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STUDY OF STRUCTURAL DAMPING AND STIFFNESS IN NAILED JOINTS
by Kiyoshi KANET A
Synopsis

A theoretical study of the structural damping and stiffness in nailed joints has
been made. The analysis is based on a hypothetical mechanism of a nailed joint.
‘The structural damping is discussed in terms of the specific damping capacity, and
the stiffness is expressed by a ‘“backbone’’ curve. The theoretical results indicate
that the main sources of damping are the friction between frame and sheet and the
plastic yielding of the wood in the neighborhood of the nails.

Experimental investigations of the damping and the ‘‘backbone’ curve of single
naild joints as well as of simple composite nailed structures have been made. Test
results have been found to check favorably with the theoretical analysis; they
show that the load-distortion and energy loss-distortion characteristics of composite
framed panels can be predicted with reasonable accuracy whenever their loading
conditions are prescribed and the characteristics of one nailed joint is:known.
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ADBEEEROHINY: > E R EEET 5 2o dRE o RB A >\ CEESBORREfTieok D ThH b,
BT EEOBERE Y ERWC T 5 1o, BEDBVIEEHRBOREZRET HEIFENT
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y=HXE.
“AHIETIZO\Tik T=83x1078 in4, I/r=26x10"6 ind KT S=43x1076 in® TH %, Table 1 it
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STDBRLETHICIEEH I NS =24 ¥ — LOBRIL Fig. 3 FRIN5D, SIEAHOEHIL, STicET
AAM OEERER T SO BE LEF OO OEMZ ST 00, SHFOEMIESROEHEDOH
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Table 1

gy Memst- Yezaat.

Oerast.

Eeast. Mpiase. Go.37 Eqgg7

0.0375"
0.0313
0.0250

6x10¢ psi
5x104
4x104

1.564"
1.30
1.40

0.0568
0. 0455

0.0682 rad

0. 053%"
0.037
0.024

2.608"
2.16
1.73

0.48rad 1.258"
0.49 1.06
0.50 0.87
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BB bhicihir, 1 NosIEaRoHE—
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RaThbs5m7?

ZOZ EBEELT 1 HOSTESTRAE I
Al 5B IRBERTh eV SMELYRE L TR
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T3, L LEERTOR I ESTOEHER
DIRABERTH D0 D, §7E KM OBERIERT
BF > 2 IR bt b MR
MErEETs, cotiilal, ZoMEDR

E#+/Nail
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Gy =60,000 psi.
6, =50000 psi
Gy =40000 psi
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Nai) Distortien tn inches

0.2 o

‘Assussd Joiat Distortiom in inehes
Fig. 3
P

" Roller ﬂl}

Fig. 4(b) Qualitative distribution
of reaction and a possible
simplification
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FAAM L HR B S OB HATC ST 5 EHBEC TR NIV 0 LRETHE, FEATD
EHEIHEETMDEL R —HOL b OBARCELERC A TEL0EELDRD, LEADT,
A= HOERL,
L=0 K LB A L DHEOMERE,
: L=045Xb i HHOSTHEAIEDHEME _
EThE, | BHOSTEARR KT AEHE 41X #1=4x (/L) THEZ2 bR, Lich>T i BHOHES
Bk BaRIT R 1%
Ry=f1(dg) seveeereresvnsnmeneeiimmiiiiniiiiin it (10)

TRHINZETTH B0 = SIREH A i 1 RHOETH RS BESMOERNLHE—EH O S
ERTHDTH B, PN HNIIBELHEOREE P LBRACKTBEEMEDOMICOED L 5k
ERREB S,

P=ﬁR‘:£fl(A¢), ........................................................................ an
=1 i=1

I, niXSToNOEERbL T, 1 VA4 s AM I EHBRINBZRO=FAF—BRIKATRD L
ﬁ%o :

széfz(di), .................................................................................... a2

kL, f(d) Bt 10T X W I BEETO = x ¥ —BR—EREEYEDL T,

3. FIBABOBLEREEVICRIEICEET SERATIE
(1) #EEZORELE

KEO HEISTHER T X 2 B B BT 2 BREYWET A L dh b, BMERRIZ IO L 57k
EAEEHD 191 7 4% b= 30 ¥F~B%BT/bb speciic damping capacity TEHEH T2 DR
LEFITH S, von Heydekampf LOXEBIIC IIEBREELHETIEonDOHENBME LR, Th
DOFZATDOWTHRBIN TSP, A bDHEELIL

1. Starting Test,
Equilibrium Method,
Energy Input Method,
Damping or Free Vibration Method,
Lateral Deflection Method,
Static Method (Hysteresis Test)

BETHD, 203 BRADESOHEIIBEDEIIN, WTFRIBMIENRELFCAM Licb0TH
DT, SROPNEEFEOUER LAV BT\ 5, EHEHOHETCIIRBROEACBRCHELHL T,
FRZXSOTRZS B IR BORENTEHEIND . £LTL0REN L B BRI ORI EMic BT
THBERELTIVA 7 A4S D D=3 AF¥—BENERIND, FEFHOHE, ThbbRkPHEIC X
BB E E Lo miGEo 258 [@inte 2 > T®8 ¥ L &\ whirling OFBBEEL-HETH
B0 TROLASDFERXVTRLPETREFHEEINNZIVBEREOIDOT, ZhboHFHEIEELLT
B&HEOBHEELYNET 5 HAOZACDR T3,

STEAIMIC BT 2 BEIHYA XV DT LRSI FELSDFER A DI, Lo T, bhbhit
Static Method (BERR) ¥BBLItcZ 0 HETIZ 1Y A4 7 44 o= A ¥~ BAEIREMROHD
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EREZAETAZ Lo TRDbIAS, & ZANTERROME—EHRESLRIEVE L RFTOMWEL
CBIE LB THEERIERASENCH 2 LBBDRATE Y, LictioThhvbhool HIETE#E
BB RENL, Vo ERY 1 FRK, thbh bR FECHENL, T LTLDO DK E S BN
CHERLTEREOZE YA 72 Z Lo ERROEHRELRET S LV 5 bDTH ok, ThiZ X0 THIARK
HERUBRFCHT 2 HE—EHMHEEhh, BRESBOBELERN S 7 = A ~ 2~ X 5HEESTRD
biioZ OHEBEN 52 DRIAHEICNTHIREID 1 44 210 Z L D=3 A ¥ —BEBYERDLTHIDOTH b0

Z OBHRBRO-DIZ Stanford University O#EMBIIEATCSH 5 Southwark Tate-Emery Uni-
versal RBREN AV Dz, BRENITIRE X OEMzEh£h 600, 6000, 24000, 120000 HEEL5
HFBoroBMKEE L, RPCLELBECKHL CEL L BRAHEANRER DD o AERITH T 600
HECRAEHEYRISFEAL, LECRT TE & L %6000 EOBWAR L AV,

BEHOEIERIL Baldwin Microformer Stress-Strain Recorder i\ iz, Thic Lo TRBAF O
INSETEELIEAR DR, X S -HE E ThIcHiGT 5 R OEHAEE F 7 4 0 _Lic BB it
BHh5, EHEBOREDI-®IC dial gauge % PHH Lic, Dial gauge DFH AL HELREBECL X540
LOBCIIE A A—wv POBENRD D Z ERBD LR, CRERBENEREYBRICIEAT B0 i
CHBRAERBENTFET S L Bbhs,

(2) RBRARURBEROEE

REAIL 13"x34"x8" KRR (7 v—»4) KO 47x10" OEWKR (BIED X bich, EFEHRC
1% 1/4" B Ply-panel, 1/2" Eo Sheetrock (—EDBENR) H B\ X 0.15” Eo Masonite CRbfF
BiEY 7 VAL TR RBEM R Oy Fvico ohb% Fig. b ©FRT X 5 2DOROFEMHER L TAK
FOBEETITS Lz, ZLTHEOSTEAEAALAEED
iR 5 L 5 AR OWECL L bIAROEHITo%, T J H__r
AROBIEHRL D S 2ErV0ik, BBREFOLETEE  f- T -
INECER LB BRBREEX 51D TH b, !

ARk & Ply-panel O & CPI]nEIC A LT 20 Ma-
sonite LK EATHCTH DA MELMNLMORB B L | T G |
o, MEk LOWERERERAR TS L5 RIE | | __'i{—‘

ZEY, AR IS THROREOEENRITTHESY Z i

ZhLORBRF IO\l ote ERL A« K BEOE s X
CEEMBlOST BRI O PR AINET 2 - b v BlE Licd
DTH5b0. RBSORBAIIRIL.1N, EE0.064 N O K P
\ . \Steelﬂbtk/
&AM L AEOSTR AV bhic, ChaRiC A" RIET & & ;
35z LT s, RERTHCIAMOBRMDE O s & % “ J%%y
Table 2 KT,

I
|

3 1

Fig. 5 Preliminary test specimen

Table 2 Nails used in the experiment

Type l Name Length |Diameter Ig?‘;inléﬁgf Note
A Wire, blue, light 0.110” 0.064" 0.16% Flat head
Box 0.125" 0.082" 0.21” Flat head
C Finishing 0.125" 0,069 0.107 Set head
D | Box 0.150" | 0.082" 0.25" mﬁl;tfgf”‘s‘};e:f_";‘ick
E Galvanized box 0.1127 0.076" 0.16" Flat head
F Wire, blue, heavy 0.187" 0.0727 0.177 Flat head
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BB oEECRREOSHEFFTH LT ECREATER I 2 NoB tiTi-hiz, Beam-type
ORBRA X A WERT, ¥l X 5 el RERRE X 28 ORRTETITS Liz, $IiTho i
L b oEENLbhic, ¥ TR IR, SIOEMR) b 1/8" BEM LTV 5REE T~
v=—TiTbir%k, FRANLEI2HEOEY A FEELT2IROEIN LETE FRE TR LB TEITL
B Lico CHIZEDETRR LT H—BBIICH 2T/ L, ST RANERERCRTTHE
B RNXLTBE LRI LDTH B EGRABCEECITA DU dic & Q KRS Hof,

(3) BRRBROBE

ERECILTNTORBRA %87 1 K oW CE SO EOHERECRE Lico BAT ORI M H AT
HEE X H R ot ME—EHOBRIERREEED 7 4 brf@ihhic, BIEY 1 7 L OB
IRy —HRACTihokBRBRA ZHEE L TCRAD AR BHRORE LT, TRTIHSL 700D
BRELMELE L,

BAHE (WEIRM) Offlik 1 ¥4 242 L1267 11 ) BHEQHESCHINE Lidl, ¥bbBaK
BHEOKE I —~ELFOcE ETHY 1 7 VORELBE 2T n07c, ¥ic 1 8014 b BHEOHE
TERELHEOKRE IYFE L BEOo MR LRD LI,

(4) R B & #
Tota! Load, P

ERERTROBBTRTT 50 | Total Load, P
HEEEER Lo TEBbh - HE 1000% ¢
—EHREORRNHERY Fig.6
int, Figs. 7, 8 XHEOKE
TRIBRERD BV EPE Ldl:
LEOREMHRE T 7wy FLICHO 500% 1 J

THbo chboBEEMBOHING |
ﬁ“"#

+2500#

B oBE T b b BET BRI
HT 3 MBI oA YED,
FhLOAOMBERFEOKRE XX
BEoBERiz L A LBEELITVWE
bbb BAEHE T kbbE
WoLRMNEBEMBOEYS 71
TERBAIEI R, EcliB (v—
7) WoEREE 4 74T J 77
5= 2~z —TRDBII, I
Fig. 9 i “backbone” H#R3
fthb 1 RosTemz bhicHED
KERLEAMORRER L DE
Hx7ey PLdoD —FER
T COEHERLBEL~FHOMH
Biichbd 1 NOFHEREN 11
IANYE D ET R ALY —BRE
LoBRIT Fig. 10 KR3INB.
2484t e SO Ply-panel {385 %a0%
HoMBtcH B0 D “backbone” Fig. 6

Square Frame
Test #44,"F* Nails
~-2000#
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BHRRO =31 ¥ — A —BHHROMERIZESCBHOFTACHEE IS Z LXBHCEL DR B, £Z
CEREH LR ONE O HARSTHEASROERCRETHEY B 5o fE 8 BoRB Y 7ol KA
OFFARRH AR EEE, C RUOREFEES, P, 0 ABOHAARCOWTEDEBOE(TS B
Fig. 11 T3, PP, PC, CP RU* CC &\ 5 BEBORMDXFIIBEMORE F|E, #L(=&Ho
Fi% Ply-panel fiiio&REOBME LR TEDOTH %,

Fig. 12 3RO 2 1 7ORBRA T3 2 KRR L BRI 1 HOSTHEGROUERLLHE LER L
KB LD THB,

c K]
= =
o|s 3
=] -'g N
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®
g
t—

50#

100#
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Fig. 8
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(5) EREROLE

ERERE LT T Ao TIRBEOEI R AV, L ARO R B O00RBRA 1 bRDIET 1 7Y
Y ORBE—~EHHBRRO = 1 ¥ —BR—EWMBLEE Ui L TLhboBRAFHCR —HT
T ENBD BRI, Figs. 9, 10, 11 KiE, LEatoTHOXERRICT 55  ORBA OEBRER S HET
154% ) DEERERDTRE L LORRLTH B, o

RARRIC, SFToBPRTENRRBES, RO HRREZBRD 5V EEH LAROREOTRAORE
TOWTHHE L,

4. B R 0  §

1. —BESTEARMOBENIWEO MBI T 5, HE—EHMBROBIEDHADRBDO RO Y1
7 LTIt softening type ORIEERRL, BRACKTHHBOAEIIRIKNE L, STHEAE,HOHEYR
DB L E, ST AMBIIFHELL R I NI RDEFCHECAKERALTBYTH, TLTHHKRER
DXABNELZEBDO =R AL F~RINNHRBIE, Wz it specific damping capacity T7chbi
AW/ WOMERB EAE 1% Lo DERHAT (ADHA) BT 58 b REDY 1 7 L ORE—
FEHHMBULET & FIRIC softening /¥R R T hbB 191 2 L BOEATF RO RFHML LB T5
& ADFH A ERFT L 1B s 0 S AL B % 00 S RO IIIAR X b2/ &, EHER
HEFEL1FES M 7 AOHERKEV, SHIIFEIEV M7 1LDORELXKABRE XYM 7 VOEHBRERCN
bEEREEDRB, FichbE 23X 1 2 A TR T CRBHONBRELEXNBDTHS,

REIDFELVCRFERMAYV 1 7L BT L &, FFMEEHMRIIHEARC L& N HEONVHT
EREERT T, LicioT, ZoBMAHIGTAWEN LT 588X, BT stiffening type
Lich, TOARIFHEE L bERTS,

BABHORZIZRBFEI VNI VHEHHEC—ERLFEZoLLIE, BELEMCIOTEHERAROE
HEBIHCHAT BN, FORTET A I ABEETI LB A LAY, HLBRAHEDOKE S0
e AT, 44 72 2 hOBBELHEORCEHBIS B AREITRET S, BEL OV 1 7 1 DRE
LEHOR, BEROBHELND HHECNKTI1ELRLORFEOARZIREAZIRBM, LALID
[ETHEAROFEHBANE] L LV IHIREMEORREXERVICKRDSDIFHECEELHFTH 5,

2. “Backbone” HBDOER — NEWEOAXILXEBEHEOLENLOBRYRITHBL =
T “backbone” BHBREERT S, THIX—EDOWEHD COBMIHMATEOKE LB L 5ER:
LRLADH, KERTIX 1 RHOECHR LT 50 HE, Tibbsl 1 R OWTBHEOFHEHETIEH L T
““packbone” HifR2R® Bivize L L OMEMS MR BBERIT “backbone” HBOME D
PRRKBTHHHZ LITUREL DND,

“Backbone”” HIfRIIBEAMT KT B0, 1k, RO EARCEFEHOMBIC XS TEKE IR BM,
—Z Z OB R A BV TRAD AR Y o softening type &7ir5, MELSESROKFEEC
HES o T, HBROARIZ0CHESE, ¥ -l EBRAMENED TN RVWR Y BRFTEOW
Wiz X >TCEAE (unclosed) DL —F %R TS, (Fig. 9 8R)

3. TEEHMEORELLTEYA 212 L0RR= k¥~ RbTHEL, 1517 hElBIh
B AAF - REBEHEOHMAL L HIHTz L &RTH, Ply-panel 0RBRAKOWTIRE T &bt
0.2 BT % ¥ TR ZOHBRO AR OELIABD TLIn & Lhalbd 3,

R LORRTIIETHEAROLHRECHET HEHEIL, KBt 0.3NTHD Z LW LAk,
ORI DL 0. 280 BEHORBEATIE, BRO 1 ¥4 7400 =3 A0 ¥ —BARBIEEEREDOLRIC
BSE L, HEOHEMNEIIR VBRIV RIS,

4. 1EXDEIRFLBEIEAB=AAF—YHELLER, REEY 1 7L 0 LETESRCEHK T2 =
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RANF —RIERGOEEORMOBHER L, AR INFEN LABRORER ST 5 ERES 40
TH5 RPN IR, STHHET D= 3 ¥ - BHIISTEARC ST 2= s ¥ ~RINEOK
A=y PRIV,

5. SIOJERFELEETHOT, ChISIEABORERAELER= 31 ¥ —DBYXETH 30T
B %o’ X1. 1M, EE 0.064 N CIHIBOR 0.16 72 5 IRET* A", Ply-panel DERIETEr 1A% b #9100
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