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— R STEA OB E— h BRIIERE CERB 2 b ez embhTw5, L
TedioT, FOMBHREBEZHZENCOMORAEOERE T HEHFATH 525, M
RAtzEE LIRS0 MBH L2 —BOCTFHT2HELX LD LRI hETRIRRVWX S
ThHb, £, ZhETOHEROWE TR, LY, ERMED IWEET V1ol
A DWW TR % Licdb 0038, JERBMIT LT - lcd 0 T ROMIT AR L R
T, %@ matched specimen C—EIIHIEABE, » 5\ ETHERBRETR - THE4 OHIH
THCOEMPENL, ChiRWTROERLHETAE Vbt VROV DR
%\,

DEDZ :ds¥x, AR T ET—EHIMABRALTRVERMH & EH U308k E
E ORI A D OHBAR VT E S e, ARCELELLED WL 210EEEOHEC
DWTHBRHEY bk, 2SWTHEROBRITRARLT LV, TOEBMENLOEHET
W, ILEMTFHRADOEELTIR- T,

feds, ZZTE W BTk JAS204 M Bk 2 BN OSHBEER TH H, HRHE
12 CN90 TH 5,

COWMEERThoOhlich, HEREWIRWIEEREARERRERLE, 1Y
HFOEEREHBL I LOHBREMEHT L, CIRBEIHBEERLET,

2. HEMOYIWEE

2.1 HE—CHEE

STEA O—HEBIMTC BT A MHEITCIIEEY 5\ X Kuenz it X 530835 9, Th
BRAMFRITLRAENIEEEEREORLEZL L TR IOTHS, LK, REAY XK
HER»OHEC YHRE K OFLREZHFE L, SOWRBHEAT mh6H22, mt,22 &3
L&

4E, I o8

K = (1+@? (coth gy t, +@ coth u,t,)

1.1)

K, = E,I, 48 tanh pt 4 1.2)
2, E =810 MiTFalE (kgem?) ; p=4VEdJ4E, I,a); E=K# D v v 7 3 (kg/cm?);
d=¢112 (cm); a=FBEKEX (cm); o=m/t; t=fAHE (cm); 1:=HBHBE

LD FRT—BRI 2HETBOBRE, 1.2 RIINE, B8O 2HE2ERIBELEBESTD
B, L CTEOBEKRES a i, SIREOME—RMTEARREY IO LAE I TE D,
BELY X F=YREDOVLWTROERRR 52 T35,

a = 6.5d +1.50 (2)

wic, —~HBERBREYTR-> TAbh2EMOWE—L iy R-1 find 5,
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Pig. 1. Load-slip curve for a nailed joint in single shear.

Thiid e, PRERIAH—T IO ry PREBRIALRLVA, < DB LEERZ» T
BEBHWOBRAEDLND, TIEVARKEVES (K-10 1mm LILER), 20
PDEDEBKRE DI 51D, 525205 boRMEAKRO ALY I LT VELHERD
CHRE K, v, COK 3 W BEBLAR—Z W 2BOFHAR L BIE—-RTHHDTH
5, TOBEBHEEZ, FOMOBRMUBMITERL, PEOHBICER ST BE),
BEWEBRTO Yy v —BRERLLRS,

XC, kel kb nEBROME— V¥, BMEKRERCIARBOFELT VER
Ki%BRT5H812, K COEAMN— b HEOERAIR (secant modulus) K, HFIH S
BETENS, KO}, FHELOBEEOBE, CHEOSmm V<10 KN, i, &
Wi & DEM L EMOESOBACITT VR 038mm LA D K9 i XT3 & A#
EIhTw3,

L L, $IFROBFEBC OV THERBEN 2T dicil, RALMDOHETHE
— O HBHE B I L THDEND B, FOHEE LTR, HEER, HEER, »3vi
BEARD L 5b 03 ELbhS, ZOSBLEHRXNAEMUIIHEED X W EXTFHEIRHA
BxDFTROHUHEREL DD T, EURORE EEBHEME L OBl 25841
BAHETH S, ABEFRSERGERIMETRC R JIESTHERTHETH S, £ T,
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T TR B Rie L LIEBERR LR L7,
P=B[1—exp<—%—5>]c B (3)
T, P=§11AH7% 0 OWEHE ke); =% b (mm)
R-1 1 EHT Lo LiBBERacs s, BROFEE, ¥, ENEYERHELT
% bR BIFHEEEND, =0 E0lmm i, 48mm ¥ 48 HOWEEELRD D, DFKR,
CRLOEE VRO T — 2T, B C=1L LEBEORK A 3520 B 2B/ 2 Rk
CERL, 2ODY, FRAECL > TCERETHLDOTHS, CZTARC=1DLED
initial tangent Tich LI B bt 0, BRBAMEY LS THHER ¥ Cll
REBHKTH B,
ARES, WL L IHE—C D ST —E RN RERR O & HRE— & K,
EITCLEL, HMNNCRES R EERERRE VLW 2 LTS,
2.2 MMHECKEESEETRT
2 M OBEBRREOBE, ThHWHENE CNI CREESRD, £ T, I TR, AH#
DB DFEEE 20 E VBT TRS, 0
EF, ShEAMO LTHE RAE © e AE: FiREMmA0 ;’
(R-228) OMENSS. < OBBCHTHIHRE Mid s, £ . X4
[ED-5 Y ¥l EDTd, FAER X DML O Z BB AT //z
o, ///i//%
iz, £HEL3FBECEHT, STIDITHLIALBCAE LS A B2 sasms o
HOBhE &2 ENTESR, TOELBROHBHETHHMRAY 5  Fig. 2. Grain-to-nail
BT L LRETHD, T AV ATE, SED Y ETOELRTS angle.
g, ERBLOE EOHEBNE NEY, FOEEFALTIVETHEERSSD, &l
2h IR BEORELHAL LT, SEMBEBCTES 0B bhs, AEERIE
B 1L, SIEMBCOVTUTOX S EDTWAY, £iEd 53 RBE, YoREDLY
TV TIUHRDOWTLHBLERS S S,
MAIFE : STHEIRR 12d, SHBEME 15d
M EAFIE : STFIRIG 54, REEME 5
2.3 EHHETNEHEA
STELDOWE— b MEIBRA, 55V IZHAREY L k0T, FOHERHNIE P,
BEDH OIS L, BEBC YT, UTFCFIST5 L5 hiRstEERD 5,
) ARESR R
P, = F,x1.6d"® (4)
z o, F.=AMoE#BE (kg/cmd)
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ZORRMEATY 10mm BROPMFHELRAMNIEEL, ThREER2LELER
AY TH5,
i) HHEBETEASRIEL =272

P, = PauxX o x (5)

P3=P1,0X—~ (6)

I, Po=i )R 1Omm BOWKAE ke); Puax=RANBHE (ke)

6), O R LBED I BN F R ELBbDETS, 200fH: P.5), P:(6) OX/)NEIH
COWTIE, —#ic, BMRALOBEGOBEIT P6)<P:G) &ich, RM LEH OBERIX
P;@)>P,5) &7rhZ EBAME IR T B,

iii) Wood Hand book!®

P, = Kd\s (7)

LIk, K=ME@L B L - TEDLIIHEHK (b/inch); d=§T7Z (inch)

T VEO03Bmm REDBIEI I EL P, & 47 LTRDAEKRATH 5,

iv) Timber Construction Manual®

ERBE, &, TLAREIARER LML BEXPEDLR TS, kExiEsx 75
A7 =D 204 HEEREHE LIBE P=36kg L 115,

i, REM IAETOEGERB CORKEERNNRAM OFEMBE F. e Lick %
DI EL P LT HERABERLZBE L3,

E —0.25
R=2%%;) x d\7 x F, (8)

ChSDOHEMWRNE HEOKPMEFCOWTIE, UTOX 5 hBREHARD S,
P,(7) = P;(4) = 1.7P;(8 (9)
Py(7) = P,(6/" (10)
ZZC, PNk, =hRB03BmmRROEHUTEDEHERAVLRTHBH, 0
PEE (DR LBFHEMBMI LIS ~BTHELABEIR T2,
FHETE G R Ld LBHERR - SHFBM N P RDBE LD T, ERfE
EERHBROBEED L h B 038 mm ROHERELY Pt THZ Lt Lz,

3 —HEYEHR

ZETHRNTREORRE, IV, FORFBRLY, ERIL, SEAOWE—- VR
% Q)R TER LEDERABREERHE L OMOMBIBIREL X D2 &, ¥+« DEHRT
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D5 LEREMA, BIE £LERLO5FL EOHELHENR, BICEHOHTLARE
SOHBCETAMREL B LEBENL LT
3.1 MHEEBEBRA® :

R EREHRERFEEREO 7 1= V=YX F=Y OBRAKEM 2 B
Wiz, ZhL 2BERHBENCR—7Ar—7E LTHR o1, ABR 12 JAS204 #2bH R 16
em A EF b 0% 143, ¥ LA, RBRAGABECHOLEIHERBRAZIAD IS5
TEDRTIE L DERIOHR T,

RBRAOEBHERBR YT - R LY £-1 L R3RT, 22T Efv v /7REE.
R E-4 R LY S BB OBMT, FRE10cm KEOMLEY 107 mm EED 54 7
A= TRIZBLTRDE, ZOHERCYS EEREY—Y BmmES—1—7—2) 88X
OERMOE (BER 10cm) R X BEE, I—BTAHZLETHRERY T - THERLT
Wh,

WEEHEBRE Foix, —HBIMRRE, ToFBERI v IR 2L IS IsABRET
5o THIE LT,

¥, —HENNRBRORBRG LRABHEY M-5crRd, RBRA LR L OFREMA
v X 5T 0~20° 20~70° & L R 70~90° 0 3 B HIF, BOKDOD /A~ SR TRELE
e EXY VIR E RBRUNREA D X5 3 To8AEGbE, &i 40 h0RBREZHEBRL
oo ST X » CN 90 (ERISTE 41 mm) % 1 FF T % 5 @ THBRAAL,

WERA V¥ v HRARE GRBRBREFRY) AV, #2 05mm OXE CEMBATR %
iz, Xtz b A0.25 mm, 0.50 mm, 1.0mm & Lizd & A TR, &Rx lETDL D
BLEOBENCT A5 mm % 2 2 % ¥ CHENC AR & 1,

HREMIE M-5 R X 5@ EE» MO T4 7 A5~ ThRi FTio
BTEEYHE L, 25 LT2bhAHRAMOEMEMLE ERVENCIETHD, BB
HOTRTHE LEOPHELENC Y EE Lic, BRI, X UHHEHS 10kg &, B
CEMP Zmm FZ 2 Thbiibkg BRI ARVER LA, AL FA 74— 211078
mmEE, 5mm A e —-2D3DTH5H,

F—1 RuoXWHE

Table 1. Basic properties of materials

a.r.w. e E, Fe
(mm) (10% kg/cm?) (kg/cm?)

Av. 242 0.416 117 388

S. D. 095 0.027 14 38

a.r.w.: Average ring width, r.: Specific gravity, E;: Modulus of elasticity obtained from
compression test, F,: Compressive strength, Average moisture content: 13.2%.
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150 . :
100
. . E =(360.5 ru-32.7)x10°
* r=0.675
o Akayezo- matsu
¢ Todo-matsu
50 '
035 0.40 045 0.50
ru
a) Young’s modulus (E)
500 £ 0
o °
. °
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300 Fc =871.6ru+25.5
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b) Compressive strength (Fp)
Bl—3 E@HEHLOR
Fig. 3. Relations between specific gravity (ry) and mechanical

properties of materials.
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B—4  JEHREE RO J7is
Fig. 4. Method of compression test.

2P
Steel Plate

S
malGage
1/1000 mm
’\
|
FI777777T7IT7 7777777777777 77777 /]//////l 7. //1///11/ 777
BI—5 skl e Uik

Fig. 5. Method of single shear test.

WICRBADEIE LI F2 1 LT, A7l —FR3FEC I bAREIORES B 7
N FEEIROEEE L EHAME LD TH D, COXHITEBFEHEDIHI LR
I -7, W R i oxdplieLbRIOERE T -7, ERBkcii@®T 52 v ber —
&MY, EFLEAO0mm, JTHALES 30em P EOYGE L, Zhuk, Eflx L 5007k
WDk v r = s LA, SO BIALRHCA USRI OEIZ D f2 DI TSR D -~
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x—2 HRBREOHTARH

Table 2. Nailing conditions of specimens

Growp | Numberof | L.H.D | HERSRRRRER | R Seey
(mm) (cm) (cm)
A 20 4.0 3.0 1
2~
2
2.0 Qe
1.0
B 10 4.0 3.0 2~
3.0
2.0
0
10 4.0 3.0 2~
35
2.5
0

* 1: Parallel to load direction, 2: Perpendicular to load direction.
L. H. D.: Lead hole diameter.

FYFRRELLEADFEELTHLI20LTHS, Ink, TIT, ILALRES LILETO%ER
BEOLLIATOFTBAZEDZ L LT3,
3.2 HRELER

HE—C hREEZ QARTHEEERLT, 26h3HHA, B C KiU, SBEOo-vE
VARATDL VB LAMKC VB K., Db T6HBEZERBEENOEHL, “hbr»o
WTHUTRBRBEHET Lo, ok, WE—CHHMEY QRCERLILZAH, BRAH
& (fRI B) % 10~20%, BNFHET BN DD oTeht, REMOFM LinbDTEDE
FHRWAHZ L,

3.2.1 FREMBOIOKE: 371 —Trbicavie-— 21 RBRERLYFILD
L, BfEilsDkso BB Tl TRIXERRETHD, FHEMA 0 0~20° D54,
STRRCSTHEMIICHT CERBTHZ LRSS UMMERERS 5 LATEIRAN, 30D
SHBIEDOWTHRIME TR 1RER, SHEISZ 0FERKBTHEER -7, Th
12.0~20° ({E B#R) DRBRBE V2 &, BIVEERAOA T Y FBRREML S EDD
LEZ B, TOWRTIE, U, chS3 70 —-TRFE— /A -7, LTHOMN e T 5,

3.2.2 15 AHREDEE: FRHADITLAARFIENZL TEBRE VELL, A
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F-3 FREMAOEE
Table 3. Effect of grain-to-nail angle on single shear performance
Number of Ker (10°kg/em)
] Speci A B C
pecimens 0.25 0.50 1.00
0-20° 4 Av. 1.94 1.88 1.87 106.6 116.7 0.624
S. D. 0.21 0.36 0.32 13.6 19.1 0.060
20-70° 24 2.69 2.19 2.06 121.8 139.7 0.605
0.69 0.37 0.28 17.5 19.5 0.043
70-90° 12 2,57 2.18 2.08 120.1 143.7 0.634
0.29 0.23 0.21 15.2 19.9 0.057
Av. 2,58 2.16 2.05 119.8 138.6 0.616
S. D. 0.60 0.35 0.27 17.1 21.0 0.051
#: Grain-to-nail angle.
A~C: Coefficients of the exponential form (Eq. 3).
|
¢0.25
o050
[e] 10 1.00
= .0.2/’5‘
nﬂg 0.5i
_g].OO a
[}
9 & |
Y
] & s
E 5% |
o] 05 — I
w
| -
3]
o E =105kg/cm2 ® Ksr
«=4.2cm oA
t1=38cm a8
aC
l |
0 10 20 30
Penetration Depth (cm)
F—6 EH~OTHRAZEIORE
Fig. 6. Effect of penetration depth to main member

N =720 BEDOWTORERORHELY 6 ILR LIz, BOBD, ITHLAKEINScm D&
SOMERATHIURBELTRLTAS S, MPomifiz, 1D XrbRDNMERBRC X 5
K oFBHRTH B, K, Ki, BIOCHRBARITHAAE IR 2cm & LT, 3cm OBE
EREAEENRZEDD NI 5T, B B1220% kL SERY R, 2% b, BAMH
AN TE, FTHRAEENT G ThVE ZRSTOMRAMBETERVE VI L TH B,

on single shear performance.
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3.2.3 £AOEE: EARYOIBREBECILTERZTR-1B 71— 20 ot
DEERT K4 R, BlEE, ERAEAELAOmMm O =2 v+ e - A RBRER T3 HOFHY
fH, FTBIEBRETHS, Kiwid, = 0E0.25mm TLEILE 2.0~3.0mm T h & 0.5,
LOmm VA DO TRELESS mm TRAERX 2 2, o2&, ME— hlRE TR, £
¥A Br{Lic30mm CTRAEYE ST,

£F4 EALBORSE

Table 4. Effect of lead hole diameter on single shear performance

K
L.H.D. A B c
0.25 0.50 1.00
(mm)
35 Av. 1.29 1.21 1.07 1.15 111 0.782
S. D. 0.29 0.19 0.14 0.20 0.12 . 0.147
3.0 1.36 1.16 1.06 1.16 114 0.824
0.39 0.18 0.12 0.18 0.12 0.155
25 127 112 0.93 1.12 1.03 0.845
0.24 0.19 0.12 0.21 011 0.173
2.0 1.36 1.06 0.88 1.07 0.96 0.809
0.34 0.06 0.11 0.12 0.10 0.109
0 122 1.00 0.83 0.95 0.90 0.771
0.21 0.15 0.11 0.11 0.09 0.167

CN90 D & 5 K81 T, 5 7BOEIE S 5T I BRRM OB A e < BYMr M RE
BRELBBITCHSD, 0z b, ElEDTTCHEFITL LIRBRMGED 84% B\
T, IEROWMMIZFE 45 mm ORI EMEH I E LI LN IPULILTHS, 2mm
DERIE DT b DT 10k, 14 10mm OERIE U, 7HL, T8O 100% 12:E
WEOEAED T IR EIL, e EILYEIE S OBEIRTL L e - THEEEIMET T
BT ENFHEINDG, FOk®, BEBN1X 51 EILE3.0DH 5\ it 3.5 mm THBHAEA
BAER L5 XS BREARALONRIDTHS S,

DEDHERMS, CNI DBHE, $IED T0~80% BEOEROEAB D - L LHEHTHS
EEZD, ¥, ERARP40mm DL EFELThUNOBE L THRERC Oy 20% ©
EhHZ bR,

3.2.4 sTRMM: £LEXDIITIHE, GEHBRELYLIVEBECTELRXTTHSB, 22T
BMAFHEOEIHERY 5d 2em) & LIcBA, 8L, MACEAFRADSTIERRE% 2.5d (1 cm)
ELIEBREDNT, ToAIERRELD 5 d 0L OMcIEiEEEDEND BN E >k
Hiz, BRI 40mm THZ, BRE RS LDT, FEREEN=2 Ve - A RBET
3B OV HE, TERIIERRETH S,
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5 TEMBOER

Table 5. Effect of nail spacing on single shear performance

Nail Spacing* Ky
A B C
0.25 0.50 1.00
1 Av. 0.97 0.96 0.95 0.96 0.94 0.95
S. D. 0.17 0.10 0.08 0.08 0.07 0.09
2 1.03 0.98 0.97 0.97 0.95 0.96
0.18 011 0.09 0.08 0.09 0.11

* 1:2cm in the direction parallel to the load,
2: 1lcm in the direction perpendicular to the load.

HEERE 6 BER SVLW T BN 2T/ d 5% FRAETIHECARER LI
feo L, ERIIERE - TE VAN COERILIEATHS, LT, EBED
BRBCIO XS Rl LW SIERRAGFLZERTAZ L3 TE R,

3.2.5 MRIEMCIINMEEDOTH: GESOUMEELHETIERNBERKDOD
EDE LT, BERERIOEI NS, HECIREBRK XS, Sl 1) REATHILS
IOk, STERGY—ELLESE, HHOY v 7HE0BERThObIh, —BEOBEEEK
ERITEENTED, UL, SEAOTIVEHMOD VAR IDAMDOERY L b
TWHE ExEEFBLNE ERAMBOBMEMEEDO LS INEELTHT S 2 LIZEEND
5, ZTTREBRFATREHERELLC FTEC WV RE K, BB Y v 7RE E., HE#ER
BEF, SELEr.D04RTEE VDT, BRBREOERMEEIZhEEBR TS 3EOR
BRAOMBETHEY AT, PREOERIIYUR LD 20K RS TCHELTH S,

6114040 a2 v+ r— VBB X o ARMEE L WEEOHBRERTH B, X
bic, BREAKRE.05 THENRD - bR OVTHMARK L ERERRE N-Tc Lo Li,

BHREARIWThoOBHEREL oW, FO>n>EsK OETtH -1z, K, E 13,

F—6 EEEME L EMEROHEBRRK

Table 6. Correlation coefficients between basic properties
and single shear performance

Ksr
} A B C
0.25 0.50 1.00
Tu 0.453** 0.357* 0.284 0.434%* 0.452%* —0.062
E. 0.375* 0.258 0.110 0.339* 0.277 —0.232
F. 0.632%* 0.457** 0.398* 0.534** 0.534** —0.140
K; 0.366* 0.246 0.099 0.330* 0.270 —0.237

* Significant at 5% level.
**  Significant at 1% level.
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M DR E RSV E0.25mm VA0 Ky, LREA XD T, £3MiE:
BEfE & ORI, FEKYE 0.05 THER b » e, ThO DRI, TEA OBMEE
DUVAABHTTRAMDERCHEEIhB L ARKENWTE, I,  ELAMKC
AOLNBBBOEBRLANT EOIDTHBZEREDLLTWBEEL S,

Ko QT OB VASANRKREL D EEMBHELOMBNNE Y, ¥, K, {HAGD S
5V FHNEL D (B-7TD0 F-K,, B8), LicdisoT, ixilzchEv <A lmmi ko
Kir @ oW TR ERM EEOBRHB LT, TOFHEZAVTIVWEEL S,

5
i "
- »
4
’E -
k]
2 - Ea
S i
3 - ] //
B
e [ ° »
= ) a
a L P = a
x "
L e
L)
2 ]
L . f ]
Ksrazs=(10.1ro=16)x10°
1 PR ST | PSR VY ST R TS
035 040 045 050
ru
®—7(1)
4 200,
13
S
<3 150 '
L ~ =
w L By n A o
§ r o am 5, » < [ -. LI -
a _a- a
N ey i
=
2 Ry = " A - 100 " ‘. a =
[ ] » [~
2
" - ™ " A=2275 rys53
Ksroma (4.58rv+02)x10° -
L. | I I
B w0 045080 0535 040 045 850
ru ru
®—7(2) E—7(3)

F—7 HE@#HEEUNEECRRKR

Fig. 7. Relations between basic properties and single shear performance.
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(10° kglem )

Ksro2s

TEEAERLLRBRFREE F4% 15

E (10® kg/em?)

®-—-7(6)
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I .
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L Ksrozs =00157E » 736
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®—7(5)
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2 20

: " /
150 = 150 : al = ]

» - » n
b .. :" » L - .:
< 3 2 = * = L = )
ry, Q L
'/‘.A:'/'.'. I o
1001F5 = 1001-=
s ™ & )
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Fig. 11. Relations between number of nail locations and joint efficiency.
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Table 7. Basic properties of materials
No* b 2 a.r. w. u E EI
(cm) (cm) (mm) (t/cm?) (tcm?)
P-1 8.890 3.735 212 437 135.0 5211
P-2 8.085 3.735 0.74 502 148.2 5203
P-3 8.570 3.730 2.02 414 130.6 4842
P-4 8.895 3.790 0.91 491 116.5 4702
A-5 8.890 3.795 3.04 410 1153 4669
P-6 8.575 3.775 2.07 462 119.3 4588
P-7 8.880 3.720 1.54 .468 119.6 4557
A- 8 8.885 3.790 2.42 421 112.8 4545
P-9 7.735 3.790 3.00 .398 129.0 4527
P-10 8.890 3.740 1.56 463 116.2 4503
P-11 8.915 3.790 1.67 429 108.6 4393
P-12 8.890 3.740 1.11 490 112.6 4365
A-13 8.470 3.790 4.00 .426 1134 4359
P-14 8.900 3.805 1.03 433 105.8 4321
A-15 8.880 3.795 2.50 404 106.4 4304
A-16 7.700 3.800 3.32 403 120.9 4256
P-17 8.365 3.740 3.33 469 113.3 4132
A-18 8.890 3.740 3.33 .386 105.9 4103
A-19 8.905 3.810 3.75 .388 99.8 4098
A-20 8.815 3.795 207 377 101.5 4073
P-21 8.885 3.790 3.00 442 94.2 3797
P-22 8.905 3.790 2.31 423 925 3739
P-23 8.840 3.750 231 426 80.8 3137
A-24 8.255 3.635 4.00 415 93.1 3075
Av. 8.663 3.765 2.38 432 112.1 4312
S.D. 0.367 0.039 0.95 034 146 506
* P: Picea glehnii, A : Abies sachalinensis.
*8 HRBRBOSTEEH
Table 8. Nailing conditions of test beams
No. m L.H.D. . No. m L.H.D.
{mm) (mm)
1 2 0 2 7 6 0 2
2 2 35 2 8 6 35 2
3 2 35 3 9 6 35 3
4 4 0 2 10 8 0 2
5 4 35 2 11 8 35 2
6 4 35 3 12 8 35 3

m: Number of nail locations for a half of span.

L.H.D.:
r:

Lead hole diameter.

Number of rows of nails.
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T EOSmm VA DHEE ATV BD, RMEL HAF i b BARHShBRTT
b, LA SEROBEMTCRMTOETE— 2 v+ ORDRBEC WIVNEIL D, kA
DA OB K, DENEMI—EIW &4 CTOL VEBLOBE I VDI 5B RKBEZ
hTWw3®, LicdisT, m=2DHDTik K, OFHEE, EHMEIZE D2HEL ﬁ: b, A}
EX—BLid0rBLD, LCANSERBRNS LB L 1ABYOETE—2 ¥
b Thhbolkh, thickd Ky EMEOBALNEL BB ENTFHETES, Th
PETERERDLEVLOREHEC Y RENC ) LY REL B LBH TRV NESE LB,

®-9 <HELEHERORM
Table 9. Displacements at cyclic loadings

No. P Om ‘ 4 de
(kg) (1/1000 cm) (1/1000 rad) (1/1000 cm)
1 130 662 (0.91) 106 (0.84) 32.4 (0.86)
2 130 730 (0.98) 110 (0.87) 38.0 (1.06)
3 160 801 (0.96) 130 (0.94) 317 (0.90)
4 150 649 (0.82) 10.4 (0.76) 226 (0.63)
5 150 728 (0.9) 127 (0.98) 317 (0.99)
6 210 868 (0.93) 13.8 (0.87) 24.8 (0.79)
7 170 697 (0.84) 10.8 (0.75) 196 (059)
8 180 820 0.97) 12.2 (0.83) 27.2 (0.86)
9 260 1083 (0.98) 177 (0.94) 30.1 (0.96)
10 180 680 (079) 10.9 (0.72) 117 (0.37)
1 230 . 033 (087) 155 (0.84) 17.7 (0.55)
12 310 1407 (0.93) 23.1 (0.88) 235 (0.76)
Av. (091) (0.85) (0.78)

P;: Cyclic load level (calculated maximum interlayer slip=0.38 mm), 6 : Deflction at midspan,
0: Deflection angle at the end of span, d.: Interlayer slip at the end of span, Values in
parentheses : observed/calculated.
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5.2.3 @M T W A

E XA R FEOE G LD S BIVT, BB 12 i3, TATHEEC
Wizh LTz,

IR % [M-15 15T, SIARMER m=2 0%, —FBRLEMOIIREETH - f2iziid
FTARTCFTHOFIEWECH -, SIETERN6LLEDSD, 6 &d 3EKTIRA S vHREIC
ST ETA S bk U IEMR R S R L b e,

BI—15 i B o @ P
Fig. 15. Bending failures of test beams.

Tt KA Prax OHEPIE & G5 ZOEADRLEOMRE EbICK-161CRT, 22T
P T G5 TR & L COt s L R Bk ftie &~ Ch B, DE h, [MPDERY
BT K T 3818 DA DR YL b bTLOTH D, m=8 DBk CTHEAMHEN 14
(Fh s 2o b NI HlALRDA, THLEFIH r=3 DRBKRGETH S,

[$-16 1 VL LARNC 1T 7 o 7o il 0 B B GBS o f5 6 0 (b hd m=4; »=2; RfliE=
4.0 mm) & HiR T Licny, Zhb 17 GloFHER 3 2 F M o ik, T 0.985,
TRHFE80% &, ZoMOMMTHTIHEHBEL L UL 7Y F LS EbDT-HL
e kv %,
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Fig. 16. Observed and calculated bending strength of tested beams.
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Summary

The objective of this study was to develop a rational procedure to predict bending per-
formance of two-layered beams connected with nails. For this purpose a series of single
shear tests was carried out and relations between basic properties of materials and single shear
performance of nailed joints were obtained. Substituting these relations into theoretical ex-
pressions, deflection and strength of test beams were predicted.

The test materials in this research were cut from Todo-matsu (Abies sachalinensis) and
Akayezo-matsu (Picea glehnii) dimension lumber of nominal 2 by 4 size. Basic properties of
specimens are given in Table 1 and Fig. 3 for single shear tests and in Table 7 for bending
tests. Methods of these tests are shown in Fig. 5 and Fig. 12 respectively.

The obtained results are summarized as follows:

1. Single shear performance of nailed joints

In order to estimate nonlinear load-slip curve for nailed joints quantitatively, exponential
form expressed by Eq. 3 was used. As single shear performance, coefficients A, B and C in
Eq. 3 and slip modulus (K,,) obtained by cyclic loadings at three different slip levels (0.25 mm,
0.5mm and 1.0 mm) were estimated from test results.

Correlation coefficients between basic properties of materials and single shear performance
are given in Table 6. In relations between basic properties and single shear performance,
compressive strength (F.) showed the largest correlation with every single shear performance
and specific gravity () showed the next largest correlation. Very small correlation was found
between Young’s modulus (E) and single shear performance. Theoretical slip modulus (X})
calculated from Eq. 1 also showed very small correlation with single shear performance. This
result indicates that major portion of load-slip behavior for nailed joints must be attributed
to compressive failure of wood. Since it is difficult to obtain compressive strength without
fracture test, specific gravity was adopted as an index for estimating single shear performance.

No effect of the grain-to-nail angle (see Fig. 2) on single shear performance was detected
by analysis of variance at 5 percent level of significance.
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Effects of lead hole diameters are given in Table 4. The largest single shear performance
was obtained at 3.0 mm and 3.5mm of lead hole diameter for 16d common nails (shank
diameter =4.1 mm).

2. Bending performance of nailed beams

In this paper we dealt with uniformly nailed beams shown in Fig. 12.

For predicting bending stiffness of nailed beams, theoretical expressions developed in the
previous paper® were used. As K, in Eq. 11, secant modulus obtained from Eq. 3 atarbitrary
slip level was substituted. Coefficients in Eq. 3 were estimated from regression equations given
in Fig. 7, into which the specific gravity (ry) of each lumber was substituted. Test results
for load-deflection behavior are shown in Fig. 13. Calculated load-deflection curves were in
a good agreement with observed ones. The results for bending stiffness in cyclic loading at
inter ayerlayer slip level of 0.38 mm are given in Table 11. Values in parentheses are ratios
of observed values to calculated ones. In the calcuation K, at sip level of 0.5 mm was
substituted as K, in Eq. 11. A good agreement is found between observed values and those
calculated.

Estimating maximum bending load, stress-strain behavior was assumed to be elastic, per-
fectly plastic in compression side and perfectly elastic in tension side of each lumber (see Fig. 9).
Then maximum load can be obtained through Egs. 16, 24~26, 32~35. In these equations
the compressive strength : F, and tensile strength : F, were assumed to be 0.003 E and 0.009
E respectively.®™ Actual procedure for the calculation is shown in Fig. 10 as a flowchart.
The results of bending fracture tests are shown in Figs. 15 and 16. Calculated maximum load
values showed a good agreement with observed ones.

Considering these results, the procedure for estimating bending performance of nailed
beams developed in this paper seemed to be reasonable with sufficient accuracy.



