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INTRODUCTION 

Ob.ject of Test 

The purp?se of this project was the e~oerimental determin­

ation of the effect of long-continued shea.r stress unon the 

strength of structural timber. :By means of a careful test of a 

limited number of selected timber specimens experimental verifi­

cation of the commonly assumed relationship between strength and 

time of loading was sought. Similar verification has been ma.de for 

the effect of long-continued compressive stres/ and is inclica.ted 

2 
for long-continued flexural stress. It was believed that if such 

1:1, relationship existed for shearing stresses the results of only a 

comparatively few tests would be sufficient to reveal its presence. 

Many co cles contain provisions for increa.sing the allowable 

stresses on timber structures for loads that will remain on the 

structure for a short time only. Wind, earthquake and impact loads 

a.re specific examples. Ordinarily in desi gning for wind loads the 

working stresses may be increased 50 pe rcent provided the resulting 

structural members are not smaller than those designed for dead and 

live load alone; and impact stresses may be neglected unless the 

im:pa.ct stress exceeds the a.llowable live load stress. Regarding 

du.ration of stress, the 11Wood Handbook11 of the Forest Products 

La,boratory of the U.S. Deuartment of Agriculture sta.tes: 

11 Duration of stress is an important fa.ctor in 

determining the load a timber can safely carry. A beam 

1. "Johnston I s Materials of Construction", Chapter VI 
2. 11 Some Results of Dead Load :Bending Tests of Timber by Means of 

a Recording Deflectometer 11 Harry D. TiemRnn; Proc. ASTM, Vol. 9 



loaded continuously for severc.l years will break under 

a force about nine-sixteenths of tha t necessary to cause 

failure in a few minutes. If a beam is loaded quickly 

and. the load rele/3.sed immedia tely, the be B.m will sustain 

a :proportionately highe r load; the increase is a:p:oroximate­

ly 10 :percent when the time of carrying the load is reduced 

to one-tenth of the previous time. 

11 In compression :parallel to the grain f ai lure under 

long-time loading would be expected to occur at e..pproximR tely 

the :-oro·0ortional limit stress as found in a test of short 

duration. The relation of :pro:oor tiomil-limi t strengtb to 

ul tima.te crushing strength parallel to the grain as ob-

tained in a standa.rd. test of only a few minutes duration is 

0.80 for the s oftwoods and 0.75 for the hardwoods. 11 

In general, a 256/i increase in stress is allowable for loads remain­

ing on the struct,1re for 24 hours or les s , 50% increase for loads of 

5 minutes dura tion or less, a."ld 10076 increa se for loads such as impact 

loads of a duration less than 0.2 seconds. 

Another fa.ctor which focuses increa sing a ttention on the 

effect of time of loading on the shearing s trength of timber is thE: 

growing use of timber connectors. Many wood ro of structures using 

timber connec t ors were erected during the war due to the shorta ge of 

steel for industrial consump tion. Since the dead load on a roof is 

a much hig):ler :percentage of the total load tha.n for any othe r common 

type of structure more attention must be paid to the time effect when 

2. 



designing such structures. Timber connectors lend themselves ad.mir­

ably to the construction of roof trusses; multi:9le-piece, divided 

chords C 1'm be used and vertical and d.ia,gonal members brought into 

them and developed fully by means of connectors :placed in the faces 

of the chord and web members at the joint. However, in many cases 

it is not convenient to bring both the vertica.l and diagonal into 

the chord at one point because too wide a joint would result. In 

this case they a.re usually brought in at two points along the chord 

which, depending upon the sizes of the members, may be se-parated by 

twelve inches or more. This :practice results in excessively hi?,h 

shearing stresses in the chord member. As mentioned before, result­

ing :principally from dead load, these stresses are long-continued, 

and their effect is aggravated by the common practice of permitting 

a 50% increase in the allowable unit shec1.r for the design of joint 

details. Several recent fa.ilures of large, timber-connector ,joined 

wood trusses have been attributed directly to this cause. 

Thus the importance of determining definitely the corr­

elation, if any, between the time of loading and the shea,ring stress 

is evid.ent. If there is no reduction in strength due to long- time 

loading, higher desi gn stresses may safely be allowed. If a definite 

relationship can be :proved to exist, it can be compared with that for 

compression and flexure upon which the :present allowance for the time 

effect in shear has been based, and the allowance, and consequently 

the allowable unit shearing stres ses, revised accordingly. 

J. 



Outline of Tests 

This test in essential res1,ects was na.tterned after the 

tests in compress ion previously referred to made by Profes s or J. 

B. Johnston and renorted in his book, 11J ohns ton 1 s Materials of 
~ 

Construction11 • From each stick of wood used rey.,resentative specimens 

amounting to from 15% to 25% of the total were selected and te s ted in 

the usual manner to determine the ultimate shearing stress of the 

material. In this series of tests the specimens and method of apply­

ing load were identical with th~t used l a ter for long-time loading. 

From the ul timB,te shearing stresses so determined the dimensions of 

the long-time te s t specimens were calcula.ted to give unit stresses 

of 90%, 80%, 75%, 70%, 60~ ancl 5050 of the ul timi?.te with a load of 

JOOO pounds. An attem:,ot was made to select an equal number of 

s~ecimens for each load group from each of the four different sticks 

from which the specimens were obtai ned. An equal division was not 

fully real ized because the length required. for specimens 111i th the 

lower stresses exceeded the lengths of certain of the pre-cut pieces. 

Also, after the beginning of the series of long-time tests it was 

decided to rea.uce the load to approximately 2500 pounds because of 

the fa,ilure of a number of the specimens u:a on applicfltion of loEtd; 

this reduced the unit loads to :oercent ages of the ultimate ranging 

from 40 to 75 y.,ercent. 

4. 



TEST SPECIMEN'S 

Ma.terials 

The wood used for this test was air-dried, structural grade 

Douglas Fir, three pieces of which were obte,ined from a single 

source, the fourth piece being obtained from stock on hand in the 

Materials Testing Laboratory. All four sticks were nominal 

2 11 x 411 , surfa,ced four sides. All pieces were substantially free 

from knots, checks or shakes; all were reasonably dense and fairly 

straight grained. 

Photographs showing the top, side and end grain of 

representative specimens of each s·tick were taken as recommended 

in the A. S. T. M. Standard Method of Test and are includ.ed on the 

following page. 

A detailed descri-otion of the individual sticks is given in 

Table III of the Appendix. 

Faorica.tion 

Each specimen, which was identical with every other s-oecimen 

excenting for the dista.nce below the shear key, consisted of four 

separ a te :pieces -- the wood specimen itself, two steel side pla.tes 

which were a,ttached to the specimen by means of six J/8 11 bolts, and 

one J/4 11 x 1-1/2 11 steel shear key. The side :plates were drilled 

with 5/8 11 holes and the shear keys were fabricated with 5/811 round 

projections on each side so the specimens could be connected together 

chain fashion and the same load applied through the chain to each one. 

An assembly of a complete specimen is shown in the photogra:9h 



GR.A IU PEOTOGRAPES --- STICES A & B 



GR.. I1:T PEOTOGRAPHS --- STICIG C & 1) 



below. Details of the :parts are shown on Sketch III of the 

ASSEMBLED TEST SPECIHJDN 

Appendix. 

The side pla.tes were accura,tely laid out ahd drilled together, 

twelve or thirteen at a time. The offsets in the side plates were 

mad.e separately by striking the plate with a heavy hammer while it 

·was cl2m:oed in a vise. This gave rise to the possi'bility of a 

d.ifference between nl2.tes in the distance from the 'bolt holes to the 

holes 'by means of which the specimen was connected to the next speci­

men in the string. It is proba'ble that the slight eccentricity of 

lo.?ding which resulted from this difference in the leng th of the stra:ps 

may exolain partia.lly certr:lin inconsistencies in the results obtained 

6. 



The bolt holes in the specimen were drilled using the 

side :plate as a template. A drill press was used so that the 

holes would be at right angles to the surface of the specimen, 

allo'\'ring the bolts to be inserted through the specimen and both 

side :olates without difficulty. The J/4 11 x 1-1/211 hole for the 

shear key was a machine-made mortise, using a J/8 11 square mortiser. 

Particular care was taken to obtain a bearing surface for the shear 

key that was at right a.ngles to the surface of the specimen. 



DESCRIPTION OF AP?AR.A.T"t.JS 

The ap1Jaratus used to an~oly long- time loa,d is shown in the 

:9ho.togra:ph below a,nd diagrammatical l y by ·sketches I e.nd. II of the 

A:Vi1ei1dix. The latter show the arrangement of specimens in the test­

ing machine and. a detail of the testing machine loading 1}eam a.nd 

weights. 

APPARATUS FOR LONG-TIME TEST 

8. 



This ma.chine was originally designed to test strings of 

high-voltage, suspension insul a tors to a maximu.111 dead load of 

15,000 :pounds. I·t was equipped. with t wo separate loa ding beams, 

one ap YJro.:x:ime.tely eight and the other about twelve feet in l ength, 

by means of which two independent loading tests coul d be carried on 

simultaneously. The shorter of the two was used for this test as 

the loc1,ds pl a.nned we re only in the neighborhood of 2500 to JOOO 

pounds. This is the left half of the machine in the photogr anh, 

which c 2.n be seen to be filled with t he long-time shear specimens 

under test. The othe r half contains 1>. string of insulators which 

were not rem nved. 

As can be clearly seen in t he l'.lhot ogr2.nh , the machine c on­

sis ts of t wo 1211 x 1211 timber upri ghts appro:dmately eighteen feet 

long surmounted by a top-work of s tructural steel which serves the 

purpose of tying the t wo columns toge ther as.well as supnorting the 

ba lancing beams by means of which the load is transferred from one 

string to the other. The device attached to the top fl ange of each 

balB.ncing beam on either end is a dash-pot which ac ted to p revent 

the balancing beam from leaving its seat upon failure of the test 

string. Loose tie rods between the ba l ancing beam a.nd the top-worlc 

structure also aided in this re spect. 

The balancing beam rested. on knife edges and a l l connecti ons 

between both the bal a.ncing beam ancl the loading beam a nd the test 

string were through knife edge connections. Adjusting nuts we re 

provide d at the bottom of each string so that the balancing beam and 

the loading beam could be adjusted to a horiz_ontal p osition. 



Referring again to the photograr_:,h, the connection between the 

ba.l1?J1cing beam and the top of the string of specimens can be seen to 

have been made with 2, length of J/8 11 hoisting chain. This was done to 

provide flexibility and to allow for continuing the load 8.s specimens 

failed and were removed from the string. The chrdn weighed somewhat 

less th?n the specimens for a, given length, but this was compensated 

for and. the load on the remaining specimens kept constant by increas­

ing the length of the loop of loose chain until the weights of the 

two strings were equal and the balancing beam in b8.l1mce under no load. 

The electric clock a.nd the knife switch which discon:'.lected the 

newer supnly when the beam dropned upon failure of a specimen in the 

test string can be seen mounted_ at the toI; of the loading beam guides 

in the lower, left-hand. corner of the picture. A short piece of light 

wire rope, adjustable in length connects the loading beam and the knife 

switch. 

The 8Uthor devised what he considers to be a clever arrange­

ment for indicating whether the time of failure shown by the stopping 

of the' clock was A. M. or P. M. This made it necessary to ins·oect 

the test only once a day. The clock gl8,ss was removed and through the 

hole in the face which shows 8. red tag upon feilure of the current 

I 

supply a small hoolc of soft cop:oer wire was inserted. The hook uro-

,iected far enough to engage only the hour hand, the minute hano_ 

clearing the end and not disturbing the hook as • ,I. -J. ~ :pas sea.. Use of the 

device was as follows: Upon inspecting the test in the evening the 

hook was -oushed to the left of center. When inspecting the test the 

next d2.y if the clock indic8ted fPilure at say 6: JO, if the little 

10. 



ho ok h a d been pushed to the right the time of failure was 6: JO 

A. M.; if the hook rerna,ined. at t he left where it had been set t he 

previous evening the time of fo.ilure was 6: JO P. M. The device 

worked de ~oenda,bly and very well. 

11. 



TEST PR0CEIDRE 

Short-Time Test 

The short-time tests were performed to determine the ul tima,te 

shearing stress of the me.terial. These tests a,re summarized in Table 

IV of the Auuendix. 

A small Riehle Universal testing machine was used which gave 

readings to ten pounds. The speed of testing was 0.025 inches per 

minute which ga,ve a rate of unit deformation of about 0.020 inches 

per inch per minute, the shea r area being roughly 1.25 inches in 

length. This is in excess of the rate used in the A. S. T. M. Stande,rd 

Method of Test which is 0.0075 inches per inch per minute, and slightly 

greater th::m that recommend_ed as maximum by the Forest Products 

Laboratory, i. e. 0.150 inches per inch per minute. However, it is 

also sta.,ted that a variation in speed of z: 50% does not affect results 

more tha,n 2%, so this wes not considered a significant fa,ctor. Rates 

of loading were 350-400 pounds :_oer minute 'between 500 and 1000 pounds 

and 700-750 pounds :per minute between 1500 and 2000 pounds. 

The short-time test specimens were tested completely 8,ssembled 

and were identical with the specimens tested under long-time load. 

Special adc:rpters to the testing machine grips were f abricatec. to cpnnect 

onto the ends of the specimens. 

All specimens from Sticks A, ] a,nd C feiled in douole shear, 

except Specimen C-9 which failed in single shear accompanied by 

secondary splitting of the body of the specimen through the bolt holes. 

All specimens from Stick D also f ?,iled by the l e,tter method. In 

certa,in of the double shear failures the planes of f a ilure were not 

12. 



:parallel and the wedging a,ction of the shea.red section causecl sli ght 

cracking in the body of the s:oecimen. In others, na,mely A-6 , C-4 and 

D-4, bending stresses of sufficient ma.gni tude to :produce sma.11 crack s 

in the bottom f;.3,ce of the sheared section between the shear plrmes 

a.:rrparently accompanied the shearing stresses. Thi s e..lso occurred in 

the long-time test specimens where the distance 11 d 11 was small as ca n 

be seen from the photogr aphs of Specimens A-1 and B-16 where the 

she ared section is in two p ieces. No evid_ence of even localized bear­

ing fa.ilure under the key was a:p:oarent. A be 8ring test run on the 

body of failed Specimen C-4 indica ted tha t be aring s tres ses of almos t 

7000 psi could be withstood without failure. 

In all ce.ses the ultima te shearing stress 1,,ras calculated u sing 

the double she a r area.. This ap3Jears to be lo gical since both area s 

are loaded eq_ua.lly up to the point of failure, failure of one resulting 

before before the other because of slightly lower strength. It was 

noticed that in the 11 D11 s:i;,ecimens the gr ain va ried across the end of 

the snecimen from 17 ring s per inch and 35-40% summerwo od a t one she ar 

area to a.bout 10 rings per inch and J0-35% sumn1erwood a.t the other 

shea r area.. Fe.ilure invaria.bly occurred at the section of lowest p er-

cent summerwood. 

The shearing strengths obtained by thi £. method were sli g)l. q.y 

lower than the ul tima.te shearing strength for air-dried Dougla s Fir 

as given in the 11Wood Ha ndbo ok 11 • 

Moisture contents were determined for the sheared wedge a s 

rea,uired by the A. S. T. M. Sta.ndard Method of Te s t. 

13. 



Long-Time Test 

The specimens for the long-time test were assembled in two 

strings of ten specimens each and placed in the testing machine. 

The load was applied slowly by hooking the weights over the pin in 

the end of the loading beam and transferring the loa.d gradually to 

the beam over a period of approximately one minute. The time of 

loading was recorded. Upon failure, the time of failure, the 

designation of the specimen failing and its position in the string 

were recorded. As soon as possible the failed specimen was removed 

ancl replaced in the same position in the string by a. new specimen, 

using the bolts, shear key and side plates from the failed snecimen. 

Upon reloading, the time of reloa.ding, the designation of the new 

specimen and its position in the string were recorded. The total 

time under load since the previous failure and the time unloaded 

were then computed. When sufficient failures had occurred so that 

new specimens were no longer available for replacement, all specimens 

above the failed sr,ecimen were lowered one position by lengthening 

the chain connecting the top specimen to the ba.la.ncing beam end the 

resulting string reloaded. The strings were balanced by increasing 

the length of the loop of loose chain until the weights of the two 

strings were equal a.nd the balancing beam in balance under no load. 

Prior to applying load to the string each time, the balencing 

beam was checked to be sure that it was resting properly in its knife 

edges; the shea.r keys were centered in each specimen; and the lengths 

of the strings were ad.justed by means of the adjusting nuts at the 

bottom of each string so that both the balancing beam and the loading 

14. 



beam would be horizontal after the load was applied. 

Once each day readings of the wet and dry bu.lb thermometers 

and the barometer were taken and the temperature, humidity and 

atmospheric pressure recorded. As for the short-time specimens 

moisture content determinations were me.de on the sheared wedge of 

the failed specimens. 

Specimens were placed in the machine in the following order: 

First, 90% ultimate stress group 

third, 75'% ultimate stress group 

fifth, 60% ultimate stress group 

second, 80% u.l tim1:tte stress group-­

fourth, 50% ultimate stress grou:o-­

and la.st, 70% ultimate stress 

group. This order was decided u-oon as a compromise between the desire 

to obtain results as quickly as possible so as to have some data u-oon 

which to base a :preliminary renort in case failures were greatly pro­

longed, and the desire to loaa_ those specimens whose times of failure 

were expected to be greatest as soon a,s possible. 



RESULTS AND DISCUSSION 

The results of this test were at first quite disconcerting 

in tha t a. num'ber of failures occurred as the load was being applied, 

and at a stress much lower than the short-time ul tima. te. After eight 

such failures, on April 16, 1947 it was decided to reduce the load to 

a,pproxime.tely 2500 pounds so that the time effect, if one existed, 

would have an opportunity of manifesting itself. This reduced load 

was retained throughout the bala,nce of the test. 

Results obtained to date are plotted on Curve I of the 

Appendix entitled 11Effect of Time of Loading on She cir Strength of 

Air Dried Douglas Fir 11 • The curve for compressive stress obtained 

by Professor J. ]. Johnston is also included on this sheet as an 

examnle of the type of correlation originally expected. Obviously, 

the results of this test show no such definite correla tion. However, 

suppose a curve is drawn as indica ted, similar in shape to the com­

pression curve excent somewha t lower -- asymptotic to the 50% stress 

line. In this ca.se two point will fa,11 definitely below the curve. 

Failure of these two specimens at lower stresses and in shorter 

lengths of time than anticipated and failure of the thirteen specimens 

which failed upon ap:olica.tion of load might be e)cplained by the 

' sup:posi tion of a factor which acted to nrevent the eq_ual distribution 

of load 'between the two shee.r areas, possi oili ty eccentricity in the 

applica tion of the load. However, there are other snecimens which 

required for failure that the load be maintained much longer than 

would have been anticipa,ted if they followed a curve similar to the 

comnress ion curve. TJ:-.LI'ee specimens required a:rrnroximately ten times 

16. 



as long and five others "between five and ten times the length of 

time which could have been predicted for them. No eccentric loading 

hypothesis will eX})lain this behe,vior. It might be explained by the 

variability of the wood specimens themselves or by the variation of 

the strength of the wood due to changes in its moisture content. 

Another factor whose effect must be evaluated, in that it ma,y 

have a,n importa.nt bearing on the results obtained, is the intermittent 

loading factor. Cha.rt I of the Appendix entitled 11 Time Chart of Test 11 

shows clearly the intermittent nature of the load which was unavoidable 

because of the methoc1 of test selectec_. This was considered carefully 

before making the decision to proceed with the test, and it was decided 

that the effect of the intermittent loading on fina.l fa.ilure would be 

negligible. This seems to be borne out by the results of Mr. Harry D. 

Tiema.nn' s tests in flexure1 from which he concludes in :9art: 

11 Deflections or recoveries produced by immediate 

addition or removal of loads up to the elastic limit and 

probably to the point of first failure are independent 

of any deflection or recovery due to time effect of dead 

loads. 11 

However, recovery due to release of load may in some way be resnonsible 
•• ' 

for the long lives of the s:9ecimens requiring a load duration of many 

times any :r,redictable value, because, of necessity, the load was removed 

and reapplied to these specimens oftener than to the others. 

Summarizing the results obtained then, in the light of an 

almost complete lack of correlation between stress and the time req_uired 

1. Op. cit. 2, intro. 



to produce f ailure, we can say ths.t the time effect, if one exists 

for shearing stresses, was for all -practical :.ourposes obscured by 

the relatively greater effects of (a) variability of the materia.l, 

(b) recovery due to intermittent loa ding, (c) eccentricities of load­

ing or other stress-increasing factors and (d) variation of strength 

due to varie,tion of moisture content. These factors do not enter as 

prominently into a compressive test because of the high comnressive 

strength of the materic11. Variability could be responsible for either 

an increase or a decrease in the predicta,ble time. The existence of 

va,riabili ty in the strength of wood is well recognized ana. is allowed 

for in the determin2.tion of working stresses by reducing by one-fourth 

the average ultima te strength values as found from tests of clear wood 

before aptllying the factor of safety. However, it is ·doubted tha t 

variability alone could account for the sn rea d in results that was 

obta ined. Recovery due to load removal could be responsible only for 

an increase in the predictable time. Eccentricities of loading an(l 

other stress-increasing factors could be resnonsible only for a decrease 

in the predictable time. Every attemn t was made in the fabrication of 

the specimens to avoid introducing stress-incre1rning factors, and it is 

known that a much greater degree of ca re wa s t aken than the designer 

can ordine,rily rely on being taken in the fabric a tion of a n actual 

structure from his design; but it is entirely probable that these 

factors entered to a certa,in extent. The effect of eccentricity intro­

duced by the side ple,tes conceivably might be evaluated by correl8.ting 

p rema ture failures with their position in the test string. No such 

correlation could be obta ined. Va rici,tion in strength due to veri a tion 
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in moisture content could be responsiole for either an increase or a 

decrease in the pred.ictable time. The atmospheric conditions of the 

test were recorded to enable an evaluation of this factor to be made 

and are plotted on Chart III entitled 11 Chart of Atmospheric Conditions 

of Test 11 in the Appendix. While the humidity shows consider2,ble 

variation its effect on the moisture content of the snecimens is small, 

and the effect of the moisture content variation which results is 

negligible. In general, the moisture contents decreased 1 - 2 % be­

tween the short-time test and the comnletion of the long-time test. 

Conversion to the standard a,ir-dried moisture content of 12% by the 

method recommended in the 11Wood Handbook11 , !)age 62, gave only a 1 - 2% 

decrease in strength. It is believed that conversion of stresses to a 

constant moisture content would be inconsistent with the nature of the 

test and the degree of accuracy obtainable in measurements from 1,1hich 

stresses are calculated. 

At the time of writing this report twelve specimens are still 

under load --- C-11, stressed to somewhat over 60% of the short-time 

ultimate for almost 550 hours; C-16, stressed to just under 60% of its 

short-time ul tima,te for over 500 hours; five specimens from Sticks C 

a,nd D stressed to about 50% of their short-time ultimate for between 

530 and 550 hours; and five specimens from Stick '.B stressed to over1 

40% of their short-time ul tima,te for about 540 hours. A dial 

indicator attached to the loading berun shows that no further deflection 

is taking place which suggests that the load ma~' be sustained indefinite­

ly, if the specimens do not increa,se in moisture content. 



PHOTOGR . .l..PHS OP TYP I C \.1 F.ULlJRES 

Ri ght -- SPECH1EN D-3 

Typical double shear f a ilure. 

Left -- SPECII\IEN C-5 

Accidental f a ilv~e; simila r 
to single shea r failure with 
secondary cra c ldng thru bolt 
holes. 



PHOTOGRAPHS OF TYP ICAL FAI LURES 

Ri gp. t -- SPECii\-m:Ll'f B-13 

Typica l double shear f ailur e. 

Left -- SPECIMEN B-7 

Double shear f ailure with 
secondar y cracking of body 
of specimen due to wedging 
of s heared key . 



PH0T0 GF.JlPHS OE' ?YPI CAL F.1. ILURES 

Ri ght -- SPECIEEN C-7 

Typical double shear failure. 

Left -- SPEC IMEl'r C-1 

Typica l double shear f ailure. 
Roughening of right shear 
plane due to wedging of steel 
shear key. 



PH0'.00 GRl\...PHS OF TYPI CAL F,;:,. ILDRES 

Right -- SPEC I MEH A-4 

Typical double shear f ailure 
with splitting of sheared 
wedge . 

Left -- SPECB!IEN A-1 

Typica l double shear f ailure 
with splitting of sheared 
wedge. 



PHOTOG!UPHS 01<' TYPIC1'.L F_'. ILUR.ES 

Ri ght SPECIMEH B-16 

Note th8t right shear plane 
is not continuous with edge 
of mortised hole. 

Left -- SPECIM3N B-16 

Unusua l double shear f ailure 
'l'\7i th cracking of sheared 
wedge. 



P:f-IOTOGfL.\.PHS OF "TY.P I CA L F.\I LURES 

Ri ght -- SPECIMEN D--9 

Typica l double shear f a ilure. 

Left -- SPT<JCB1EN A-7 

Typic al double shear f a ilure 
with splitting of sheared 
wedge. Note pitch pocket; 
splitting of we dge occm·red 
thru p itch pocl{et. 



CONCLUSIONS 

1. The results of this test neither proved conclusively 

nor disproved the existence of a relationship between shear 

strength and time of loading compPrable to that for compressive 

strength. 

2. Because of the rela.tively, very low strength of wood 

in shear, other factors assUJ'lled greater importance and combined 

to obscure the effect of time of loading. 

J. Va.riabili ty appears to be of greater importance than 

any other factor in the shear strength of wood. Any increase in 

allowable shear strength values, such as the 50%, increase some­

times recommended in the design of ,joint deta.ils, should_ be made 

only when the analysis is rigorous a,nd with due consideration for 

the effect of varia.bili ty in causing a failure which would result 

in personal injury or large property damage. 
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SUGGESTIONS FOR FURTHER STUDY 

Further study will be req_uired if the relationship between 

strength and time of loading is to be verified for shearing stresses. 

From the accumulated experience to date the following avenues of 

procedure and investigation ce,n be suggested as offering the most 

promising possibilities of results. 

l. Effect of Varia,bili ty -- A possible experiment to 

determine the effect of varia.bili ty on the strength of the actual 

specimens used in the tests for which these results are reported is 

as follows: All of the f a.iled specimens have been retcdned. These 

could be turned end-for-end and a 3/411 x 1-1/211 slot for the steel 

shear key mortised in the opposite end, as the closest bolt holes 

are 2-5/8 11 from the end. The side plates could be attached using 

only four bolts and a string of specimens built up simiL<:,r to the 

original string. This string could be tested to failure in the dead 

load tester, ap:olying increa sing load to the end of the loading beam 

by means of a spring balance or s ome similar a.rrangement. 

2. Variation of Stress Under Shear Key -- Time did not :per­

mit an analysis of the deflections of the specimen under the shear 

key to determine the rela.tive magnitudes of the deflections due to 

shear and those due to flexure. (There should be little distortion 

due to bending of the key itself as it was selected with a section 

modulus equivalent to the,t of a bolt of such a diemeter that no loa d 

reduction would be req_uired because of the low L/d r a tio.) Such an 

21. 



analysis would give a picture of the distribution of load under the 

shear key and might be helpful in evaluating stress concentrations . 

J. Future Long-Time Tests - If another series of long-time 

tests is to be made, it is suggested that the steel side pla tes be 

stencilled so that they can be kept in pairs, and tha t each :pair be 

aligned by bolting together and reaming throut".,h the 5/8 11 holes 

sli ghtly oversize. Particula,r attention should be paid to the f ab­

rica tion of the wood specimens -- the bolt holes should be drilled 

in the drill pres s with a, side pl a.te clamped to the snecimen as a 

template; the mortised hole should be made with the utmost care to 

insure uniform bearing for the shear key. 
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SUMMARY OF TIMID SPENT 

Preliminary study and 
discus sion 

Inve s tiga tion of shop a.nd 
l e.ooratory facilities 

Design of specimen and 
apparatus 

Shop work 
Machine Shop 
Wood Shop 

Testing 
Short-time Test 
Long-time Test 

Set up equipment 
Testing 

Photography 

Ana.lysis and discus s ion 
of results 

Wri te-un J, 

Total 

Hours 

9 

4 

6 

22 
12 

9 

16 
30 

10 

8 

25 

151 
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