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[his report  presents the results of approximately 1,700 tests per-
forned to d,etermine the effects of var iat ions in d.esign on the strength of
four t;rpes of typlcal glued. fastenings couuconly employed" ln wood. aircraft
constrrrction, Atrrprqrriate method.s were d.evised to test ful-I-soa1e glue
jotnt assemblles of each type. A cold-setting urea-fornaltlehycle glue con-
monly used. for such fastenings was used. throughout the experinents. This
glue d.eveloped. sufficient shearing strength to cause wood. fallures in pr€[c-
t ical ly al l  of  the joints tested..

The naJor portion of this stud.y was d.evotetl to gussets jolning Sitka
spruce meubers that were perpentlicular to each other at rlb-to-spar a,nd web,
nember-to-rlb cap junctions. 3or each of these tytrles of'fastenings, sepa-
rate series of specimens were nad.e for the testing of each of the three
elements of gusseted. jo ints which night be cr i t ical .  The t l imensions of the
critical eleroents were varied. in each series. Yellow-poplar and. mahogany
plywood.s of 0.070-,  0. I00-,  ancl  0. I2$inch thickness were used to inc]ud.e
the effects of varying the species and thiekness, tr'ace grain d.irections of
the gussets.of 0o, 45o, and.90o to the d. i rect ion of load. krere also included.
ln the program.

Several types of corner attachnents between rlbs and. spars of Sitka
spruce were tested. for shearing strength- Square and triangular corner
blocks of rrarlous sizes and. plywooct angles of various spectes antl thlck-
nesses were used. for the corner pieces.

Sad.d.le gussets of three slzes were testecl for bearing strength when
gluetl to framing nembers of Sltka spruce or Douglas-fir. Yellow birch and
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nahogany plpoods of 3148- t  o 3/16-inch thickness were used. ln these tests
to includ.e the effects of varying the species and. thic l<ness, In the gussets
the grain d. i rect lons were 0o, 45o, and. 90o.

The resuLts showed, that concentrat ions of stress occurr ing in the
jolnts of glued. fastenings preventetl the d.eveloBnent of the full strengths
over the ent ire areas of the cr i t ical  jo ints.  The extent to which the
strengths'of such fastenlngs were affectecl  by these stress concentrat ions
varied with the relat ive size, shape, and. elast ic propert ies of the joined.

members.

'  The ul t inate tensi le strength of gussets in r ib-to-spar and web
nernber-to-rtb cap fastenings rraried. approxinately as the thickness and. as
the two-third-s power of the wid.th of the gusset.  Concentrat lons of stress
induced. shear failures in the joints of ueb nerober-to-rib cap fastenings
before the tensile strength of the web menrber could. be d.eveloped.. The pro-
portion of the tenslle strength of the web nerober that sould. be attained
variecl  with the rat io of i ts wit l th to i ts d.epth between gussets.

a l

. In gussets of ned.iun d.ensity and. of the thicknesses studied.' d.elani-
natlon of the pI;rwood (setrraration along planes approrimately paralle1 to
its faces) afa not generaLly occur, and. the shearing strength of Sitka
spruce elther paralle1 or perpend.icular to the grain was devefoped. regartl-
less of the d. i rect ion of the face grain of the plywood..

Certain strength-area relationships were found. for the various ele-
ments of gh:ed joints.  fhese relat ionships can be used to obtain eff ic ient
clesigns in gluett fastenings employing joints of sizes vrithin the scope of
thls tnvest igat ion. The results of these tests may also be of value. in the
d.esign of fastenings of other sizes ant l  types, subject to conf irnat ion by
ac tua l  tes ts .

hrrpose

In an effort to achleve $ore efficient design of assenbly glued.

Joints, thls investtgatlon hras nad.e to d.etermlne tle general prlnciples
that govern the strengths of certain tytrlicaL fastenings now commonlJr em-
ployed. in wood aircraft. A knowled.ge of the facts applicable to, the vari-
ors elenents of specif lc jo ints is essent ial  in designing new fastenings
of sini lar ty1es.

[ypes of Test Specirnens

Toir types of glrred fastenings connoaly enployed. in alrcraft were
selected. for this lnvest igat lon. Sron exploratory tests,  specinens incor-
porating fu11 scale glue joint assenblies of each type were d.esignetl, and.
appropriate nethod.s of test were d.eveIoped..
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Tnre I. lfeb l4enber-to-rib CaB Sastening

In test specirnens of web nenber-to-r ib cap fastepings'  tensi le
stresses in a single web rnember, usually S/A inctr thick, are transferred
to a r ib cap by means of plywood. gussets ( f ig.  1).  Series of specinens
were mad.e for each of three eond.itlons, as cleterninett by the nanner ln
which fallure coultl. take place, as follows:

1. Eensile failure of the plyvroocl gussets.
' 2. Srearing fallure in the jolnt between the gusset ancL rlb cap.

3. Shearing failure in the jotnt between the gusset ancl web menber.

Within each series, the critical d.inensions were variecl as shown in
figure 1. Other d.inensions were varlecl as required. to lnduce fallu.re ln
the tlesired- manner. Plyluood. gussets were variecl as to species' thicknesst
graln d.irection, ancl slze.

.Tlpe 
II. Rib-to-spar Gusset' Fastening

In test s lpeclnens represent lnq r ib-to-spar gusset fastenings'  the
bend.ing nonoen'u in a solid. vrood. rib 3/8 lnch thick was transferrecl to a spar
by neans of plyr,rood. gussets (fig. 2), Trlangular Lf Z-inch corner blocks 6
lnches long were used. in al l  specinens to resist  vert ical  shear.  Series of
specimens of var ious cr i t ical  d. lnensions were used. to invest igate the
strength of rib-to-qpar gusset fastenings r:ncler each of the fol.lowing three
cond.i ti ons:

1. [ensile failure of the plywood gr:.ssets.
2, $rearing failure ln the joint between the gusset and. spar.
3. Shearing failure in the jolnt between the gusset and. rlb.

F1ywood. gussets were varied. as to species, th{.clcress, grain d.irec-
t ion, and. slze.

[ype III. ]Lib-to-spar Corner Attachment

Syunetrical specinens with rlb nernbers thickened to resist compres-
sion were usetl. to d"eternine the shearing strengths of various kind.s of rib-
to-spar corner attactrments (ftg. 3). SErare and. triangular corner blocks
and plywood. angles of various species and. thicheess were usecl for the
corner pieces.

Type IV. Sad.d.le Gusset Fastenings

In the sad.d.l-e gusset fastenings, plywoocl sad.d.Le grrssets g1ued. to
solid. wood. franlng nenbers sullport an intercostaL S/B lnch thick. Flgure
4 i l lustrates this type of speclnen and. shows the sizes of gussets used..
P1;nruood. gussets were var led. as to species, thic laress, grain d. i rect lon, ani l
g i  ze .
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l, laterials

Kiln-d.riecL Sitka spruce of approximately 0.40 fl)ecific grarity,
based. on volune and weight when oven ilry, was selectetl for the solltl.trood.
parts of specinens of types I, II, andl. III. Exception was mad.e for one
serles of web nenber-to-rlb cqr speclnens in which the solltl woocl nenbers
were of yellow blrch. Franing nembers of the satld.le gltsset specltnens of
type IV were of Sitka spruce end Dor:glas-flr of average speclfic gravities
of 0.38 and0.48, respect ively,  basei l  on welght when qven dry ant l  volune
at test.  .A.f ter they were cut to size, onLy clear,  straight-gralned. pleces
werq selected. for use.

Types I antl II

?lproocls for the gussets of specinens of types I antl ff were of alr-
craft grad.e fabilcatecl in accordance with A1[-NirI-F-511b specific.atlons by
connercial producers of these ms.terlals. Yellow-poplar was selectecl as a
low-tlensity wood. a.ncl nahogany as one of ned.ip+ density. Ihe yellow-pqrlar,
howeverl was of erceptionally high specif,ic gravity, approxinately the saue
as that of the mahogany. Leboratory-nad.e ye1Lor,'r-poplar plywood of aircraft
grad.e was used. to augnent one series of rib-to-spar specinens.

lhe average thlclo:ess and the specific gravity, based on voh:ne
weight when oven d.ry, of 15 rand.om specimens of each plywood. were as
fol lows:

antl

Specinen

0. O??-lnch yellow-pqrlar (comrnerclal)
. 063-inch yellowloptar (latoratory-rnacle )
. IlO-inch yell ow-potrrlar
. I4Q-insh yellow-poplar
.074-inch mahogany
.106-1noh natrogany
.l3$-inch nahogany

E y l e  I I I .

PllnrootL angles were purchasecl fron the stock of a conroercial pro-
clucer. The plproocls in these angles were constructecl sirnilar to the air-
craft plywood.s of Specification AII-NN-P-51Ib, antl the grain of the plies
was at an angle of 45o to the long axes. fhe insid.e rad.ius of the bentl was
ap.proxinately 3/16 inch, and the plane surface of each leg was approximately
314 Incn' witle. lhe species, nominal thiclcaess, and specific gravity, based'
on voLr:rue antL weight when oven d.r;r, of the plywood. angles investlgated. were.
as  fo l lows:
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Specinen

0. O?O-lnch yellow-poplar
.O?O- inch ye l low b l rch
.070-lnch svreetgum
.l2$-i.nch sweetgr.u
.100-inch inahogarly wlth yellow-poplar core

$peciftc Gravity

0 .59
.76
.?3
, .64
.6r

0 .48
.53
.49
.53
.64
.66

Type IV

P1ynood. specinens for the satld}e gussets of t;rye IV specinens were
of three plies of aircraft' grade veneers of uaiforn thlckness. fhe yellow
birch plywootl ltas corrrnerclally mad.e, whi]e the na]rogany plywood was nade in
the laboratory. The avenage thicknese and. the q>eciftc gravity, based. on
voruae and. woight when oven d.r5r, of rand.on sam'pres wero as forlows:

$pgcine:

. I46-inch (g/aO-tnch) yellow blrch

.170-inch (g/f6-inch) yellow birch

l{atching 'and, Preparation of Specinens

Web ldenber-to-rlb Cap and Rib-to-spar Specinens ,

3or each of the web nenber-to-rib cap and. rlb-to-spar fastenings and.
for each cond. i t ion, the speclmens with plpvood gussets of one species and
thickness were d.esignatecl. as a series. '.d)ren more than one clepth (between
guspets) of web member was empLoyetl for tlpe I specinens, the speclnens for
eaoh d.epth were d.esignated. as a separate series. One series wlth nahogany
and, one with yellovrpqrLar gussets includ.ed. the entire range of rtesl.gn vart-
ables euployecL for each conftlfion and each t;rpe of fastening, while for the
Te;nailipg seriesr a more ltmited. nunber of d.esigns rdere selected. to provitlo
a comparison.

Sets of five speclnens were macle for each d.esign lnclud.etl in a given
series. One serles for each speeies, cond. i t ion, and type of fastenlng in-
clu.d.ed. atld.itlonal sets ln which the face graln of the gussets was at angles
of 45o and. 90o to the d.lrection of Loadlng.

AJ"l gussets for a given serles of speciroens were cut frorn a s.lng1e
sheet of plyrrrood.. The gussets f,or each specinren were cut in pairs with a
comrnsp sid.e' and pairs for each d.esign were cut in line along the face grain
of the pl ;nvood. insofar as posstble. For those series e'nploylng gussets of

eci f lc gravi ty
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three face-grain direetions, each three conseoutlve pairs lnclud.ed. one pair

for each grain d. i rect ion.

Wlth the exceptlon of the spars, 6011d. rrrood. parts of each kind useC

in a given series were genbral-Iy cut fron a singl-e solitl plece. Parts for

each specinen were selected. at ranclon for assenbly.

Preparation of Corner-atta.chne]rt fuecinens

A set of five specinens hras nad.e for each of the corner-attach-ment
clesi.gns shown in flgure 3. I'or the speclmens of si ze L, the rib and. spar

parts of each were racliall.y natched., a,ntl for each set of flve these parts

were enrl-natchetl consecutlvely. A singl-e plank furnished. rlb ancL spar

parts for specfuoens with corner bl-ogks 6 inches long, and. a secogcl plank

iuppl led those parts for speclmens with corner blocks shorter than 6 inches

antl those with plp'ood. angles.

tr'orspecinens of slze 2, two planks furnlshecl all of the spar anil

one-ha1f of the rib parts. Parts fron one plank were used. for specimens
wlth corner blocks and. from the other for speeinens with plywootl angles.
[he balance of the rlb parts ln both groups was taken from a thlrdl planJr.
Consecutive encl-tratchecl spar parts ancl consecutive palrs of end-natchetl rib
parts v.rere used. ln each set of speciuens.

Prqlaratlon of Sac[d.]e Gusset lpecimens

Specinens of satltl le gussets were nad.e in sets of elght. lhe franing
oembers o::' e.ech speCtes were cut conseCutively fron a single p.iecer and
four consecut jve pieces were used. in each set.  Gussets for each set were
cut in line along the face grain of the pl;7-vrood.. Two saddle gussets were
glued. to each franing nember as shown ln flgure 4.

Plywood. Tensile Specinens

tensile tests of the conmerclalLy proiluced., alrcraft grad.e, pJ-yvrootls

enpLoyecl specinens of the size shown in f lgure 5. Representat ive pieces

fron'the sheets of plpuootL of each species and. thlckness were incl-utled. ln

se ts  o f  f i ve  o r ,s ix  tens l le  spec ineos  fo r  eac l r  o f  0o ,  45o,  and.90o gra in

d. i reet lons.

Cond.i.tioning and Assenbly

, The parts for all glued-jolnt speclmens were cut to size ancl condi-

t ioned. to constant wei6ht at ?0o F, and 54 percent relat ive huddlty pr ior

to assembly, This cond. i t loning was caLoulatet l  to produce a noisture content
of 12 percent in the wood..  Care was taken to avoid. excesslve moisture
changes d.uring fabrtcatlon of the specloenso AII compLeted. specinens were
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recond.itioned. to oonstant wBigbt
prior to testing.

I

at ?0o I'. and. 64 percent relatlve hu.nitlitSr

Assenbly G1uing

The gLue usecl ln thls lnvesttgatlon. for the assenbLy of tytrllcal air-
craft .joints was a cold-setting, r:rea-fornald,ehyd.e glue coneonly used. for
such jolnts. Ihis glue was nlxed. ln the proportlon of 65 grans of water to
100 grams of d.ry glue ancL appLled when not less than L5 nlnutes nor more
ti:an 4 hours o1d- l{aximun asseubly tlne was 1.5 ninutes.

A11 of the speclnens were assernblecl ln the carpenter shop, where g1-ue
was applled with a bnrsh. X'or the web neraber-to-rlb cap, rlb-to-spar' ancl
cornor-&ttachinent speclnene, JlEs lrefs Usai[ to ho].d. the parts ln position
while they were gluoil. Pregsuae $*,s qlpl,ied W means of 3/L6- by 3/8-rnch
nailing strips with 5/B-lnch No. 20 wtre natle spacecl approximafely 314
inch apart, [he nails antL natltng strlps w€re renoved. fron specinens prior
to testing. For sactd.le gusset speoinens, Bressure rras appltecl. to the gluetl
'Joints by neans of hand claups.

' tr4atched. sets of five web nember-to-rib cap specinens with O.I@-lnch
ygllow-poplar gussets of design nTtr (ftg. I) were natte to conpare the re-
sults obtainett by three nethotls of applylng glulng pressufes. These nethod.s
lncluded. the use of renovable nalling strlps, tlre appllcatlon of pregsuro
with band clamps, aacl nail-glulng with the nalle left ln place.

Mothotls of fest

The following method.s were d.evisecl for testing the strengths of
speeinens of each of the four types of f,astenings Investlgatetl.

Web nenber-to-rib cap qpeclnens were tested as shown tn flgure 6 by
applytng a tensiLe loa(t to the web nember wtth the rlb cq> supirOrted. by
self-atljusting knife ed.ges placetl 6 inches apart. Metal. bearing blocks were
placect on the knife edges to prevent crushlng of the rib cap. Loacl rras ap-
pliedl at the rate of head novenrent of 0105 incb per ninute by neans of a
sphericaLly seated tensil,e gflp. Snal1 pleces of spruce were glued to
either slcle of the web nenbers of the laiger speclnene to svold. okcessive
erushing in the grlp.

Rib-to-spar specineDs hrere testeal as cantllevers, as shown in figure
7, with the spar flxecl and. the Loacl applled. to the top of the rib at a
point 9 inches f,roro the face of the spar.. !o prevent crrrshingr the load.
was appllecl through a Z-lnch steeL block,-and. to prevent buckling' oak
stiffeners urere bolted to the loaiLed. end of the rlb. lhe rate of heafl
movenent was 0.015 inch per nlnute,
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lu leasr:rements to d.eternine the d. istr ibut ion of strains were made on
the 0.070-inch yel low-poplar tension gusset of one r ib-to-spar specimen of
d.esign SI,{ (fig. 2). FivL resistance-tytrle electf lcal strain gages 3f 4 :-nch
long were bond.ed. to the outer surface of the gusset in line wlth the iunc-
tion between the rib and the spar, as shown in the sketch on figure B,
Gages equicl istant f ron the center of tbe r lb were wlred in ser ies and sinuL-
taneous read.ings of all gages were taken at each load incrernent by neans of
three ldheatstone br idges.

lests of corner attactr-nents were nacle by shearing the corner pieces
frorn the spar or rib nembers uncler corpressive i-oatllng, as illustrated. in
figure 9. The loatl was applietL through a spherical head to the top of the
spar piece whi le the specimen was, supportecl  by the botton eclges of the
ribs, An attjustable hard.wood. framer n9t shown ln thls figure, prevented.
the r ibs froo spread. ing, ' thus niniraiz ing bend. ing nonents at the joints.

Ehe sat ld. le gusset specimens were tested in palrs held.3 inches apart
by pieces screwecl to the ends of the frarning rnenbers, as shown in figure 4.'
load. was apg.lied.l by neans of a ?,-LlZ inch d.ianeter spherical head., to the 

'

center of a 5- inch intercostal  rest ing ln the gussets, whi le the frame was
supported. on the table of the test ing machine. [ests of these specinens
using intercostals of Si tka spruce resuLted. in fai lure of the intercostals
in bearing at the gussets. 

' 
A steel bar was substituted. for the spruce

intercostal to d.etermtne the strengths of the satld.le gusset.

Pltrntrood- tensile specimens, hetd. by neans of self-aligning, wed'ge-
type grips, were load.ed. at a rate of head. novenent of 0.05 inch per ninute.
The elongation between gage points 2 inches apart was read. at equal incre-
ments of load. b]t neans of a d.ial-Eage extensometer.

Moisture antL Specific Gravity Determ.inations

I 'or al l  speciroens, except sat ldle gussets, Boisture and speclf ic
gravit;r d.eterrninations were mad.e fron pieces sut from each specimen imned.i-
ately after testing. 3'or the web nenber-to-rib cap and. the rib-to-spar
specimens, determinations were nad.e for the plywood gtrssets antl. for the
sol icL vrood. Bember of the cr i t ical  jo int .  3or corner-attachnent specirnens,
sa.qples were out fron the rib or spar pieces in which failure was pred.omi-
nant, ?or the parts of sad.dle gusset speoimens, Elecific gravity and. mois-
ture d.eterninations were mad.e fron end-natched. samlrles cond.itioned. with the
test specimens.

Explanation of [ables and Chgts

The relat ionship of strains at var ious points across the wid.th of
the tensi le gusset of a r ib-to-spar soecimen to the cant i lever load appl ied
to the specimen are sl io lrn in f igure B. .A sketch showing the posit ions of
the strain gages on the specimen is includ"ed. ln thls figure.
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the average ul t inate tensi le strengths of gussets in 'r ib-to-spar and.
vreb menber-to-rlb cap specinens (cond.ition 1) are recorcled. in tab]e 1. lhe
relat ionship between tensi le strength aad. wid.th of gusset ln these types of
'fastenings are shown graphically in ftgure 1O for each species, thiclmess,
ahd, graln d.irection of pl.yrroocl tested.. Each ptottetl polnt represents the
average ul t inate tensi le strength per gusoet of f ive test speciraens. In
plott ing the tensi le strengths of gussets ln r ib-to-spar specimens, 140
pouncls were d.educted. fron each value in table I to allow for monent resisted.
by the corner block joints (see paee IL).  fhe plottect tensiLe strengths of
gussets of Laboratory-nacLe plprood. were ad.justed. ln accorclance with ANC
3ulletin No. L8 to the average qpecific gravlty of the conmercial- Blylvood.
and. lncreased. by the average difference in thiclsress.

The resrlLts of tensil.e tests of comerciaLly produced plywootls of
aircraft grad.e are record.etl in table Z.

The aveiage ultinate shearing strengths of the joints between gussets
and. spars in rib-to-spar specimens antl of the jolnts between gussets antl rib
gajls in web member-to-rib cap specinens (conclition 2) are record.ed in table
3, lhe relationships between strearing strength ancl area of Joint are shown
on separate graphs in figure IL for each t;pe of specinen. Each plottetl
point represents the average ultlnate shearing strength per gtrsset of five
test specimens. In plott ing the shearing strengths of gusset-spar joints
in rib-to-spar specimens, I40 porntls were deducted, froro each value in table
I to al low for nonent resisted. by the corner block joints.  A sol ld l ine on
each graph shows one-thlrtl the ultinate shearing strength of spruce paralle1
to grain as given in AIIC &rlletin No. I-8 adjusted. to the average molsture
content rif the specinens

Ihe average ultinate shearing strengths of the joints between the
gussets and. web nembers (concl-ition 3) in web nenber-to-rib cap specinens
are record.etl ln table 4. [he relatlonships between shearing strength and
area of joint are shown graphically in figure I2. Sach plottetl point repre-
sents the average ultfunate shearlng strength per gusset of five speci.rnens,

fhe average ultinrate shearing stre4gths of the joints between gussets
and ribs (condition 3) in rib-to-spar specimens are record.etl in table 5.
The relationship between shearing strength and area of joint is shown graph-
ical-Iy on figure L3. Each pLotted. point representS the average ultlmate
sbearing strength of five specinens with no d.ed.uction for monent resisted.
b14 the corner blocks.

The results of tests of shearing strength of corner attachments of
rlbs to spars are recorttedl in tabl,e 6. Because of d.ifferences in moisture
content and. speclfic gravity of the Sttka spruce 1n the series of speci-
inens, the values were ad.Justed. in accord.ance with AI{C Bulletin No. 18 to
1.2 percent nolsture content and. O.4O speclfic gravity (based. on volune and-
weight when oven dry). Ehe exponent of the specific gravity ratio used to
adjust shearing strength perpentllcular to the grain was 1.58 (1.33 between
species + O.25 within species).  The relat ionship of shearing strength to
area of joint of soLid. wood. corner blocks is shorrrn graphically ln figure 14,

Report No. 1526 -9-



Each plottet l -point represents the average ul t inate shearing strength of f ive
specinens. The average shearing strength of all specinens of each size ero-
ploylng p1y,vood. angles ls tnclud.ed. in the graph for couparison. A solid.
line sbows one-third. the shearing strength value of spruce parallel to grain
as given in AIfC 3ulletin 1,Io. L8 ad.justed. to the noisture content of the
speci roens.

ltre results of tests of plyvrood sad.d.le guSsets glued to solid. wood.
franing members are recortled. in table 7.

. r Analysis of Lesults

In al l  of  the specimens includ.ed. in this anal;rs is,  the glued. joints,
where critical, cleveloped..the fu1l strength of the wootl in shear. Iulatched.
specimens of d.esign t l l t r  ( f ig.  I )  ln which naiLs that were lef t  in place or
clamps were used. for gluing pressure were of essentially the sane strength
as, those itl, vrhich removable nailing strips were used

E4ploraiory tests rLiscl-oSed. that the ultimate strength or the nanner
of fai.lure could- not be pre<i.ictetl fron established. unit strength values
applied to the areas involved.. Ihe various gusset d.esigns were therefore
d.eternined. from erlilOratory te,sts and from e4perience gained as the work
progresseCr.

Tensile Iests of Conrnercial PIJrvrood.

fn comnaercial plyarood., tlifferences in rlensity, slqre of grain' and.
thickness of ind.ividual plies within allowab1e tolerances may result in a
wid.e range of tensile strerigths within a single sheet. The tensile
strengths'of ind. iv idual specimens in these tests var iet l  as much q.s 25 per-
cent above or belovr the average values listed. in table 1. fhe tensile
strength of plywood. with grain at an angle of 45o to the d.irection of loacL
is n6t d.evelcped. by this type of specimen, as fai lures are largely due to
shear.

Ihe tensile strength of the ye}low-popLar Trlywood, because of its
unusually high d.ensity, was sornewhat hlgher than that of the nahogany. Ihe
ye11ow-pql lar used. in this invest igat ion should. therefore be considered. as
of the ned.iuin-d.ensity group.

A comparison of the unit  tensi le Atrengths obtainecl by tests with
sinilar values given in AITC 3u-L1etin 18 was made by cornparing the sums of
the.paralle1 ancl perpend.i'cular values. For this purpose the rralues in AITC

Sulleti-n 18 rvere divid'ed' by the variabilit; 'and' rate-of-Ioad'ing factors and'

ad.justed. in accordance with that handbook to the average specific gravity
ant l  nolsture content of each plywood. at t ime of test.  These correct ions
were large, aggregat ing nore than 2OO percent in sone cases. The results
obtalnel-by tensile tests of plpuoods i:qrressed. as percer.rtages of the ad-
justed. handrboolc values were as follows:
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Type of pl-prood

0. 070-inch yellow-pqplar
. 100-inch yei.low-pop3.ar
. 125-lnch yeL1.ow-potrrLar
.070-lnch matrogarly
.LO0-lnch nahogany
.125-lnch nahogany

[ensile strength, percent
of handbook value

95
99
94

n0
118
r03

Conparison of Rib-to-spar wlth Web Memler-to"rtb Cap Speclnens

The strengths of gusset fasteniags in rib-to-spar specinens were com-
puted. by assunlng that aLL of the nonent applled by the cantllever loatLing
was resisted. by the gussets (tab1es 1; 6, ana S). Und.er cond.it ion t (ten-
sll,e failures of, gussets) and. contLitlon 2 (shearlng failures of gusset-spar
joints), the average strength values thus obtalned were fou.nd. to be consist-
ently higher by about 14O poud.s than those obtalned by tests of web nember-
.to-rib cap fastenlngs wltlr gussets of essentlalLy the sa.ne d.lnensions. lhls
d.lfference was apparently contributed by the corner blocks. For the grapbs
of figures 10 ancl 11, the average couputetl strengths were reduced. by L4O
pouad.s to a1low for noment reslsted. by the corner block Joints.

lhe corner blocks of rib-to-spar fastenlngs und.er cond.ition 3 (shear-
ing failures of gusset-rib cap joints) probably also contrlbute to the ul-ti-
roate strengh, but thelr influence cannot be enaluated. by coryarison with r.reb
nenber-to-rtb cap specinens.

A few types of corner attachroents in cantllever type rlb-to-spar
specimens were tested. wlthout gussets, The aver€€e ultimate loads, 9 inches
fron the joihts, of such specinens at LZ percent moisture content wefe a6
fol lows:

Avera€e uLtiuate load.
of five specim€ns

Pound.s

163
r82

57
.50

108

Irlangular corner blooks tlZ aV Ll2 inch, the klnd and el'ze used
exclusively with rib-to-spar gusset fastenlngs, are thus shown to have an
ultinate resistance equivalerrl to a tension of 244 por,rnd.s (fe3 x S/S) in
the gusset of a gusset-type fastenlng. The,t their contribution to the
strength of fastenings of thls type was only about L40 por:ncLs ls attributetl
to failure of the corner blocks to reEch thelr ultfunate strength when fail-
ure b;. tenslon bf the gusset or shear of, the gusset fron the spar occu$ed.

Corner attachnent
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lensi le Strengths of Gussets in Typical  Fastenings
(conditioo t,-EF. dJ-.--

lhe test d.ata show that the rate of incroase 1n the ultinate tensiLe
strength of a gusset (p) aecreases &s the wlcl . th of gusset (W) ls increased.
For 0,07- antl 0.lO-lnch yellow-poplar ancl 0,07- and 0.I2Flnch nahogany ply-
wootLs with face grain paral lel  (0o) to the t l l rect ion of Load. ing, the ser ies
of tests were nore extensive thaa for other orientatlons of face graln and.
includ.et l  both types of specinens. In f lgure 10r, the plotted data frorn the
tuo types of specinens d.efine sinllar curves for each of these plynrood.s.
The enpirical surves are closeLy approxinatecl by the equatlOnl

P = K3tlf""

where

K = & cOnsta^nt

t = thicioress of plyr,rood. in inches

, F = tenslle strength of pllvood. Ln porrntls per square lnch

. The data for 0.125-inch yellow-poplar and. O.Io-lnch rnahogany cover a
Iesser ranSe of wld.tb. of gusset but are nevertheless ln conf'orrnity to eqra-
tiong of the sane t';pe.

lhe lupl leat ion of these equattons, s ince they contain wit l th to a " ,

power less thah unity, ls that tenslle strength of a gusset does not in-
crease in prqrortion when the wlclth is increas6d.. That this shoultl be true
ls apparent fron the fact that tension ls appLied. through a roember of lesser
wid.tir than that of the gusset and is supiorted. b;r the further fact of non-
uniformity of strain as ind.icatert by flgure 8. A rational basis for taking
the value of K as O.?5 for a wldth of tension menber of 3|B tnch is that i f
lt ts assuned. thatr "in a gusset of this saroe wld,th, stress is unifornly d.is-
t r ibu ted , r 'a  va lue  o f ,K  =  O.?5. ls  necessary  to  g ive  tha t  resu l t ,  namely
P = 3/A Fb. If the power of 1I were ta.hen as ttre-thl.rd.s, the necessary
value of K woultl then be 0.?2.

lhe following tabulation shows values of K obtalnotl by d.ivid.ing the

empir ical  coqff ic ients of tPt? ty the thlcknesE dd by the tensi le-strength
values for the correspontling pLy'roods as for.:nd. fron test and. recordetl in
table 2:
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P1,n'roo3

O. 075- 1 ncb yeIlow-poplar
. IO2-lnch yellow-po'plar
. 138-lnch yellow-pqrlar
.O?3-inch nahogany
.104-lnoh matrogany
.L3{-lnch na}rogany

Avorage of all

E

0 .69
.76
.61
.B I
. 76
.68

,72

The fact that these valuee average 0.72 and that thls ls the value
of K that corresponils to two-thirds as the exponent of W sr:ggest that these
values of coefficlent and exponent would be as Taltd as 0.75 and.0.?.
Hgnce, the general equatton Bray be wrltten:

p = o. ta wfla

Values of fr13 are soltewhet easler to coupute, a4cl the difference between
the resulting or:rves Is not slgnl.ficant.

In these tests, the wtdth of the nenber (r ib ln r lb-to-spar spect-
rnens or web nember ln web nember-to-rlb cap speclnens) ttrrough uhlch loacl
was atrrplletl to the gusset was kept constant at 318 inch. Hence, the equa-
tlons given prevlously are strictly atrrytllcable only to that wld,th. It nay
be noted.r however, that 0.?2, the coef,ftclent in the equation derived. fron
tests natl.e with tensi-on nenbers 3/B rncu wld.e, f 

" "qo"t 
to (g/g;I/3. It ts

euggestedr therefore' that fcir other values of w within reasonabl-e llnits
(suoh as fron tl{ to L lncb) an estinste of the tensile strengtb of the
gusset nay be obtained. fron the following formrla:

P = pg*1/&valg

w4ere

W = the wld.th of the gusset (tnches)
ant[

w = the wltlth of the tensi,on rnenber to which the gusset ls glueil
( lnches)

\ a  /  n' Th€ qrrantlty, \r'l'tf , may be consid,erert the effective wlclth, that
is' the wld.th bJ'which the tensile strength of the p}yrrood. in poundls per
lnch of witl.th is to be nultlpl.lecl to get the strength pf the gusset.

fhe data for gussets wlth face grain at 460 or 90o are nore varlabLe
tha'n for those at 0o, and the strength-witlth relationship is not always
well defined ln these nore llnited. series. Conservattve values that are
generally appllcable to the rlata can tre deternlne<t b;r using 67 percent of
the strengths at 0o for gussets at 45s, and 90 percent of the strength at
0o for those at 90o.
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Dis t r lbu t ion  o f  S t resses  in  Cnrsse ts

Moasr:reroents of strains ln a tensile gus.set 4 inches wid.e in a .rib-
to-spar jotnt taken in l lne with the junct ion between the r ib and. the spar
(f tg.  8) show that stress concentrat lons exist  at  the center of the gusset
that cause failures to occur when the pi,yrirood. beyontl, 3f 4 tndn fron the
center has d.eveloped. about half  i ts tdnsl le strength. Stresses are nore
unlfornly cl istr ibuied. at  lower loacls.  The change in stress d. istr ibut ion
with loat l  causes the stress-strain graph of the central  port ion of the
gusset to be curved. throughout lts length.

Stred,ring Strength of Joints Setween Plyruoocl Gussets
and. Sitka Spnrce with Gra'n Perpendicular to the

In d,esigning speclne for test ing the shearing strength of jo lnts
between gussets and. sol td !0i-Jbers perpend. icular to the loat l  (cont l , i t ion 2)
the shearing areas had to be, kept snall to prevent failure in other ele-
nents.,  In extr loratory testsl  specimens were used. in which the r ib caps
were 1rl2 inch thick and of sufficient d.epth to trrevent fail-ure in bend.ing.
When gussets wid.e enough to resist  the tensi le 1oad. were placed-ent irely
across the rlb cap, failure occurrecl in the gusset-web nember joints. With
girssets across only a port lon of their  d.epth, r ib caps I f  2 in:ch thick spl i t
at the end.s of the gussets, after which onty the material covered. by the
gusset was effect ive in resist ing bend. lng. To avoid. spl i t t ing and. to induce
the d.esired nanner of failure, the solitl rcembers were therefore nad.e d.is-
proporttonately thtck. Rib ca;os of greater d.epth tha,n the gussets (fig. t)
were used. only for expediency.

I'ailures of all joints of cond.ition 2 were due to shearing of Sitka
spruce prpentlicular to the grain. lhe average shearing strength of these
jolnts was approxinately one-third. the shearing strength of spruce paralle1

to the grain? (values of ANC Erllettn No, 18 atljusteil to noisture content of
the specinens) when the joints were about 3 square inches in area (t ig.  11).
The shearlng strengths of smaller areas were somewhat greater.

fhe shearing strength of joints between gassets and spruce members
und.er forces perpend. icular to the d. i rect lon of grain. ln the nembers was
essentially the sane for all species and. thicknesses of plytrood. investl-
gated. for use tn gussets and. for al l  face grain d. i rect ions.

3Io bloct shear tests of gluetL joints at var ious angles to the grain, the
shearing strength perpend.icular to the grain of softwood.s was shown to be
one-tbird. of the shearing strength parallel to the grain, Sorest Products
Laboratory Report lTo. L522.
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Slrearing Streng,ths ol Gussgt-we! Menbel Jolntg- of Web

I4enber-to-rib cap F"rt"nto*, r.GilJffii 4 3t*J)

sions of the web meuber. The length o!

nrrm strength was trulce the length requi

that va1ue. [he renge in ]ength of Jo:
nembers d.id. not pernit d'eveLoptng the t

meuber of that size.

The sr:rves of figure 12 show th

strengths of the web roernbers could" not

Iap-rlstenings of the construction used. ln thls st'udy.

The shearing strengths of joint

those fall-ing entlrely ln Sttka Epnlce'

' It is notable that fallure occ'

to the graln regartlless of the graln

t e  s t  s .

fhe use of Yel low blrch nenber

resulted in shearing strengths propor

Most of the failules were ln the yel-l

'oith face grain paralle1 to the cllrec
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Shearing Strength of Gusset-rib Jolnts in

[he rate of increase in the shearing strength of gl,uetl joints between

gussets and rlbs in rib-to-spar speclmens clininished. aE the length of joint

was iftcreasecl. I'h,xinu-n attatnable shearing strengths, however, were not

reached within the range of lengths enployecl in these series. Although

nearly all failures were tlue to shearing of the Sitka spruce rib, the d'e-

crease ln unit stre4gth with increase in length of joint was much l-ess in

specinens with gusseis 0.125 inch thick than in those with gussets 0.I0O

i-nch thlck. f?re ultinate strengths of speciroens with 0.125-inch gussets

were about 40 percent higher than those i.tth 0.100-inch gus'sets'when the

joints were 5 inches 1On8. IrOwer values reSuLted, however, when very narrow

gussets of 0.125-inch pryroot l '  
"u"" 

o""a-(aesrens 3t '  SIr l '  and $I '  tabre 5) '

Shearing Strengths gf 0qrner Attachnents (tr' ig. 14)

Spee.inens with Sitka spnrce corner blocks were originally planned

only in ltze t shown ln figurl 3. Since their uLtimate strengths with ' r:'

corner blocks Of the larger sizes apparently exoeed.ecl the coupressive

strength of the rlbs and. spars, a siloilar series of' specinens wlth larger

nembers (size 2) was preparetl ancL testecl. Specinens with solid' corner

bLocks d.eveloped. hieh-er 
-shearing 

strengths fn tne larger specinens than in

the snaller speclnens. Ihe shearing strengths of speclnens wlth pl;n'trood' ' '-

angles, however, were about the sane for both slzes of speclnen. :

the pLotted. d.ata for sol-itl wootl corner blocks in figure 14 show tbat

for total  areas oi  jof" t"  ot- tZ 
"q*"" 

lnches, (a square inches per- joint)

or less, at least one-thircl of the shearing strength of spruce parallel to

the grain was develqlecl. tr'or specimens of both sizes, the amount of in-

crease 1n ultinate s-trength wtth increase in area beeame snall when the

area of the joints erceeded L2 square inches.

The shearing strengths of speclmens with square corner blocks were

essentially the sarne as for speciroens with trlangplar blocks harrlng the

same glue areas.

In specluens with either solitl wood. corner blocks or plpvood. anglesi.

nearly all iailures were in the perpend.icularly grainecl Sitka spruce of the

r ibs tr  spargr that is,  
' in 

parts- suiJected. to so*calIed r trol l ing strear.r

The strengthd of specinens witft pfSrwood angles lncreased sonewhat with the

thickness gf plywood..

[he relatlve efficiencies of the various tgres of corner attachnents

of 6-inch length ln qrecinens of size 2 are strown by the following tabula-

t i o n :
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t l_L

lrlangular coruer blocks &earing strength

tountls per gran of weight

570
306
2?A
L52
r0?

161
1.56

131
111
103

by
by
by
blr
by

f/a-incfr Sltka spruce
spruce
spruce
str)rucg
spruce

Plyrroodl angles

0.O7-inch sweetguro
. O?-lnch yellow-pqllar
. I0-1 nch uahogan;r-yoll. ow*

popLar-nahogany
. 0?-1.nch ]rellow btrch
.125-inch sweetgr:.n

Satld.l.e Gussets

[ests of sad,dte gussets were conflnecl to an er;rloratory serles,
slnce further investigatlon was d.eened. unneoessary. The results of these
tests, presenterl in tabLe 7, show that the strengths of sadlclle gussets ln
sises nornally used. greatly exceetterl the bearing strength of wood. inter-
costals, In all but the Largest sizes, the ead.dle gussets failed elther in
bearing or by shearing out the botton of the gusset, when testeil with a
steel bar substltutetL for the lntercostal. [he larger gussets were sheared
froro the framing uenber at Ioad.s exceed.ing ono-third 'of the shearlng
strength paralleL to the grain of the Douglas-fir or SltI@ spruce used. for
the fra.ning members.

Concluslons

The coltl-settlng urea-f,ornalrtehyd.e glue used. throughout these tests
tLeveloperl suffiolent shearing strength to cause wood. fallures in all speci-
men6. It is therefore presr:.med. that similar results would. have been ob-
talned. with any efficient gLue.

Propeeties of Guqset Sastenlngs

[he strengths of g1ued. fastenlngs in which perpenclicular nembers are
jotned by plyuood. gussets eould not be predlctep. by applying establ lshed
u:rit strength values to the aroas involved.. Strain neasurenents taken
&cross the wid.th of a gusset showed. that eoncentrations of stress causetl
failures t,o occur before the tensile strength of the entire area of pl-Snrrooel
cou1d. be d.eveloped.. The results of shear tests of the gluetl joints ind.i-
cated. that stress concentratlons also preventetl the tlevelq>neat of the
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shearing strength of the ent ire area of the joint .  [he extent , to which the
strengths of such fastenings were affectecl  by stress concentrat ions var ied.
with the relat lve size, shape, and elast ic propert ies of the joined. nenbers.

Gussets of necli'um d.ensity and 0.0? inch or nore in thickness tlevel-
opod. the full- shearlng strength of either parallel or perT,end.icular Sitka
spruce nenrbers regard.Iess of the d.lrection of the face grain of the plywood..
Delamination of the plywood d.id. not generally occur, and the strengths of
Joints showing partial plprrood failures wer€ equal to those failing entirely
ln the spruce.

Cond. i t ion 1: Iensl le Strengths of Gussets
in Glued I'astenings

lhe ul t inate tensi le.  strengths of gussets in the typtcal  fastenlngs
tested. increased. approxinately as the two-thirds power of the witLth. An
empir ical  fornular appl icable to the test data, for the d.eterninat ion of
the ul t imate, tensl1-e strengtns (P) of gussets when the face grain ls paral-
Ie1 (9o) to t t re d. i rect lon of load. ing is:

wnere

-F = tensile strength of the plywood -- pound.s per square inch

t = thickness of p1y-wood. -- inches

' W = wiclth of gusset -- tnches

u = wid,th of the tension nenber to which the gusset is g1ued. --
inches

Conservative values generall;r applicable to the test tlata are obtained. when
67 percent of the 0o value is usecl for gussets at 45o, and. 90 percent for
those at 90o. I t  is pref,erable, however,  to or ient the face grain in the
d.irection of the stress or "oaralleL to the tension member when other nembers
are invoLved.

A high tensi le strength can be attalned with narrow gussets b;r  qsl t t*
thick plyrvootls of high density. Wid.er and. thinner gussets of med.ium den-
sity, however, are usuatJ' nore efficient and. provid.e a larger joint area
antl better d.lstrlbution of stress on the perpendlcular nenber.

Cont!.itio} 2j Shedring Strengths of Joints Setween
Crussets and. l,lenbers with Graln Perpend.lcular to
the Dlreqtlon of load.ing

*"*t"  -hoult l  be exteni let l  ent l rel) 'across the wid-th of a perpendic-
ular nenber to avoid. the possibl l l ty of  i ts cracklng or spl i t t ing under

P=F t \
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tensi le load.s. Since the wld.th of a gusset is d,eternined. by the tensi le
(or coupressive) strength, the area of jo int  thus providet l  1s general ly

more than sr:Jficlent to intluce fall-ure in other elenents. The unit shear-
ing strengths of jotnts of the l ln l ted. areas that coult l .  be tested. by using
specinen,s of r:.nbalanced. d.eslgn equallecl or exceecled one-third. of the
sirearlng strength of spnrce parallel to graln as glven ln ANC Bullettn 18.

Condlt ion 3: Shearing Strengths of Joints Setween
Gussets and. Narrow Menbers wltb Grain Parallel
to the Direct lon of loat l ing

In the jolnts between gussets and. web nembers of web menber-to-rib
cap specinens, a naxlnuro shearing strength was reachecl (depend.ing upon the
species and. d.inensions of the web nernber) tirat apparently could. not be ex-
ceed.ecl by furt\er increasos in the length of Jotnt. [he tensi]e strength
of the web nenber was not developedl by this type of fastenlng, stnce it
exceecled. the mar{nun shearing strength. The Droportion of the tensi}e

.,strength that could be attained. varied with the ratio of the wltlth of the
web member to i ts c lepth between gussets,

The unit sheartng strengths of joints ).ong enough to attaln the naxl-
nuro value were eqllal to or greater than one-third. the shearing stre4gth of.
spruce parallel to the gratn as given ln Al{C Br:lletin 18. The length of
joint requiretl to obtain the maxinr:m shearing strength, however, was twice
the length requirecl to tlevelqr about B0 percent of that value.

In rlb-to-spaT speclnens, the naxinr:m attainable shearl4g strength
was not intlicatetl within the range of lengths of gusset-tq-rlb Joints
employed,. fhe d.lstrlbution of stresses was apparentl-y lmprovecl when the
ply*oocl thiclcress r'ras increased. Tbe r:nlt shearing strengtlrs of all rib-
to-spar specinens te.sted uncler this cond.ition exceeiled one-ha1f the shear-
lng strength of spruce parallel to the grain as given in Al[C Bulletin 18'

Shearing Strengths of Corner Attach.ments

[he unit. shearlng strengths of a].1- corner attaehments tested ex-
ceed.ecl one-third. the shearing strength of spruce paral1e1, to the gratn as
given in AI,IC Bulletin LB when the total area of Jolnts L'tas not greater thsn
12 square inches (3 square inches per joint) .  The lncrease ln ul t lnato
strength with increase in area becane snaIl, however, when the area per
jolnt exceed.od 3 square inches.

ftreclnens with triangular corner blocks were equal ln stre4gth to
those constructed. with rectangular ones having the sane glue areas.

0f the pl,rryood. angles investigated., those of ned.lr:n density and,
0.0?-inch thic loress were nost ef f ic ient.  Such plytrood angles with gluing
surfaces f/4 inch wicle were nore efficlent on a strength-weight basis than
triangular spnrce corner blocks ln sizes larger lhan Lf 2 bV U 2 inch.
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Searing Strength of Saddle Gussets

lhe satld.le gusset speclnens were hlgher ln bearing strength than the
wood. intercostals they were tlesignecl to support. fhe shearing strengths
of those in which the gusset was sheared fron the framlng nember exceeded
one-third. of  the shearing strength paral i .el  to the grain of the species of
the franing menber.

App l ica t ions  o f  Resu l ts  o f  Ies ts

" fho strength-area relationships of the various elenents of glued.
joints p?esented. herei .n shoult l  a id in obtaining eff lc ient designs in glued
fastenings erployiag joints of s izes within the scope of this invest igat ion.
In the gusset fastenlngs studied., the wiclths of the nenbers with grain
parallel to the d.irectlon of loading were largely conflned. to .3f8 inch.
The relationships shown; however, are believed generally appllcable to arly
fast,ening involvlng narrow lor,rgltutttnal merabers of }lke proportions. f,he
results of t[ese tests should. be of value in the tlesign of fastenings of
other sizes or t ; ryes, subJect to conf irnatton by actual tests.

Report No. 1526 -20-
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Flgure 6..--Apporatus used for the
fastenlngs shorlng speclmen ln
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Flgure 8.--Relatl6nshlp gf stralnr at vulojrs polnts ln the
ildth of the tenelle gusset of a rtb-to-spar fastenlng to
the load applled to the speclnen.
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Flgure 9.--Isthod of testlng corner attachnents under con-
preeslve loadlng. A'hardlood frame used to prevent the
rlbs fnon spreadlng ls not shorn.
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F, lgure 13.- -Relat lonshlp between u l t lmate shear lng
strength &nd area of  g lued Joints between gussets
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and r lbs ln  r lb- to-spar  fastenlngs.
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Flgure 14.--Relatlorrshlp betreen ultlnite shearlng strength
and ireo of glued Jolnts ln corner attachments of rlbs
to spars.
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