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INTRODUCTION 

c;o The purpose of this bulletin is to supply information essential to 
c1Jhe proper design of bolted joints in timber construction. Safe loads 
::;:ior such connections, when computed by the methods given in various 
c:Dextbooks and handbooks now in use, differ widely. Such discrep­
2:ancy is attributed to the fact that no extensive series of actual 

strength tests of ordinary bolted timber joints, from which safe 
working values might be selected with assurance, has heretofore 
been made. This bulletin presents the results of several hundred 

.~such tests, in which bolts of various diameters and lengths and 
timber of both coniferous and hardwood (broad-leaved) species were 
used. Working values for various types of joint qonnectlOns, cover­
ing a range in direction of bolt pressure from parallel to perpendicu­
lar with respect to the grain, are presented. In aqdition to working 
stresses, details of design pertaining to such other features as the 
required spacing of bolts, the proper margin, ;and so forth are 
discussed. i 

1 iUaintain~d by the U. S. Dep.ertment of Agriculture at 1>Iadlhon. 'ViS., ill cooperation
with the University of Wisconsin. ' 
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, ~ITS OF THE INVESTIGATION 

Substantially all the detailed information in this bulletin applies 
strictly to ("ommon, commercial steel bolts and must not be con­
strued as applying to steel aircraft bolts. Several yeRI's ag-o the 
Forest Procli.lcts Laboratorv n:acle a study of aircraft bolts the 
results of which have already been published.' The stress at the 
yield point of the common bolts tested was approximately 45,000 
I)ounc1s per square inch, while that or the aircraft bolts previously 
tested was approximately 12.),000 pounds pel' square inch. A dis­
cussion of the effect of such a difference in ph)7sical. properties ap­
pears in th0 bulletin and a scheme for applying- the working-stress 
recolllmendations to bolts havjng properties greater than those of 
the e0111mOn bolts tesh'd is presrnted. 

Bolted joints arc often reinforcC'(l with metal or "ood dowels, 
keys, and other dC'vices in ordet' to increase tl1l'ir strellgth :mcl 
efliciency. Thi!:; bulletin does not give data that are direetly appli­
cable to such connections; it deals solely with bolt-bearing stresses . 
..:\.s this is written, howcy('1', a lHlmlwr of the morc modern nppli­
auc'cs ns('<.l to stl'en£!;then " holtpd (,011lWetiOll arc 11\1(1('1' test bv the 
Forest Products Lahol'atory, in eooperation with the National Com­
mittee on ",YoodUtilization, alHl the results of these tests will ulti­
mately be reconled and (1i.s(,USS(~l1. 

CHARACTER OF THE TESTS 

The tcsts made in this investi!!atioll wcre of two !!cnC'ral type's; in 
one the applied load acted in a clirectioll parallel to the grain of the 
wood, and in the. other :it was perpendicular to the grain. In other 
words, the te'sts simulated the conditions illustrated in Figure 1, .A 
and H. ,Yith the beal'ill!! strength for these two directions known, 
it is possible to eakulate the bearing strength at any otlWl' ang-Ie', as 
Hlllstl'atC'd by Fi!!ul'e 1, C, according to rules preYiously dcycloped 
in the study of u ir('l'1lit bolts already mpntiollecl. 

BEARING PARALLEL TO THE GRAIN 

In practicc, the splice plates used in joints. such as Figure 1, A, 
may be either of wooel or of metal, accorcling to choice or convenipnee. 
Both types werC' therefore used in the tests. The metal spliee plates 
were Olle-fomth inch thick for bolts three-fourths inch or less 
in eliameter and five-eighths inch thie1c for 1-il1~h bolts. Each wooel 
plate was half the tj1jekness of the main member. Two styles of 
test spceimens al'e shown in Figure 2. A tensile load was applied to 
the metal plates of specimen A and the stick was 11e1(1 at its upper 
end by a through pin of relatively large diameter. To simplify the 
tests in which bolts of large diameters were employed, a compressive 
load was applied to the metal plates; when this was done, II smull 
spacer block was bolted between the plates, near their ends, to help 
hold them in position. The application of a compressive load was 
found more convenient with specimens like Figure 2, B. 

, TRAYFlIt, G. W. DEARING. STUF.XGTH OF woon r:XDFJR ilTEE), AllIC'R,IFT DO[,TS AXD WASHERS 
AND OTHER FAC'l'OltS IXFLn,Xf'rXG ~'lTTIXG DESIOX. Nut. AdvIsory Com, .A.cronuutlc8 'Xech. 
Notes 296, 25 p., illus. 1!l2S. 



3 THE BEAR,ING STRENGTH OF WOOD u~r])ER BOLTS 

BEARING PERPENDICULAR TO THE GRAIN 

The connections involving a bearing perpendicular to the grain 
are also commonly made in two ways, as illustrated in Figure 1, B. 
Acrorilingly the test specimens simulating such joints were made in 
twv 'ways, as is shown in Figure 3. In one (fig. 3, A.) a tensile load 
acting perpendiculuT to the grain was applied through metal plates 
one-quarter inch in thiclmess, while in the other (fig. 3, B) a com­
pressive load was applied through wooden members each one-half 
the thickness of the main piece. 

a 

C~~~1f:~:~~ ::J 
A b 

a 

b 

a 

FHHlIUJ 1.-T,rpil'al .ioints: A, Benrinr: parnIJ~1 to the grain; E, bearing pc.rpcndil'ulllr 
to the grllin; C. bearing Itt an" anglp with the grain; u" metal splice plates; b,
wood :;;pIice plates or divided lI'IcllliJer 

GENERAL PROCEDURE 

In all tests made primarily to determinc the bearing shength of 
wood under bolts of various diameters and lengths, only one bolt 
was used in each test specimen. On the other hand, in one series of 
tests made to determine the effect of shrinkage subsequent to as­
sembly, four bolts were used. The specimens for this series were of 
green lumber, fastened with lh-inch bolts .. They were put away to 
season after assembly and later tested with the nuts untightened. 
In another series of tests, made to determine the proper margin and 
spacing, the rumber of bolts in each test specimen ranged from one 
to eight. 
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Two gages were attached to each test specimen to measure the slip 
at each end of the bolt. The dials were ~raduated ttl thousandths 
of an inch. Load was applied at the rate ot 0.026 inch a minute. 

The bolt diameters ranged from one-quarter to 1 inch. The 
thickness of the main timbers ranged from 2 to 12 times the bolt 

'II 
11111 

A B 
FIGURE 2.-·Bolted test specimClIs to which load wo.s appJicr1

pamllel to the g;'nin: A, with metal splice plates; B, with wood 
splice plates 

B 
FIGURE S.-Bolted test specimens to which load was applied perpendicular to the 

~.rain: A, With metal splice plates; E, with wood splice plates 

diameters. In order to eliminate the extremely variable element of 
friction, at lef st within the proportional Iimit, the nuts were not 
drawn tight; under service conditions friction can not be relied upon 
because of the shrinkage tl1at almost invariably takes place. At 
maximum load the bolts had usually bent enough to draw the plates 
snugly against the center piece, thereby introducing considerable 
friction. 
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Bolt holes jn metal plates were drilled. Those in wood mf'mbers 
were bored cleanly and perpendicular to the surfaces involved, in a 
direction radial to the growth rings. The results presented in this 
bulletin apply only to holes sl,aced and aligned accurately. 

Five species of wood a were used in the tests; namely, Douglas fir, 
southern yellow pine, Sitka ~pruce, oak, and maple. In all except 
the one series of tests made to determine the effect of moisture 
changes, the test specimens were cut from seasoned lumber and the 
tests were conducted shortly after the joints had been assembled. 
The properties of the test material were determined by testing small 
control specimens cut from each piece. 

PROPORTIONAL LIMIT OF A BOLTED JOINT 

In discusssing the bearing strength of wood under bolts it is 
convenient to use tl1e term proportional-limit stress, which is taken 
as the average stress under the bolt when the slip in the joint ceases 
to be proportional to the load. Although this point is regarded as a 
proportional limit, the joint will hwe a slight E,et on the removal 
of the load, chiefly because of the I::lmbedding of the bolts in the 
frayed wood fibers. F'urthermore, the stress under the bolt is by 
no means uniform. What the actual stresses in t.he wood and in the 
bolt are when the proportional limit of the joint is reL!!hed is a 
question of academic interest, and so is the part that each plays in 
producing the proportional limit. The determination of the stress 
distribution in the wood and in the bolt is an extremely difficult 
mathematical problem. Approximate solutions have been obtained, 
as far as we are aware, only after various simplifying assumptions 
were made. How closely the calculated stress distributions deter­
mined by means of these assumptions agree with the actual d}stribu­
tions is a matter of conjecture. 

The one important fact to be considered here is that at some load 
the slip in a bolted joint ceases to be proportional to the load. This 
slip is small, usually only a few hundredths of an inch. If the load 
at that point can be sustained repeatedly without an increase in 
slip or other evident injury, :it can safely be regarded as a propor­
tional limit. Repeated-load tests were made, and later discussion 
will show that the proportional-limit load of the joint can be sus­
tained repeatedly without injury to the joint. 

In the following discussion of the experimental study of the 
bolt€d joint the average proportional-limit stress :is expressed as a 
ratio to a definite and known strength property of the wood. This 
scheme offers a simple and conve1lient method of obtaining safe 
working stresses from the results of hundreds of tests. 

In presenting the test results tIl(' bearing strength of wood under 
bolts acting parallel to the grain is discussed first; next, the bear­
:ing strength perpend:iclliar to the grain; and, finally, the bearing 
strength at any angle between these two limits. The reason for this 
arrangement will become apparent as the discussion proceeds. 

3 'rhe Ilumes of species of wood In this bulletin urc the stundurd commou IlUllli!S 
employed by the Forest Service. 
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BOLT-BEARING STRENGTH OF WOOD PARALLEL TO THE 

GRAIN 

DISCUSSION OF TEST RESULTS 

JOINTS WITH lIIETAL SPLICE PLATES 

'1'he joint simulated in the tests employing metal splice plates, with 
the load acting parallel to the groin, is represented by Figure 1, A, 
a, and the type of test specimen is that shown in Figure 2, A. The 
thickness of the timbers in a direction parallel to the axis of the 
bolt was varied in such a way that the ratjo of this dimension ~L) 
divided by th·~ diameter of the bolt (D) was 2 for one set of speci­
mens, 4 for the next set, and so on up to a value of 12. This clefinitf'. 
stepping was selected for the reason that after considerable data for 
bolts of various diameters ancilengths had been collected it became 
apparent that all of the results :01' a giyen yalue of LID were similar 
for specimens of about the same quality and could be combined in an 
ayerage stress figure. In other words, LID was found to be the 
determining factor as regards stress. For example, the average 
proportional-limit stress in pounds per square il1ch under a 1/2-inch 
bolt in a 3-inch piece was the same as that undet· a 1-inch bolt in a 
G-inch piece, provided the two pieces did not differ greatly in quality. 
This fact was also clearly demonstrated in the tests of aircraft bolts 
previously made. 

Figure 4 is a typical curve showin~ the relation between load on 
the bolt and slip in the joint. It is tor a joint made by connecting 
metal splice plates to a 2-inch timber by means of a single Vz-inch 
bolt. Load was applied parallel to the grain. The points on this 
curve fall along a straight line up to a load of 2,800 pounds, which is 
taken as thl:' proportional limit. Readings were begun after a small 
jnitjalloacl had been applied to take up all slack. which acconnts for 
the fact that the first point is on th~ axis of ordinates. 

The average proportional-limit stress obtained by dividing the 
proportional-limit load of 2,800 pounds by the projected bearing 
area of the bolt: of course, was not the actual stress at this load. 
At the edges of the timber the stress was much greater than this 
value and near the center it ,,-as much less. Furthermore, when the 
proportional-limit loael marked on Figure 4 was reached, the holt 
itself had probably reached its yield point. It is likely, then, that 
the effects of the stresses in the wood anci in the bolt were com­
bined in proclucing the ttpparent proportional limit of the joint. In 
addition, it is also probable that their relative importance in this 
regard vm'ies with the LID ratio of the joint. At any rate the 
average proportional-limit stress was found to drop off grnclually as 
the LID ratio was increased. 

Figure 5, B, shows the variation in average stress at the propor­
tional llmit for the softwoods tested find Figure 6, B, for the hard­
woods as LID is varied from a negligible value to 12. The average 
proportional-limit bearing stress under a bolt is expressed as a 
percentage of the maximum crushing strength of the '!vood in which 
that be.lt was used. Each symbol represents the average of the 1'e­



5600 

THE BEARING STRENGTH OF 'WOOD UNDER BOLTS 7 

suIts for at least four and usually five tests, except for what corre­
sJ)onels to zero LID. 
~ The stress at what corresponds to zero LID was obtained from the 

test of specimens like Figure 7, A. Uniform pressure was applied 
to the bolt through a heavy plate in order to ehninate any bending 
of the bolt. The value plotted at zero LID in Figure 5 is the averago 
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an indiviutwl ('est spl't'iulPtl 

of 55 tests, and the corresponding value in Figure G is the average of 
50 tests. 

Although a single C'1Il've was drawn through the plottel1 data on 
Figures 5 and G, theol'rtieally more than one curve would be re­
quired wl1<:'n the rnatrl'ial in the tpst speeirnpnts differed markedly in 
quality. This statement d<'])en(1s upon the sOlmdness of the previous 
deduction that the strengths of tile bolt and of the wood are e01l1­
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bined in producing the apparent proportional-limit strength of the 
joint. A careful scrutiny of the plotted data may throw some light 
on this deduction. 

Especially in curve B of Figure 5, a considerable divergence in 
the plotted points occurs at all LID ratios of from 4 to 12. Imme­
diately above and below each group of points is given the maximum 
crushing strength, in pounds per square inch, of the test material 
from which the extreme values were obtained. The average crush­
ing strength of all the specimens tested at LID ratios of from 4 to 12 
(fig. 5, B) was 5,390 pounds per square inch. In general, when a 
test piece was below this figure in quality the ratio of its average 

/00 
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FIGURE (i.-For conifers. the relntion hetw('en '1\'ernge boH-Ill'nring Rtress, l'xpress('d 
in terms of the Illnxlmum crllshing strength of the wood pllrllllel to the grllill, nnd 
the ratio of thl' length of the hearing (D) in the main nH'mlJer to thl' diameter of 
the bolt (D) : A, Averuge stress ut It Hlill of 0.1 in('h; H, average streHs at til(' pro·
portional limit 

proportional-limit bolt-bearing stress to its maximum crushing 
strength was above the curve. Like'tvise, when a piece was stronger 
the same ratio for it was below the curve. 

The general tendency for the ratio of the average proportional­
limit bearing stress to the crushing strength of a test piece to vary 
with quality of material was even more clearly shown in the tests 
perpendicular to the grain. The material for such tests could well 
be divided into two distinct classes, one approximately double the 
compressive strength of the other. The results of such division 
appear in Figure 12. '\Vithout attempting to explain the ordinate 
aX1S of Figure 12 at this time, it may be said that the curves show 
the general relation between the avel'llge proportional-limit joint 
stress perpendicular to the grain and the LID ratio. For a diver­
gence ill quality so extreme as this, two curves were required to rep­

/3 
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resent the general trend, one for each class of material. All these 
facts tend to substantiate the conclusion that, except for small LID 
ratios, the bending strength of the bolt as well as the crushing 
strength of the wood is intimately associated with the proportional­
limit strength of the joint. 

It so happens that beyond an LID ratio of about 5lh the average 
proportional-limit stress, as represented by the B curves of Figures 
5 and 6, drops off at the same rate that the LID ratio increases. 
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In terms of the mllximum crusbing strength of tbe wood parallel to the grain. a.nll 
the ratio of the h,ngth of the bet',ring (L) in the ma.ln member to the diameter of 
the bolt (D) : A, Avcruge stress Ilt Il slip of 0.1 lncb; B, avernge stress Ilt tbe pro­
portional lIml t 

This means that for all LID ratios greater than 5lh the propor­
tional-limit loael remains consbu!t fOl' a bolt of a given diameter. 

How the curves of Figures 5 and 6 were actually fitted to the 
plotted data is explained :in the appendix. The relationship between 
proportional-limit load lmc1 LID is also shown there graphically. 
, Although the B curves of FigUl.'es 1) and (j have the same geneI'll I 

shape, the one representing the variation in averllge proportional­
limit bolt-bearing stress with LID for coniferolls woods is lower than 

128843°--32----~ 
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the corresponding curve for hardwoods. The curve for conifers 
reaches only 64 per cent of the ma.ximum_ crushing strength of the 
wood, for extremely small LID ratios, while the one for hardwoods 
reaches 80 per cent. Throughout the entire LID range this propor­
tional difference is about the same. Only a small part of it can be 
accounted for by the slight difference in the a.verage strength of the 
test specimens of the two groups of woods. Seemingly the significant 
difference is due to the fact that the across-th~-grain properties of 
the hardwoods as a group arc relatively higher, in comparison -with 
their compressive strength along the grain, than are those of the 
conifers. It is apparent that -when pressure is applied to the cylin­
drical bolt this pl'essure is resisted not only by components acting 
parallel to the grain but also by other comJ?onents acting perpendicu­
lar to the grain. Further, it is also pOSSIble that, because of a dif­
ferent structural arrangement of the two kinds of wood, a different 
distribution of the stress in the wood under the bolt occurs. 

BA 
FIGUnE 7,-Tl'st Hp\'('illll'ns 1:0 whi('h lonrl WfiS applied throll!!" a plate in order ,1:0 

l'lil1linnf.(' all IH'ullin;; or lht' holt: A, Load llarnllel to tilt' ~r:1iIl; B. load pCI'l1c lIthc­
lIlat' to the gr'lin 

The slip in the joint at the proportional-limit load was about 0.02 
inch for l/.t.-inch bolts, 0.02 to 0.0;>' inch for %-inch bolts, and about 
0.0'1 il1ch fOI' %-inch and I-inch bolts. For any given diameter of 
bolt the slip at this loael remained fairly (,Ollstant for Lj[) ratios of 
from 4: to 12. At un LjD ratio of 2 the bending of the bolt appeared 
to be of: little if any importance, and the slip was usually sumewhat 
less than Jor In rger ratios. The increase in propot'tional-limit slip 
with diamcter of bolt also points to the conclnsion that the bending 
strellO"th of the bolt has a pronounced effect upon the proportional­
limite;;trength of the joint, because for any given LID .ratio a la~ge 
bolt must bend farther than 11 smaIl one to reach a gIven bendmg 
stress. 

The averao'e stresses associatecl with a slip of 0.10 in('11 follow the 
A eurves ofli'in'ures 5 and G. rflwse CUlTCS are hi~hcr than the B 
curves of the sa~lC figures, but have the same general shape. Plottin~ 
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values for still larger distortions, an upper limit of average stressis soon reached, one that is about 100 pel' cent of the maximumcrushing strength for conifers and 140 or 150 per cent, or even more,for hardwoods. In other words, the maximum loads in the entireLID range examined, when divided by the projected al'(lH of the bolt,yield calculated average stresses that are about equal to the crushingstrength of the wood parallel to the o-rain for conifers and con­siderably greater than t11at strength for~u1l'dwoods. Unlike the slipat proportional limit, which remained fairly constant for ull LIDratios, however, the slip at maximum load increased greatly as theLID ratio was made larger.

Although the strength properties of the bolt control to a· con­siderable extent the magnitude of the proportional-limit load on abolted joint, within the limits of the investigation the maximum loadappeared to be controlled almost entirely by the strength characteris­tics of the wood; this fact is important. In Figure 5, B, the highestpoint on the curve at all LID ratio of 4 is the average for sprucespecimens the maximum compressiye strength of which was 4,656pounds per square inch. The lowest point for spruce at this LIDratio represents materinl the compressive strength of which was6,296 pounds pel· square inch. The average stress uncleI' the bolt atmaximum load, however, was 95.8 per cent of the maximum crushingstrength of the low-strength material and 93.2 per cent of the high­strength material. 

JOINTS WITH WOOD SPLICE PLATES 

Figure 1, A, b, represents the joint simulated in the tests of speci­mens having wood splice plates and Figure 2, B, shows the type oftest specimen. The thickness of the center member was varied from2 to ? inches by 1-in~h increments, nnd o.nly one liz-inch bolt wasused 1Il each test speCImen. The L/D ratIO, therefore, varied from4 to 12 in acordance with the procedure followed in the tests ·withmetal plates. Each outside piece was always made half the thick­ness of the center piece.
It was fOllnd that the average proportional-limit stress "<lluesagain groupecl themselves along a curve like the B curves of Figures{) and 6 and that the slip associated with these yalues was about 0.085inch. The stresses, however, \yere some"'hat less tlHln those obtainedwhen metal splice plates ·were used. Table 1 shows how the resnltsof these tests compare. ·with the results of corresponc1ing tests employ­ing metal pIntes. The proportional-limit ntilles Jor wood plates, ex­pressed as ratios to tbe crushing strengths, :l\'erage Hi per cent of theevrresponding Il1rtal-plnte values for the two coniferolls woods, and75 per cent for the two hardwoods, over all LID range of 4 to 1~.The table disclofies the fact, however, that the coniferolls woodstested with metal plates averaged 23 per cent better in compressiYestrength than those tested with wood plntes. The significance ofthis fact was pointeel out in :t foregoing statement that the ratio ofthe average propol-tional-lil1lit stress of the joint to the maximumcompressive strength of the maill timber was fOlllld to be higher fora low-strength piece than for a high-strength one. This would tendto make the wood-plate values high in comparison with the metal­

l 
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plate values. The situation for the hardwoods listed in Table 1 is 
reversed as regards quality of material, which tends to make the wood­
plate values low. It ap~ears to be a logical conclusion that the 
average of the 87 and the (5 per cent ratios would very nearly repre­
sent the true relation between the average proportional-limit stresses 
for joints made with wood splice plates and for those made with 
metal splice plates. This average is 81 per cent, which for conven­
ience will be taken as 80 per cent. 

TABLE 1.-'l'7/G c01npurativo proportionul-li'/ll,it Iftrenflt1b 1Inra,]/01, to tho grahb of 
boltoa joints huVinll 'wood) If/JUca pia,tos wna t1W80 harvin{l tJwial Ifplico 1I1llt08 

Wood splico plates Metal splico plates 

.Ratio of Propor- Propor­bearing tional-Iimit tional-limitlength of .Ratio ofstress of stress ofholt in main Maximum :Maximum column 4Species of wood Joint in joint in member to . crushing crnshing toeolumnterms of (erms ofdiameter strength strength 6 valuesmaximunl maximumof bolt of main of maincrushing crushing(LID) member momborstrength strength
of main of main 
member member 

2 4 

Ponnds per POILnds per 

Sitka spruco _____________________
Do__________________________ 
Do__________________________ 
D 0 __________________________
Do__________________________ 

Southern yellow pine ____________
Do__________________________ 
Do__________________________ 
Do__________________________ 
Do__________________________ 

4 
6 
8 

10 
12 
4 
6 
8 

10 
12 

sqILare inch 
3,820 
4,665 
4,038 
4,501 
4,141 
4,800 
5,345 
4,950 
4,682 
4,959 

0.427 
.284 
.239 
.177 
.159 
.388 
.208 
.227 
.169 
.145 

sqILare inch 
5,186 
6,375 
4,976 
6,155 
5,OSS 
5,715 
5,865 
5,861 
5,690 
5,717 

O.52!) 
.311 
.265 
.187 
.101 
.476 
.3·10 
.25l 
.212 
.192 

0.813 
.913 
.902 
.946 
.988 
.815 
.876 
.904 
.797 
.755 

i\.verage~8__________________ 8 .---------.­ 4,591 
~-----------

5,603 ~--------.-~ 
.Sil 

],;faplo __________________________ 
Do__________________________ 
Do__________________________ 
Do__________________________
D 0 __________________________ 

Oak_____________________________ 
Do__________________________ 
Do__________________________
Do__________________________ 
Do__________________________ 

,1 
6 
8 

10 
12 
4 
6 
8 

10 
12 

5,488 
5,391 
5,866 
6,266 
6,616 
4,892 
5,703 
5,449 
5,478 
5,007 

0.374 
.302 
.252 
.173 
.142 
.430 
.290 
.213 
.181 
.152 

4,145 
4,600 
4,232 
4,645 
4,530 
4,884 
4,096 
4,122 
4,450 
4,442 

O. 53~ 
.340 
.206 
.237 
.171 
.593 
.406 
.328 
.256 
.213 

0.701 
.888 
.851 
.730 
.830 
.725 
.714 
.649 
.707 
.714 

A verage _____________________ -----------­ 5,625 -----------­ 4,424 ----------­ .751 

Orand averago ____________ -----------­ 5,108 -----------­ 5,044 -----------­ .811 

SAFE WORKING STRESSES PARALLEL TO THE GRAIN FOR COMMON 
BOLTS 

VARIATION WITH LID 

If the B curves of Figures 5 and 6 are replotted with the ordinates 
for extremely small LID ratios taken as 100 per cent, both curves 
reduce to Figure 8, A. This curve then represents t~le percentage 
variation in average proportionnl-limit joint stress with variation in 
LID for material not differing greatly in strength from the average 
of that tested. Previous discussion has indicated that, for material 
appreciably lower in strength than this average, the curve would 

7 
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drop off less rapidly with increasing LID ratios and for materialappreciably higher in strength it would drop off more rapidly. Inany event, if safe working stresses were based solely on tl1e averageproportional-limit joint stresses they would drop off with increasingLID ratios in accordance with Figure 8, A, or at least in accordancewith a slight modification of it. 

I/O 

100 

8 

A 

"-\...... 
~

"f\.
~

" ....... 

~
"'-.... 
~ !--.... 

r---­
10 

o
o 2 4 5 Ii 7 8 10 /I 12. 13

$10 RIITIO 

FIGURE B.-For both conifers and hard\l oods, variation in average bolt-bearing stressparallel to the grain with the rlltio of the length of the bellring (Ll in the mllinmember to the diameter of the bolt (D) : .A, .Average proportional-limit stress; B,recommended modificntion for actual use 

It has been shown that the average stress under the bolt at maxi­mum load does not drop off in this fashion, but remains fairly con­stant, 'which means that the gap between the proportional-limit loadand the maximum load widens as LID increases. Therefore, thesame degree of safety would not be maintained at all LID ratios ifsafe stresses were varied in accordance with the average pl'oportional­limit stresses.
The Forest Products Laboratory recommends that safe bolt-bearingstresses be based largely on average proportional-limit stresses. Inorder to insure sufficient safety at small L/D ratios, ho,wever, thecurve representing variation in safe stress should be below the curverepresenting variation in average proportional-limit stress at slp.allL/D ratios, although coinciding with it in the greater LID ratios.The modification can best be explained by referring again to Figure8, A. This curve is dropped 20 per cent from its starting point toan LID ratio of 2 and is dropped a proportionately less amount fromthere to an DID of 5. From this point on no change is made. 'rhenew curve, Figure 8, B, consisting of the dotted pO<l.,tion on the left 
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and the full line on the right, represents the recommended variation 
in working stress. The curve can be more conveniently used if the 
scheme of reducing it to a percentage basis is again followed and 
the extreme left-hand portion, now 80 per cent, is taken as 100 per 
cent. Figure 9, 0, shows the curve changed to this basis. 

110 

K R'i'(l 
'\j\e'I\.

1\.\,," "....CROUP 1, 
~~ ,"CROUP 2 

l>< -GROUP 3~" "<~~ .............. 
r........ 

-...:.-.:::::: 

o 
o 	 2 3 4 5 6 7 8 9 10 " 12 13 

Llo RIITIO 

FIGURE D,-The pprcentagps rccommcn<1pcl for us(' with hasic stresses ptll'ollel to the 
I(t'ain jn calculating "nfc werkiug stresses for both eonifers and hardwoods of 
Tuhle 2 : A, group 1 "roodS; B, group !.! "londs; C, grouJl 3 woods 

Figure 9, C, is simply a graphical representation of the proposed 
variation in working str:ess with LID; to supply safe ·working stresses 
it must be used in conjunction with basic stresses determined in the 
investigation but not yet presented. The scheme for selecting basic 
stresses, which is proposed on page 15, introduces a factor that places 
the recommended safe stresses well below the proportional-limit 
stresses at all values of LID. These working stresses will vary with 
the proportional-limit stresses, but will not even approach them in 
actual magnitude. 

The proposed variation in working stress shown by Figure 9, 0, 
applies only to wood having a compressive strength approximately 
the same as that used in the tests. The strength properties of our 
common woods cliffeI' widely, and for that reason this curve can not 
be used for all woods ,vithout modification. 

Befnre any scheme of modification can be suggested the range in 
magnitude of basic stresses adopted for the different species must 
be considered. The stresses recommended by the Forest Products 
Laboratory and the method of obtaining theni from general strength 
data already published by the laboratory are set forth in the follow­
ingdiscussion, 
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DETERMINATION OF BASIC STRESSES 

In general the scheme for arriving at basic bolt-bearing stresses 
parallel to the grain was to modify the average ultimate crushing 
strength parallel to the grain of small, clear, green specimens as 
indicated in the following steps: 

(1) Multiplication by 0.80 for coniferous woods and by 0.75 for 
hardwoods to allow for the effect of long-time loading. These values, 
determined by the Forest Products Laboratory in previous work, 
represent the relation of the proportional-limit strength to the ulti­
mate crushing strength paraUel to the grain as obtained in n.. stand­
ard test of only a few minutes' duration. Dnder long-time loading 
failure would be expected to occur at approximately the proportional 
limit obtained in a test of short duration. 

(2) A second multiplication by 0.80 for coniferous woods because 
the proportional-limit curve of Figure 5 for conjfers is 20 per cent 
lower throughout the entire LID range than the corresponding curve 
of Figure 6 for hardwoods. 

(3) A further multiplication by 1.20 to allow for an increase in 
strength with drying. The actual increase is more than 20 per cent, 
but there is always some checking accompanying the seasoning that 
partly offsets the increase in strength. 

(4) DhTision by 2.25 to cover both yariability and a reasonable 
factor of safety. 

Although this method was followed in general, minor departures 
from it were necessary ill setting up stresses for particular species 
that have unusually low across-the-grain properties in comparison 
with their compressive strength along the gmin, or that exhjbit ab­
normal tendencies in drying. ' 

In Table 2 cOIDmonl}T used conifers anfl hardwoods .han~ been 
listed in three groups en,ch. The ayernge stress for each group ob­
tained by :following the foregoing procedure is given in the third 
column of the table. The sb'esses for bearing at right angles to the 
grain, given in the Jast column, will be discussecllater. 

The values of Table 2 need not be reduced for grade. However, 
they apply only to seasoned timbers used in a dry, inside location. 
Modificatiom; necessary when the condition of service is more severe 
are explained in the footnote to the table. 

MODIFICATION OF EXPERIIlfENTALLY DETERMINED CURVES FOR CLASS OF 
MATERIAL 

A survey of the test results has shown that, in the larger L/D 
ratios a relatively Jligher proportional-limit joint strength was ob­
tained for matcriallow in strellf..,rth than fol' material of high strength. 
For this reason, in the larger L/D ratios the conifers and hnrdw()ous 
of groups 1 and 2, Table 2, can be allowe(l percentages of their basic 
stresses higher than t.hose represented by Figure 9, C, which are 
restricted to the group 3 woods. This cun:e does apply strictly to 
group 3 woods, beea,use all l t the test matenal except spruce was in 
that class. The spruce used, however, was selected aircraft stock 
having a compressive strength parallel to the gmin cO!TesponcHng 
more closely to that of the group 3 conifers tlJan to that of either 
group 1 or group 2. 
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TABLE 2.-Basio stresses for calculating safe loads for bolted joints' 

Basic stress 

Group Species of wood Perpen­Parallel to dicular to the grain the grain 

I 
POUlId81)er POlllldsper

Softwoods: sqllart illcll square i7lCh 

Cedar, northern and southern. white-------------------------------·lFir, balsam and commercial white. ______________________••••___. __ • 

1 ¥~r;:,I~:rid":~!~siigar~-nor.tiiiirn~:iiite,-.iiDd-;estej.nwiiite:=======: 800 
lW 

Spruce, Engelmann, red, SItka, and whlte__•._•••_.__ •••__._.••_._. 
Cedar, Alaska, Port Orford, and western red __ • __ •..••_._ •• __ ••.•. _ } 

2 Douglas fir (Rocky Mountain type) ••• __..••••__.. ________ •_______ _ 
¥!lmlo~k, westen1.._.___ •________ •_____ ._.____________ .• _•.•_•• __.• 1,000 200

{ lne, Norway' __________ ... _______________________ ___ ~ _____ . _____ _~ ~_ 

Cypress, southern•.-- --.- ..-----_. --- .. -- - -- -- - --- - - --- - ---. -------

Xi5 • 1,300 
3 I t~:~;~!!~~!~~f~~~~~~~~~~~~~~~~~~~~~~~~~~::~~~~~~~~::~~~~~~~~~Tamarack______•__•._.•___________._ .. ________ ••. ____________ ._. __ _ 


Hardwoods:

Ash, black_ ..________..__•• _.___ . __ ._. _______ ._••_.._ -----.--•••• -. ,
Aspen and largetootli aspen. ___•_____ ••. _. __•• ____•. ____________ • __ _ 
Basswood. _____. __••__._._._._. _______._._________. _____ .•___ ••_._. 

925 li5 
1 ~ ~k;.~'n~~~~~::=:=====::::==::::=:===:::=::::::::::::::::::::::::::::; Cottonwood, black and eastern. ____ •• _____ •__________ •__ •______ •__ _ 

,l ","ow ,""""~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~ ~~~~~~~~~ ~ )I{ Maple (soft), red and Si1\.er•• _._ •.••••_._.___ . _________ •_________._}
2! Elm, American and slippery•.___.·_.___••_______•___ ••• _______ • __ ·1 

1,200 250 
¥~~~~~~:_~~~~_~~~_~~~_e!~=:=::::::::::::::::::=:::::::::::::::::: 

Il
Ash, commercial white ___________ ._ .. _ .-.... --.---.-------...--- •. ) B!l"ch _______________ • _____ ._ •• _•• __ • ____••__________________ • _____ • 

1.500 400
31 i\~:r~~k:-:~;~~{-~~~~;~::==:::::~:=:::=:::::::::::::::::::::::::::lIIaple (hard), black and sugar ___ •• _____ ...____________ ._. _______ .. 

Oak, commercial red and white. __ •_______ . __ ••• _____ .....______ . __ _ 

'These stresses, when used in conjunction with Tabl('s 3 and 4, give saft' bolt-bearing 
stresses. They npply to seasoned timbers used in a dry, inside location. For other 
conditions. reduce euch stress us follows: 'When the timbers urc occasionally wet but 
'Iuidtl.\" ddt'd, use three-fourths of tile stress liHted; if dump or wet most of the time, 
nse two-thirds. 

The relative position of the data pj.;tted in Figures 5 and 12 sup­
plies a basis for adj usting the group 3 percentages for application to 
the other two groups. An analysis of these data, especially those 
shown in Figure 12, discloses the fact that in the large LI f) ratios 
the average proportional-limit stress for a low-strength piece is rela­
tively higher than that of a high-strength piece, and that the order 
of their relative magnitude corresponds approximately to the square 
root of the inverse ratio of the respecti"e crushing strengths of the 
two pieces. Stated in another way, if the crushing strength of one 
timber is half that of another timber, the average proportional-limit 
bolt-bearing stress of the first timber, expressed as a ratio of its own 
crushing strength, will be approximately the square root of two times 
the average proportional-limit bolt-bearing stress of the second tim­
ber, expressed as a ratio of its crushing strength. Using this as a 
basis of adjustment, the portions of the two upper curves of Figure 
9 from an LID of 6 to an LID of 13 were obtained. As an illus­
tration, the ordinates of curve A in this range are those of curve C 
mUltiplied by the square root of 1.62, since the basic stresses parnllel 
to the grain given in Table 2 for group 3 woods are 1.62 times those 
of the corresponding group 1 woods. . 
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An earlier part of this bulletin has shown that at small L/D ratios 
the average proportional-limit stress bears the same relation tD the 
maximum crushing strength for all classes of material within either 
of the two main divisions of species. Hence no adjustment of work­
ing-stress percentages should be made for L/D ratios of about 3 
and less. 

In completing curves A and :B of Figure 9 from an L/D of 3 to 
an L/D of 6, they were simply filled in to agree with the general 
form o'f the lower curve. 

The three curves of Figure 9 give, for L/D ratios up to 13, the per­
centage correction to be applied to the basic bolt-bearing stresses, 
p~rallel to the grain, for the three groups into which the common 
woods have been divided. Percentages taken from these curves are 
listed in the left-hand portion of Table 3. 

TABLE 3.-Perccntage Of basic stress paralleL to thc grain 1 for calculating safe 
bearing stre88Cs 1tndcr bOlt8 

Length Percentage of basic stress for­
of bolt 

in main 
member Common bolts 2 High'strength bolts' 
divided -by its 
diam-' 
eter Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 

woods woods woods woods woods woods(LID) 

---I---------------­
].0 ]00.0 ]00.0 100.0 100.0 100.0 100.0 
1.5 ]00.0 ]00.0 100.0 100.0 100.0 100.0 
2.0 100.0 100.0 100.0 100.0 ]00.0 100.0 
2.5 100.0 ]00.0 99.7 100.0 ]00.0 100.0 
3.0 100.0 99.0 JOO.O 100.0 100.0JOO. " 
3.5 100.0 99.3 00.7 100.0 100.0 99.7,
4.0 !lIl.5 97.4 92.5 ]00.0 100.0 99.0 
4.5 97.9 93.8 86.8 100.0 100.0 97.8 
5.0 05.4 88.3 so. 0 100.0 99.8 00.0 
5.5 91.4 82.2 73.0 JOO.O 98.2 93.0 
6.0 85.6 i5.8 67.2' 100.0 95.4 89.5 
6.5 79.0 70.0 62.0 98.5 92.2 85.2 
7.0 73.4 65.0 57.6 95.8 88.8 81.0 
i.5 68.5 flO. 6 53.7 92. i 85.0 76.8 
8.0 64.2 56.9 50.4 89.3 81.2 73.0 
8.5 60.4 53.5 47.4 85.9 i 77.7 69.6 
9.0 57.1 50.6 44.8 82.5 I 74.2 66.4 
9.5 54.1 47.9 42.4 79.0 iI.O 63.2 

10.0 51. 4 45.5 40.3 75.8 I 68.0 60.2 
10.5' 48.9 43.3 38.4 72.5 64.8 57.4I 
11.0 46.7 41.4 36.6 69.7 61. 9 54.8 
11.5 44.7 39.6 35.0 66.8 [ 59.2 S~.4 
12.0 42.8 37.9 33.6 64.0 

I 
56.7 50.2 

12.5 41. I 36.4 32.2 61.4 54.4 48.2 
13.0 39.5 35.0 31.0 59. I 52.4 46.3

I 
1 The product of the basic stress parallel to the grain selected from Table 2 and the percentage for the 

particular LID ratio and species group, taken from this table, is the safe working stress nt thnt ratio for 
joints with metal splice plates. When woot! splice plates are nsed, each one·half the thickness of the main 
timber, 80 per cent of this product is the safe working stress. 

, Bolts havIng a yield point of approximately 45,000 pounds per square Inch. 
3 Dolts having a yield point of approximately 125,000 pounds per square inch. 

'With tIl(; preceding explanation, Tables 2 and 3 supply the in­
formation needed to calculate the safe loads parallel to the gl'ain 
for bolts of diameters and lengths that are usual in commercial work. 
The tabular values are solely for load applied to both ends of the 
bolt or bolts. The value that is safe when load is applied to only 
one end of a bolt is 1mlf that for 2-end application, as explained 
later in the discussion of details of design. Further, the safe load 

128843°-32-3 
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on a number of bolts, regardless of comparative diameters, may be 
taken as the sum of their individual load capacities, provided that 
the bolt holes are properly centered. 

SU~llIARIZED PROCEDURE FOR CALCULATING SAFE LOADS 
PARALLEL TO THE GRAIN 

A brief Stllllmary of the procedure to be foHowed in calculating 
safe working loads parallel to the grain, as described in the pre­
ceding l)aragrnphs, follows. Loads are assumed to be applied at 
both ends of the bolts, by means of two metal splice plates unless 
allowance is made for wooa splice plates. 

(1) Select from Table 2 the basic stress in compression parallel 
to the grain :for the kind of wood l1!:'ed and for the service condition 
that applies. Call this streas 8 1 • 

(2) Culculate the LID ratio for the part of the bolt in the. main 
member, and for this ratio select the proper stress percentage from 
Table 3. Call this pr]"centage 1'. 

(3) :Multiply the basic stress }5\ by the percentage 1', and the result, 
8~, is tIle safe working stress for the particular LID ratio u::;ecl. 

(4) Multiply 8~ by the projected area of the bolt, and the result, 
P1,is the safe ,yorking load for one bolt when it is applied through 
metal splice plates. 

(3) If the load is applied through wood splice plates, each one­
half the thickress of the center timber, the safe load is obtained by 
multiplying [\ by 0.80. • 

(6) ",Vhen the bolt holes are properly centered, the safe load on a 
number of bolts, whether of the same diameter or not, may be taken 
as the sum of their individual load capacities. 

EXAlIfPLES 

(1) Cn1culate the safe wOI'1.-1ng strength of a tension joint in which 
two pieces of seasoned coast type DougJas fir 4 inches thick are joined 
end to end by means of metal splice plates and eight connecting 
%-inch common bolts; that is, rOUl' bolts on each side of the bntt 
joint. The service condition lllay be classed as dry, inside location. 

The basic stress as given in Table 2 is 1,300 pounds per square inch. 
The LID ratio is 4+0.625=6.4; Table 3 gives the stress percentage 
for this ratio as 63.0. Therefore, the 

Safe stress 8 2 =1,300XO.(i3=819 pounds per square inch. Safe 
load P1 for one bolt=819x4XO.625=2,048 pounds. Safe load for 
four bolts=4X2:048=8,lV2 pounds. 

(2) Calculate the safe working strength of the joint in example 1 
when the .splice plates nre of 2-inch Douglas fir instead of metal. 
As before: 

P 1 =1,300XO.(i3X4XO.625=2,048 pounds. Safe load for one 
bolt=O.80X2.048=1,638 pounds. Safe load for four bolts=4>~ 
1,638=6,552 pounds. 

EFFECT OF REPEATED LOADS 

Thus far the discussion h:!S been confined to joints to which loaa 
was applied at a specified rate until a maximum was passed and the 
test stopped. A question as to the effect of repeated loads naturally 
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arises. Since in this investigation safe working loads have largely 
been built around proportional-limit loads, it became especially im­
portant to learn whether such loads could be sustained repeatedly 
without appreciable increase in the slip of the joint. Accordingly, a 
series of tests was made on a joint in which metal splice plates were 
attached to a 3-inch spruce timber by means of a lh-inch bolt. The 
results are represented in Figure 10, C. This curve shows the ac­
cumulated set in the joint resulting from repeated loads, exclusive 
of that which existed when the first load was removed. 

The slip associated with the first proportional-limit loading was 
approximately 0.025 inch. When the load was removed after the first 
test, a set of about 0.009 inch remained. The set shown by Figure 
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IVtlM/JER OF'IUPEAT£D LOADS PARALlEL TO THE CRAIN 

FIGURE lO.-Thl' .. ·lotion behn'en nccuDlulat!'!1 Ht't in n joint of spruce nnel number 
of repeated lon(Js IJ:lralll'\ to tht' grain: A. Loads 50 per <,ent gl'cnt('r thlln the pr('·
porl:ionn\ limit: H, loa(Js 25 per cent gn'ater thlln the proportional limit; C, pro­
portIonnHimlt lords 

10, 0, is what accumulated in addition to this 0.009 inch as the loads 
were put on and removed. Only the results for every other test are 
shown. These results indicate clearly that no appreciable set comes 
from repeating proportional-limit loads. 

Figure 10, TI, shows the effect of repeating a load 25 per cent in 
excess of the proportional-limit load of a similar joint. Again the 
accumulated set shown is exClusive of that which remained when the 
first load was removed. Here the accumulated set increases very 
slightly. 

Figure 10, A, shows the effect of repeating a. load 50 per cent in 
excess of the proportional limit. It is apparent that repeated loads 
of this magnitude would soon produce harmful effects. 

Another series of tests, the results of which nre not recorded in 
Figure 10, showed that repeated proportionnl-limit loads. following a 
single overload of 50 per cent beyond the proportional limit, pro­
duced no increase in accumulat.ed set above that which remained after 

http:accumulat.ed
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the removal of the 50 per cent overload. Still another ')eries showed 
that repeated loads 25 per cent in excess of the propOlcional limit, 
following a single overload of 50 per cent beyond the p::oportionfil 
limit, did produce a slight increase in accumulated set beyond that 
which existed after the removal of the 50 per cent overload. Al­
thon~h the increase was extrenlely slight after several hundred 
repetitions of the load, the tendency to increase was still apparent. 

The general concbsion drawn from these tests is that no harmful 
slippage in the joint will result from repeating the proportional­
limit load, but that constant repetition or loads in excess of it may 
be dangerous. 

SAFE WORKING STRESSES PARALLEL TO THE GRAIN FOR BOLTS 
OF HIGH STRENGTH 

As already mentioned, the detailed in£orl'lnation in this bulletin 
applies only to bolts with. a strength at the yield point of approxi­
mately 45,000 pounds per square inch. Likewise, the percentage 
variation in working stress represented by Figure 9 applies strictly 
to bolts of this quality. A previous study of aircraft bolts with a 
yield-point strength of approximately 125,000 pounds per square inch 
sho.wed that for extremely small LIJ) ratios the proportional limits 
of the joints were the same as those for low-strength bolts, but that 
for the larger ratios they were considerably higher. The fact that 
the bending strength of the holt is of great importance in relation to 
the proportional-limit strength of the joint explains this. It is a 
natural conclusion that workin~ loads higher than those reached by 
following the procedure sug~ested in the foregoing should be per­
mitted for bolts that hav-e a yield-point strength of more than 45,000 
pounds per square inch. 

Figure 11, B, shows the same recommended variation in working 
stress with LID as that giyen in Figure 9, C. By following the same 
method that was used in obtaining Figure 9, C, the curve, Figure 
11, A, is found to represent the corresponding variation for bolts 
that have a yield-point strength of 125,000 pOl~nds p.er squal:e inch. 

Percentages taken from Figure 11, A, are lIsted III the l'lght-hand 
portion of Table 3 for group 3 ,,·oods. Adjustments were made for 
the specics in groups 1 and 2 according to the procedure followed for 
common bolts. The adjusted yalues also appcar in the right-hand 
portion of Table 3. These values and the stresses of Table 2 are 
recommended when bolts that have a yield point of approximately 
125.000 pounds per sqnare inch are used in engincering structures 
other than aircraft. The whole scheme of insuring reasonable safety 
in a bolted joint in an airplane is different from that generally em­
ployed in other fields of construction. For this reason no one should 
assume that, because these high-strength bolts have been referred to 
as aircraft bolts, the design procedure and the working stresses would 
apply to that type of construction. A publication on the use of wood 
in this field has already been referred to.4 

Just what the workIng loads should be for bolts of 'a quality be­
t-ween 45,000 and 125,000 pounds per square inch at the yield point 
is not known. Probably, however, 110 appreciable error would be 
introduced by direct interpolation. 

• Sec footnote 2, p, 2, 
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BOL'l'-BEARING STRENGTH OF WOOD PERPENDICULAR 
TO THE GRAIN 

DISCUSSION OF TEST RESULTS 

.JOINTS WITH METAL SPLICE PLATES 

The joint simulated in the tests with the thrust upplied perpendic­
ularly to the grain thr0l,gh IT _ai splice plates is represented by 
Figure 1, B, a, and the type of test specimen is shown in Figure 3, A. 
The thickness of the test specimens in the direction parallel to the 
axis of the bolt was varied in such a way that the ratio of this 
dimension (L) to the diameter of the bolt (D) was 4 for one set or 
spec'.mens, 6 for the next set, an(~ so on up to a value of 12. The 
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or Tublt! 2: A. For bolts hadng II ,1('1(1 pOint of 12;"OUO {lOunds {l~r squlll'e inch; 
B, for n yj('h! point of 45,000 pounds pel' squnre illeh 

tests with bearing parallel to the grain demonstrated that the LID 
ratio determined the variation in the average proportional-limit 
stress, regardless of the diameter of the bolt. Since this fact, previ­
ously established in the tests of aircraft bolts already mentioned, was 
borne out conclusively in the first tests of common bolts, the tests 
with bearing perpendicular to the grain were limited to the one-half 
inch size. The variation of average stress wit11 LID is now so defi­
nitely established that the results may be applied with confidence to 
bolts of any commercial diameter. 

Figure 12 shows the variation in the lwerage stress at proportional 
limit'in bearing perpendicuInr to the grain as LID is varied from a 
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negligible value to 12. Each point is the average of at least four and 
usually five tests. The stress reported for zero LID was obtained 
from tests of specimens like B of Figure 7. In Figure 12 the aver­
age proportional-limit stress under the bolt is expressed in pr.:'­
centage of the proportional-limit stress of control specimens teste(! 
in the usual way. Why the proportional-limit stress under a bolt 
may be more than 100 per cent of the proportional-limit stress of thl' 
control specimens will be explained later. 

Two curves 'in Figure 12 were necessary to represent the variation 
in average proportional-limit stress with LID, one for material rela­
tively low in compressive strength perpendicular to the grain and 
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specimens when determin!'C\ uuder stllndard test procedure, nod the ratio of the 
leugth of the bellring CD) in the Illnio nH'mu{>l' to the dillmeter of the bolt CD):
A, l~or speci('s of low strength; n, for spcci('s of high strength 

the other for material of greater strength in that direction. CUlTe A 
fits the test results for spruce, the control specimens of which aver­
aged about 570 pounds per square inch for proportional-limit stress 
perpendicular to the grain. Curve B fits the results for southern 
yellow pine, coast type Douglas fir, oak, and maple, the controls of 
which averagecl about 1,140 pounds per square inch for the same 
strength property. 

Both these curves are similar to the B curves of Figures 5 und 6. 
They extend horizontally to It lnrger LID before dipI)ing downward, 
however, and then drop off at It slightly greater rate. This last 
statement is significant. As already stnted, beyond a certain LID 
ratio the averuge proportional-limit stress parallel to the grain (figs. 
5 and 6) dropped off at the same rate that the LID ratio increased, 
which meant that for It bolt of a given diameter the proportional­

13 
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limit load increased up to this particular LID ratio and then re­
mained constant. (Fig. 16, B.) The situation is somewhat dif­
ferent for bearing perpendicular to the grain. Here the propor­
tional-limit loael for a bolt of given diameter increased up to a 
certain LID ratio und then slowly eh.·opped off in the larger LID 
range. (Fig. 17, A and n.) 

The distribution of the data, plotted in Figure 12 shows e'"en more 
clearly than the distribution in Figure 5 that a relatively higher 
average proportional-limit stress :is obtained with wood low in 
strength than with material of high strength. This in turn again 
points to the fact that the strength of the' bolt in a measure deter­
mines the proportionul-limit strength of the joint. 

The slip in the. joint associated with the average proportional-limit 
stresses plotted in Figure 12 ra.nged from about 0.025 to 0.030 inch. 

No clearlv defined maximum loads were obtained in the tests. 
Usually theVtest specimens failed under combined tension across the 
grain and shear, ultimately splitting and Fihearing from ('nd to end. 
The average stress under the bolt when this type of failure occurred 
was much farther above the average proportional-limit stress at 
large L/D ratios than it was at small LID mtios. This in a way 
corresponds to the greater gap betweell maximuIIl stl'ess and propor­
tIOnal-limit stress that obtained at large LID ratios than at small 
ratios when loads were applied parallel to the grain. 

In order to explain why the average proportional-lim,it stresses in 
Figure 12 eX,ceed the proportional-limit stresses of the control speci­
mens in some instances, it is necessary to o'Jtliue briefly the stanc1arcl­
test procedure followed. III t.his procedure a plate 2 inches wide is 
placed across the middle of a test specimen 6 inches long, so that only 
2 inches of the {i-inch length is compressed. V\Then load is applied to 
the plate, the fibers along its edges are thrown into bending and 
tension, with the result that the observed proportional-limit stress is 
higher than it would be if the whole specimen were covered. Since 
this edge effect remains constant, the percentage increase that it causes 
in the average calclliatecl stress varies as the width of plate il'l 
changed, naturally becoming greater at small widths. A similar 
effect is observed 'when the bolt diameter is varied. In ortler to 
meaSllre this variable, a series of tests, employing bolts of varioH:> 
diameters and tClst specimens like Figure 7, 13, was rlln. .A.. load 
uniformly distributed along their length was appliecl to the bolts, 
which rested in the half-round holes. The proportional-limit stress 
uncleI' the bolts, expressed as a ratio to the proportional-limit stress 
of the material obtained by standarcl procedure, is shown in Figure 
13. The points representing tests hl which the bolt fitted loosely 
group themselves along the curve. 'l'he points above the curve rCli­
resent snug, tight, or extremely tight fits. When a bolt .fits tightly in 
the hole, the components of stress acting parallel to the grain, a 
direction in which the strength of wood is greatest, tend to raise the 
stress values. In actual practice, however, it would not be safe to 
connt, on any increase in stress resulting from tightness of fit. 
Accordingly, the curve was drawn through the lower values. 

As previously stated, the tests reported in Figure 12 were made 
on lh-inch bolts. In this figure. the proportionul-limit stress ut 
what corresponds to zero LID is HiS per cent of the standard pro­
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})ortional-limit stress of the material. This agrees with the vallle 
given in Figure 13 for a bolt of the same diameter. 

Although Figure 13 reports experimental results for only two 
species of wood, the Forest Products Laboratory recommends apply­
ing the results to all native species in commercial structural use, L01' 

this reason: These two species differ widely in their other known 
characteristics, covering most of the range in the mechanical prop-
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CIties of species common in structural service, yet the test results 
agree closely. Two points, 2.5 for maple and 2.506 for spruce, 
actually coincide. 

JOINTS WITH WOOD SPLICE PLATES 

The joint simulated in the across-the-grain tests employing wood 
splice plates is represented by Figure 1, B, b, and the type of test 
specimen is shown in Figure 3, B. The thickness of the center mem­
ber was varied from 2 to 6 inches by I-inch increments, and lh-incll 
bolts were used. The LID ratio, therefore, was varied from 4 to 12 
in accordance with the procedure followed in the tests with metal 



THE BEARING STRENGTH OF WOOD UNDER BOLTS 25 

splice plates. The two outside members were always half the thick­
lless of the center timber. It was previously found in the test of 
aircraft bolts bearing on the main timber peri)endicular to the grain 
that the same average proportional-limit stresses were obtained with 
wood plates as with metal plates. When tests of spruce with com­
mon bolts bore out this same conclusion, therefore, no other species 
was tested. The tests suffice to show that no reduction in load need 
be made when wood splice plates are used instead of metal. It is 
assumed, of course, that the load on the splice plates acts parallel to 
the grain of the plates. 

SAFE WORKING STRESSES PERPENDICULAR TO THE GRAIN FOR 
COMMON BOLTS 

VARIATION WITH LID 

If Figurr 12, B, is replotted with the ordinates for small LID 
ratios taken as 100 per cent, it reduces to Figure 14, B. The trans­
formed curve represents the percentage variation in average stress 
at proportional limit with LID for material the proportional-limit 
stress of which, as determined by standard procedure, is approxi­
mately 1,140 pounds per square inch. Figure 12, A, replotted in 
the same fashion, reduces to Figure 14, A, which represents material 
having a proportional-limit stress of 570 pounds per square inch. If 
working stresses fOil' these two classes of material were based solely on 
the average proportional-limit stresses under the bolts the working 
stresses would vary with LID in accordance with these curves. In 
following such a procedure, however, the chances of failure from an 
overload would be greater at small LID ratios than at the larger 
ratios. Therefore the Fo,rest Products Laboratory recommends that 
the working-stress variation with LID be based on u, modified pro­
portional-limit stress curve, a curve that coincides with the variation 
In average proportional-limit stress in the greater LID ratios but 
drops below this vadation in the small LID rutios. 

The scheme of modification can perhaps be explained best by refer­
ring again to Figure 14, B. In order to represent a suitable varia­
tion in safe stresses, this curve must be dropped a certain maximum 
amount, beginning with the axis of ordinates and extending us far 
us an LID of 5, and a proportionately less amount from there to an 
LID of about 7%. F.rol1l this point on no change is made. The 
Forest Products Laboratory recol11m~nds 20 per cent for the maxi­
mum drop. The new curve, com;isting of b on the left anel part of 
B on the right, is the recommended variation in sufe working stress. 
It is, of course, the variation for material having a· proportional­
limit compressive stress perpendicular to the gruin of approximutely 
1,140 pounds per square inch. A similar change is indicated for 
curveA. These curves can be used more conveniently if the scheme 
of reducing them to a percentage basis is again foilowed and the 
extreme left-11and portion, now 80 pel' cent for each one, is tuken 
as 100 per cent. The reconstructed curves are shown, respectively, 
in Figure 15, D and B. 

Up to this point the discussion has dealt with proper variation 
in working stress with LID and not with actual working stresses. 
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The basic stresses that are to be modified to obtain actual working 
stresses will be presented later. 

Since there is a considerable range in the strength properties of 
our common woods, no single curve of variation in stress, for the 
reasons already given, jc; suitable for all. In setting up curves to 
apply to the various groups of species listed in Table 2, it is neced­
sary to know the proportional-limit stress for each group. The 
approach to basic bolt-bearing stresses perpendicular to the grain 
will disclose what these proportional-limit stresses are. Before at­
tempting to set np the stress variation applicable to ~ach group, 
therefore, it will be convenient to set up the basic stresses. 
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having a IH'Optlrl:ional-Iimit stress of 1,140 pounds PU!' square inch; b, rccoIItlllcudcd 
lllo(liflcntion of ClIl'\'C 11 for actuul USe 

DETERl\ilNATION OF BASIC STRESSES 

The genpral scheme of developing basie bolt-bearing stresses per­
pendicular to the grain from general strength data published by the 
Forest Products Laboratory was to modify the averngc proportional­
limit stress perpendicular to the grain of small, clear, green speci­
mens as indicated in the following steps: 

(1) Multiplication by 1.20 to correct :r01' an increase in strength 
with seasoning. The actual increase is more thnn 20 per cent, but 

/3 
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checking, which usually accompanies seasoning, tends to partly off­
set the increase in strength. 

(2) Division by 2.25 to cover variability and factor of safety. 
Minor departures from this simple scheme were necessary in set­

ting up stresses for species that show a decided tendency to split 
easily or that exhibit abnormal tendencies in drying. 

The scheme summarized in the preceding paragraphs may ap­
pear to provide no reduction for the effect of long-time loading. The 
factors, however, are applied to a proportional-limit stress, and not 
t<.> a maximum stress as was done in arriving at basic sk-esses parallel 
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FwunEl 15.-Tlw percentages rccoIDnwndeli (or nse with basic stresses pcrpcmliculnr 
to the grnin In calculating suFe working stresses for woods or Table:!: A. For 
group 1 conifers anll hal'uwoolls; B. fol' group 2 conifers; C, for group :! harll ­
woods and group I:! conIfers; D, for group 3 hardwoods 

to the grain. This proportional-limit stress may safely be taken 
as the long-time maximum. 

The basic stresses calculated in accordance with the general pro­
cedure outlined in the preceding are given in the last column of 
Table 2. 

As stated in connection with the basic stresses parallel to the grain, 
the stresses of Table 2 need not be reduced for grude. They apply 
only to seasoned timbers used in a dry, inside location. This limita­
tion intends that the timbers be seasoned prior to installation. 
Modifications necessary when the conditions of service are more severe 
are explained in the footnote to the table. 
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MODIFICATION OF EXPERIMENTALLY DETERMINED CURVES FOR CLASS OF 
MATERIAL 

The proportional-limit stresses perpendicular to the grain of green 
specimens for the groups of wood listed in Table 2 were as follows: 

Pounds per 
square inch

Group 1, conifers and hardwoods________________________________________ 300 
Group 2, conifers______________________________________________________ 375 
Group 2, hardwoods, and group 3, conifers ______________________________ 510 
Group 3, hartlwoods ____________________________________________________ 750 

Although only 20 per cent increase in strength with drying was 
allowed in setting up basic stresses because of the deleterious effect 
of checking, the increase would actually be approximately 50 per 
cent. In constructing curves for the various classes of material listed 
herein, the materials had to be placed in comparison with those for 
which curves were available. For the purpose of sound comparison 
the assumption of no checking during seasoning was made, while for 
basic stresses to be used in design some allowance for checking was 
necessary. In other words, the stresses used for comparison avoided 
the uncertainty in seasoning, whereas those used in design took into 
account the possibility of some slight checking. Using the 50 per 
cent increase for drying, the preceding stresses become 450, 560, 760, 
and 1,125 pounds per square inch, respectively. Curves for the 
second and fourth values have already been constructed. Curves for 
the two other classes of material, those having proportional-limit 
stresses of 450 and 760 pounds per square inch, respectively, are still 
needed. 

Essentially, setting up such curves means merely fitting one curve 
between the two of Figure 14 and another abl ve the upper curve. 
The new curves, when lowered 20 per cent at small LID ratios, in 
accordance with the general scheme previously employed, are then 
to be reduced to a percentage basis and reproduced in Figure 15, 
which up to this point consists only of curves Band D. 

The curve representing material with a proportional-limit stress 
of 760 pounds pel' square inch falls between the curves of Figure 14. 
Curve B of that figure represents material having a proportionul­
limit stress of 1,140 pounds per square inch. The ratio between the 
quality of wood corresponding to curve B and that corresponding 
to the curve being fitted in is 1.50. In establishing ordinates for the 
new curve at LID values of 11 to 13 those of the lower curve were 
multiplied by the square root of 1.50. 

·With the outer end of the curve established and the limita.tions 
that the proposed curve must be of the same general shape as those 
of Figure 14 and that all curves must have the same ordmate value 
at small LID ratios, the curve was filled in. A similar procedure led 
toa curve for the material having a proportional-limit stress of 450 
pounds per square inch. Both curves were then modified at small 
LID ratios in accordance with the procedure already explained in 
detail, and were then reduced to a percentage basis. (Fig. 15, 
CandA.) 

Percentages taken from Figure 15 are listed in Table 4. The 
remaining essential in the calculation of safe loads is the diameter 
factor, a discussion of which follows. 
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TABLE 4.-Pereentage8 Of ba8ic st-reS8 IJerpc/l(!;iaular to the gra-in U8ea in calcu­
lating safe bearing stres8es under bolts 1 

Percentage
for high­Percentage {or common bolts' strength

bolts' 
Length oCbolt in main member divided by 1------,,-------,-----..,.----1----­

its diameter (LID) Group 1 Group 2 I 
conifers Group 2 hardwoods Group 3 

and group conifers and group hardwoods All groups 
l:oa~g; 3 conifers 

1.0 to 5.0, inclusive______________________ _ 100.0 100.0 ]00.0 ]00.0 100.05.5_________________________________________ 100.0 ]00.0 100.0 99.0 100.06.0_________________________________________ 100.0 100.0 100.0 96.3 100.06.5_________________________________________ 100.0 100.0 99.5 92.3 100.07.0________________________________________ ]00.0 100.0 97.3 86.9 ]00.07.5________________________________________ 
100.0 99.1 03.3 81.2 100.08.0_________________________________________ 
100.0 116.1 88.1 75.0 100.08.5________________________________________ 9S.1 91. 7 82.1 69.0 99.89.0_________________________________________ 94.6 86.3 76.7 64.6 Q7.79.5_________________ ______________________ 90.0 80.9 71.9 60.0 94.210.0. _______________ 

~ 

.._______. _______________ 85.0 76.2 67.2 55.4 00.010.5_______________________________________ SO. 1 71.6 62.9 51.6 85.711.0________________________________________ 
76.1 67.6 59.3 48.4 81. 511.5_______________________________________ _ ;2.1 64.1 55.6 45.4 77.412.0______________________________________ 
68.6 61.0 52.0 42.5 73.612.5________________________________________ 65.3 58.0 49.0 40.0 70.213.0_______________________________________ 62..2 55.3 45.9 37.5 66.9 

DiRmeter of bolt,
inches__ -_________ ~ VB 7\! % % J1j Hi 1M 1%1 2 27\! 	 3and 

over 
Diameter factor_____ 2. 50 1. 95 1. 68 1. 52 1. 41 1. 33 1.27 1.]9 1.14 1.10 11.07 1. 03 1. 00 

1 The safe working stress for a given value of LID is the product of three factors; (1), tho basic stress per­
pendicular to the l:l'ain taken from '1'able 2, (2) the percentage from this table, and (3) the factor for bolt 
diameter, also from this table. No reduction need be made when wood splice plates are used except that 
the safe load perpendicular to the grain should never exceed the safe load rarallel to the grain for any given
size and quality of bolt and timber. 

I Bolts having a yield point of approximately 45,000 pounds per square inch. 
aBolts having a yield point of approximately 125,000 pounds per square inch. 

CORRECTION FOR BOLT DIAMETER 

In calculating the safe working stress parallel to the grain for any 
particular LID ratio, it is necessary only to multiply the propel' 
basic stress selected from the third colunin of Table 2 by the per­
centage in the proper column of Table 3 opposite the LID ratio used. 
In calculating the safe working stress perpendicular to the grain, 
however, one additional step must be taken. The basic stress selected 
from the last column of Table 2 is multiplied by the percentage in 
the propel' column of Table 4, opposite the LID ratio used, and this 
product is then multiplied by the correction for bolt d:ameter taken 
from Figure 13. A list of the diameter factors is given at the 
bottom. of Table 4. 

SUMMARIZED PROCEDURE FOR CALCULATING SAFE LOADS 

PERPENDICULAR TO THE GRAIN 


A brief summary of the procedure to be followed in calculating safe 
working loads perpendicular to the grain follows. Loads are as­
sumed to be applied ut both ends of the bolts. 

(1) Select from Table 2 the basic stress in compression perpendi­
cular to the grain for the kind of wood used and for the service 
condition that is applicable. Call this 8 1 , 
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(2) Calculate (he LID ratio for the part of the bolt in the main 
member and fo', , tills ratio select the proper stress percentage from 
Table 4. Can this percentage 1'. 

(3) Select the diameter factor from Figure 13 or from Table 4. 
Call this factor 'I). 

(4) Multiply the basic stress 8 1 by the percC'l1tage l' and by the 
diameter factor v. The l'esult, B1 XrX 'v=8~. is the safe working 
stress for the particular LI[) ratio used. 

(5) Multiply this stress by the projectec1 area, of the bolt and the 
result is the safe working load, whether metal or 'wood splice plates 
are used. 

EXAMPLE 

Calculate the safe load Oil a joint such as that of Figurc 1, B, b. 
if tbe wood is sC'asonecl coast type Douglm; fir. the ('ondition of serviec 
dry, illside location, the thidm('ss of thc center l1lember 4 inehes, and 
the connecting conUllon bolts four in lHllnber and fjvc-eighths inch 
in diameter. 

The basiC' stress from Table 2is 275 pounds per square inch. The 
diameter-oi-bolt factor from Table 4 is 1.52. The LID ratio is 
4+0.(;25 or 6.-1 and the eorresponding stress pereentagc from Table 4 
is Ull.G. 

The safe stress is then 

275X1.52XO.Ull(j=416 POlUlds per square inch. 

The safe load for fOllr bolts is 

4X 416 X4X 0.625=4,160 pounds. 

SAFE WORKING STRESSES PERPENDICULAR TO THE GRAIN FOR 
BOLTS OF HIGH STRENGTH 

It has already been stated he),ein that the yield-point strength of 
the common bolts tested was approximately 45.000 pounds per square 
iJleh, and that bolts with a higher yield point will sustain higher 
loads parallel to the grain than common bolts. The same is true fOL' 
bearing. perpendicular to the grain. The previolls study of aircraft 
bolts already mentioned indicates what the safe bearing stress may 
be for bolts" haTing a yield point of approximately 125;000 pounds 
per square inch. 

By following the same procl'<1url' that yielded the percentages 
giycn in thl' Idt-hand portion of Table 4 for common bolts, COITe­
sponeling percl'ntages wen' obtaine<l from tIl(' aircraft bolt data. For 
LID ratios of V and larger the pereentages calculated thus were found 
to yield working stresses 1'0), bolts of small diameter that were 
greater. in certain instances, than those parallel to the grain for the 
same bolt. Althoug-h the proportional-limit stress under a small bolt 
bearing perpendicular to thre grain in a species with a relatively high 
across-the-grain streJ1~rth may, under certain ('onditions, be some­
what higher than the proportional-limit stre.ss parallel to the grain, 
it seems inadvisable to use higher working-loads across the gruin than 
parallel to the gntin. The percentages calculated. from the aircraft­
bolt data wcre therefore modified in sllell a way that, when used with 
the properties listed in Table 2, the calculated safe loads pe!'pendicll­



THE BEAnING STBENGTlI OF WOOD UNDEIt BOLTS 31 

1a.r to the grain would 110t be greater than tho;.;c parallel to the grain 
for joints made with metal splice plates. 

The adjusted percentages for bolts ha.ving a yield point of ap­
proximately 125,000 pound!':> per squa.re inch are· listed in the lust 
column of Table 4. They apply to all groups of species listed ill 
Table 2. 

The earlier pages of this bulletin ha\'e pointe(l out that, when wooll 
splice plates are used in place of stepl, the safe loads parallel to thu 
grain must be l'edu("e(i 20 per cent, ,\'lwreas no such rt'<1uctioJ1 need 
be made for loads acting perpendicular to tbe grain. ConseqUl'ntJYI 
under the conditions ill whieh the safe lott<l ]lerpPIHlie111ar to the !!rain 
on a. joint with metal splice plates is about equal to the safe loau 
parallel to the grain Oil the same kind of joint, the desi!!l1er may 
think that the unrec1uc'ecl perpendicular load could be greater than 
the reduced parallel load if woo(l spliee plates we)"e n'sed. l"ndl'r 
these conuitions, however, the limiting fador woulll be the eupacity 
of the splice plates for load. In this report the assnmptioll is made 
that, under all conditions, the bearing thnlst ill wood plates is par­
allel to the fibers. Because of the direction of the thrust in the splice 
plates: the sufe load applied perpel1dicul:u' to the gruin of the main 
timber throul!h wood splice plates ("an not excpeel the safe 10llll 
applied pantllel to the !!ntin of the Inain timber throlll!h similat' 
plates. .A footnote covering this limitation appears ill Table 4. 

BOLT-BEARING STRENGTH OF WOOD AT ANY ANGLE 
WITH THE GRAIN 

FORMULA FOR CALCULATroN 

With the bearin~ stress para]]el to the grain ana that perpendicu­
lar to the grain known, the following formula iii recommended for 
calculating the bearing stress at any angle with the grain: 

n= ---'-9··'!LC£--··., (1)P Slll-() +q cos-O 
in wbirh 

n=the unit bearing stress in a direction at inclination () with the 
c1il'l'ctioll of i·.he grain, 

lJ=the unit bearing ~tr('ss in compression parallel to the grain, 
q= tbe unit bC'u ring stress in compressioll perpendicular to the 

!!rain. 
This fornllda was derived pl11pil'irall~r by R .. L. Hankim;on from 

tests made for til(' Anll}' Ail' Senricc OIl the braring strength of wood 
:It various angles with the grain. It was dwckecl by the Forest 
Product!:; Laboratory in test~ of a.ircraft bolts bearing itt variolls 
lIng]ps with the !!1'ai n, and is recollllllelHlcd for common bolts withotlt 
further experimental vprification. .A numerical ex,uuplc illustrating 
the use of this formula follows: 

EXAMPI.E 

Calculate the safe working strength of a joint like that of. Figure 
1, C, b, in which the main timbc'l" is 4- indws thick and the side pieces 
2 inches thick. FOIIL' %-in!'h COll11llon bolts join t1H' 11H'll1beL's, ,yJlich 
are of seasoned coust type Douglas ilL and the joint is to be used in 
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a dry, inside location. The smaller angle between the side pieces and 
center piece is 30°. 

The basic stresses shown in Table 2 are 1,300 pounds per square 
inch parallel to the grain and 275 pounds per square inch perpen­
dicular to the grain. The L/D ratio is 4+0.625=6.4. For this 
ratio the stress percentage for parallel bearing from Table 3 is 63.0. 
A factor of 0.80 must be applied in calculating the stress parallel to 
the grain because "wood side pieces are used. 'rherefore 

p=1,300XO.63xO.80=655 pounds per square inch. 

For an LID ratio of 6.4 the stress percentage from Table 4 for 
bearing perpelldicular to the grain is 99.6. The diameter of bolt 
factor is 1.52. No correction need be made for the fact that load is 
applied through "wood side plates. Therefore 

q=275 X 1.52 X 0.996=416 pounds per square inch. 

The sine of 30° is 0.50 and the cosine 0.866. Therefore 

655X416 
'I/, -(6-'5-5-X---'-O.~25j + (4I6XO.75) 572 pounds per square inch. 

The safe load for four bolts is 

4X572X4x O.625=5:720 pounds. 

DETAILS OF DESIGN 

The tests already described and discussed were confined to the 
symmetrical 2-end loading of single bolts in joints of various types. 
They supply a fundamental basis for arriving at calculated safe 
loads that act in any direction with respect to the fibers in bolted 
timbers. In additiolll to this work the Forest Products Laboratory 
has conducted tests to obtain information about certain specific de­
tails of design, such as the proper placement of the bolts in a. joint. 
A discussion of a number of these important details is given in the 
following pages. 

I-END LOADING COMPARED WITH 2-END LOADING 

Tests ha ve !'ihown that a load applied to only one end of a bolt, 
perpendienlar to its axis, may safely be taken as half the symmetrical 
2-end load for the same value of L/D. Further, if the I-end loacl 
acts at an angle with the axis of the bolt, the component at 90 degrees 
with that axis may be made equal to half the 2-end load. This state­
ment assumes, of course, that ample bearing area under the washers 
or plates is provided to resist the load component parallel to the 
a)"-1s of the bolt. 

COMBINED ACTION 01<' SEVERAL BOLTS IN A JOINT 

Tests of joints having a number of bolts of the same diameter 
showed that the applied load was equally distributed among the 
several bolts, provided the bolt holes were carefully centered. 

http:4I6XO.75
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Although no tests were made on joints in which common bolts of 
different diameters were used. a· limited number of such t~sts wel'e 
made with aircraft bolts. It ,vas found that, when the ratio of the 
diameters was not greater than two to one, no appreciable el'1'or was 
introduced by assuming that the bolts shared the applied load in 
proportion to their individual capacities to sustain load. Consider­
ing the combined safe load of several bolts equal to the sum of their 
individual safe loads is therefore good practice, provided the margin 
and the spacing are sufficient to develop the full strength of enell 
one. 

CHOICE OF BOLT DIAMETER 

Although the diameter of the bolts in a joint is determined, in a 
general way, by the thiclmess of the timbers to be conneeted, in any 
given instance a, wide latitude in the choice is allowable. On the 
other hand, however, two important elements. efficiency and safety, 
indicate definitely the best part of the LIDrange. 

Efficiency, as defined in the appendix. means the proportional­
limit load on a bolt divided by the weight of metal in the main mem­
ber. As shown in this appendix, for bearing parallel to the grain 
the efficiency of common bolts increases with LID until lL ratio 
of 6 is reaehed, and then remains constant. For bearing perpendicu­
lar to the grain, the increase continues to a ratio of about 7, and then 
drops off slightly. The LID ratios for high-strength bolts at maxi­
mum efficiency, however, are even greater than the v-alues for eommon 
bolts. 

The element of safety has already been discussed in connection 
with working stresses, where it was stated that the margin of safety 
was greater at large LID ratios than at small ones. 

From the standpoint of both efficiency Imel safety, therefore, a 
bolt diameter t11at will give an LID ratio of (j or more is desirable. 
Ratios somewhat less than 6, however, ('ntail only minor loss in joint 
efficiency with perhaps some saving in labor. 

PLACEMENT OF BOLTS IN A JOINT 

LOADS PARALLEL TO THE GRAIN 

The term" a row of bolts" is convenient in describing the proper 
alignment of bolts in It joint. In this bnlJetin the tel:m means a 
JlUmbcl' of bolts placed in a line that is par'aIlel to the direction of 
the applied load. Thus in FignrC' 1, A, the bolts in both nand b 
would be described as placed in tWIJ parallel rows. 

In making joints such as those showlI in Figure 1, A. it is pref('l':tble 
to place the lJolts in the variolls rOws opposite one anotlwr and not 
to stagger them. If staggering is lIsed in order to pel'mit an odd 
number of bolts on each side of a splie(', special ))J'('eaution mllst be 
taken to provide sufficient nrea at the ('ritica) sl'ctiun, liS d('serihl'd ill 

later paragraphs. 
SI'ACINO 

The center-to-center spacing of the bolts in a row, for loads :teting 
parallel to the grain, should be at least f01l1' times the bolt tliluneter. 
Because the shelll' st:J'ess ill the wood is not uniiol'lll ncr'OSf; the thi('k­
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ness of the bolted timber, concentrating at the edges, the spacing 
should actually increase somewhat with the LID ratio if the maxi­
mum capacity of the joint is to be developed. \\rith the constant 
spacing of four times the bolt diameter, howe\'er, the maximum loads 
for LID ratios greater than 6 wjJl not be much helow the maximum 
obtainable with the most favorable spacing. Fl1l'thel', the loads at 
failure will be milch greater than 2.25 times the saJe loads, which 
relationship flpplies ill the small Ljl) range with optimum spacing. 

The spacill~ between adjacent bolt rows is controlled by the reduc­
tion in area at the critical sec-tion. The critical sections of the 
main members in the joint shown in Figure 1, A. a., occnr at the two 
bolts at t.he Jeft and the two at the I'ight. The net h'nsion are.:t 
remaining at the critical sectioJl. when eonii'eJ'Ous woolls arc used. 
should bl: at least SO p('r c'ent or 'the total arc'a in bl'arin~ under all 
the bolts in tIl(' particular timber in question. \V11l'11 har<1woo<ls al'l~ 
used, the net tension area at tll(' critical section should be at kast 
equal to the bearing arpa 11I1l1er all the bolts. .Although it ma~T 
appear to (10 so, the ditferencein requirements (Ioes not lD('an that a 
relatively hig-lH.'r tensile stl'l'SS is a Uowed fol' COJlifl'l's than for hard­
woocls. 'The bolt-bpuring strpssl'S of the COil i rl'l'S, as a, group, 'were 
found to be relatively 10wPI' than those for the haL'(lwoo(ls. A 20 
per cent correction was made for this di.fterenct' in arriving at basic 
stresses. The J)l'pceding rule fOL' conifl'rs ope\'Htes to prevent a like 
diii'eL'ential in thp allowable tpnsile stn'ss. 

To illustrate thl' nse of the rull' applying to hardwoods, consider 
two oak timbers 3 inches thick by 4 inches wide joined end to pneI in :1 

tl'n5io11 splice by mea,ns of p1atps and~~-inch bolts. Vi!ith four bolts 
plac.ed in two parallel rows 011 ('[Jch side of thl' butt joint. the area 
in benri ng UlH1('r tbt' bolts is (j sqU:1 I'e i neheR. At the eri tical section 
there are two bolt holt's. and the IIPt urea in tplIsiol1 is tht'l'erore 9 
square inelws, whieh is 1I10re than ample, If six bolts al'e similarly 
1lsecl in two parallell'ows, tl1(' Iwuring area is 9 squal'p ill('l1<'s, but the 
lIet: a rNl ill tl'nsion a t the eril i('al s('diol1 rt'lllains 9 squal'(' inc.he;,;, 
w1tieh is again ample, If ('ight bolts W(,I'C llsl'cl in bYO parallell'ows, 
ihe joint: would be' eXlwd('(l. 11Ildl'l' its I1laxiJlllllll loud, to fail ill 
tellsion at the erilieal ::;('('ti01l. 

If an o(ld l1ulllbpl' or bolts of n selectl'd diaml'tel' arl' l'('qllirec1 in 
pach haH of a joint in 'whi('h an (,VCIl number of plll':dlel rows urc 
employed, desi rable practie(' will alter thl' d ilu11l,tpl' of all or part 
of till' boltRin sllch a way as to obtain an even numbel'. This will 
avoid staggering. If staggel'.ing is l'('sortl't1 to, howevel', special prc­
eal1tions mllst be taken .in dl'i"('rl11ining the tension al'Pll requircd at 
the critical section. The procedure can best be explained by refer­
ring to Figure LA, a. If a seventh bolt weI'e I'equi red in each half 
or tht' joint, usual practice wonld plact' it in the c('nh'r of' the timbcr 
at a longitudinal distance from the prespnt ('n(l bolts equal to the 
longitudinal spacing betw('('n tIl(' othel' bolts. In ca1clliating the 
required area at the ('J'itienl section, however. the s(,\,pnth bolt should 
be consiilPJ'ed fiR pIH('('11 bl'twl'pn tIH' last pail' of bolts. This 1'I11e, of 
COlIrsP, would be ulll'PHsonablc if the odd bolt we're spaced an abnor­
malJy gl'('at distance fl'Ol1I tl1(' last pail', 

The l'paSon for )'llqn iI'i ng an asslIllH'd pla(,l'nll'nt of th(' (H1d bolt 
betwct'n the end bolt;.; ('an b('st be' t'xplailwl1 by l'('fpIT.ing again to 
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FigUTe 1, A, a. 1Yith a tensile load appliell to the joint shown, the 
lines of tension bebveen the bolt rows proceed lll1interrupted through 
the main members. On the contrary: an extra bolt placed beyond the 
end bolts and staggered between the bolt rows interrupts these lines 
of tension. This requires part of the tensHe stress between the bolt 
rows to be transmitted to the net section at the single bolt by shear. 
The wood under the bolts is already greatly sb'cssed in shear and the 
added shear stress oc('asioned by the shifting of the tensile stress 
can not be sustained. The result is failuJ'(' at a load about the same 
as that obtained when the odd bolt is placed between the last two. 

lofARGIN 

By end margin is meallt thc distance from the end of fl, bolted 
timber to the ('cnt('r of thC' bolt hole nC'arest the ('1)(1. By Nlgc margin 
is meant the distance from the edge of the timbcr' to the center of 
the nearest bolt hole. 

The end margin in joints under tension acting parnllel to tIJC' grain 
should be at least seven times til(' bolt diameter when coniferous 
woods are used and at least five till1C's tIl(' bolt diametcr when hard­
woods are used. ·When the joint is uncleI.' a compl'essiYl' load the 
end margin may be made thc same as the bolt spaC'in~, which is four 
times the bolt diameter for both C'onifel's and hardwoods. 

The end margin should adually inCJ'C'asc 'with LID for thc samr 
reasons giY"1l iii the disC'ussion of spacing, but thc usC' of a constant 
mar~jn is also justified by the same rC'asoning that permits a eon stant 
spacin~. 

The edge mal'~in for loads acting parallel to the grain should be 
the same whetlwl' thc joint is in tension or in comprcssion. For 
LID ratios of about 5 or 6, this margin should be at least one nnd 
one-half times the bolt diameter. ]'Ol' ratios greater than 6, in­
creascd safpty will b(' obtainC'd by a, m:u'gin slightly mor'c than one 
and one-huH times the bolt diunwtcl'. For' ratios less than 5 it llIay 
be slightly Jess. Usual praC'ticC' r'(>(juirC's the edge mur'gin to be half 
the distancc u('twe(,ll bolt rows, In most instanC'cs the area, require­
ments at the C'1'itieal seC'tion will be sueh that an edg(· IlHlI'gin t'qllal 
to half the disbll1ce bptW('Pll rows will be more than sufficient to 
meet the preceding minimum 1'equiremcnts. 

LOADS PERPENDrCULAR TO TilE GRArN 

ALION.1IfENT 

When load is appliC'<l pC'rpC'll(liC'1I1al' to tIl(' ~rain of th(' main 111C'm­
bel' of a joint through nwt:t1 splicC' plates, it is not lI('c('ssn I'y that the 
bolts in the varions rows be oppositC' one anot\wl', In fact, it is 
pl't-ferablc to sta~g(>r them in ordcr to IIvoid splitting. 

In a joint l1ke Figure 1, B, b, in which two wnQcl nlC'mbC'J's are at 
r.ight angl('s with II mnin timber, it l>i rwcessary to ali~n cOlTespoll(l­
il1g bolts ·when the design lonel npproaclws the bolt-bC'nring capacity 
of the side timbers. If tlw design load i'0I' the main timber is much 
less tlHl11 the bolt-bC'nrjn~ capacity of tlw side timbC'l's, as it wouL! 
be for large bolts of ('ommon steel, staggering may be ('rnploy('d. 
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SPACING 

The minimum center-to-center spacing of bolts in the across-the­
grain direction for loads applied perpendicular t~ the g~ain thyough 
metal splice plates need ~mly be sufJiclell~ ~o p<:rnnt.}he tlghtemng of 
the nuts. For wood splIce plates on a ]Olllt lIke] 19ure 1, B, 0, the 
spacing is controlled by the rules app}yin£T to loads acting parallel to 
the (Train if the design load approaches the bolt-bearing capacity of 
tIle ~de timbers. When the design load is less than the bolt-bearing 
capacity of the side timbers, the spacing may be reduced below that 
required to develop their maximum capacity. 

The spacing required between adjace11t bolt rows depends upon tIle 
LID ratio. The only tests macle to detet'mine this spacing were ('on­
fined to the placement in which the bolts in neljacent I'OWS were op­
posite one another. 'Vith Sllell plaeement the eli.stance b('t"\veen rows 
shonlel be nt Jeust two aml oll('-half times the bolt diameter i'OI' an 
LID ratio of 2, and five times the bolt diameter for LID rnt:os of 6 or 
more. For ratios between 2 and 1> the spacing between rows may be 
obtained by direct interpolation, The fact that the spacing in ques­
tion increases so rapidly ",Hh LID immediately suggests the desira­
bility 0.£ staggering to avoid splitting with loads perpendicular to 
the grall]' 

MARGIN 

For loads acting perpendicular to the grain, the margin between 
the edge toward which the bolt pressure is acting and the bolt or 
bolts nearest this edge should be at least four times the bolt di­
ameter. The margin at the opposite edge is relatively unimportant. 

LOADS AT AN ANGLE WITH THE GRAIN 

It is virtually impossible to set np general rules regarding the 
alignment, spacing, and mal'gin of bolts to eover all possible diree­
tions of the applied loud. Uniform stress in the main members and 
u uniform distribution of load to aU the bolts, however, requiL'e that 
the gravity axis of the membel's shall pass through the center of 
resistance of the bolt gl'OUpS, Beyond that the designer must rely 
upon a. sense of pJ'Oportion and fitnesR. rather than upon exact cal­
cnlation in applying the rules already set forth to a condition of 
loading that is between the lilllits discussed, 

CENTERING AND BORING THE BOLT HOLES 

In the tests upon which this report is made the holes in the splice 
plntes were pluced accurately. The holes in ths main members were 
centered 'with those in the plates, All holes wei'C bored Ol' (!t'LUed 
perpendicular to the surfaces involved, The discnssion in this bul­
letin is based upon snch workmanship, Obviollsly the workmanship 
is important, especiully with ll. gronp of bolts, beeanse of the smaU­
ness of the distortions that Ilormal1y accompnny the loads involved. 
Althongh careful cellterlng is important for all LID mtios, it is 
espccinlly important when sma1J ratios nre lIsed, 

The bolt 1101es should be of such (ljl1metc)' thnt the bolts can be 
driven easily, 'When the thickness of timbers is grcnt this require­
ment may mean the boring of holes appreciably oversize, This, 
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llOwever, is preferable to forcible driving, which puts initial stress 
in the wood, thereby lowering both the proportional-limit and the 
maximum loads. The use of freely clearing bits with side cutter lips 
will insure freedom from initial splits, which, of course, are 
detrimental. 

CROSS BOLTS 

When the loa," on a. bolted joint tlcts parallel to the grain a wedge 
of crushed fibel's usually forms under the bolts after the propor­
tionallimit has been passed. This wedge produces a cleavage action 
that, combined with the stress components acting perpendiculaz· to 
the grain, tends to split the bolted timbers. Such splitting doesI. 
not start soon enough to have any nppreciable effect upon the pro­
portional-limit load, but it often helps to determine the maximum 
load. Stated in :1I10ther wny, the first real evidence of splitting is 
usually associated with the maximum loads and not with loads ncar 
the proportiOlHlllimit. 

",Yhen load is appliecl perpendicular to the grain, splitting again 
seems to start too late to ail'ect the proportional-limit load, but it 
does have a very definite effect upon the maximum load. 

Seasoning after assembly may also start splitting at the baIts, 
ancl once started :t split develops readily when load is applied. 

For these reasons the use of cross bolts is recommended, especially 
when the LID I"a.tio is small, because under such conditions the safe 
load is closer to the maximum load than it is in the large LID range, 
as previously pointed out. 

Tests in which cross bolts were employed were insufficient to fur­
nish rules for the size and the number required for particular joints. 
Cross bolts, however, can certainly be smaller than the main bolts 
and often only one or two are required. ",Vhen a single cross bolt 

. is used in each half of a tension joint subjected to a load acting' 
parallel to the grain, it should he placed in t~le portion described 
earlier in this bulletin as the end margin. Preferably it should be 
placed close to the bolt or bolts nearest the end of the timber and 
it well may actually touch these bolts. 

CONDITION OF LUMBER 

Wood shrinks as it seasons. Across the grahl the change in (limen­
sion is of considerable magnitude, although along the grain it is 
usually negligible. Be<:!ause of the shrinkage across the grain, com­
plications commonly arise from the use of green material in It bolted 
Joint. In a joint like Figure 1, A, b, the effect of shrinkage is mini­
mized. On the other hand, if relatively 'wide members are joined 
end to end with metal splice plates, as in Figure 1, A, a, splits are 
likely to develop at or near the bolts when shrinkage takes place. 
The· same results are likely to occur if two or more members are 
bolted together in such a way that the grain of one piece is at right 
angles to that in the other pieces. as illustrated in Figure 1, B, o. 
If sp~ts do develop, the loads are lowered in consequence. 

To lllustrate what actually haPP(,l1s and to obtain some measure 
of the reductio? in l?ad caused by Huch splitting, a series of tests 
was made. J omts of green material were assembled and then al­
lowed to air season for a time. The joints were of the type illus­
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trated by Figure 1, B, 0, and the LID ratios ranged from 4 to 12. 
The proportional-limit loads ranged frOln 25 to 40 pel' cent of what 
would normally be expected of the material at the time of test. The 
maximum loads were approximately half of what would be expected 
had the material been allowed to season before assembly. 

For these reasons the recommended use of the stresses as listed in 
Table 2, or as modified for condition of service, is based on the 
assumption that the timbers when assembled will be approximately 
at the moisture condition to which they will ultimately come in use. 

APPENDIX 
METHOD OF FITTING STRESS CURVES TO THE DATA 

The points 011 ll'igure 16, A, arc the proportional-limit bolt-bea ring stresses 
11Ilrnllei to the grain, for the coniferH tested, when cXI,,'cssc(1 as percl'ntages of 
the maximullJ cI'uHlling strength 01' thl' control Hpccimclls, This curve, wllieh 
is a rcpl'oduction of Figurl' 5, H, shows graphieall)' how these data yal'y with 
the ratio of fhc bcm'ins length (L) of the bolt in 'thc main mcmber to the bolt 
diameter (D), 

1n lliaeillg e\ll'YC A of Figurc 16 it was first nSRumcd that, at an LID ratio of 
2, very little if any bending of the bolt has tnkcn pince whcu the vroportiollaI­

70r---~---.--~----r---.----.---.--~r---.----.---.----r---' 

/oL-__L-__L-__L-__L-__~__~__~__~__~__~__~__~__~. 
o 	 .z 3 4 5 6 7 B 9 10 " 12 

LID RIITIO 

FlGunE 10,-The relntionshlp hetwccn n"erng~ propol'tlona!-I1mlt holt-bearIng stress 
parallel to thc gruin lind I4D l'IIt1o, and hetween proportlonal,lImlt lond nnd length 
or ~enring In maIn mcmllcr for II gIven diameter o( holt: A, AYcrnge llrollortlonal­
limIt stress; B, loud for II constunt dIameter 

13 
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limit load is reached. Hence, except for experimental error, the results for an 
extremely small value of LID and for a yulue of 2 shoulll be the sume and 
consequently a llOrizontal line can be drawn from the vertical axis to the 
2 point. Continuing from there. a curve was sketched through the data points 
in such fashion as to either coincide with or approach closely the average of 
each group. 

~'his preliminary curve was an approximate representation of the propor­
tional-limit stress at an~- ratio of L to D. Consider the specific case in whieh 
D is a constant. "Tith D a ("onstant, the ub,;cissas become vnlues of L times a 
constant insteutl of LID ratios, and the product of the stress taken from the 
curve and the length L is the load, except for some constant. Assuming for 
convenience in plotting u load. curve that this constant is 0,2, the loud i;; then 

O.2XstressXL (2) 

The loads thus calculated follow thc B clll've of Fi/.:ure IG. This curve 
iIlcrenses uniformly liP to 1111 LID ratio of 2 and tht'n l!ralluall~' fillets into a 
llOrizontal Jine. In atlditiull 10 a logicnl derivation from tile stl'CSS cllI'\'e, the 
only restriction til;!t can be ni:lcecl upon this curve is that it mnst be smooth. 
At the l:<IUlle tiUIP the stress cUl've frolll which it was dcriyed must not onl" lJe 
a smooth clll'Ye but lllust also Iit the cxperimcntal data. After n'llcnteci tr'iuIs, 
chc("king one cun'e against the OtllCl', the two giYl'1l were obtained. They show 
that after an LID ratio of about U hns becn reachcd, the proportionnl-limit load 
for a bolt of a gh'cll diaIlleter rClllains cOllstant. 

Following this samc gencral procedurc, tile ('un-es shown in Figure 17 were 
developcd for apllIi('ation to jQints in which tile beal'ing thrust was perpendicn­
lar to the grain. Fot· this type of loadiug, the proportional-limit load for a 
bolt of a given dilulletcr incrcases up to It ccrtain LID ratio ami thcn drops oIT 
slightly beyond thut ratio. 
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FIGURE 17.-Thl' rplutlonshlp b,'tween /L\'('rnge Pl'oPol'tionnl-lillllt 11ol(·11l'nrlng streSS 
perpl'lIdlclllul'to the grllill nnd hI/) rlltio, lind bl'hn'en pl'oportlonal-limlt load and 
It'ngth of Iwnl'ing In main mcmlJl'r for It given dillllll'tl'l' of bolt: A, load for :t COII­
sl/Lllt dlnmel{'I' /Llld slrCss('s from ('UI'\'ll C; H, load for It ronstallt diameter and 
stn'sRcs frolll ('un'l' JJ; (" propori:lllnnl·llmit stn'ss for low·strength IIIntcrinl' D, 
proportional·limit strcs~ for hlgh-strenl;ltl! 1I11l(~l'lnl ' 
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An interesting and useful relationship between efficiency and LID 
ratio can be developed by assuming L to be a constant instead of D. 
By efficiency is meant the load divided by the weight of metal in 
the main member; that is, in the length L. With L constant, the 
load becomes stress mUltiplied by bolt diameter a,nd multiplied again 
by some-constant. The efficiency is the load divided by the product 
of some consta,nt and the square of the bolt diameter. Written 
algebraically, 

S1' x D X Kl KaSp = K4fsEm . (3)clency= D2XK2 D D P 

in which 
.81)=the proportional-limit stress, 
D=the diameter of the bolt, 
L==the length of the bolt in the main mcmber, 
K l , K 2 , K 3 , and K,t=constants. 

IfK4 is takcn as 0.2 for convenience, the efficiency is again expressed 
by equation (2). 

It is obvious that values calculated by this formula and plotted against LID 
woulll fall upon th(' load curves already shown in Figures 16 and 17. 

~l'hf! load curve or: ]j'igure 16, now presented as an efficiency curve, shows that 
with the length (L) fixed the efficiency incl'eases up to an LID of 6 and then 
rernaills constant, The corres[Ionding curves of ]j'igure 17, however', show that 
for bearing perpendicular to the grain efficiency on the basis aSi:lumed increases 
up to It certain LID and then diminishes slightly• 
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