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On the Effective Stiffness Ratio of Connection Members
of Nailed Built-up Wood Beams

By

Minoru SAwapa* and Nobuharu YaAMADA*™*
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WA ThHB, 2Fh, AEOEHEA A YL TEEX YEPRET S LOHRIT,
EHEREDONRBEZATHB, 2, THERLLOFHECH LT, £oRFHEREKT
B—ODMELENR DB, Fhit, BHOFYEBEZEDHILY 5T, FLOEOEMFHAIL
ZH LD TENRFTERLBRVC ETHD, BR, TOHERL LTRBERHAEY
LBERTHBID1HB, Lrl, TOFERBCIIOBRONDE LK, LT LIKED
HRHEMAIRELBhTWAEEEL bR,

LichoT, L, FOHEEFML, EAMBOMBERHERGREL LI > TEIVERX
ELRRBD LIS VIR, T OEEZRORMMELHNOTFHCRbREVWEETLZ LT
Bz bk,

ThbDz Enb, EEbHX, EHY OBBKERC X 5EMEBENC ) ORELHWT
BEHESRIEOBEREHATZFE Lz, L1L, ZoiEbnd, HEENMEE LTCOHEEE
B (@) e\~ L, bearing constant® ky=Eja DT>V TORGILERBBHE LI T
CERTIR, ST LLEERARER TORREE b TR, LT AEREDO R
FHREDEDBLEVSHET, HETWEDRIELEZL TV HRTER,

AT CHE LA B WHABRIL b 23 &0, ThiTFEMHERE O
FHRC X VEHEDRELRD T, ERASTEARI Rt E, PREPHESRHTO
HMFRBRE B - R, 240D 5 v +RD502bL LTI REFLERHLESD
ZEWTEL,

1. STAREURICHIIMAEHREONERR

2 EMECHEN % b OB EOEH AL COBIMT I N ic X 2 EMHOM X E B LT
D EDOBRSERILT B,

-1 s T
s
R= 5% 1L.1)
2 = Mus=Mzu= 6 KR a2

Tl MaEHoMScETsEe -2 v TH), BHEBYIHRERD, F
72, H-114T1 AL OB QB LT, TOEHMBRBELEANCLDLIEIDTHS,
Lidto T, N=r-Qr=%EHB L, A—BEHFLTOEELR LT

M=(1+ph-N=—-12K.-R (1.3)
1.1 E Q) nb, RrFoBEHRIE K 2140
_ (1+pPN -
K,-————IZ—S— (1.4
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X , 4 o
DER, EM—AY Y OMFRIE h - _._®_-~§@ra 4 -—2a
* K, ¢T3t ‘ T WAL v” o R
_(EA), kR ® + I
k=""1m-xuk a_%____ﬁh~L b TR,
(1.5) (a) + 2(»1

@® x#H, main chord member
® M#, connection member
B—1 gr&EdvRoREMic b X8
Fig. 1. Interlayer slip behavior of the
nailed buit-up beam.

T2 Ke=FE# o @7 5]KA

BlEw X b, BHEDRIL (k) 2

KATEDLEZh B,
_ K _ (148PrQ
k=R T K (1-6)

(1.6) R Qfs 1, EH &Pk & O—ME B Wic 1) 57— b @ slip modulus (con-

nector modulus) #E%R LTV 5biFThHhH, Fi:
ZO1.6)Fit, dFHERCKITLEMEHRILD

&ﬁ%%b LVC [ 6o
L1 WERBRCIIHNAR

LORER T, ZTOEMO—MEIRERYS
b, B-2fURLIcX 5 e $TOBH#MBEI D LD
bha,

SR ENRRIEDZ—ROED V& LT, AUHCKRSE
BEZBI 39,

(1.6) R Qfs DEHEII\VT, §T% Bl K

E—2 WK EORHERIC X 5 ETOEH

Fig. 2. Deflection curve of the nail
for nailed joint, computed from
the beam-on-elastic foundation
theory.

Thik, EfEBEMOMER XOSOITRARE

4Esls 14 L7
(1+¢?) (coth ¢, 2, +  coth p,2,) ’

ZZi’ Ks=slip modulus (t/cm); Esls={#ReTOMFaN:; p=Ybd/4Es]; ;
d=§]f% (cm), ky=E/a=bearing constant ; E=Young’s modulus; a=
STHEZEH, effective foundation depth; w=p4/p, Ss=ys1+¥s2

T, EHETNGENSTT, Es=2100t/cm? & L, 5D, 4, b, WEBEHEKEWIES VW iiL

_ AEsIsp
Ks=Txa)0t+0? (1.8)

=3>Y e
p=0.222 BB.4-0% 1.9
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ERWTrERDS L
Ke=rr o B4 10

w = (ko
¥, LREHLEHARASHERETBLRRLS BB E, 0=1LkoT
' Kg=1.266 k7. 4\ (1.11)
R, COMEURTE, TH, WAL S HBIEHELHAE VDT LIDREALTY

2 & A EMBIZT,
DER, 1.6) RLIE T, s=205 LA ND

_ . TKS
kes = (1+ BF 9K, (1.12)

Co (112 R, EHEDREOBRIERTH S,
1.2 BHAMNNS CREmBHREP O
CREARFRD X 5 EAHERTH S, B

kop=an-rP4K, (1.13)
T
i (lgfz)fgﬂ) (1.14)
7=15(§]) cm™
Py=16d'.F, (1150
= —HE3IM IR A 1 (ke)

F.= REMHRET, $HES 15 X0 I ETEhFh 350, 250 (kg/cm?) % & 5
fols, ERD pPi=Ks 3 ETEM O—EIMic 351 2 0l B EELT LD EAbA
K§= P10/5S Plo = ﬁjﬂﬁi (1- 16)

L LIS B, n=2/6s=15 & ZizDiY, PLCOMMID 6s=133mm L Ex oz Lieins,
S¥R, (L12RE QLI REHBELTEHE S,

o= Eerlkes (1.17)
_ k3
| __a+p ,
SD_TI—-FB)_(z—l-—,B)'v'PS/KS 4 (1.18)

ZIZC LIDKIVCAIEZRAL

Y o aw
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fe& 2i¥, B=1; 7=15(ecm™), F,=250 (kg/cm?®) DiXH\ ik (8T8, $HEEMH 11 %)

@ = 4,438 k0. 4005 (1. 20)
LictisT, &K, ¢=14&721EH\
ko =7.292-d15 o

d=02 03 04 05 (cm)
k=655 673 686  6.96 (t/cm?)

Doz &b, ERAFEROHHECERERRILYE X5 Ehibhb,

2. STAMEM RO ITER

2.1 HMEOMI&HF

RBRBOMEMZ, EMOWESE, EHELEHOMRWR (BEX ), EHRIVH
Moy v 7R (E), SIHEEE (@ b0, —EHY D OR—EHTALTCOEERNRE 2
bhaZ it TREINS,

2.1.1 BERBRROXBHK

KE=V=YBIVL F~ 70204 2 EH B LCEHCH VIR, TOTHERE &
AR, WEBIVOY v 7FEREFRIRCLDTERITHD, EMOLFHY v 7RI,
#1130 t/em® TH Y, FAMBIERALERSHERRL DO THD LA, RPEE
HERDBORDB, B, TOFRRNL, LBERFRELFEREHREOLDOTH S,

2.1.2 MHOHNFHRE (k) _

MUBROREMHELT, M-3R LDTIOIRAAVI=160cm; EH HETAH r=4;
{EHE CN 75 (d=0.376 cm) & 5% CEHHE L1,

Thivdk COFREKXIEEEREZNE LT, bearing constant ky=FE/a #51HE L
T (R-1), HEEROMEE MRS LAKTHS,

FRAVEY)OEHMEBE m X 1~4ETH S,

ST, UErbHERETEEMADRAILIE, &R, 8 d), EM3IERE K), »
ERB) BIW AL E20L5REFEIND Z EXDIS,

ik, thidHFARCIHERFEMELEBE LLERBRCHMFLS, £4L LT
kr=0Tks e, ERGEMBEIERTRMEI DI 30% EL o,

2.1.3 MHOFHERR

RBRBCAHTHEMOFHERL, AHERCIY, RHARLDTIELEPREFHNE
HTH LD,

B, R isWT

243k 12@m—1) ks ] ' _
= 6@m—1) ks [\/” @+3ksF | @h




128 AR AEEHBRFRNE £5% F1E

1—-2x
= ol 2.2
xi = xy+ia, (f=1~m) (2.3)
ChbDHBEREY /L TEIRLDLE,
i
® 12
o] | |o] | :
| [©) ! {
le— ctol Qol | Xol ;
| ¢
X1 .l ,!
05 4*!
m=2 1=1600
s 7o 3T
— 5 | e i e
39 i Hhes 1 ) )
TS .—|T— cN s 'J:
2 (unit:mm)
o LEXDEE: X TEHXYEE r=4
® =x#, main chord member @ ME#F, connection member
B3 RBREALBOBHEELWELE
Fig. 3. Location of connection members and loading method
for nailed built-up beams tested.
1 HBBRoERMNE
Table 1. Basic properties of test beams
Beam w u ru E a ko species
No. mm % t/cm? cm ‘t/cm3
1 2.05 109 041 130.0 13.1 9.90
2.65 114 045 1229 12.5 9.80 Todomatsu
2.25 10.7 044 119.5 10.3 11.60
4 2.50 11.2 046 100.2 8.6 11.65
5 2.00 11.8 045 1234 119 1040 Yezomatsu
1.85 119 0.46 132.0 10.2 12.90
7 2.00 11.7 0.48 152.0 124 12.25
2.05 109 047 1455 10.6 13.75 Yezomatsu
9 205 115 0.46 138.0 115 12.00
Av. 2.16 113 045 129.3 11.2 11.58
CV. 12.1 38 44 119 12.7 11.6

w="L¥ERE, average width of annual rings; »=}4 KK, average moisture content
ru=RRB5ILE, specific gravity at test; E=+v v 7%, Young’s modulus
a=$IEEEH, effective foundation depth; k¢=ZE/a, elastic bearing constant:
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RS D 3 5 H %) WL (kes; ker)

Computed effective stiffness ratios of connection members (s, %er)

kes=(1+ B rKs/2Ky=2.253 (1+ BR k3 d1.T5/Ky;  ker=aUr-ps/Ko=

12(1;5) ﬁ(4+ﬁ) AYK,

(r=4)(7=15cm™1)

Beam b h B K, Ks kes ket tr
No. cm cm (hefh) t/cm t/em S
1 8.73 3.80 1.04 2 270 1.14 0.338 0.258 0.763
2 9.05 392 1.00 3 273 1.07 0.338 0.252 0.746
3 9.05 3.93 1.00 4 26.6 1.09 0.327 0.259 0.792
4 8.76 3.36 1.18 1 184 1.23 0.634 0.399 0.629
5 8.68 3.95 1.00 2 26.4 114 0.345 0.261 0.757
6 8.69 391 1.00 3 28.0 134 0.381 0.246 0.646
7 8.49 3.70 1.07 1 298 1.28 0.368 0.237 0.644
8 8.16 3.68 1.07 2 273 1.32 0.415 0.258 0.622
9 8.16 3.80 1.04 3 26.7 1.27 0.396 0.261 0.659
Av. 8.64 3.78 1.04 264 1.21 0.394 0.270 0.695
C.V. 38 50 5.6 12.0 84 24.1 18.1 9.7

b= # ¥, width of main chord; h=F# 0¥ =\, depth of main chord

he=k8# B, depth of connection member;
members per half span; Ky=EA,/l;

m=$% 2249 O, number of connection

l=span

A= EHWEE=bh; Ks=slip modulus=1.1266 £} d1.75
d=§J1%, diameter of nail; p,i=4R-FEEIMH I =16d18.F,; F.=§FEMHRE, compressive
strength (250 kg/cm? for Yezo-matsu and Todo-matsu)

4 3

2 1

psai o el o

a}v—x,l—T

|

M

051
|
_ 243kes 120@2m—T)kes | ,_ ]
Zo = 6Cm—1)kes [ IR +1-1
ag = ;;f:f ; xi = x9+iag; M,y = Pl/A
V=2a0Mo; ke =(140P SRS
F—4 SIEMVBC ST AEHOFHEE (GLHER)
Fig. 4. Effective arrangement of connection members for

the nailed built-up beam (Tsujii’s theory).
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L R3 B H oK HEH

Table 3. Effective arrangement of connection members

Beam m Fes z a a zn xl Xl
No. cm cm cm
1 2 0.338 0.263 0.095 15.2 0.358 57.3 725
©2 3 0.338 0.244 0.073 11.7 0.317 50.7 74.1
3 4 0.327 0.222 0.062 9.9 0.284 454 75.1
4 1 0.634 0271 0.153 245 0.424 67.8 67.8
5 2 0.345 0261 0.096 154 0.357 57.1 725
6 3 0.381 0.224 0.079 12.6 0.303 485 73.7
7 1 0.368 0.294 0.138 22.1 0.432 69.1 69.1
8 2 0415 0.241 0.104 16.6 0.345 55.2 718
9 3 0.396 0.222 0.079 12.6 0.301 48.2 73.4

_ . 2+3 kes 12@m—1) ks ]
kes=(14+82rKs/2Ky; x9= 6@m—1) ks [\/H' (2+3ch)2 !
1-2

ag=

2.2 KBREOHITIRBAEX

DB X DFRTOMILEBARE L DT, A< vihRiEIkit U, BHELTO—
EE HD, FOMOFRMFREYHELTHD, S>¥FOEHTRREOMTIRBRYBC
73:0 72

Eﬂ‘b A A VERRER O) % 102mm ZH30mm A K v — 7D XA 7 A — 2 THIE,
3 BB OMGE LTTERRK, BEARCH L,

BHABR TOPREZMEIE, FA 7472 L 1mm BRORy — %P L,

3 BB LM ERBRIL

I 0kg—120kg—0kg D AR « R CHEH A 5kg (4P=5kg)
II 0kg—240 kg——0kg 4P=5kg
III 0kg—360 kg——0kg 4dP=5kg
TRV, BERBRCLMERNAR kg 5 X5 Li, 2L, No.3 Kh-Tit, T
NTHEX A 10kg THIE, 53 BB OBE LEI DI 0kg— 460 kg—0kg D 4 BrHy %
ML THOHERRCH Lz, ¥, No.4 TiE, FDHE LHEAY 100kg, 200kg 35 L O°
300kg & Lz, Thbil, BHHROXNMNCIDZEETHS, FH LEARBIILHEDOS
viAELE vEIBBRBETH D,
2.3 ERERLER

2.3.1 piFERER

HE100kg ¥ DR VRREER oy, WHARTE Py, BRWE Pn 35 X OB KT —
AVE M, B LTERARTLDT, Thbil3TNC, WEHAE—REAMHEID L DL
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Table 4. Bending test results of built-up beams

Beam on Pp P M Py
No. cm/100 kg kg kg kgm Pm
1 0.499 360 825 330 0.44
2 0.338 370 985 394 0.38
3 0.287 480 990 - 396 0.49
4 0.692 — 640 256 -
5 0.357 ) 350 920 . 368 0.38
6 0.287 350 980 392 036
7 0.487 360 860 344 0.42
8 0.406 380 715 286 053
9 0.318 380 1060 424 0.36
Av. 042
CV. ‘ 15.0

dn=THE 100 kg 24 b © A v i, center deflection per 100 kg load.
Pp=H#IB# &, load at proportional limit.
Pp=HKME, miximum load
Myp=8K#MFE— 2 I, maximum bending moment = P,l/4
DTH5, e, No. 4 DAL, %OWE—%&ﬁﬁﬁz?*\bﬁﬁﬂﬂﬁ%bb Licik®d, HAR
HEYHEE Lzd - (B-54d),
2.3.2 ANUPRRHOHNBEERIMAOD LB
EHBERTOHEEEAR dvr KA THL EDDBRS,

Onr = 50 [1—'36 %-aoélxi (l—xi)] (2. 4)

T T 8,=PP9 EIL,; EL=F#—%%4HDiFRIK
T, D 100kg K Hh OBPEAXEB LI Ok XS5 LD LA, No.l kXU No. 4
THE ) TFHELZ ETLTWALDOD, 24 LTRELDCRIFAEGELZREDDI Z ENRT
&%,
2.3.3 fITHARBEDOFHMICONT
ChORBRBCOMTHARRNEYL, EHELEHEO—EIIM R D EENOHEHEL
fo, BI%, \vE CO—TINE IR Ns TRb#E, REOHED 7
Ng=r-Qg=2.253 by "5 1T F, (2.5)
zZ T r=4, d=0376cm, F.=0.003 E & &g
Ns=4.88 k;*5-E (26

Lindic, M=+ h-Ne=2 Ps OB FSGR TV HOT, 3 HMFLARNE Ps
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KA TEDINE,
Pe=2(1+8) 1 N @.7)

C.NARTLLDI P LER P, LOKKIZ RSB ICLDTLERDT, 25 2F2h
8%, FOFRTMEEIEICRDLRBES, ’

2.3.4 BAMTE-A PO#E

BT GIRE S EH & M & OSTHE BT KT 5 SIHEIL N E M OMEMRBECE LI L
ERbhHEEEZLOT, BAMFE -2 vt d, ZO—HEN CORBRREENSORDS &
Lt5,

LI O OERIFE w L, LTOBRRMEIREHINGR IO 2l o> Twbz &4
HHhTVWD, LichoT, EEL D Zhiciby, FHE—HmIUKR T Ns D 2 G2 BRED
BWRW S No BT EE LI

e, HERK#TFe—2 v iy ML, 303

M, =2M}=2Psl/4 2.8
ThEzbh3,

EORR, RSCLDT IR, ZOHEME M.k, RHE M, OF#H#82% Lic-

T, EFORLMBERHS> LoD, ERLOHEEMEE LT, FZY L >cBbh 3,

5 RREBOMITHECHITHIIBELRMEO LK
Table 5. Comparisons of computed and observed bending
properties of test beams

Beam dy onr Ns P, Ms Ms Pp oN My,
No. cm/100 kg c¢m/100.kg kg kg kgm kgm Fe 7a M
1 0.822 0.408 358 365 146 278 0.986 1.223 0.885
2 0.764 0.329 341 457 183 26.7 0.810 1.027 0.926
3 0.780 0.288 330 524 210 259 0.916 0.997 1.058
4 1.538 0.895 265 159 64 194 — 0.773 0.496
S5 0.776 0.384 336 347 139 26.5 1.009 0.930 0.755
6 0.747 0.293 340 422 169 26.6 0.829 0.980 0.862
7 0.783 0.489 397 276 110 304 1.304 0.996 0.641
8 ‘ 0.865 0.392 372 341 136 283 1.114 1.036 0.952
9 0.829 0.321 362 442 177 28.1 0.860 0.991 0.833
Av. 0.979 0.995 0.823
C.V. _ 170 17 207

do=Fi3/96 EI, (P=100kg); !/=160cm; EL==%# o iliFM#, bending stiffness of a main chord
ONr=TFE 100 kg %4 b OB, computed center deflection per 100 kg load

Ng=r-Ps=2253 kg9 B.d!B.r-F,; F,=0.003 E(assumed); Mg=aPs/2; Ms=Fsl/4

M, =2Pslfa; Mu=8KAMF <~ 2~ 1, observed maximum bending moment
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2.3.5 EHOHITHHELCDONT
M-4 b3 WH 20 X 9, EMERBET BTIRME XCERUTORMARICIL, —#
REHTORTIEEHREE BWR) TORHOMTRLINS,

M 1 |
7= gty IM=mb) .
zzie
1+3 ?
Z= 2§DZl y = —_—i?:—‘(l'l_.;-ﬂ
Z, = bh*/6

2.9 RKREHNT, HITFLARE (05p) ¥LORKETIGHE @) 2518 THEL, 6
LT Xoe, Wihd 500kg/em? %2 % 0 52Tk, TORDTX, ZOEHOM
FEfGREE L HE XD 0.=0.003 E (300~456 kg/cm?) X h KEALRDDT, ZhbORBRE
3, Al ED, RABERZ 2T, M hBEBCASTHELALLDOESZLLhS,

¥ E6K, ZhbHOEHHMENCHlTHELIIIDOREME (0,=0.006 E) ©&xt L
EOTHWEDERNTHEB LIrORBEY LD L, Thickbd s, 050760, (cv.=1134%)
LiroThh, &R, BEHHEOR WL DOTIE, BEALEMOHEBEIL—HKT S (No.4) O
MR EVZ XS,

S¥Rr, EMOWET—x v M ThaNH, ZhIRBRBomTE—2 v 1024l
W T, LiehisT, B LDTERD, BHENRS LR EZORRIINEILTRD
2, ZORBBTIE, m=40 No.3 T, #12%, m=1 D No.4T31%, No.7 T28%

%6 THoFEHMITEHE

Table 6. Computed bending stresses of the main
chords of test beams

; Beam M, M, ovp M. Mo, o oe0 _0b
" No. kgm kgm kg/cm? kgm kgm kg/cm?  kg/cm? 750
1 274 144 242 62.7 330 554 780 0.71

2 21.6 148 212 57.6 394 563 737 0.76

3 23.8 192 255 49.0 396 526 717 0.73

4 36.0 118 272 78.1 256 589 601 0.98

5 26.8 140 219 704 368 575 740 0.78

6 22.1 140 201 61.8 392 563 792 0.71

7 39.6 144 292 94.6 344 698 912 0.77

8 316 152 279 594 286 526 873 0.60

9 241 152 244 67.3 424 681 828 0.82

My=aPp/2; M,,=Ppl/4; Mn=aPn/2; Mn=Pxl/4
My
on=""g 4 5 z1 [Mp—mMyl; Z=29Zy; ¢=[1+3(1+BPY2+F)

Zi=bh?6; go= m"\z”m 712-; [Mm—mmm] s 020=0.006 E (assumed)
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TnwEEEots,

2.3.6 HE—AHHMCONT

SEEE LMEARC X 2RBRBOME—FELAMBIIE-5D (@a)~0) K LD LItk HT
BB, TORBMLAE LT No. 4 ¥B\C, #E LK X 2BYEHELREOMAITLKDN
NN ETHD, e, TOEME LT, BELR XZBEIARYEIENLALHALTY
RCEFTTFHRLIELEEYTHSD,

B, ZOEIVOBRRBYEBERIT0.6~26 mm O T, FHH16mm ThH- 1,

3 BE LI ER M odb & ORMERICONT, KRR L OFH 100 kg #ENM h 08
AbeDIhr vt LT, ZORKMBOFELHDOWIERBEL onr & BB LICH,
BERFLEEHRAZIORS,

] L.}

Bt 2 EHER, FEHI&G0L L CEBET A AREAROME MABHER) OibHE
RMEEWT, TORIEELEREN /MABYHNL) 2HERBEREHCHEE L, X5
T, ThAEHWT, =V=YEIUF P~ 204 M COSBEM B HME L ChREdT
BEACHTFRRBRE B RY, FRRTEREOFHSGEZRHN L, TOKE, thiFRiE, T
HABRMGEE b, FFEMEELRAELZELD TR —&K L, X5k, ZhLATROBRR
L, EMEEMEDOHEEINHH IO 252 L5k b, R ERLKER

No1

500 o
% .c'..
...0
400f———— oy BT !
o P

&
/¥
7
jc {0, o] SN 4 - PR
red 1 szt sr.a—L
7
/ ..-' H 80cpi .

7
kg JE e *“T
ye ,’ Pmux.GZSkg .
e o
l..
0..

200}——— ‘-_-_'.-" /600

B—5 $IEMIBONE—BAMR (a~i)
Fig. 5. Load-deflection curves of nailed
built-up beams (a~1i)
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Summary

The main objective of this study was to develop a theoretical expression for the
“effective stiffness ratio” of connection members of nailed built-up wood beams which
included the effects of interlayer slip (Figure 1).

Verification of the proposed expression was sought through an experimental study.
The bending properties such as center deflection, proportional limit load and maximum
bending moment were investigated (Table 4).

The theoretical study was conducted for a nailed joint by using the beam-on-
elastic-foundation concept! as shown in Figure 2.

Experimental tests were conducted on nailed built-up wood beams consisting of
two main chords and connection members as shown in Figure 3. The connector used
was CN 75 common wire nail.

Basic properties of the test materials (Yezo-spruce and Todo-fir) such as width of
annual rings, moisture content, density, Young’s modulus E and effective foundation
depth a were determined for each member as shown in Table 1. By use of d (diam-
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eter of nail used) and k%, (bearing constant®=Ej/a), the slip modulus (Ks=connector
modulus) was computed from Equation (1.11).

The theoretical effective stiffness ratio k.s was computed from Equation (1.12) by
using the slip modulus Ks, Young’s modulus E and geometorical properties of the
main chord and connection members.

Tsujsir’s theory? provides a rational procedure for determining the most effective
arrangement of connections for nailed built-up beams as follows:

in Figure 4
_ 248ks 12@m—1) kes ]
= GC@m—1) ks [‘/H Ct3kyE - @.1)
]. 2 xo
N Imt1 2.2
T = xy+ia, (f=1~m) (2.3)
where

kes=(1+ 82 rKs/2K,; m=number of connection members per half span;

Ky=EA,/l; A,=bh; l=span; r=number of nails per connection member

36(1+58)7 Z ]

5N1'= 50 [l_m Ay z i (1 xi) (2 4)

where dnr=theoretical center deflection
50=Pl3/96 EI]_ : Il=bh3/12

Good agreement was observed between the theoretical predictions and experimen-
tal results as shown in Table 5.

The results of this study are believed to be of considerable practical significance
in the prediction of the bending properties of nailed built-up wood beams.



