TESTS TO DETERMINE THE JOINT STIFFNESS AND
RESISTING MOMENT CAPACITY OF JOINTS IN
TIMBER-FRAMED HOUSES
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Abstraci Wind and caribguake disasiers in the world ofien cause bllions of dolbirs of dasfsags
toy bl dings, most of which is o roa-engineered boildings especially bomes, Wood-[rame homes use
conpecivry which exhilit partial rotational ngadity ol the meenbor ends, maling anslyiios] solutions
difficult. This is due o the sk of infofmstbon aboi the complen hehevior of the conmections tsed
in this type of buiklings, and the Ik of & methodology to snalyze ight-limber frame bunldemgs with
Mexible juints, In onder to sldres the problem, lests were carmed ol 1o defermine the moment
redation charscieristics of wood jonts made of converionsl and mechanical fasteners. Dunng
Pesbing. i was discoyered That rigaiisnal stiffiess of timber connections s a Tuncion of the axisl losd
as wall as the shear bead, Comparissn of onfimary tmmber conmections wath metal conmeciors were
madke. Registing moment capacity off juints with different conpectons were also delenmned. This
paper prosents o new method of iesting for joint stiffness and the experimenial resifis ohtained dunng
testing for stud-jo-bolim-plate, raftei-io-rdge-boand, amd iop-plee-g-rafier conpeclions wsing
difTerenl ouainactirs,

Key Words  Tumber, Joumnts, Conpections, Moment-Resisting Capacity Tests, Fotstional Stiffness.

Lﬁ##ﬂimhﬁajhiﬂﬂhjjwwﬁwu*]dﬂj#hf l-'.:-‘i:
i el i g mtg e g ! g o L el Wt 5 L el s sy
e g o i 030t SV g ey st 1 g sl o gl s e g g s T L
Ei ooel oo a2 fpeal g L0 e il g L Pt g gy il o Bl e
e T T gl Sl gy e g ol s alle 4 2 ol e iy gl al o 2L
B T L e e e U
Syclld 5 g une gty ST gyl g 15 o o S S ] ek ki L g o il 4 KA L

2ol et o g edaan sl ol ped

INTRODUCTION

Each year, wind dizisters in the world cause hillions
oo o lnrs oF danmgee to b ldings, most of which is 1o
non-engineered buildings--especially homes.
Mumerisis post -disaster investigations hnveidentified
the wenk links mn iese buildings [1]. However,
nigorous research is needed not only 1w identify the
weik joints but also o find effective solutions [2].
[t is often claimed that non-engineensd buildings
such as homes mude of dmber are mone difficult w
anilyze than engineersd buildings, Pedhaps, this is
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due 1o the lock of information aboul the complex
behavior of the connections used in nop-engineered
timber buildings, and the lack of a methodology o
analyze light-timber frome buildings with flexibie
oS,

In comventionul annlysis wnd design of engineercid
frime-works, il ks customary o represent joind belavaior
by idealized joint models. Twoof the maost commonly
used mosdels are Agid-joing and pinned-joint models,
For the rigid-joint model, it is assamed that the joinis
are infimitely rigid, This means the angles between the
adjacent members remain unchanged as the frame
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definms, For the pin-jobn (hinged-Join) model, it is
ssnaed that no moments are transmitied at the joint.
Although these two ideslized models are simple o
use fid easy o implement in analysis and design,
iheir walidity for wood-frame houses arc
questionable, Wiood-frime houses use conpectons such
= makls, strogs, nnd ioothed plaes which offer panial
resishisie o moinenis and forces penersled at joints
subjected o laternd forces, Also, mulionpecion timber
Joings are likely o transber momenis doe 1o e very
natare of iheir consiruction. Such stmciures exhibil
partial rotational resistant ol the member ends,

The purpose of this smwdy was o test and determine
thie rewl bebuvior and the resisting moment Capacity
of priz wsed i tmber-framed houses, The research
includes lahoratory tests of fexible joints of typical
swinil=Irime houses so that the joint chamctenstos
van he understond  amd wsed  for predicting the
response of such siructires in analytical models [3].

LITERATURE REVIEW

Little work has been reponed w date on the rigidity
chiracteristics and  ways (o analyze lighi-frome
Himber stmictuncs with non-rigid joings. In 1972,
Suddarth [4] developed o computer program, the
Purdue Plan Structural Anolyeer (PPSA) which
perfomms Agid anal ysaz of framed structures, Pamial
rigidity was handled by inserting fictitious, small
clements of low stiffmess im joinis. The difficulty in
iz approach is selecting the properies of thoss
fictitious elements.

bdarnghechi and ltani [5], in 1982, repored on the
influence of tness plate connectors on the anal vsis of
lighii-framed structures, Stnicturnes were modeled
using two types of clements, a benm elemeni and a
Joint element-essentially the same as in the Pordue
method,  Joint  properties  were  obiained
expermentally, This method was applied 10 trusses
and plane frames with toothed metal plate conmectors.
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However, no attempt was made to model and analyze
joinits with more than two members, nail joimts, wmd
connecions otherthan toothed plies. The expefmental
procedures developed could only measure joint
properties under pone tension, shear or moment losds
without considering the combined effect of these
londs o joint propertics, Experimental iesis perain
applicable only to toothed-plate conneciors and nog te
athier Conmecior.,

In 1987, Gupta and Kuo [6] presented a model to
predict the behavior of houses. A fnle-clemen
technigque was used 1w model strucures with nine
degrees of freedom representing displscements of
various connections, The model assumed nail
propermices and joint stiffnesses, Emphasis was pliced
on predicting the behavior of 2hewr waills underuplifi.
The model was used to predict the behovior of an
experimental bullding tested by Tuomi and
MeCutcheon [7] in 1973, Even though the final
mode] results were in good agreements with the test
ikata, the mithors sdmitied the complexity involved
ond doubted the capability of the fnite-glement
method, The model ignores the bending and axial
e formutions in the studs and the rotationsl stiffness
af the stud jodnts, The game assumptions were macde
in modeling the roof system, This method seems
complcated, nnd it adjusis joint behavior arbitmnly
to fit experumental datn,

Conner, ¢ al, [8] reported the resulis of the west
conducted on mfter-to-op-plate connections, These
connections inclede 16d box nails, strapping, clip
angles, extra nailing with pole bam nails and lag
screws, In these tests sverage load capacities were
determined while no aitemps were made o estiblish
the joint charactenistics,

Maisegh and Liu [3.9,10] presented a Nexibie join
model w aalyee the behavior of wood-lrme bouses
wnder wind action, and soome ways o determine the
Joint chamcienstic curves o be used in the model.

Canlield et al. [11] studied the uplift resisiance of

Jowrnal of Enginesring, lzlamie Republic of lran




varous rfter-wall connections, They tested several
types of connectors and obtained the average uplift
capacity of eich connection ending with % design
example which considered the joint as o pin
connection. In general. very few studies have
constdered wood joinis as semi-rigid connections
el wery linde daa ane available on the rigidity of
thisse connections.

STRUCTURAL IDEALIZATION-JOINT-
STIFFNESS

An pmporant consideration in predicting sinscourl
response i% the behavior of joints. Tests conducted on
stee] structures have demonstrated that the momend
ransmitted by o flexible (semi-agid) joing is o function
of the relative rmtation of the members as shown in
Figure I{a) A flexible joint can be presenied by a
spivigt of Folational stiffness—ngidity (K) shown in
Figure 1 {bj suchthat M = K6, whene M is the moment
and @ is the angle of the rotation of the spring. In this
study, joints are idealized as rotational springs and
the rigidicy of these mtatonal springs are determined
fromm thie modmel -l ition curse obtained from testing
the joints. A linear behavior 15 assumed for
determination of the joini stiffness.

EXPERIMENTAL PROGRAM

The ohjectives of the test program ane; a) 1o provide
information on the joint-stiffness of wood jotnis used

L I,.r"|I
~
;f H‘M @@:
™ ?a
LT
i |

{a) Belatiwve Aotation of (b] Flexizle=Joint Model

40 int FMembary
Figure 1, Joint-Rotation and Maodal Usel
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Bottom=-Plate

[a] Stwd-to-Bottom-Plate

Ridge-Board
Rafter

(8) Rafter-to-fidge-Board

[e] Top-Plate-to-Rafter

Figure X, Tesi loimis.

in conventional construction of wood-frade hoases,
such as stud-to-bottomi-phite, rafler-w-tiop-plaie. and
rafter-to-ridge board joints as shown in Figure 2, b) o
collect dats on the rotational stiffness of wood joinis
so that they can be used in structural analysis utilizing
flexible joint model, and ¢ iocompane the effectiveness
of nail joints (o joims using mechanical fisleners.

All joints were tested under increasing load until
fmilure by using o servo-controlled MTS loading
michine, The general schematic of the test Rewp is
shown i Figure 3.
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Flgure 3. Schematic of Test Sed up.

SPECIMEN DETAILS

The tests were conducted by using dissected points.
First, f congrol grsup of joinis wene constrocted in
pecerdance with the conventivnul prictice sunciioned
by the building codes. Construction details for
conventional nillings are shown in Figure 4, These
joints were tested under increasing load until failure
osccuimed, Then, o new set of joinis were constricied
using the same lember bt with improved connectors,
Construction details for mechanicnl fasieners are
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Shud-to-pofom-pais Rafar-o-ndge-boan
joint | mnd-view) Joint [side viaw])
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Linft michs vl Right sids vies
Rafei-io-tap-plale joint

Figure 4, Comumactson Details of Mailed Joinis.

given in [ 12]

Tihle | provides mone infommation sbout the west
Joints, The lumber used for construction of test
specimen was grade-2 Fir with an average specific
grawity of (.38 and water content of about 10 percent.
The lumber was purchased from local lumber yard
amd cut 1o the desired sizes. Attempts were made o

Tahkle L Joint Materiol and Connectors

Jaiimt Luimber Siae Connecior
Stud T4 E A" 2=16d Coammisn MNail
St to-Botiven - Plase Bostiom-Flaic g T 4 | Simpsoi A35
Adigle Belween o Simpson A4
Rafter Pl [ 310 common Mail
Fafier-io-Ridge-Board Hidge-Faoand g e Himspacin H3R
Angle Between = Simpaon H5R
Falter ITEL"EIAT A-Bd Commmion MNail
Hafber-fu- Top-Maie Tosp-Plaie U] A Sumpson HIR
Angle Between L4 Sempson H4R
Jimst 27 My A-Ed Comemisn Maal
Foist-bo-Top- Plase Top-Platu g T b T T Simpaon KK
Angle Retween L

T4 - Val, B, No. 2, May 1985
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e tee parts of the lum ber tha had o knots or crecks
dunng assembly. A typical dissected rafter-to-top-
plate gsing made of dilferent conneciors is shown in
Frgure 5, Afereach vest, apiece of timber was cul and
iested for speciflic pravity and woter conent, hMetul
clips and other connectors used in tests were maie
wnd prowided by the Simpson Strong Tie Company.
Vamous connectors which were used in the

expenmenial progrm ane shown in Figure 6,

INSTRUMENTATIONMN

Clip-on-page

A clap=cane e (hsplicement Trinsducer) wiis ised
b e the =lip o dhe inderiace of the members of
the le= specimen. The clip gnge hid & maximm
displacement limit of (003 inch, The page had a
calibragon factor of (U001 iy {inch per valil. The
chip was mountcd directly on the specimen wsing o
spectil seating device mudled w the specimen prior o
the testing. Figure 7 shows i typical clip-on-gage

micaEnted onom lest specimien,

Load Cell
The fall brdge tension-compression foad cell had a
HNLWE poand e amed it wios used with o 2000

pound carridge and coald mensare small losds of

Figur 5, A Typical Test Specimen with Differen
Comnectors o Lk ||-I"Cli_|'|l Peniel, H | sl Ha Comiecioas.
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Figure . Varouss Connectors Used in Testing, from Lef
1o Kight and Top o Bobom, A% A5 H4, H5E, HIK. HE
amd H1

002 pound accurately, The load wos fastened in
series with the hyvidranlic actuator, The leading hed
wi made of steel and was 50 inches long and 1,0

inch in diameier

L.V

Tiv  maoniter the sobton of the est member, an
LV.DT (Linear Yoltage Differemiial Transdecer)
was used, It had g calibrtion Gctor of 00802 inv.
The excitation voliage for the LY, DUT, wies 24 vl
D.C, This LY. VT, was connected 1o a power supply
and o swatch board, This is shown in Figune 8, The

switch boand was used 0 monitor the ot of the

Figre 7. The St Up of the Chip-on-Gage Mosnling
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LW.DT, and excitwtion voliage of the power supply
it The ot froan the mun LY. DT, was moniwored
forcontmiled displacements of the loding device T
L. T. hnd o colibration fctor of (.5 iy,

Recording Device

T MTS controllens were used tomronitor and recornd
|;|1..:u|,:||;rq|| ol the rum LV . DT, load cell, wnd the CIiFI-
o=l The output of the LOW.DUT. mvountbed oo
specimen wis recorded using o volimeter. The
schematee of the setup is shown in Figure B, The load
versus man displacement also wis plofted directly on
an XY reconder (Houston Instrimenis)

Giripping Dhevice

A setol fnctional devices wene desa groed s ibsicaled
b i an aluminum plude on which the test joint was
ouvmeniel. These grpping devices were moamiced on
the fizedd colimmns af he MTS machine. A sel of
sifjusiable screws wene provided on the grippang
devices so that the angle of the alwmimem plate could

b clumged, resultimg i doiferem loadimg angles
TESTING DETAILS AND PROCEINRE

Tests were Itﬁlll'l'l:li.'il al the I.':Iuivl:r'ﬂllg,- ol Elissour-
Columbia Cavil En_gll'h.'ul"iJ'lp_ Matenals Laboratory,
Adter constructing the test specimen, a clip-on-gage
was mounied on the specimen, Using the gripping
devices, the specimen then was secunely mouited
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amd aligned with the MTS crsshead and colwmns,
After positioning the specimen the spang loaded
LYDT was ploced on the sel up pemendicular o the
mernber wd s close as possible o the joint in onder o
pvinid displacement resulied from member bending
instend of joint rougion. Then each instrament (MTS
and voltmeter) was ndividoally zeroed. Finally
Ioawding wns progeraimied on te MTS comrolier under
o displpcement-controlled condition Afwer the
completbon of each test, a piece of tmber from e
specimen wis cut and wested for wiier content and
speci fic pravity in nccondance with the ASTHM stuwland
Di716-7T7

Alerpositoaing the specimenin the loading rame,
thie Iy dronlic rm ws moved up onder manual control
et iz Dewacling hend mmde comtuct with the specuimnen
The MTS machine was then switched o the
displacement control, The rate of the dsplacement
was sel m .03 inchdmim. The ram dhisplacement amd
the ioad applied were monitored conmuously on an
X-¥ recorder. The shp of the connection and LVDT
ot for both the hydrombfic ram and the specimen
woere also inteamiiznd y monito red and recorded. Figure
O shows a typical specimen under testing

FAILURE CRITERIA

Two fnilure ontena were used lor the [esing: al

Migmipus Flois

Figure 9, Tesl Specimen wisker Loading
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001 5" of slip at the nail level. and b decrease in load
before reaching (001 5" of ship. Lowding wis increased
il one of the above Fal lure conditions was obsgrved,
Resistance of joints, against forces amd moments
heyond this critical sHip value, wis considered 1o be
caused by the bearing of wood apainst wood (wedging
effect) rather than by the resistance of the conneciors,
This is specially true for nail joins.

TEST RESULTS AND IMSCUSSIONS

Test resulls
In peneral, joints resisted loads up o a crtical value
heyond which joints failed doe 1o a finite slip of the
niadl bond, A sudden load drop was observed after
reachiing the critical lopd, casing a sudden increase
in sl

A loading was continued, joints recoversd sodme

T LTI
i '-:Luam:_ i
T
L
=il it
ol

= LY 1

a == m..

oo o.aH i wiig [hal

Figure 10, Typical Load-Ram Displacement Curve,
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stiffness, but they mever reschied their imiial strengi,
The critical losd umully was observed at the slip of
Izes than 015" --the level recommended by ASTM
tor define failure of nnil joints under shear foad,

A rypical load-displncement relationship reconded
v the X-¥ ploter s shown in Figare 10, For joints
mde of connectors, usually loading did not dropin a
gudden fashion as it did in the cnse of noil joants,
Loicks continmied o increase as the ram displacemaent
prcreased. Testing wie stopped when the critical slip
i (L0157 was reached.

Two distinet modes of failune were ohserved from
thie nests. Some joints filed when nails experienced
extensive bending, These joints are wsually presemed
by ihe highest curve in the moment-rodation dingrien
as shown in Figure 11, Another group of joints Giled
when nails experienced extensive ship and very little
hending. These joints resulted in the lowest curve in
i M-@ diagram as=hown in Figure | L. Varianons ol
werod propertics and nuiling consistency are believed
1o he the principal cause of ihese differences.

DISCLUSSIONS

Stud-to-hottom-plate
Three different connectors were used forthis particular

I
M G, B, ), il i Tl O P e
= 1a
L]
B il
=
i =
an f."’ Py
1m [T

& in
i b |ty )

Figure 11, M-8 for a Typical Joint-Stud-1o-Botsom-Plate
Joami with 2-16 d Mails B=0°,
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Figwre 1.2, Momeni-Hoanos Behaviorfor Stod-ie-Fosigom
Flase Joim {Comparison).

Joint; 2-16d common nails, one Simpson Tie A35,
and one Simpson Tie A, Four different loading
angles. U,30.45_ mnd 60were used in testing il joings
wilithe pwo loading wgles of O and 45 were used for
Joints made of conneciors, Fighere 12 gives e plot of
the average moment-netiioen behavior of nail joines
s o function oF losding angle, Comparison plots bne
al=o miven in Figures 13, 14 nd 15, A sumimary of
joint stiffness, resisting momients and tielr relaive
values are given in Takles 2 and 3.

Figures 12,1 3. [4and 15 indicate that as the lopding
e ingreased from shear only (8 = 07) o shear and
axial tension (D=0607}, bh the strength of the o

in F ] o
AITATIEN, @ ,(fndion ® (0mi

Figrure 14, Moment-Motatin Belay or for stsd -Go- Bations-

Plate Joant (Mol vs A35 Commecior).
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Figure 14, Momeni-Howation Behavior forsmd-in-Bobom-
Plade Joant (MNail vs 838 Conmmesclor).

aneh the poant stiffness decreased, Froom the test resulis
for the three connectors. it is clear that Simipson A35
Fuaial ke hagrhiest s lTmess, Nl joins perfommed beaer
ihin Simp=on A 34, The surprisingly poorbehaviorof
Juilants inade of Simpson A3 was found o b due o
the location of the holes on the conmector, From an
ingpection of the poins, it was found that two of the
mails o e A3 conbector eolncided with the two
Lol el nails already inthe specimen. This caused
intemal cracks as shown by the X-rays of the joint in
Figure b6, The prohlem cin be avoided by placing the
end nails in slightly different locations or by wsing a
different panem for the holes. As mentioned before,

s w1

el b

] -] »n D
mapaijmd § |Bodion o 1000l

Figiire 15, Monseni-Baodatn Behaviorfor siud-to-Bollom-
Flate Joint § 834 Comnector ve 435 Conteibion ),
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Tabledl Joint diffnees of Stad-to-Bottom-Flale Connection (valies are hased on average oo 3 oo maore besis)

Ikl SETwess, K {— I'h-l:"— ] Relative StilTness
Radian
Angle
lEgree) - 2 S — — - —
wall AdS A4 AT Al A
Ml Ml Akl
] T i R g 1 B |24 BT | &%
L1 LA A A MIA /A M A
-;:.- ) .l\.;.l-' & -:_] ] 1. 34 i1hl L0
[} ! i i M M I A SR

Tuhle 3. Resstine Moment | Sud-pe-Boioom-Plae).

Wirslstlmp Mament (1h-in} Relative Yomment
'|||.qu
| COEQrer | . fdl
il AJE i1y Al aEa A
B Py Ll
o h] RiES ThiN 187 10 e L5
il il i IS MIA s AN A MIA
14 4 ERD 10 i 138 = H

|Shud-to- Botiom-Flabe Joind with 2-164 [ Shud-to-Bottom-Plate Joinl wilth 2-15d
Common Hails Piss 434 Conneslor) Comman Mals Plus A4 Conneclon)
) Erd Wiew o} Side View

Fipure 16, X-ray of Test Joue
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Figure 1 7. Momeni- R otaion Behavior for BRafler-to-Ridpe-
Roard Joant with 3. 10d Common Mails (Comparison).

ASS out-perfonmed the two other methods of joim
construction. From the values of relative momenis, it
i% evident thar comnector A35 is less sensitive o the
axial lowds than A3,

Rafter-to-ridge-hoard

Three different conneciors were used for this type of
Joint, namely, three 10d common rails, one Simpson
H 3R and one Simpson HSE connector, The momaent
rstation behavior and their comparative behavior ane:
shown in Figures 17,018,019 and 20, The mumoerical
resulis are summanised in Tables 4 and 5. Both under
shear nmd under the combined effect of shear and

{11 i
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L it

— W

L
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= L] = (1)

i am Ty
oo §=n imak
u L]

~m= ik [Bwil]
m - =l |uE]
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Figure 18, Moment-Rolation Behovior forBafter-o-Radge-
Board lownt (Mails ve H5E Conmector).
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Figure 19, Moment-Rotation Behavior wa.h.flul'-m-HHF-
Raosard Joant (Masls w2 HIK Conncclor)

axial tension lomd, point stiffness was the highest for
HA3R, lower for HSR, and the lowest for the nailed
Jorimits. The stiffriessof na led poines was most sensitive
141 the presence of axial iension load. Based on thise
test resulis, HAR 18 the bex of three for shenr load.
However, in the presence of asial ension, Sbnpson
HSE performed the best,

Joist-to-top-plate

Two different conneciors were used for the joist-1o-
top-plate joint. The first was three toenails using 8d
common s, amd ihe second wois o Simpson RR
commector, Figures 21 and 22 give the comparative

e

B )
Anndl

Z,

B E

HENT [ lip=1n

B EEEBEEE

\

B g |- 1
ROTAFIE § | Mesiios & 10000

Figgure 20, Moment-Rotation Behavior for Raler-wo-Ridge-
Baoard Joint (H5H Comnesiar vs HIR Connector).
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Tahle 4. Juint siffness | Ralier-to-Ridge-Baard).

JolntStiffoess, K (B0, Relative SHlTes
Hastian
Angle
{elegres)
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Nad il H5R
(Y] 490 B4 x| 69X 00 17 14 122
e 441 NA NIA NA  NA NIA
45 2 %10F 1% 0 530 {43 127 113
(1] 16X M Mia MM MNIA M
Talsle 5, Resksting Momeni { Rafter-do-Ridge-Board),
Resisting Muoment {Ih-inj Relative Moment
Angle
(ibegree]
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“ail ail H5R
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Figure X1, Momeni-Botahon Bebasior for Joisi-te-Top-
Mabe Joint { Malis ve KR Connecior .
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Figure IZ. Moment-Rotstion Behavior for Jast-io-Top-

Mase Jount with 3-8d Comamon Tosemails (Comparnsen.
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mosnent-rotation behavior ol these joines, Acconding
i these plots, nailed joint= perfonned poory, Only
o Bisling angles, 0° and 45° wene wsed in this
pestinge becunse toermils provided wlimost i resistance
tor oaading both for pure shear loading and when axial
pension lomd was present. This means that toenatbed
Junimts can he considersd o= pin joings, Connector BR
performed much beter than the nailed joinis, its
stifiness was aboot 200 times and the modment
resistance was ahout 750 tmes bemer than the nailed

Jovint, Summary of resulis in the fonm of numericid

values e given in Table &,

Rafter-to-Top-plate

Three different connectors, 3-Bid commaon pails, one
Simpson HI and a Srpesan Had wene wsed for testing.
Only one angle of 7 wis used, This s justified
scmuse toenmiling hus already been proven i perfonn
poorly in presence of shear and axial Joad. A
cou parsoi oF moment-rotation behinvior for all three
joines is shown in Figure 23, Tables T and 8 indicae
the numernicil values for the set ol lesis. lean be seen

Tuhle f. Jint StilTness and Besisting Moment | Joist-to-Top-Plade).

Joint, K :ﬁb Relative Hesisling Relutive
Siiffness SHfTmiss Mument (Ihein) Moanend
Amgle
idepren)
RE ail HE ER
Ml HR s o
(ki L7 =0 32 =i [ ®O HiEl 15
45 [.7=0" A & fill Py b 1
Tabke T, Juini Stiffness | Hafier- - Top-1flane),
Julnt Stiffness, K (_Bin_, Relative StilTness
" Radbin
Anghe
idegreel
. Hl H4 HL
Mwil Hi H4 —n ’
il Pl H4a
L5y 24 x]F VR.E =10 R [y T55 k) 0
Tahle & Resisting Moment (Rafier-to-Top-Plate).
Hiesisting Momen! {Ih-in) Relative Moment
Amphe
(ibegreeh
Hi H4 HL He HL
P Sl Sl H4
[p il 520 264} 26 13 2n

A2 - Yol. B, Mo 2, May 1985 Journal of Engineering, slamic Republic of lran
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Figure 23, Comgpeadison of Moment-Kotaton Behavaor fr
Falver-to-Top- P loint with Sail. H1, and Hd Conmectors.

that commeciors behave extremely well incompanson
o pabls. In generl, toenails performed very poorly,
approaching the behavior of a pin joint, Empircal
Equations of moment-rotation hehavior of all wsied
joints are given in Tables 910,11, and 12.

CONULUSITINS

A new testing was designed and o west method
developed 1o enable the application of axial lomds,
lateral loxds and momenis to joints mads of nails wnd
mechanical fasteners. Three types of wood joints
namely, stud-to-top-plate, rafter-to-top-plate and

Talsle %, Emipirical Exquations for Stud-to-Botom-Plaie Jolst.

Conpectsr Angle Juini Bebhavior
idegreet M i Ib-in
Y im0
i B =315 « BUH 2.2 (¥
Ml k' M=17+4040 210
45 M=023+3628. 1L0F
ot M=-1.24+1620- 30

AM Simpson D M=72+8510- R2F
45 o= 02+ A1 40 DD F

A Kimpron il MaS3S+ 4220 - LAGF
45 M=a.2%+ [T BT

Joumnal of Enginearing, Islamie Republic of Iran

Tabde 10, Empirical Equations for Bafter-to-Ridge-Board
Jwind.

Cinmectar Anple Juint Behavior
idegree| M im ib-in
1 i rad! DN
0 M =125 + 4243 - ¢
Mall an M =46+ 117 (e 56 @F
45 Me=ht+4150. 24
Bl M=33+37.20- |.I6G¥
HIR Simpson i Bi=617+ 723D LTS ¥
45 M= e T2 M- 4408

M o= 1 4,56 0 LT EF
4i M=23+360-4(¥

Table 11, Empirical Eguations for Joist-te-Top-Mlate Joint.

Connector Angle Jirint Behaviar
{degreel % in Ib=in
04 i a1 (08
Sl ] M= 9% = 1EAT - 1.2 60
4% M= 6+ 1987 (4 - 1.T2F
ER Simpson [ M = AR+ 305 0+ | 5508

Tahbe 12 Empirical Equations for BRafer-to-Top-Piabe Joint.

Conmecior Angle Juiniliehavior
idegresi M im W-in
i in rad B0
Madl i} M= BAT + 20ET @ - TREF
H4 Simpssn (1] B=3+ 1280 - 604
Hi Simpsan i M= 114 5 2046 - NP

rafter-to-ridge plaie using conventiomal nailog
schedule sunctioned by the building codes and special
conmectors wenetested using this peocedwre. Momen-
rotatkon curves and resisting moment capacities were
also exablished for all tests. Effect of axial load on
the point stiffress was also investigated using differens
loading angles. Joini stilfaess of wood connections
decreased as the axial tension in the joint increased,
Empirical cquations describing the moment motanion

Val. 8, Mo, 2, May 1885 - 83



behuvior of ol resis as a function of axial load wene
oshtnined, Comparisons were made between the nailed
connections and comnnections made of special
comnectors, All nadled joints excepl wemmled joints
resulied in some joind stiffness wherens toenails
practically hehaved a8 pin connections. In general, it
et be concluded that stud-to-hotiome-plate and mfier-
to-ridge-bonrd nailed joints behave as semi-rigid
comnections whensas toensiled mfter-o-top-plate acts
i pin connection, All Conneclions using conmecins
hehave as semi-ngid connections. Connections made
of connectors generally outperformed the nailed
COlEECons,

The pesting and cvaluation of wood joines asder
courthined axiol and Interal loadings permit the
assessment of the sipmificance of the iMemctaon,
Further, by expressing joint stifTnesses inan analytical
madel in imber strsctures. the possibility exists for
designers to identify the real behaviorof the stroctures
compsidening the real behuvior of the comnections. And
finally, it ennhles scholars to identify the weak links
in @ tmber-framed structunss while suhjected 1o
warslds andd earthiunkes,
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