 17.5

Mean 460 13.6 8.98 1.37 124 3.98 19.6 4.40 7.83 58.1

! 2 150 SD 34.6 0.538 2.05 0.442 4.85 0.723 2.95 0.850 1.61 14.0

Mean 435 11.0 14.9 1.60 234 2.23 245 2.79 15.1 49.3

2 ! 100 SD 47.4 0.153 151 0.469 4.95 0.704 5.06 0.685 3.87 17.2

3 1 3 100 Mean 453 10.0 17.1 1.63 26.5 1.89 30.3 2.29 217 445
SD 50.6 0.556 4.83 0.426 4.97 0.460 4.18 0.665 5.36 175

Mean 453 10.0 9.36 1.99 17.8 3.19 21.9 3.73 15.3 53.9

! 3 125 SD 48.3 0.629 388 0.706 799 0869 7.44 1.08 4.88 249

Mean 467 111 11.7 2.22 25.9 2.72 29.6 4.30 274 95.3

3 ! 100 SD 13.9 0330 None None None 0.725 2.32 191 None 504

Mean 444 10.9 30.7 153 46.9 1.83 44.8 2.18 26.5 58.4

4 2 2 100 SD 42.6 0.096 None  None  None 0.0964 6.36 0.109 None  15.0

npin, number of dowels; d,pre, diameter of pre-drilled hole; d, diameter of dowel; MC, moisture
content; KA, initial stiffness; Dy, yield slip; Py, yield load; Dmax, slip corresponding to maximum
load; Pmax, maximum load; Du, ultimate slip; Pu, ultimate load; None, less than 3 data

Table 3. One-way analysis of variance between single dowel type joints and multiple dowel.

Comparison of drift-pinned joints Py Pmax Pu
Joint type (1,1) X 2 Joint type (1,2) * NS *
Joint type (1,1) X 2 Joint type (2,1) NS NS NS
Joint type (1,1) X 3 Joint type (1,3) * NS NS
Joint type (1,1) X 3 Joint type (3,1) Failure NS Failure
Joint type (1,1) X 4 Joint type (2,2) Failure NS Failure

* significant at 95% confidence level; NS, not significant at 95% confidence level; Failure,

calculated results from experience is less than 3
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FEBREIEE S 2 1 7 (2,1) DA OB EAKYE 5%
TENBOLNIRINS T, IRRMEDREG, ¥R % 1
FNCHL L 72 B BRI LE RIS R LT 0.93 fi5, # AR
Z UATICHL L7280 13 0.91~ 1125 D& /R L,
WTILOEEE T AEKEE 5% TENAL LR
Nole, RRMEBEOYE, ¥R% 1 FINCE L8
HIBIE 0.74~0.86 5, ¥ A% 1ATICEL L7 BAE
1% 0.90~1.09 5D Z R L, #6% A7 (2,1) B
FO (1,3) ©LEHEAKME 5% TENEDLIILD
ofc, BHEXAT (2,2) FEEXA4T (1,1) 124
3 U7 Ml & A CTRMRATE IS 1.12 fi%, KM
1% 1.03 £, $RHFEIX 0.79 (5Dl AR LIz, #R
DOFELE O BT ES L OB EICB W T
BN <, ARMEIZB TN o T,

IR TRV F—1F, #2644 7 (1,1). (1,2),
(1,3) I CRERETRL, BEXAT (3,1) B
ROREREER LI, XA E 1INCERT 255,
SR DEBDE 2 T HHEGH ORI T 2L F—|Z
IIRELSFELARWZ LRI T,

3.1.3 EREMRE T RILF—LL

TEAMR D R UINIERER D & 15 & U 7= JE R dh
% Figs. 13~16 1Z" 9, ¥ A% 1HNCH LI-Hd
HIEMEMER 2 IR F 2R LTV D,

MR LY A 702 BEBLO 3 [EIHOERE
=T OEFED BRI TRV F— %KD W=
INF ="K N —TDRT Vv TR ILF—
(BUR L BL— T D — 7 faf B % il A T2 ELARR
E— 7 HEAND XS FALER, 2L TX
HCHENTmEAE) TERL =X —a R
Lz, =X —tOeHliiE% Fig. 17 12737,

TRAF =L BN —T O — 7 fi ERAE
fir & ORE% % Fig. 18 17”7, =R /L¥ —hi 0.02
~0.26 DfEZ LV, #HEEEXCL > T=x ¥ —

& v — 7 T RN O BRI T A & L7

-7,

3.2 RABRDOEE
3.2.1 ME—¢RYERBR

SR D X ARG OffE — 9D
EArph#R (Figs. 4~7) X0, ZR1EKNG 7258
BEBOYGE . LRI Z RN 1.00 & 1.25 O
BESOfE — 30 BRI R 2R LT,
HIR 2ARBIN 3 AKNDLRBAMOHA. Fil
BRIFARBIEDREVIZ E, e KA E F CRERIC
T BRI AEEEH N L ALNE, RELD
5O E — F 0 AR D FIIRIME, B
RERL, FRARTFE, HRMERAENL, HRMmHE,
KIRENL, KR E, HET L FE TR L=
FIF—EEH LT,

3.2.2 BAMREREE

ZARBIEEA T O A W BRI O B HRE R %
Table 2 12, JoFLE/ & R HIT3T 2 & A WrEREIE
Z Figs. 19~22 (TR, JeflB/ X RN 1.00
D FEBRAEN T 2 3BT OfE R4 Table 4 (2R
T

OIHARIME XS ALB Z AR S R & W R T4
LM AER LI, ZOBEBEE LT, BLOKRE S
(2K o THEAL & & R OBl i F5 23N ) 91N 13 52
RoleZ b, XR%E 2 RU AT DHEAEH IR
LOREIT L » TARMICHSR L TV 5 2R & il
LTWRWHERN 1 DOBEHNITHFELZZ &
MEBEZBND, LinL, ¥R 2 K THARZRE
b 1.50 OGO WIEIRIME e LR X AR
1.25 OEFEXID b RERELRLTEBY, ZOH
HIZARHTH D,

SR 1 AROBEGHTIL, JefLB ¥ RERENE

Table 4. One-way analysis of variance between dowel type joints with no clearance and

with clearance.

N pin Comparison of drift-pinned joints Ks Dy Py Dmax Pmax Du Pu  Energy
1 Joint with d, pre /d =1.00 Joint with d, pre /d =1.25 * * NS NS NS NS * NS
2 Joint with d, pre /d =1.00 Joint with d, pre /d =1.08 * * NS * NS * NS *
Joint with d, pre /d =1.00 Joint with d, pre /d =1.25 * * NS * NS * NS *
Joint with d, pre /d =1.00 Joint with d, pre /d =1.50 * NS * * NS * * *
3 Joint with d, pre /d =1.00 Joint with d, pre /d =1.25 * NS * * * * * NS

* significant at 95% confidence level; NS, not significant at 95% confidence level
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DD EBARENIIEAL LT A, e KA BN &
KIRNENIIA BAKE 5% TENRA LIPS T2, %
BOAR L PREE T, e LB 2 AR EL 1.00 22 6
1.25 ([ZHNT T, eI RN KR E < 72 D12D
PO FEARZEERT, B KA EIRFANL, &R IZH N
LTW5s,

MEEIZONWTHD L, ¥R 1 ROEEHT
PR FTE IS K O KT CHEZN A HILT .
KRMEICBWTENM U, F0R% 2 A6T5
PEOTR Tl BRIRMTE & #&Jmfar B S AL & AR
B 1.00 25 1.25 ITHMNT T, R E IR Se L/ 2
AR 1.00 725 150 ITHNT THEZEN A LIV
ofc, FWR% 3ARATHEHEAETIX, LB/ &R
BHMAREL 0D LERIE, HRAE, KR
HITE T L7,

W = 1)L F — D EERENL 21~59%TH Y |
BIRBNTITHDENKREN, ¥R 1 ROEGHT
AL R DENC L B HEEIZA LT,
KR 2 REHT HEAE IR Z RN K
XL DI ONEIN = R X — b KE 72D
R LT, R 3 KaefT 58EH CITAEEIT
NSV WA IS o YN KT i e = AP NE A
05 DI = L — DIEBE TR & W,

4. FEw

ARG TIX, X AROAREK, FiE I OV
N RSO AVWIMEREIZ 5 2 D B A T~
R 12mm., FME 30mm D F REEEERICD
WTLL T OfEam & 1572,
(1) FRORENHEZ D &R, KRR,
FJRm BTN 528, £ OINEIL X R DR
RBLEIC K-> THEZRY | AFITHERLLH] L 72Dl
RRMETh T, FIRIER Z ORI =1L F
— IR X THEICKRE RN AL RN
BAENH T,
Q) FROARLECELE 1T e K E 2 L LD
TR ERENC L KT LT,
(B) F A% 2~3AFTHHEEIIZIBNT, el
WK D X ARBROPKE < 72D & FIRIM: AL
T U, BIRENL, FeRmEREN, KRENM, &
I L S — X9 B8 2 s LTz,
(4) iRzt 2 X RO 1.00~1.25 D &
. BAEOBRRAER L OR KA EICZIETE

FerE F1e

LOKE EORBIL, XR%E 1~2 AFT DA
TIEA DN TN, X R%E 3 KAT HEEET
TIEEADBRKREWVIZ ERRIRAME, R RMAE TR
AR LT,

5| AR
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Joint type Joint type Joint type
(Column, Line)=(1, 1) (Column, Line)=(1, 2) (Column, Line)=(2, 1)
O
84mm
o ¢} o o
84mm 84mm 84mm
52.5mm 52.5mm 52.5mm 52.5mm 36mm
34.5mm 34.5mm
Joint type Joint type Joint type
(Column, Line)=(1, 3) (Column, Line)=(3, 1) (Column, Line)=(2, 2)
-+ o)
84mm
- 0 =+ O O
84mm 84mm
= (e} o O O =+ O O
84mm 84mm 84mm
52.5mm 52.5ml;1 36mm 36mm iGmm
33mm 33mm 34.5mm 34.5mm

Fig. 1. Arrangement of dowel.

Case 1 Case 2 Case 3
P Pre-drilled hole

Dowel @A/
————————————————————————— ----=~---|-----3 Position of
s s 2 :

- pre-drilled hole

- Position of

@ [ | O ) T _ pre-drilled hole

Fig. 2. Configuration of dowel type joints with clearance.
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Fig. 3. Configuration of shear

30

25

20

Load(kN)

30

25 |

20

Load(kN)

10

test of dowel type joint.

Load (kN)

Load(kN)

Opre/d=1.00

0 1 2 3 4 5 6 7 8 9
Slip(mm)

dpre/0=1.25

0 1 2 3 4 5 6 7 8 9
Slip(mm)

Fig. 4. Load-slip curve of joints with 1
dowel. d, pre, diameter of pre-drilled
hole; d, diameter of dowel.

15 r

10 [if

15

30
%5 |
20 |
g
515 |
S
10 f
(Column , Line)=(1, 2) (Column, Line)=(1, 2)
d,pre/d=1.00 > d,pre/d=1.08
: : 0
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Slip(mm) Slip(mm)
30
% |
20 |
Z
S 15|
S
10 f
(Column, Line)=(2, 1) (Column, Line)=(1, 2)
O pre/d=1.00 °7 Oypre/d=1.25
L 0 R
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Slip(mm)

Fig. 5. Load-slip curve of joints

with 2 dowels.
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Summary

This study investigated the effects of arrangement of dowels and diameter of pre-drilled hole on
the shear performances of dowel type joints. Number of dowel of 12mm in diameter was 1 to 4 and
arrangement of dowel was 7 patterns. The diameter of pre-drilled hole was 1.00, 1.08, 1.25 and 1.50
times as large as dowel diameter. The dowel type joints with steel side plates conducted on monotonic
loading tests and reversed cyclic loading tests.

Initial stiffness, yield load, maximum load, ultimate load and energy capacity of joints increased
as the number of dowel increased. Maximum load increased in proportion to number of dowel.
However, the initial stiffness and energy capacity were depended on the arrangement of dowel.

When the diameter of pre-drilled hole was larger than the diameter of dowel, the initial stiffness
of multiple dowel type joints decreased and the yield slip, the slip at maximum load, ultimate slip and
the energy capacity increased. When the diameter of pre-drilled hole was 1.00 to 1.25 times as large as
the diameter of dowel, the yield load and the maximum load of joints with 1 or 2 dowels showed
approximately the same values regardless the diameter of pre-drilled hole. However, the yield load

and the maximum load of joints with 3 dowels decreased as the diameter of pre-drilled hole increased.

Keywords: Load-slip curve, initial stiffness, shear load, slip, energy



