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Ill\r.stigation of tlic \7-~~otch bc.arlr specinien for shrar testing as de\ielopc.d in Hulllallia 
slro\vctl that it is not gcnerall!. applicable to thc deterirrination of shear strcngtl~ of n~ooct. 
T11c square plate t\\,isti~ig tcxst perfornitd hetter, and optilillrn~ res~llts \\,ere obtained \\.hen 
the ratio of side length to plate thick~iess \\,as on tlw ordcr of 12 to 11. The plate twisting 
test \\.as s1111jcct to a 1.el.y sulxtantinl sizc factor that limits the usc.fulncss of ttir test \ \ i t l ~ o ~ ~ t  
stulldnrdiz;ltio~i of spc.ci~r>cn size. 

iltltlitiot~ul keyu;ortl.v: I>o~~glas-fir, size factor, rolling shrar, shrar strength, shear pal.allr1-to- 
grain, shear prrpenclic~~lar to grain. 

One of the most difficult prol)lems in 
materials testing is the deternii~~ation of 
shear strength. 111 wood, the probleirl is 
further compoui~ded 1)y a high degree of 
anisotropy. Ilifficulties ill the shear test 
arise primarily in fi~ldiilg practical ways of 
;ichjeving a state of p l~ re  shear without ex- 
cessive stress concentrations, and atternpts 
to solve the problenl have resulted in many 
~vidcly differing specimcw designs (Rain- 
berg and h~filler 1953; Iosipescu 1967; 
Kolllnann and Ci,ti. 1968). 

Shear stresses in wood may occur in one 
of three principal planes, such as the radial- 
longit~rclinal p1:llle. I n  t h e  case of pure 
shear, failure will then occlu ill the less 
resistant of the other two planes. 11'ith 
radial-longitudinal slnear strcss, for instance 
\t7e would evpect failure to occur in the 
ta~rgential-longitudiilal plane (shear parallel 
to grain) and not in the radial-tangt:ntial 
plane (s l~car  perpc~ndicular to graiii). In 
most practical tests, however, loatls art, ap- 
pliecl in such a. way that they force the 
faillire to occur in a. predetermined plane. 
This gives rise to siv pri~rcipal modes of 
shcar failure. They Itlay 11c divided into 

1 , -  Ihis s t ~ ~ d y  \\,as carried o~r t  \\,bile the snrior 
acrtllor tvas \'isiti11g Scliolar at the liorc>bt I ' r o d ~ ~ e t . ~  
I,al)ol.atory, Richnlond. ITis prcsnit address is 
b'acl~lt> of Agric~~ltr~rcl, Sllillr:~rre LT~li\-t>rsit>, 
hlz~ts~lc., Japan. 

three groups: shear parallel to grain, rolling 
shear, and shear perpendicu1:lr to grain. 
T a l k  1 shows the type of shear stress and 
tllc, Failure, plan(, for each of tl~c, sis nlodes. 

Keylwertl-, (1945) has made tests ill all 
six modes ~ I I  sr:veral species. Shear strc>llgth 
perpendicular to grain was highest and 
rolling shear strength lowest; \vitliiir tracl-r 
of the three groups the differences were 
comparatively ininor. Recently, Goodman 
and Bodig 1: 1971) used plate shear speci- 
mens to determine shear strength ill each 
of the three principal planes of wood for 
several specics. For a shear shess in the 
LJ-R plane, failure might be either i l l  the 
1,-T ( sllear parallel to grain) o i  T-It ( shear 
perpendic~~lnr to grain) plane>, (Table 1); 
and since the specimen is free to fail in 
either plane it will fail in the plane offering 
the least resistance, i.e., in shear parallel to 
grain. A sinlilar situation exists for 
shwr strcss in the L-T planc. For sllcar 
stress in the R-T plane, failure can occur 
only l>y rolling shear. Surprisingly the re- 
sults of Goodman and Bodig (1971) indi- 
cated higher strength in rollii~g shear tha11 
ill shear parallel to grain. Because other 
methods of test might have mnderesti~nated 
the strength of wood in rolling shear, an 
i~ivestigntion of the plate twisting test as 
slnear test method for wood in more detail, 
cornl~ined witll a study of tlte V-~iotclt 1)eam 
test de\,eloped in Rumania b y  Iosipescu 
( 1966, 1967), was decided upon. 
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Type of shear 1 Shear s t n r r ~ x P l a n e  .TF to grain a)  Ar'B 
Rolling 

perpendicolor 
to grain 

L -T 
L-R 

T-R 

T-R 

The V-notch bean) specimen for shear 
testing (not to bc confused with the 
~lotchetl l~ealll specimc~ proposed b y  Rad- 
cliffe and Suddarth (1955) xvhere tllt: ileu- 
tral plane is reduced I)y notching to induce 
Ilorizoi~tal shear failurt~) Fvas developed by 
Iosipewu ( 1966, 1967) starting with the 
concept of an S-sllapvtl specilnen as shown 
ill Fig. 1,a. TVith this configliration. the 
central portion of the speci~nen represe~lts 
a I)canl wit11 constant vertical shear : ~ n d  a 
I)endinl; ~noment that is positive at one 
eilcl ancl ilegative at the other, and hence 
is eclnal to zero at iuidspau (Fig. 1,b). 
Notches were introduced in order to insure 
failme at this cross setrtion (Fig. 1,c); and 
photoelastic experiiaents showed that the 
scction 11etwec11 i~otch roots was subjected 
to ~nriformly distribut'vd pure shcar. The 
opti~nuol depth of the .ilotchcs was found to 
1)e 22.5 to 25% of the total depth (Iosipescu 
1967). 

111 order to avoid tire intricacies of the 
S-shaped spccimc~n, Iosipescu ( 1966 :) iobo- 
tluced :;pc~ciincm Ilo1dc.1.s to be used with a 
siillple notclied l)eaiil, as sllowu sclleinati- 
cally ill Fig. 2.  Alten~ately, loads may be 
iiitrod~lced as sho\vii in Fig. 3 (Voicl~lescn 
1970), which leads to the samt: nloinent 
ancl shear diagrams in cacll case. Further- 
Inore, the stress distril)ntio~~ ovcr the ceutml 
portion of the \)enlo is of the same type as 
for the S-shape s p e c i n ~ e ~ ~ .  

\'oiculcsc~i used th1: inethod shown in 
Fig. 2 to test a serics of wood speci~ueils 
and o1:ltained satisfactory results in 88% 

lirc. 1. S-shaped shear specimen: ( ; I )  loading 
seheni~,; ( b )  shear and ~noment diagran~s fo r  cen- 
tral I~eam pol.tion of the specimen; and (c)  speci- 
111~11 configuration including V-notches to localize 
f;~ilr~re at the point of zero moment. 

of the tests. Average shear strength values 
of iiidividual groups, however, ranged froin 
16 to 62% of the values obtained on ~natch- 
i i ~ g  material with the R~unanian standard 
metllod, a test somewhat similar to the 
.4STRI 1)loc.k shear test (ASTM 1973). 

The inaxiinum shear stress and the inaxi- 
munl bending stress of the config~iration 

PIG. 2. Scl~en~atic of V-notch bean1 shear 
\pcxc.itnc.n n itlr colnpact lo'lding fixturrs. 
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FIG. 3. Alternatr loading sche~ne for \'-notch 
I)ra111 shear speci~nrn: ( a )  loading col-tfig~~ratio~i, 
( 1) ) ~ ~ l o ~ n c ~ u t  diagralll, ant1 ( c )  shrar cliagram. 

sllown ill Fig. 3 inay 1)e calculated :IS fol- 
lows 1)y strength of materials methods. 
Equilibrium requires that: 

P = P I  + P2 (1) 

and 

where P = applied load 

PI and Pi-resulti~ig loads at points 
A ant1 B, respectivt.ly 

in = distance 0 - A  
11 = distance 0 - B  

From ecp~ation, ( 1 ) and ( 2 ) , the rnauimuin 
bending moment, 51, call be found: 

m (n-m) M = 
(n+m) 

and hence the maximum bending stress, tr 

at rxutrerne fiber will 1 ~ :  

\where c = distance from lieutial p l a~w to 
extreme fiber, I = moment of inertia, w = 
beam width and h = beam depth outside 
the notch. The vertical \hear, V, at mid- 
span is given by: 

and thus the shear stress is 

V (n-m) P 
T = - = - -  wd (n+m) wd 

where d = the net (minimum) depth of the 
heam at the notches. Since the speci~nen 
5liould fail in shear and not in bending, the 
r'ltio of bending stress to shear stress is of 
ii~terest, :urd is given by: 

If we set d = h/2 as recommendr:d, and 
note that for the recommended 90-degree 
notch the n ~ i n i n l ~ ~ r ~ l  value of 111 1,ecomes 
nl = h/4, it follows from Eq. ( 7 )  that l~nder  
the most favoral~le conditions the maxinium 
bending stress will amount to 75% of the 
shear strew. Si~lce in testing in slicar parallcl 
to grain this will iilvolvc bellcling stresses 
p e r p e n d i c u l a r  to the grai11, the ratio may 
l~ecome a critical factor. For air-dry 
Douglas-fir, for instance, the published 
shear strengtll is 1160 psi (Forest Products 
Laboratory 1955), and we can estimate the 
l~ending strength from the tensile strciigtli 
perpendicul~~r to grain at 560 psi (Schnie- 
wi11d and 1,yon 1973). S~ibstitutirig the 
above values for m, d, and in Eq. ( 7 ) , the 
calculated l~ending stress is 870 psi. This 
would lend us to expect failure iiz bending 
rather than in shear for the V-notch speci- 
inell. 

If the loading configulxtion according 
to Fig. 2 is used, the rnaxiini.~m 11e1idi11g 
stress is given b y :  
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ancl the I I I ~ X ~ I ~ I I ~ I  shear strcss is given by :  
1 P2 1 

i.e., the relation to tht, applied load changes 
as comparcd to the configuration in Fig. 
3. Thc ratio of bending stress to shear stress 
is still given by Eq. ( 7 ) ,  since the moment 
and shear diagrams for the two cases are 
idcntic;~l. 

T l ~ e  optimum~ notch depth suggested by 
Iosipexu was based on work with isotropic 
n~aterials. However, distri1)utioil of stresses 
in an orthotropic material will probably be 
different and therefore it might be worth 
while to consider greater notch depths, 
since this would tend to lower the ratio of 
bending to shear stress and in this respect 
improve the chances for a sl~ccessful test. 
With a sufficiently dcep notch, it is possible 
that 1)ending stresses at intermediate points 
of the notch surfaces ( i.e., at locations other 
than the point of maxi~tlunl ~nonlent) might 
become the coiltrolling factor. The distril~n- 
tion of l~e~lding stresses at the notch surfaces 
will now be investigatccl, using eleinentary 
theory. It  is realized that this will give 
only a rough cstimatc. sincc some of the as- 
stunptions are violated. For simplicity, the 
load configuration of Fig. 2 will be used 
although the result will apply ecjually well 
to the configuration of Fig. 3. 

7'11c 1)encling stress at the extreme fiber 
\vithill the notch (Fig. 4 )  will I)e given by 
it modificd form of Eel. ( 8 )  : 

where \ <-(11-d)/2. Difterentiati~lg Eq. 
(10) with re\pect to .; and setting the. dif- 
ferential equal to zero \how\ that the maxi- 
mlml I~eiiding stre\s will occur wheii: 

( providctl that O < (1 <11/2). C:onlbining 
E(ls. ( 10) and (11), ;lnd taking the ratio 
of 1)ending and shear stress as in Eq. ( 9 )  
wc. ol)t,li~l: 

FIG. 4. V-notch beam specimens used in pres- 
ent stndy: ( : I )  shear stress ULT, failure plarlr: L-R 
(shear parallel to grain); ( 1 1 )  shear stress uwr, 
failure plane L-K (rolling shear); and ( c )  tlefini- 
tion of specimen dimensions. 

In other wurdr, there is no procpect of im- 
proving the ratio 1)etween bending and 
shear stresses by deepening the notc11c.s. 

A series of tests were made on air-dry 
Douglas-fir using the load configuration of 
Fig. 3 and the specimen types-illustrated 
i l l  Fig. 4,a and b. Specimen dimensions 
were 1 - 3.125 inch, h = 1.5 ir~ch, w = 0.75 
inch, and two notch sizes corresponding to 
d = 0.75 and d = 0.25 inch. 

Tlihe~t testing in shear parallel to grain 
(Fig. 4,a) using the recommended notch 
size, it proved to be impossible to attain 
shear failures throllch the notches. Instead. " 
l~ending fail~ues occurred near the point of 
maximum bending moment (Fig. 5,a) .  This 
agrees with the analysis according to Eq. 
( 7 )  and the properties of Douglas-fir. 
Deepening the ~lotch only resulted in shift- 
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I 5 Failnres in V-notch hean1 s~~ecinicns: ( a )  bending faillire near point of rnax i in~~n~  hc~r~ding 
momcXnt in spccinirn intended for shear parallel to grain, u i th  recommended notc l~  size; 1113) fail~lre by 
c r~~sh ing  lulder load points in rolling shear specimens; ( e )  lwi- ding fail~lre within large notch i r ~  speci- 
nlen intendvd for shear parallel to grain; and ( d )  rolling shear specinicn ~ v i t h  deep notchcls showing 
failurcl in cl-nshing pl i~s  shear ;lntl/or tensile fai111rc.s starting at the notch tip. 

ing t l ~ c  location of the I~ending failure into 
the notch region. According to Eq. (: 11), 
the maximum bencli~lg stress is to be ex- 
pected at a distance of '4 inch from the 
notch root. Specimens did indeed fail in 
the vicinity of this point, as illustrated in 
Fig. 5,c. 

For rolling shear (Fig. 4,b) prospects 
were somewhat better, since the governing 
1)ending strength would be the sanle and 
strength in rolling shear is expected to be 
less. However, speci i~~ei~s with regular 
notch size failed by crusliiiig llnder the load 
points (Fig. Fi,l)) and specimens with deep 
notches had failures that originated at the 
~lotcll tips 1)nt did not propagate from tip 

to tip (Fig. 5,d) .  In  this case therc is also 
coilsiderable crushing ~mder die load 
points, aiicl failures appear to I)e the resl~lt 
of tension ratlier than of shear. 

The tests were intended as preliminary 
tests only. Because it was irnpossi1)le to 
produce proper shear failures, and because 
the occurrence of l~ending failures was in 
agree~nent with ai~alytical predictions, it 
was concluded that the V-notch beam speci- 
nzen was not geilerally suitable for shear 
testing of \vood, and so this method was 
ciiscontin~~ecl. 

This finding is in direct conflict with the 
results of Voiculescn ( 1970). Douglas-fir 
was not inclutled in the species hc tcsted, 
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but there is nothing unusual allout either 
its shear streagth or its tensile strength 
perpcndic~~lar to graii~. On the other hand, 
the shear strength values obtained by 
\'oiculescu wcre astc.lnishingly low. I t  is 
ilot reasonable that a illore nearly perfect 
state of pure shear it) the specimen should 
result in drastic reductions in the apparent 
shear strength as cornpared to a less perfect 
test with stress collcentrations. It  is there- 
fore likely that Voiculescn's results were 
iiiflucnced 1)y some e:itraneous factor. 

The sciuare plate shear test is made 11y 
twisting the plate ~p~ecimen. as illustrated 
sc11ern:~tically in Fig,. 6. Tlie masiniuin 
sllvar stress, prodllced by the load, P, is 
givc>~i Ily: 

\vherc tl is the plate thickners. 
7 .  I11c plate shear test is used principally 

for dc:termination of shear modulus. Re- 
cently, Coodman and Bodig (1971) used it 
for shear strength measurements altlio~igh 
they pointed ollt that the solution used for 
c i ~ l c ~ ~ l ~ ~ t i i l g  the inasimunl shear stress at 
failure is valid only within the Iinearly 
clastic region of material behavior. ASTM 
Standard D 3044 (ASTXI 1972) specifies 
a ratio of side length to thickness (I /d)  
l)et\veei1 25 and 40 to 1 for shcar ruodulus 
tletenniiiations of pl!~wood, and C;oodman 
i~nd  Boclig liscd a ratio of 24 to 1. Iiarnherg 
and  Aliller (1953) investigatetl the: plate 

sllcar test in some detail and recoinmended 
an l/d ratio of 10 as the best compromise 
\vhen tests extended beyond the elastic 
region. This indicated a need for experi- 
mental investigation of plate geometry in 
~lsing the plate twisting test for wood. Two 
series of tests were therefore made: one 
iilvestigating the effect of I/d ratio and 
the other the effect of absolute size. 

Effect of l /c l  ratio 

A series of experiments was madc using 
five cants of air-dry Douglas-fir (nominal 
moisture content 12%). Plate shear speci- 
mens represei~ting L-R, L-T, and T-R 
planes were cut from each cant. Plate side 
length was 3 inches in all cases, ant1 plate 
thickness was varied to give l/d ratios of 
5, 7, 10, 15, and 20. There were 10 replica- 
tions of each condition, for a total of 150 
specimens. In addition, block shear speci- 
mens were imade from matching material of 
four of the five cants, and tests werc made 
for each of the two modes of shear parallel 
to grain and for the two modes of rolling 
shear (Tahle 1). There were two replica- 
tions of each test for a total of 32 block 
shear specimens. Plate shear tests were 
made following the applicalde pro\~isions 
of ASTRI Standard D 3044 :~nd all of the 
block shear tests (although rolliilg shear 
is not nomially included) were made ac- 
cording to D 143 ( ASThl  1972). 

As il~iglit 11e expected, the L-R speci- 
illens failed in the L-T plant: and the L-T 
specimeils in the L-R plane (Fig. 7 shows 
larger speciinens of another series but with 
similar failures). The R-T specimens would 
11e espected to fail in rolling shear either in 
the L-R or 1,-T plane; actual failures were 
irregular and followed the pattern shown in 
Fig. 7. Siinilar failures occurred in all 13-T 
specirneils including one-piece specimens 
with perfect growth ring orientation. 

Fig11re 8 shows the plate shear test data. 
There is considera1)le variability of the data 
points for the L-T and L-11 specimens. The 
group me;uns suggested a curvilinear rela- 
tionship in both cases. Quadratic regression 
ecl11ations were computed, and the regres- 
sion curves are shown in Fig. 8. The regres- 
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FIG. 7 .  Typical failures of plate shear tests; sho~ving the three grain orientations used. 

sion was not statistically significant, b l ~ t  the shear strt.ngth, Y, fro111 the l/d ratio. X, arc 
means show a definite trend of cui~ilinear- as follows: 
ity. The maxima in the regression curves 
are at I/d ratios of 12 and 14 for the L-T 
and L-R specinlens, respectively, which is 
in the vicinity of the ratio of 10 suggested 
as optimum by Raml~erg and Miller ( 1953). 
There is no consistent difference between 
values for L-T and I,-R specimens, and the 
regression lines actually cross each other. 

In contrast, the data from K-T speciinens 
do ilot show ally sign of curvilinearity. 
There is a linear trend of decreasing shear 
strength with increasing I/d ratio, but the 
linear regression shown in Fig. 8 was not 
statistically significant. The iuagilitude of 
the values representing rolling shear is well 
below the magnitude of data for shear 
parallel to grain. 

The regression ecl~~ations for predicting 

L-R plates: Y = 1027 + 109X - 3.891' 
Id-T plates: Y = 1219 + lOlX - 4.081' 
R-T plates: Y = 482 - 3.61X 

Table 2 sho\vs the results of the \)lock 
shear tests. The shear parallel to graiii 
values agree closely with those put)lished 
for coast-type 1)ouglas-fir (Forest P rod~~c t s  
Liiboratory 1955), and rolling, shear values 
are considerably less by about thr: same 
factor as found by RlcR4illin (1958) for 
green redwood. Mullthe and Etl~iilgton 
(1968), using :I different type of tcst, ob- 
tained shear strength parallel to grain 5.3 
ti~iles greater than rolling shear in air-dry 
Sitka spruce. Table 2 also shows values 
from plate tests con~puted from the regres- 
sion ccluatio~~s at an I/d ratio of 10. 'The 
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INDIVIDUAL GROUP 

VALUES MEANS 

R T 

0 

1 
2 0  

L/D R A T I O  

FI(:. 8. Shcar stl.rngth ol)t;lirlr~d from plat(, 
slicar tcx,ts as related to 1 d ratio, at constatit side 
I(3r1gth of :3 inches. 

\ dues  from plate shear tests are higher for 
each n~ode of shear testing includecl in the - 
table. In both tests, rolliiig shear values are 
lrss t1r;ln one-third of the values in shear 
parallel to grain. C:oodman and Hodig 
( 1971) found higher \dues in rolling shear 
as compared to shear parallel to grain, 
whicli is coirtrary to general previous ex- 
~er ience  and the results of the oresent 
5tudy. It therefore appears that the results 
of their K-T plate shc:ur tests werc sullject to 
\y\teln,~tic cxpc~iinwntnl error. 

Effect of plate size 

Another series of tests was tnacle with 
air-dry Douglas-fir to irlvestigate the effect 
of specimen size. Tests were made for each 
of the three principal wood planes, but it 
was not possible to use matching m;~terial 
for the entire series. I Ieirce three different 
sets of material were used, one each for 
1,-T, 1,-13, aiid R-T plates. The l/d ratio in 
every case was fixed at 10, and plate size 

LR (SOLID) 

L T  (SOLID)  x 2ooot ii [ R T  (SOLID)  1 
RT (BONDED) 

0 2 4 6 8 1 0 1 2  

SIDE LENGTH (IN.) 

FIG. 9. Shear strength from plate sheiir tests 
as related to side length at constant 1 'd ratio of 10. 

was varied from a side length of 2 to 10 
inches. Fol* L-T plates, side lengths of 2, 4, 
6, 8, and 10 inches were usecl. L-R plates 
were represented by side lengths of 2, 4, 6, 
and 7.5 inches. R-T plates were g111c.d up 
from 4 to 9 pieces, depending on size (Fig. 
7 ) .  Side lengths of 2, 3.5, 5, 7.5, and 10 
inches were tested. The 2-inch R-T plates 
were represented by two groups, olie con- 
sisting of one-piece specime~ls and the other 
being glue13 up of four 1-inch squares. A11 
tests in this series \Yere replicated 10 times. 

Figure 9 shows the results of the tests, 
and the most striking feature is very 
strong dependence of shear skength on size. 
Idinear regression lines were computed and 
are shown in the figure. 1,-T and L-R 
data, although not nlatched with each other, 
gave nearly identical regression lines. The 
13-T data again fall well below the others. 
Tlre size effect is nearly the same for all 
three groups, since the shear strength for 
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'Calculated from regression equotiora atl/fl 1 10 

**Shear strength from R-T plates lisfed here because failure in the p l a k  test is expected to be controlled by the weaker shear plane. 

10-i11c1) plates in m y  of the three planes 
is o111y a l~out  60% of the stre11gt11 of 2-inch 
pli~tes. 

Quadratic regressioi~ ecj~iations ~vere  also 
computed for the data, and the nonlinear 
tel.111~ \verc. found statisticallj~ sigaificailt. 
IIowevcr, the resulting curves were ii~con- 
sistent, I~ccause of opposite c~~rvat i i re  ill 
one of the sets and only slight c~~rvilinearity 
in the others. Hence the linear equations 
appear to represent the data niost ade- 
cluatcly. Thc vqnations wcrc as follows: 

L-l< plates: Y = 1835 - 81.8X 
L-T p1atc.s: Y = 1813 - 79.3S 
11-T plate\: Y = 765 - 31.4s 

Specimei~ volume of the two extremc 
sizcs is in the ratio of 1% to I .  Size effects 
in shear have apparently n e ~ ~ e r  bee11 pre- 
viorisly in\.estigated, 1n1t comparisons might 
I)e ~ n a d e  wit11 other forins of loading. Size 
effects ill l~endiiig are prol~ably too com- 
plex to l ~ e  inclncled here. In  teiisiol~, ill- 
terpolatio~~ of thc data of Surniyu and 

Sngihara ( 1957) ii~dicates a reduction to 
7% for the same volume ratio. 11) c*om- 
pression. the size factor depends also o11 
abso l~~te  specimen voluine and is very small 
in a comparable range of voluine (Sellnee- 
wciss 1964). 

One factor encountered in the larger sizes 
(side lengths of S and 10 inches) was a 
certain amomlt of crushing in the area of 
load applic:ltion, although comer plates 
were used to achieve some load ciistril~u- 
tion. C r~~sh ing  also was evitleilt in the 
s~nallcr sizes of the previous series where 
thc l/d ratio was 5. 

The meall rolli~lg shear strength of 2- 
j11cl-i plates of solid wood was 690 psi corn- 
pared to 720 psi for glued-up speciine~~s. 
The sliglitly higher average for the bonded 
specimens, together with lack of faihncs in 
glue lines, demo~\strates that shear strength 
is not lowered by 1)oildiilg. Bonding might 
conceival~ly Icacl to an increase in shear 
strength by the disruption of n a t ~ ~ r a l  shear 
planes in the composite speci~ne~l,  but as 



i~rdic,ltccl carlier, faillire natter~is wc3re ir- handhook. U.S. Dcp. Agric., I\'ashington, 
regular alid al\vays follo\ved the general 
pattrr~r illustrated in Fig. 7. The silldl clif- 
fereircc: in shear stre~~:,;tl~ that was observed 
clid not 111-o\~e to he statistically sigiiifica~lt 
\ \ r l i n ~  tlw data were subjected to a t-tcst. 

The large size factor explains tlie lack of 
agreeirreiit between results from 1)lock and 
pl;~tc, shear tests as SI - IOWI~  ill Tal~lc: 2. Al- 
thorig11 tlie lilaterial nsed for the block 
shear tests was not ma.tcIied wit11 the speci- 
nicns lisecl for the series on side length ef- 
fects, appropriate block shear rcsults were 
s111)stituted in the lii-icar regressioil eqna- 
tio~rs to ci~lculatc the, plate side lei~gth for 
\\.hicli comparal~le vall~es co111d l ~ e  expected 
Froni 1)otli types of test. The res~iltiiig plate 
sizcs urn-e 8.7, 8.1, ant1 12.3 illclies for L-11, 
TJ-T, nrld 7'-1i plates, respectively. These 
col~lcl 1)e considered practical specimen 

8 7 sizes. I he proiiouncctl size factor does raise 
:I clrlc>:tio~i regarding tlie potential 11sefu1- 
tress of the plate twistiiig test for shear 
stre~igt-h c~cterininatioils. If thc size factor 
ill  slie;lr is indecd as large as i~ldicated 11y 
this stl~dy, stand:~rdiza.tioli of the test would 
1)e priilne recluiremc~ilt. There is, however, 
the possil~ility that tllcx size factor is in part 
all artifact of the plate twisting test \vhen 
carried to failure, and only partially related 
to such aspects as flaw distribution. This 
rnight 1)e suggesttd as the subject of a fu- 
ture study. 
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