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Technical Bulletin No. 597 ~ January, 1938 

UNITED STATES DEPARTMENT OF AGRlCCL TURE 

WASHINGTON, D. C. 


LAG-SCREvV JOINTS! THEIR BEHAVIOR AND 
DESIGN 1 

By J. A. NEWLfN,2 prindJial engineer, and ,J. M. GAHAGAN, assistant cllgil(eCl', 
Forest Prod1wts Laboratory,3 Division of Research, Forest Service 
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INTRODUCTION 

Lag screws are commonly used because of their convenience, par
ticularly in places where it would be difficult to fust,en a bolt, or whero 
It nut on the surface would be objectionable. Attachment of lagging, 
wood braces, skids to heavy machines for shipment, or fastening shaft 
hnngers to joists or other supports are fumilinr examples of these uses. 
Safe loads for such cOIlnectiOllR, when computed by the methods given 
in various textbooks find hundbooks now in use, differ widely. Tins 
lack of ugreement is attributed to the fact tl1l1t no extensiye series of 
actual strength tests of ordinary lag-screw joints, from which sare 

, working stresses might be detennined with Ilssurance, has heretofore 
.been Illade. 
£1The purpose of this bulletin is to present the results of numerous 
Jttg-scl'ew tests recently made at the Forest Products Laboratory us n. 

t:'Part of a more general lllYest,iglltion of wood joints Ilnd fastenings. 
~he large number and runge of the tests, the improyed facilities Ilnd 
~chnique employed, together with the ron'elation of the results with 
~ose previously obtained from a comprehensive series of tests of 
bolts that simulate closely the action of lug screws, permit definite 
deductions to be drawn. 

The tests cover two main aspects of lag-screw use and fiction; 1'e
sist,ance to direct withdrawal, and resistance to lateml d,isplacement. 

I Received for publication July 12.11137. 
2 Acknowledgment is lIIudo LO A. Rmcrda, Jr., lormerly 01 the Forest .Products Laborat.ory, for assisturwo 

in cond'lCting nnd unalyzing the tests herein reported, 
, Mulntuincd nt Madison, Wis., In coopcrution with the Uni"crsny ofWisconsin. 
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The lag screws ui::ied in the tests weTe purchased from local hardw lll'e 
stocks, They werc of the machine-till'ended type (fig, 1) with It root 
diameter of tluead approximately three-fourths that of the shank or 
untlu'eaded portion, They difl'el'ed widely in quality of metal and in 
ovel'-alliength, and also in the l'elatiyc length of shimk and. threaded 
portion, particulady among the various sizes, In fa.ct, there appears 
to be no well-l'eeognized standard of ,uesign or quality for lag screws. 

PWl"UI~ L~-fPyp(l or lug screwS tc~ted: .1, l~inch; lJ, }!!~illCh; C, ~:t·incb. 'rhe screws shown hllvu heen tut 
. down in order to slUl\I' tIle detail 0( tlw thrend design, 

In analyzing the results adjustments were made to cOlllpensnte for 
some of the more serious of these vnl'jllbles, 

Seasoned nHlterial of both coniferous and hnrdwood (broad-leaved) 
species was used jn the study, At the time of test there were some 
slight vlll'iutiolJS in the moisture content of the specimens, but no tests 
were mude to determine directly the efi'eet of these din'erences on the 
results, Previolls tests on the direct withdmwnl of ordinary screws, 
and 011 the Intel'!ll. resistance of nnils lind bolts, show that within a 
relntively IlIlI'.l'OW rHlIge in vltrintion, n, difl'erence of 1 percent in mois
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ture content of the wood mude a difference of nbout 2 percent in the 
results for the screws, und 3 percent for the nnils nne! holts. 

DIRECT WITHDRAWAL OF LAG SCREWS 

Northern whitH pine, redwood, Douglns :111', southrrJ1 yellow pine, 
and white ouk, covering a wide range in density for encll, were used in 
the tests. Some of the wood wns not of high grade, but ('UTe wns used 
in prep!lrillg the specimens to eliminate defects, pnrticulnrly neal' 
where the lag screws were to he driven. The sprcimells were of 
sufficient width nnd length to permit the driving of screws of different 
diameters in ench, thereby avoiding, to some extent, the efJ'ects of 
variation in quality between specimens und nlso between difl'erent 
parts of the same pil'ce. The correct mnl'gin to usc with difl'erent 
sizes of screws nnd with difl'erl'n t sl)('cies WilS not dl'termined bu t the 
effect of this YIll'inblc \\"[)S rlirninnted in tlJ{'. t('sts hy providing ample 

p 

't 

o 

FllieHE 2. ~1{ttho!J (If Il'~ling ln~'s(.·r(·ws (or ,Iin'et withlIrnwul. 

spncc between screws I]nd nlso nt the sides nnd ends of the test 
specimen. 

The tests were made olln laboratory testing mnchine equipped with 
It special device for engnging the screw head, ns shown in figure 2. 
The speed used in the tests was 0.041 inch pCI' minute. 

In the major tests only the mnximum withdrawal loads were re
corded. ~10isture determinations, specific gnwity, and compression
pamllel-to-grain tests were also made 011 control pieces which were 
representative in quality of the originnl specimens. 

Three groups of direct-withdrawal tests were made; one set to de
termine the most efficient diameter of lead hole for each size of lag 
screw and for different species of wood; another to show the effects 
of different depths of driving; nnd 11 third to show how differences iu 
diameter of lag screw Ilnd in the quality of the wood affect the re
sistance to direct withdrawal from either a side-grain 01' an end-grain 
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surface of the specimen. A leud hole of approximately the optimum 
diameter determined in the first set of tests was used in the subsequent 
groups. In all direct-withdmwal tests no portion of the shank made 
contact with the wood. 
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t'ACTOHS THAT At't'gCT Ht~SIS'I'ANCE '1'0 DIRECT WITHDHAWAL Ot' I,AG SCHZWS 

.Lllg Strews having n, shnnk dinlll.cter of five-eighths of n,n inch were 
used with vnryin~ diameters of lend hole as shown in figure 3. For 
redwood an additlOnal set of tests wns Illade iu which the diameter of 
lag screw as well itS that of the lend hole wus varied. Screws %6, %, 
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}~, %, %, %, and 1 inch in diameter were tested. The results for these 
additional tests of redwood are shown in figure 4. 

It may be observed in figure 3 that for a. %-inch lag screw used with 
white oak, n, diameter of lead hole about 70 percent of the shunk 
diameter of the screw is associated with the highest withdrawal loads; 
for Douglas fir, a diameter of lead hole 65 percent; with redwood u, 
diameter 60 percent; and for northern white pine a diameter 50 percent 
or less. Additional tests show that the same runge in diameter of lead 
hole as given here for Douglus fir also applies to southern yellow pine. 
Figure 4 shows how the most effective ratio of lead-hole diameter 
varies in redwood with different diameters of lng screw. 
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diauwLcrs, in air-dry n~dwood. 

The optimum diameter of len.d holo as rolated to diametor of Ing 
screw appellrs to be neither u, constunt rntio 1101' is it loss by n. fixed 
am,OUl\t. For all practical purposes, tho most effoctive runge in 
dimueter of lend hole in wbite on.k is 65 to 85 p~rcent of the shnl\k 
diametel' of the lag screw; 60 to 7;j percel\ t for southorn yellow pillC 
unci Douglas fir; and 40 to 70 percent 1'01' redwood Iwd northern white 
pine. The wide sprend in thesc rallges in l'lltio of lead-hole diameter 
to shank diameter is necessllry beeHuse of the difl'el'Ctlces in diameter 
of screws to which they apply. Tho smaller figure ill each rati:o npplies 
to lag screws of the SIl111.l1er diameters and the larger figure to the 
larger lag screws up to 1 inch in diameter. 
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Figure 5 shows impressions left in the wood when lag screws were 
backed out after driving. The smooth, compact surface shown at A 
was made by a lug screw when driven into a leud llOle of proper size. 
The condition of surface when the lead hole WfiS too hU'ge is shown in B. 

FlllCItE 5.-A, Smooth. compact sur/ace made by lag screw when driven into 3 lead hole 0/ proper size; n. 
condition pf surface when lend hole was too Inrgc. 

DEPTH O~' PENETRATION OF LAG SCREWS 

In the tests to determine the influence of depth of penetration of a 
lag screw into the member receiving the point, three sizes of lag screws, 
one-half, five-eighths, and three-fourths inch, were used with redwood. 
'With northern white pine, Douglas fir, and white oak only lag screws 
of %-inch shank diameter were used .. The screws were tested at 
effective depths of 1, 2, 3, and 4 inches. The reduced portion near 
the point of the screw was not considered in determining the effective 
depth.

It may be seen in figure 6 that when only a threaded portion of the 
screw is embedded in the wood, the resistance to direct witl](lrawal of 
lag screws of any given dilllneter a.nd any given species of wood varies 
directly as the depth of penetration. Therefore, uU direct-with
drawal test loads, are reduced to pounds per inch of penetration. In 
the oak, at a depth of 4 inches, the resistance to withdrawnl exceeded 
the ultimate tensile strength of tlte %-inch lag screw, hence no values 
for this depth afe recorded for oak. No tests were made for northern 
white pine and Douglas fir at the 4-inch depth. 
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SPECIFIC GRAVITY 

Although the strength properties of wood, such as hardness, com
pression paroJlel and compression perpendicular to the grain, determine 
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FIGURE 6.-Resistunc'C of Ing screws to direct withdrawnl for dilferenl depths of penetrntion using optimum
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its behavior in supporting the fastening, 110 single property is as good 
a criterion of the l'CSistnllce to direct withdrnwal of a lag screw as the 
specific gravity of the wood. 
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Figure 7 shows that the l'esistnnce to withdntwal of lug screws 
varies npPl'oximntcly as the 3/2 power of the specific gravity of the 
wood, All measurements of speeific gl'llvity lu'e based on oven-dry 
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DIA~IETER Ob' lJAG scnEJW 

A rather close rellltion ('xists between the l'csistnll(,c to withdrawnl 
of lag screws and their dinmetcTs (table 1). ]<'igUl'c 8 shows thnt fot· 
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screw. 
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TABLE I.-Resistance oj lag screws to direct withdrawal ..... 
0 

[Diameter of lag screws vuried; optimum diameter of lead hole] 
1-3 

I R tio r I :Maxi- ~Ia.~imum with- Withdrawulloud per inch of t;J " 0Xomi- Actual r.ad~ mum _ drawallond penetration in side gmin IIInul Diam- shank hole E!fce- COlI!- ~[o's- Specificl----,----I---.,-----:-----I
shank t f I' . w.-e pre.'Sl\-. lure .·t ., Z 


Speciefi Test> diam- e er 0 'lIun- <imm- depth or strength con- grll\' ~ • Corree- Remarks H 


eter (If lent~ ete\of eter t~ pene- of wood tent of .of. Adjusted tion fac- n
T ;..lag hole lug. s1!lInk trnlion \ pllrul- \\"011\1 \lood Slqe En!l 1lnnd- for_s~ tor for 
. screw sere" d,um- leI to gram gram lusted el!}1l_ 3 specific t" 

I;l:j ____... .1 .._ _._ ----1--- eter grnin grU\ ,t) _gr_a_Y_it_y_..\________________ !:1 

Nllm- Lb.~. 1'" 
t" 

! ber JlIf~ Jnr~ J/lCp' JlIch.~~ .g.}!I. Pac!,"1 _ P?ltl~ds Pound.• Po/tnt;, Poun,I., 0.) fu 
0 ';'6 . in 0.•9 O. GO 3. -~ I,.~IO .0. \I 0.4(H 3, o:l3 0-> lJ().~ 0.90. 1-3 
6 ~s ~ll2 .36 . UO 3.2'2 7. :130 fi.9 _1(J.I :1.17ti 1,080 I, om .9$2 Slight splintering. H 

(j ~~ "In .48 .IU) :I.l!l 7,:J:11l 6.9 .401 3,lJ84 .. '_"__ 1.24~ 1,2'27 .\lS2 Do. Z 
White pine.. H ~~ }~ .QO .I!O :1. 1.1 ~,391 ~.!l .aS5 t, ~S(j :1,661 • 1, 53? • 1,~2S I.:~;~ Splintering allil splitting in driving. Ot 

1 
<ao ", ~1" .13 • Ii() 3.0:1 1,:l30 h.9 .401 .,,_OS 1,7'39 1,108 ••18_ DQ. 


II :1; 1 j:ll" • SS • no 2. un .,330 Ii. \I • ~O1 5, 738 1, !~19 I, OO! • !182 Do. .:-1 

Ij 1 lU 32 .97 ~liO 2.S;~ ;,;130 tt9 . .t04 Ii, 312 2,Z~O 2,100 .982 Do.. 

4 ~1G 31. .~l .J)O :1.29 7.346 8.\1 .419 2.952 897 799 .891 Splinteringinwitbdrav:aL ~ 

~ ak 7,., .:16 .no a.30 tl,50:1 9.0 .:181 3.249 ,.. 98.'1 1,012 1.027 Slight sr.lintering in driving and with

drawn. rn 
\0 ~ r.{o .48 •flO 3.12 6,~3S !l.3 .:177 3,5.32 .•__ ,... 1.132 1.182 1.014 Splintering in driving and withdrawnl. 

Re(lwoo(l..___ 12 ~" ~s .m .UO :l.IIS G,21~ \0.1 .100 1,Ot7 2.741' 1,:104 Q,219 .935 Slight splitting in withdraw!'l. t:l 
t;J]0 ~.\ 7JiG .7:1 • UO :1. U5 5,980 !1.:I •:l5l\ 4, l!H ".. 1,375 1,5th'i 1.1:18 Splintering in driving and Withdrawal. r-:4 ;.;; '):"" .8tl .IlO 2.!).I 6,50:\ 9.0 .:181 4,980 J,m).! 1.740 1.027 Severe splintering in driYing and with- Hdrawal. 

4 1 '·~2 . lIS .!:O :l.O.'i 7.340 8.9 .419 5,628.. 1,815 1,044 .891 Do.I. 6 ';;1G !~t2 .29 .70 :t~(i i.&t-t R4 .4,; a,3tiG _ 1,03.1 [,o·m 1.013 Splintering ill drj·dngilllilwitbdraw:\l. 0· tl 3~ h .3tl ••0 3. ~O 7,6-14 !l.4 .477 :1,9S3 1,215 1,260 1. 01;1 Uo. ":::;l 
t; !4 1~32 .48 ••0 :1.25 7,(;H !I.~ ,477 4,456 •___ ... 1.371 1.380 1.013 Splittingnndsplinteringindrl\·ing. 

Douglas fir. __ 12 r·s ];1" .62 ••0 3.08 8.• 82'2 \1. 0 .492 5,520 :1.9l1S. I, i92 • I, i3:1 .967 Split in driving ami withdrawn!. >
0 

(i ~., 1~"" • 7:1 .70 :1. Jl i,IH4 9.·1 .4;; 5,508 I. iit J, iW 1.01:1 Considerable splitting und splintering in I ::0
f drh'!ng aod wit.hdrnwal. .... 

I Ij p.i Oil .85 .iO 2.911 7,644 9.4 .4;; 6,408 ....... 2,165 2,19.1 1.013 Do. n 
6 1 1~16 .97 .70 2.S2 7,1'14 9.4 .477 6,967 •__ .._._ 2,471 2.50:1 1.013 Do. d 
5 ~f61 ~:i'i ,29 .70 2.7(\ 9,2'28 9.6 .li01 3,581 .•.•.••- 1,297 1,2Ui 1.00 t"' 

1 (I %1 J. .:16 .70 :1.20 9.' 2'28 9. !I .liOl 5,8\0 1,816 1.816 1.00 Splintering 81111 splittlng in driving. 1-3 
Southern yel- I 6 ".i'h") .48 .70 :1.2,; 9,228 9.6 .001 6,812 2, 105 ~,105 1_00 Do. d 

low plne ..... l (\ % 7;1. .00 .70 :1. OS 9,228 9.6 ."01 7,342 2,384 2.384 1.00 Do. ::0 
I 6 ~,1;-12 .73 .70 :I.ll 9,2'28 9.0 .601 7,9~1l '''''.'' 2,555 2,555 1.00 Db. t;JI 6 ':'''1 liSI .,,5 .70 2.96 9,228 9.6 .001 8,779 ........ 2,966 2.966 1.00 Do.1i 6 J I~j.l .97 .iO 2.S2 9,228 \1.G .(iOl ]0,292 __ ...... :I,r....>o 3.650 1.00 Do. 



~:b .36 •i5 3.22 7,820 lOA .683 6,lr2l .. ,.., ~- 2. \01\1 2, HI) • \l\l6 ICull: Lan SCfIIWS broke in t~nsion• 
--~ 

).§ 38 .48 .i5 3.19 7,820 10.4 .683 8,Oil .. ., ...... - .. 2, 530 2,520 •1lIl6 Sliflht sp in ,ring In driving • 'Sj% 1%, .62 .i5 3.08 7,592 10.3 .6i8 S.9~7 .. - ...... ,. 2,918 2, 938 1.007 Sp it in dei' ng and some splintering. 
'It ?fs .73 .75 3.03 7,820 10.4 .683 9,742 - .. - ... -.- 3,21., 3,202 •1lIl6 Splintering n drh·ing • w.."~ •••.[! '! ").3. .85 .is 2.96 7,820 10.4 .683 10,746 ...... -,. .. :1,630 3,615 • 996 Slight split n driving • 

1 ~tl ~, .97 .75 :!.83 7,820 10.4 .liS3 12,453 4,,100 4,382 ,1lIl6 Split in dei' ng. 

I Threaded portion in actual contact with wood. 

'Based on weight and ,olume when oven dry. 

3 Loads adjusted to an average specific gravity by G'/'. 

4 Corresponding values for end grain penetration: 1.177 pounds unadjusted; 1,242 pountls adjusted. 

I Corresponding values (or end grain penetration: 891. pounds unadjusted; 833 pounds adjusted. 

6 Corresponding ,alues for end gruin penetration: 1,269 pounds unadjusted; 1,227 pounds adjusted. 
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COMBlNED INFLUENCE O~· SPECIFIC (lUA "IT)' AXD DIA~m1'EIl OF 1,AO SOltEW 

'l'he combined influence of clinmetl.'r of htg screw and specific 
gmvity of the wood is expl'essed by the forlllulu.: 

P = KIP /. (Jl (.! 

in which P represents ultimo.te withdrn.wllllond per iIich of penetra
tion of lag screw; l{ represents a const!wt which for the species tested 
IVns found to be 7,500; D represents shan Ii: dinmeter of lag screw in 
inches; and G represents specific gmvity of the wood based on oven
dry weight and volume when oven dry. 

The curves in ilgure 9 show the ultimate withdrawnl lOILds per 
inch of penetration tlmt may be expect.ed for lng screws ranging from 
one-quarter t.o 1 inch in shank diameter when pulled from wood of 
ILny specific gmvity. By means of this set of curves t.he approximate 
ultimate loads of lag screws for Itny species may be determined from 
its specific grn.vity without matl:.lriul error. Horizontally opposite the 
int.ersections of any solid vertical line representing the specific gravity 
of the species with the curve representing the diameter of lag screw 
will be found the ultimate withdruwulload per inch of penetrution for 
the particular species of this speciftc gravity find for the given di!1meter 
of lng screw. 

The curves in figure 9 have a very practical und convenient applica
tion to the problem of lng-screw joints. The designer usunlly knows 
the kind of timber he is to use and also the sizes of lag screw. Then 
by following the verticnlline on the chlLrt that represents the specific 
gruvity of the mnterilLl to the intersection with the curve for the 
dinmeter of screw and then following a horizontn.lline to the mlLrgin 
at the left, the ultimate withdru.wnllon,d ])('1' inch of penetl'l1tion of the 
threaded portion of the screws will be found. About one-fifth of this 
IOlLd will be the snfe load to use. Dividing the load to be supported by 
the safe lond per inch of screw will give the required threaded },ortion 
penetrating the mn,in member. Dividing this total length by the 
amount of thread on en,ch screw in COli tact will give the number of 
screws required. 

For grelLter convonience in ltpplyillg fi~lU'e 9, table 2 is presented 
which gives the v!Llues for specific grnVIty of the more irnportlLnt 
structuml spcdes. The resistn.m'l' to withdrn,wnl of n. In,g screw from 
an end-gl'l1in sllrfn.eo wns found to be u.bou t three-fourths itS gn'lLt ns 
from a side-grain sllrfu.Cl'. 

http:sllrfu.Cl
http:sllrfn.eo
http:expect.ed
http:ultimo.te
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TABLE 2. -Specific gravity of commercially important species of wood 1 

__--,-__s_pec_�es______ • ~::lr~._ _ I~~lr~Species 
I 

Hardwoods: 
Alder, red ........................... o. 43 IIari~~~~~-::-:.?~.~:i.~~~~I:••..•••.•••••___' 
 D.68 
Ash, black .......................... .53 Poplar,yellow..................._•• ' .43 
Ash, white .......................... .04 Sycamore........................... .54 

.40 Walnut, black.... .................. .56
~~~oo(L::::::::::::::::::::::::: .40 Willow, black....................... .41 

Birch, yellow ....................... • 66 Conifers: 

Buckeye, yellow ................. '" .38 Cedar, northern white.............. .32 

Butternut........................... .40 Cedar, Port Orford.................. .44 

Cherry, black ....................... .53 Cedar, western red ........_......... .34 

Chestnut. ...........__............ . .45 CYr.rcss, southern................... .48 

Cottonwood, castcrn ............. _" .43 Douglas fir.......................... .51 

Cucumber magnolia ................ •52 Fir, commercial white......... ...... . 42 

Elm, American ..................... .55 Hemlock, eastern .................. ,. .43 

Elm, rock ........................... · 6n Hemlock, western ........... _....... .44 


.55 Larch, western...................... .59
g~:::: ~id~~::::::::::::::::::::::::: • .13 Pine, northern white................ .37 

Gum, tupelo_ ....................... .52 Pine, ponderosa ........... __ ....... .42 

Hackberry .......................... · 56 Pine, southern yellow __ ..... . ....... .58 

Hickory _............................ .72 Redwood............................ .39 

Locust, black ....................... .71 Spruce.............................. .39 

Madrone.............. '" •••••.•"" • fiG Tamarack................_.......... .56 

Magnolia, evergreen ................. .53 

Maple, hard ........................ .68 

Maple, soft .......................... ! .51 


I Weight Bnd volume when o\'en dry. 

LATERAL RESISTANCE OF LAG SCREWS 

In lateral resistance, a lag screw functions very much like a bolt in 
holding the members of a joint in place. There are two distinct differ
ences, however, that must be considered in order to understand prop
erly lag-screw action, namely; a thren.ded portion of the log screw, in 
lieu of a nut, to hold it in place and resist direct withdrawal; a difference 
in cross section of the shank and threaded portion of a lag screw, 
instead of a uniform section as in a bolt. It is evident that a lag screw 
must have sufficient depth of penetration to take the load v.rithOut 
pulling, whereas a bolt can be short and heavy because the nut will 
hold it in place. On account of these differences between the action 
of lag screws and bolts, the analysis of the test data must be on a 
somewhat different basis than that for bolts. Nevertheless, when 
these differences are considered the lag-screw data correlate very 
closely with deductions previously derived from a more intensive 
study of bolts.4 

MATERIALS AND TEST PROCEDURE 

Air-dried material representing northern white pine, southern 
yellow pine, Douglas fir, and white oak was used in this part of the 
study. It was very similar to the material used for direct-withdrawal 
tests. 

The lag screws voried in ultimate tensile strength from 62,000 to 
101,000 pounds per square inch. A. tensile strength of 77;000 pounds 
per square inch was taken as an average in developing an adjustment 
factor to correct for this difl'erence in the quality of the screws. 

Tests for but one condition of seasoning were made, and for only one 
direct:on of loading, pamllel to the grain of the wood. Each specimen 
consisted of two members, a cleat and a block of the same-species, 

j TRAYER, O. W TilE ll.EARING STRENGTH OF WOOD UNDER BOLTS. U. S. Dept. Agr. Tech. Bull. 332, 
40 pp., illUR. 1032. 

• 
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FIGURE 10.- Method of testing lag screws for lateral resistallce. 
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joined by a lag screw passing through the cleat find into the block. In 
most of the tests wooden cleats were used, but in a few tests metal 
plates were substituted tor the wood clNLts. 

The load was applied parallel to the gmin of the wood, by means of 
a laboratory testing machine. The position of the specimen WflS such 
that the line of force passed downward approximately thr'ough It point 
in the lag screw where the clen.t and block meet, and thence down to 
the lower beMing (fig. 10). 

A lead hole of approximately the same diameter fiS that of the shnnk 
of the screw was bored through the cleat find when necessary, into the 
block as far fiS the shank extended. The lead hole was continued in 
the block for the threaded portion, its diameter being that reeom
mended earlier for a gh-en size of screw used with It }inrticulnr speeies. 

A speed of machule of about 0.015 inch per minute WfiS usee1 in the 
tests to beyond the proportional limit, after which the Rpeed was 
increased at intervals to 0.031 and 0.05 inch per minute until the te'>t 
was completed. Deflections for increments of lond from 50 to 100 
pounds were plotted to well nboye the proportional limit. 

The analysis of the test data and all the adjustments required were 
applied, prima.rily, to the proportional limit loads obtained in the 
tests. The term, "proportional limit", refer;; to that point in the stres" 
strain curve, where the londs and their respecth-e defleetions cense to 
be proportional. For lag screws, this is IIOt a true elnstic limit of the 
joint, since it will not return to zero deHection when the load is re
moyed. 

FACTORS THAT AFFECT RES:STANCE TO LATEIlAl. DlSPLAC~;l\IENT OF LAG-SCREW 
JOINTS 

8PECH'IC GRAV£l'\- O~' TIiE WOOD 

Although the dillerent strength properties of wood determine the 
resistance to IttteI'lll disp lacemen t of Jug serew", the specifi c gray1 tJ 
of the wood is a better criterion of its lllagnitude thnn anyone of these 
properties. To determine the nature and extent of the influence of 
specific ghwity, specimens from represen tath-e spedes having a com
paratively wide range in specific gravity were prepal'ed and tested. 
l;ng screws of difl'erent diameters were used in order to show whether 
the effect of specific gravity of the wood yaried with different diameters 
of screw,;. 

In one Heries of tests, northern white pine, southern yellow pine, 
nnd Douglas fir were the species used and in a second series, white oak 
was substituted for the Douglas fir. In the roost series a uniforlll 
thickness of cleat 1% inches was used ,.,.ith all sizes of lag screw, and 
in the second serie..'l, the mtio of cleat thickness to shank diameter 
of screw was kept consttmt at 4 to 1. 

The proportionaJJimit loads for the dift'erent species, at a moisture 
content of about 10 percent, were found to yary regardless of the 
diameter of lag screw approximately as the %power of the specific 
gravity of the wood (fig. 11), or approxillllltel~T as the square root of 
the crushing strcn:"th of the \\"ood along the grain. The results for 
northern white pine 111'0 a trifle high for the spedfic gnlYity und those 
for white ollk somewhat lower tllllll the speeific gnl\-ity would indicate. 
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.....TABI,E ::l.-Rc.~istan~c of lag 8crcw.~ to lateral rli.~placc/1lent in northern white pi7le 00 
('1'hkkncss of rleut lind Icngth of scrow vllrlo\l; dhuucf.cr I of IlIg seru,v Ilvo<cighths of nn inch] 

1--'1 
Clcllt Block I. -;'::t and hIO~--·---- Lng screws.. LOlld ~ 

·--;---~~I'·'-· '--~-- ---~,-l-----_..~ I' -.'--~'---- ---- - --~----- -:-.-- propo-r-ti-o-n-III-I-h-n-it-;-----
II: 
~ ....Uemnrks 

Ma>i
Cruslung . Crushmg :II ,. ('rusillng .M',] • 'II ] 'ti F-fTcr[I\'c ostren~th ISplldllc :llolslure stren~lh rSPCciliC ',o.s- stnm~th Specific t 01.- ,onf 1 (r~l~~nk longth of _. I ;..Tbjckne~s IJlt!JIlpnrnll~l grnvity' content f Pllrall!l1 grllvity' co~[gn' pnfllll~1 gnl\'ity' co::r~nt sh~nk In hlock threll!led Adjust. t" 
(0 grnm to grllln to gram port Ion A t (cst. cd 3 

t: 
--~- ----.---._.----""- --------. --.- ----'-1-----------(--1----

Lb.'. per Lb.'. per !;/M./JCT ~ 
Inch •. , ~g. in. Pe.rct!m &(1. ill. Percent arl. in. l~crcC1/.t illchr.l illches I1lc"c,,~ j.Jouwl.'f POlJ,wl:J POlLnd. t:::

I.U 4,831 0.3:16 II. Ii 5,700 U.;ISf, 11.0 5,;llO 0.31i(1 11.3 2.80 I.Ii8 -I.ti5 J,600 1,:135 1-3
I.Il 4,831 .336 11.6 5,7110 .aM 11.0 5,310 .3foO 1I.a 2.76 1.64 4.10 (4) 1-0 

1,0 4,8.11 .3;16 II. 6 5,70:) .385 11.0 5, alO .31i() II.a 2.80 1_C,8 4.08 I, 51~' ---i~25i'-I::':=:::= ~ 
1,2!lS . ___.. __1.0 4,831 .:136 11.0 .',7UO .385 IJ.1l 5,310 .36') 11.3 2. i9 1.67 4.06 1,550 <::. 

to 
AvcrugC,_•. I.Il! 4,831! .:136.1 11.0 I 5,7!XIJ .3S~I_ II.~I 5,:110 I .360 I 11.:11 2. i9 1 1.0i I .J A17 1 1,50U I 1,211:1 1---'---- .:-1 

~n ~4W .3i6 IJ.IJ ,~ .3S7 10. Ii 6,2r12 .381 10. S 4.40 ::!.23 rt.40 1,700 1,285 ~m ('Iellt split. S 
~O ~~ .3Gi 10.1 ,m .-IO·t 10.6 6,437 .a85 10.3 4.-10 2.25 [1.5·1 I,SOU 1.:150 ~~ Do. 

,~2.n ,. .367 10.6 ,~ .:187 10.6 11,167 . :\77 10.6 :1. \10 J. i5 .1.01 1,700 I,aml Do. rn,B20 .418 0.5 ,~ • :18i 10.6 6,4117 .402 10.0 a. no 1.7" 4.IJ<J 2,000 1,520 ~~ Limit "f (.cst.
20 &~ .426 i.l ~~ .4(10 7.3 S,2:IIJ . ·lIa 7.2 :1.20 1.05 .i. 72 1,60(1 1,31),) Cleat split. e 
20 ~~ ;:153 6.1 ~~ .·100 I. J 7,526 ,;176 6.7 a.25 J.J() 4.06 !, ,?0I1 1,4i5 ,~ t:::~ Do. 
~f) ,n .400 7.6 ,m .35:1 8.8 Ii, :101 .:170 8 ~ 2.8.'i .70 :I. on 1,500 1,3i5 ,~ ~('row IJulled. "= 
2.0 ,ITO .42.1 7,,1 0,427 .3.';4 S.O 7,298 .:ISS 7.7 2.85 .iO a.96 1,5UO 1,345 ,~ Do. !-' 

A\'cragc·_._~:.!l--' i,I~! .:UI! _8.7 li,527 _ '3~1 n.2 _li,8.12 .:187 8.9 ~ 1.44 4.711 1,1l8~_ I,an _ 0,.580 ~ 

2.5 S,8oo • ;140 9. a ri, nil; • :18i 10.6 6,467 . :!Ii:1 9.0 4.·tO 1. ;5 5.51 1,9:l(l I, 51~' 5, Ill"' -',[mit "r test. 
>::; 

;..2.5 Ii,435 ,396 11.2 ti,Oi5 . a87 10.6 0.255 .391 9. II 4, ,1(1 I. 75 5.46 1,800 1,4110 8, (JOO Cll'llt~pliJ.. 
;;)2.5 li,loo .340 7.3 6,562 .3&1 7.7 0,331 .3no 7.5 3.92 I. 27 4.94 1,800 1,580 Ii, U5U Limit of test. 

2.5 6,080 . :1:10 7.3 7,120 ,:ln2 i.2 n,lMIO • a46 7.2 3.00 1.25 4. III 1,800 I,oan fl,15O Cleat split. ::c .....2.5 5,31.1 .;136 Ill. 4 5,415 .400 12.4 S,3l15 .30S 11.4 3.20 .55 4.72 1,8(X) 1,705 7,ono l,imit of test. (')
2.5 li,lJ90 ,·\l1l 11).3 5,695 .:I'J6 11.1 5,8!12 .•](J:I HI. 7 3.27 .li2 4.65 (4) ... _.. _. 8,20/1 Do. t:l2.•1 6, S70 • ;1:12 6. 8 n,2lkl • :158 S. 8 1i.4:10 . :145 7. S 2. 85 . 20 :1. 91i I, f~:O I, 1lf,5 5, S71l Screw pulied. t'2.5 7. B7H .41l4 0.8 7,120 • :162 7.2 7, :195 . a8.1 7.0 2.88 .14 3.!l.1 1,lilMI I, SOU 5. !IIO DII. 1-3 

r.1A""rag!! 1 ...2."5 ~~-_;i61--8-.4- ---O:-2l14 --::17i)' -9.4'1-;;:3:;:; ~m ---s.;J - :1. fin ~ ----:J.7iI 1,757 -I, ,1S4' 6.5i" i:O 
3.n 6,025 .385 10.:1 6,075/,:187- lo.n-I' li,O.50 .a86 111.4 4.42- 1.2i 5.4712,ItKII·· 1,7511/' 8~O j,imit of t",sl. t;l 

3.0 6,195 .361 5.0 0.562.:lSH 7.7 O,;J78.a/O 0.0 4.411 1.25 S.5a 1,70tl 1,4057,970 Do. 
:1.0 6,000 .:174/ Ill. 2 .5.41.1 .·1U1i 12.-1 5,7118 .3Si 11.3 4.tKI .8.'i 4.00 1,9!~) 1,6i5 8,030 Screw ]lulll"1. 
3.0 6,1411 .381 !l.S 5,1il/5 .306 11.1' .5,017 I .;lS3 JO.4 ;!.no .70 4.97 2,WO 1,795 8,920 Limit of test. 

http:4.42-1.2i
http:dhuucf.cr


Screw pull'l(). 
3.0 0,1951 .3tlll ".6\ tl,427 .:154 !l.0 n,:lll .3:',/ 6... 8. a.20 .05 1.69 ('l ...------1 O,7iO Do.3.0 7,000 .370 0.7 fi.42:1.a5:1 8.S 0,711 .:101 7.7 3.25 • iii 4.1l5 1,800 1,840 7,200 Do.3.0 n,ooo _ 366 0.3 0. SS7 • :182 ~. 7 II, -14:1 • :17·1 !I. () 2.81i 0 :1. \14 1.700 ,I,71t1· 5,200 ·Do.3. 0 6,620 .38.' 7. {) Ii, SS7 • aS2 S.7 1i.7(i;1 _!l8:1 7.8 2.8.1 II :1.9.1 2, Iloo 1,975 5,5iO 

Average !_~.:t 0 6,2;2 --- .-;;';{·l-=~iJ ---"ti.::lj~ =-.;I~)~ ~:_ii_~ __ 1i.;s4~ .~~J._-8~~ ~.~-;:-fjl.. _~~53 ~-4.-7f~ 1.881;. 1.744 7,288 

a. 5 ~ ----::i'i1l-----w:'TI--5.r;QU .:W5 -w.U --i0;72 ---::iS7 Ili:f. ~ --, 70 ~7- 2.WO ---U65' 6.3siI Screw pulled.
Limit of test. :I. Ii 5,470 .:liIl 11.2 5, 86~ • !lsn I\, () Ii, tlUO . :l71l II. t ·1.44 .7\1 5.47 I, f~lO 1,445 6, SUO 
Screw pulied. 

Do.3.5 7,3LO .:174 H.7 fi.40S .:IIH 7.1 6. Mil .:lIi!l 0.9 .\..1(1 .75 .1. .12 1,91JO 1,755 8,660 
:l.5 6,750 . :ISO 6. S I 1\.40S ,:165 ., I 6. ['7!J • :li5 n.9 4.40 .75 5.48 2,200 2, nltl 8,070 Do.3.5 6,240 .382 II. >I 5. f~l() • :195 10. II 5,1120 _3SS 10.1 4.00 .:15 4.89 1,900 1,7SO i,960 
3.5 5,400 .370 11. 2 5, 86~ • 38!I 11. 0 5. 1m • :Ii!! 11.1 4.00 .35 4.98 ('l __ .._..__ 8. 100 Do. 

Cleat split. 
Do.3.5 0.7(\5 .3ill fi.4 fi.nai I ..109 ".4 n.'!11 .an21 7.4 :1.110 .2fi 5.no I,SOIl I.GYO 6.6SO 

3.5 i,015 .!l5t 0.3: 0.6:j7, .409 8.4 (i.S~6 .;180 I i.:I 3.n:1 .:10 4.9·1 2.000 1.915 6.250:1.51 6,175 .36.1 8.6j 1l.400!' .371 ,.4 f•• 3:l2 • :lni S.O :1. W 0 4.73 ('l _________ O. 190 Scn~w pull(',!.
Do.3.5 .. 6.0\15 .374 0.5 0.4110 .:Iil •. ·1 fl.5!l2 .372 Ii.n :J.:l0 I \) <\.ii7 1.900 1.1120 0.050 

Average·.·:1.51 r..390 I .372-1 sJI--il.lm~1. .:i~i)=-~n:~[~;:2!lS i. .3~~ S!J__ ~~J_~.:I:l. ,,:J'0--1,925' 1.798 _:,.I.~~ to" 
t;

.1.0 I 5.790 I .!lS5, II.I) I 5.i90 I ':1.85.1 .".111 .5.,\111 .:I85 I' l!.tll 4. 40 1 .28 1 5.50 \1.1100 I,S05 -. .-.- O4.0 5.790 .38:; 11.0 5••nO .:185 11.0 5.,90 .:IS.1 lI.n 4.40 .28 r..44 1.8110 1.710 ..._.... 
Ul 

Average 10 ..4.li r.,790 1--':iR.~-i-·i\.O ---5-.-i\IO-r-··~S51--li I) 1-5:700-.-a8[' ',-11.11 r--4•4() r--:-;- ---5:'17 1:85(' J:'75s ~.-. - '~ (") 
~ 
t:.l 

t Diameter of lag screw refers to the diameter of the shllnk of the scre,,·. A lell<\·hole , Deflection nt proportional limit lond 0.01·1 inch. :;;
diameter approximately flO percent of that of the shank WIIS used for the threfilled portion , Deflection at proportionnllimit lond 0.048 Inch: at maximum load 2.6 inches. 
or the screw and about 100 percent for the shank portion. 7 Deflection 1It proportionIII limit loud 0.06t Inch; at maximum loud 2.6 inches. 

5 Deflection lit proportionllilimit load 0.053 Inch; at maximum load 2.7 Inches.• Based on weight. and volnme when o,'en dry. o""" , Deflection at proportional limit lond 0.053 inch; at maximum load 2.5 inches. ..... 
ment for 11 given specific gravity to an average specific grnvity of 0.:177 Is based on fig. II. 10 Defiection at proportional limit lond 0.055 inch.

• Adjustment for differences in length of shank in hlock is bllsed on fig.].I. Tho adjust· 
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DIA:lIETEH OF I,AG SCREW 

The proportional limit londs for nil woods tested were found to yary 
as the square of the diameter of the screw, This relation between 
diameter of lag screw and proportional limit load is illustrated by 
figure 12, which is for northern white pine, The term "diameter" 
refers to the diameter of the shank or unthrended portion of the lag 
screw, 

4,000 r-~--~--r-~---r--r-~---r--r-~---r--r-~---r--r-~ 

/.3,600 1--+--4---I--+--+-J-'---1--1--+---1--1--+---1--1---+/-1-1

I 

~ ~ ~ ~ ~ ~ 7 
q ~ 8 Z ~ Q ~ 

SHRNK DIRM£T£R. OF LRG SCREW (INCH) 

FlGt'lIf: 12.-Hellltion hetween the dlnmeter "f 11l~ Strew IInll the re"IStOn('c to Internl disphl<'oll1enl In 
norther! while pine III uhoot JO-pcrc'(Jur. 111(,i~lUre l'ontent. The Sl'rt,l\\"S pcnctrnted n side-grain ~urrn('e 
or the spc<.'imcn. 

The rcsistnncc to IntprHl dispillcemcnt of !lIng scrcw bearing parnllel 
to the grnin oi the wood wns nlso fOllnd to ynry nbout ns the square 
root of the yield poiut stress of the metal. 

'rI1ICKSESS OF CLEAT 

One group of tests of no)'thcl'Il white pine, recorded in table 3 was 
made plimarily to show how difj'erences in clent thickness nfl'ect the 
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strength and stift'nes,> of a lag..:screw join t. ('lent thiclOlesses ranging 
by small increment;; from 1 to 4 inches were lISed with a 5/S-inch lag 
screw. 

A decided increase in load occurred with an increase in the mtio of 
cleat thickness to the shank diameter of lag screw lip to about 7 to 1, 
beyond which but little increase in the proportional limit loads is 
obtained. Below a 3.5 to 1 ratio the londs were somewhat irregular, 
and at a ratio of about 2 to 1 they became yery erratic. 

The results nre shown grnphicnlly in figure 13. This Cllrye, in 
order to make it applicnbje to the results obtuined with other species 
and sizes of lug screws thnn those tested, wus developed on the bnsis of 
percelltuge chunge in lond with change in dent-thickness ratio, the 
louds being expresscd us a pel'Gcntngc of the lond for a cleat-thickness 
ratio of 3.5 to 1, which nppClll'S to be It pructical rntio. 'rho more 
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Fwt'lIF: 13.-llIlhl(llI(·" of (liIlerCIlC'P ill the r~ti" of ('Ieat thil'knegs to dillllleter of shrtnk nn the prO(lortionlli'
limit IllUds or 11Il! :-:l'rt'W'!-: Il(.'n~trntin~ n side-groin sllrr:I(.·~. 

geneI'nl nPPli('atiol1 of tilt' (,1ll'\"C wil1leHd to lIO nppl'cciublp ('1'1'01' in 
HIly ulijustJllPIIL of J'l'suits. 

DEPTH OF' 1 ••\11 fiCIU,W IN 'rH~; B1.0CK 

If a constant rutio of cleat. thickl1eSS of nbout 3.5 is used with Ing 
screws of dift'ercnt diameters, a depth of penetration in the Ill/tin 
member of the joint of about 7 times the diallletcr of the Ing sel'ew 
for the harder woods and about 11 or 12 times for the softer specics is 
required to develop the full strength of the joint. Higher den t
thickness rutios up to n,bout a 7 to 1 requite greater depths of pene
tration. For the smaller clent-thickness rntios l'esulting from the use 
of thin clents the depth of penetrntion mny also be l'ellucetl. The 
propol'tionallimit londs are not nffected until the depth of penetrntion 
is less than about 5 times the diameter of lng screw. 



22 'l'EUHNICAI, BULIA·lTI~ 5!)7, U. K DEPT. OF AGItI<:UL'l'llm~ 

LENGTH OF SHANK IN BLOCK 

From tests made on northern white pine, using a 5/8-inch lag screw, 
and three different depths of penetration of shank in the block, 
namely: 2.25, 0.7, and 0.1 inches, and from the results of lateral 
resistance tests of bolts 5 previollsly made, a curve, figure 14, was 
derived that illustrates the approximate influence of the "length of 
shank in block" on the behavior of a lag-screw joint. This is a 
percent.l,1ge curve, the point representing the load at zero penetration 
of shank into the block being taken as 100 percent. The curve shows 
the percentage increase in proportiona1-limit load that accompanies 
an increase in the length of shank in the block. 

The correct form of this curve depends upon the quality of f,he wood 
and of the lag screw and somewhat upon the design of the screw, but 
no material error is involved in the use of the curve in adjustment of 
results where other qualities of both wood and metal thlLn those 1'epre
sentedin the tests are used. Beyond a ratio of depth of shank to the 
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trnting u side·,grnin surrnco~ 

diumeter of screw of about 7 to 1, which gives an increase in propor
tional-limit load of 39 percent, there is no further improvement in 
strength with iIlCI'ellsC'cL length of shank in the block. 

Although no tests of lag-screw joints where the shank of the screw 
failed to penetrnte entirely through the clellt were made, it may be 
ensily conceived that this luck of penetration would reduce the loads 
otherwise obtnirwd with complete penetration ns much as 20 percent 
or to the same load that would be obtained with a bolt hnving a 
diameter equal to that of the lag screw at the root of the thread, 

META CLEATS 

To determine the influence of metnl clents, tests were made on 
northern white pine, southern yellow pine, and white oak, using a 
%-inch lag screw and a metal plate one-hulf inch thick. The method 
of test was about the same as that for wooden cleats. The propor
tional limit loads were found to be about 25. percent higher using 
metal cleats than for the sume species tested with wooden cleats. The 
difl'erences in thickness of metal plates likely to be used with lag 
.screws will have very little influence on the loads. 

'TRAYER, O. W. See footnote 4. (1. 14. 
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The influence of qunlity of the wood und of the l1lC'tull'L the screws, 
the thickness of the cl('ftt, nnd the ('xt('nt of p(,llC'tmtion of the shmik 
portion .i.nto the block is ]'('f1ected ill the deformation of the lng SCl'ews, 
Figure 15 .shows 11 type of deformation of scre,,' wh(,11 ])wtul plntes 
were used In test. 

Si11c(', with holts and ]ng SCI.'('\\"8, it nppellTS that the PJ'opoJ'tiomtl 
limit of the joint is ]'('I\('h('d WhNl the bolt 01' ser(,w pnss('s its pl'Opor
tiOllnl limit, IL study of thcse defoJ'Illn.Lions of lag screws l'P\'PltlS how 

}'Wt:JtE 15. CutllWlI)' sllctions 01 southern Ilincshowing l-'.-inch iu~ 5l'rCWS 8111lllletllll~iellt.s; Lcft, condition 
01 screw belore test; right concUtioll Illler t(,sl. 

thickness of d('nt und the other vn;riables mentioned illflueJlee the 
results. With softwoods, for instnnce, whl'll a thin cleat wus used, 
there is 11 single bend in the lug serew nenr the surfnce of the block 
(fig. 16). With. a thick clent, there is a reverse bend in the shank 
portion and also a single bend within the block, fnlther bnck than 
with a thin cleat. When the shank of the lag screw ext('nds only a 
short distance into the mnin member the bend in the screw t.akes 
place at the beginning of the thrend, but with a considerable depth of 
shank in the block the bend develops in the shnnk of the screw. 'Yith 
the denser woods these same types of bends are repeated but the 
bends are shurper und shorter. 
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SAFE LATEIlAL LOADS .'011 LAG.SCIU;W JUINTS 

Equations 1'01' use in calculnting safe louds for lug screws of difJ'erent 
sizes, used with di.fl'ercllt, species of wood, are given ill tllble 4, The 
relations expressed iii the gen('rilI eqllntion predollsly 1'o1'orrod to, 
P=1(D2, were used in the det.ermination of these safe loads, In the 
equatioll, P represents thc pl'Oportionnl 1imit lond nnd becomes 1·\ 

NORTHERN 


WHIT[ PINE 


SOUTHERN 

YELlOw P;NE 


WH:Tt OAI'\. 

* -l ~"I~ i-ti t·,: ·k .<% ·f - JolAME HR Of LAC SCREW ANO THIC~NlSS Of CI.LA T (INCHfS ) 

FlGnn: 1Il,-'ryplcIlI failUres ()f Ing St'rcws in Inteml rcsistflnce with three species oC wtlod, 

1'epl'C'scllting the safe lond of it lag-sel'e,\' joint of dr,v wood, with the 
bl'nring' pnrnJlpl to tIle grnill of the wood; J( becomes 1((, It cOllstunt, 
and J), the dinmeter of the shank of the screw in inches, 

TAII(.g ·1.11'ql/oNoIlS jor ('OIlt/Jlltillg Mlje Ill/eral IOlld,~ /01' lllg ,~rrel('8 drit'ell in/o 
sitle(JNl'in 

Group ~p~des o( wood Equatiull: C1rotlp :-;pcdcs of wJ)od "11I11'llon 1 

Cellar, northern nndsoulhern 
whllc __ •••• _.............. . :IASh' hlnek ...... _........... .
j Birch, [lllper .............. ___ _


Fir, balsllm ond cOlJllJlcrdal !)()ugh~~ fir {('OIlSt trpei.. _.
whit~__.......,............. . 
 , Elm (soft), .\merlclln IInll IlIemlock', CI~~tern .• _.•• _,._ 

3· (grey) shpperr.. ......... , 1',=
Pille. 1l001derosn, sugar, florl h.. 

IGUlli, hi lick, red, lind tupelQ I I "OO/)I ern whrte, ntHI western, IJllrch, western~ ........_ ......... ~._: •.
white.................. _. 
 i\!nple, (soft) red IIl1d 5ih-"r ' ,";pruec, Eug(.'lmnnn, flid. ~it· PiIlC, southern yellow••. _...kll, lind \I hltlL, __ ........ . 8yc:trllorn.,.....____ .... ~ _........ ____ .. 

A$pcn, ulIlI largCLOol h 1~'Pl'U [

UI"'slI'ood .................. Ash. commcn'iul white - ."-')


I Ileedl...................... .
(.'cdnr, ,\Iaskn, \'orL Orford, I Bird., sweet Jllld n'lIow••.. ,nnd western red~ ... w .... "'~~ , Elm, rock .... __ ..... ~ ............... ~_" _. P,=
('heslnut............ _..... 
 ·1 ' I lfckor)", truo Jlllri pcrlllL, .._.. ' :!, ~U<J1JI
Cottonwood, hlock I1ml c,,'t· ! iIInple (hurd), bhwk II lit! 5u~nrI crli ..... _................... . 
 1-1:= : Onk. cOlllIlu,'Tcinl TNI nnil j2 . ~yJlress, sOlltiu,'rll. < ~ _. ~ • 

I
••• l,l)()ugh~~ fir (Hocky Mountnin ; I. ;1~1/)' i white............. ... i 

typeJ __ ................ 
"emlock, western_ .. __ .. 

! 
jf Pine. Norwn~· .. 


, Hcdwno<l.._ .. . 

j '('umurfwk......... .. 


Y\'!low POpiuL 
'_~__ . 

1 1'ho equHI iOIl'; rl~(f'r 10 hIA·~('n·w Joillt~ h:lyilll:! n dent thieknt!$."i a..j time.? the 5hnnk IIhuneter of the Sf.~rew 
nnd 0 depth Of penrlrntlun uf I he screw In the mllin memher \'urying fr'lJll II times t his diameter for group I 
woods to i times for ~roup" woods, With OIher <'Iollt·thickness mlios flnll \'urioJls lengths of shllnk in th~ 
1J10()k, apply the mrrectlnns iJl{II(~lted hy ngures 1:1 lind 1I. 'l'ho \'nlues in the lltblc I~",mme thnt the shonk 
of the scrCl': extemis to the surroce (of l'Ilitllct bet ween the rlCllt lind hlo{'k, If the silllllk rnils to extend this 
rllr in the cleat the lon(iS mllY decrease ns much as ~'U Pert'~nl 'rhe slIfo hlilds IIlso IIpply tulng screws hR\'lng
o yiel,1 point of 4r.,OIX) pounds per Brlunrc inch used with limber fit !tboul J;;·perccnt, lJIoisture content. When 
the timber is I)rt,~'lonnll~" wet hilt quickly dried lim slife loads IIho"e should he rCllnced one.fourth, If 
dumJl or wet. most, of the'lime lIuw should be reduced one·thinl, If scn~ws of n dilferent qUlllity of metul 
nrc used, IHljUS! the Imllls by IIPplyinl: 115 II fnctor tho SljUUrO ront of tho ratiu or the yield pointof the gl\'on 
metol l!l45,OOO. j) ill the ell'lJllions refers to the shnuk diumeter or tho sere\l", When motnl clellts are useu 
j hose I'}:ltis mlty be Increllsed 25 perL'ClJl, 
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The constant [(11 in the equations, wns obtained by n.djusLing the 
plOportional limit loads of species l'epresentn.ti ve of the groups of 
woods to vltlues 20 percent a,bove the aYel'll.ge nLiue for gl'een matcriui 
of the sllme species in order to allow for an incrense in strength with 
drying, then dividing by a fn.ctor 2.25, to take care of variability of 
the muterinl, checking around the sere,\', and overloltd. All vnllles 
are based on a yield point in the metal of the screws of 45,000 pounds 
per square inch, . 

For any group of species not represented in the tests n.nd for which 
there is no n.vemcre vnlue from which to derive a, safe load for the 
group, as just expYnined, the safe load WitS obtained by lI,pplying as tL 

factor to the constant for one of the other groups, the 3/4 power of the 
ratio of the n,verage specific gmvity of that group to the n,Yemge for 
the group under considerntinl1. 

For conditions other thnn those of the tests the sn.fe lon.ds are to be 
re~uced us follows: vYhen the timber~ n.re occltsi~)JUtlly wet but qllidd,\~ 
dned, use only three-fomlhs of the grvellloncls; If dnmp or wet most of 
the time, use two-thirds. 

If a high-grade metal is used in the lag screws, chn.nge the snfe londs 
b,\- applying n.s n. fuetor the sqlHLre root of the mtio of the stress !It 
~·ielcl point of the given metul, to a stress of 45,000 pounds pel' squn.re 
mch. 

With these snJe lottds it is n.ssumed thn,t the clent-thickness ratio is 
constant for the Ynriolls sizps of Ing serews und ne\'er less thnn n,bOl1 t 
:3.5 to 1. It is fmther nssumed th!i,~ the shuuk of the lag screw prne
trntC's til('. clent to the plane of cont!tet with the block WhC'1lll1etnl 
dents !lre u!;cd instend of wooden, the sftfe londs giveH in the tuble 
mny beincrensed 25 percent. Any drfl'el'ellCCsin thickness nnc1 quality 
of l11ettll pln,tes 'Used with Ing screws will hnye very little influcllee on 
the londs. 

If the shn.nk portion extends into the main membt:'r of fl, joint, tht:' 
proportionn.llimit IOfLd, ns well as the snJe lond, will be ineren,sed lip to 
n.bollt 40 perC'el1 t, depending UPOll the 1I1ll01lnt of peuetmtion. If 
th(=' shunk oCthe screw pxtends oniy purt WHy through the clent, thC' 
londs, when eompnred with thn,t for ('omph,to ]Jt:'lletrn.tioll, mny bf~ 
reduced fiS much ns 20 ppn'eni. 

CONCLUSIONS AND RECOMMENDATIONS 

In nssembling' wooden members with Ing screws it is essl'utial to tlSE' 
prebored holes ex('ept for the smnllpl' sere\\"::; in the softer species; 
und eyen there, it is considered good prn.('tiee. The lend hole for the 
entire shn.nk should be of the sn.me diallleter flS the shunk. The 
reeommended dinmeter of leftd hole for the thrcaded portion ill 
nOl,them white pine is 40 to 70 per('ent of the shank diamctcr of the 
screw, in Douglas fir and southern yellow pioe GO to 75 pcreent, n.nd 
in white on.k 65 to 85 pereent of the shank diameter. The Inrgl'I' 
figUl'eill each mnge npplies to scn'ws of the greuter (~ameters.. Son p 
or other lubricn;nt shollid be used on the scrcws, pa1'tlCulnrly WIth the 
denser species, to fn.eilitn,to dri\'ing and pl'c"ent dnmnge tel) the screw. 
Leltd holes slightly InTpcl' thllll those l'e('om1l1ended fol' maximum 
efficiency should be usen with htg s('rews of excessiye length. 

http:aYel'll.ge
http:l'epresentn.ti
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The resistance to direct withdrawnl of lng screws vnries nbout ns the 
3/4 power of the shank diameter of the screws, nbout ns the 3/2 power 
of the specific graVity of the wood into which they are driven~ nnd 
directlv as the depth of contact of the threaded portion. A depth 
greater'than 7 times the slU1.nk diameter of tho screw in the denser 
species and 10 to 12 times in the softer species would dovelop a resis
tunce I),ppro:d.mately as great as the ultimate tensile strength of the 
screw. 

The resistance to withdrawal of a lag screw from nn ond-grain surface 
is. about throe-fourths as great as from a side-grain surface of the same 
pIece. 

The resistance to lateral displacement of a lag scrow boaring parallel 
to the grain of tho wood varies about as the square root of the crushing 
strength of the wood along the grain nnd ns the 3/4 power of its spe
cific gravity. It nlso varies us the square of the shnnk dinmeter of the 
lag screw and about ns the squn.re root of the yield-point stress of the 
metnl. 

A cleat-thickness rn.tio below about 3.5 to 1 gives more or less erratic 
proportional limit londs. ]'01' ratios from 3.5 to 1 up to about 7 to 1 
there is It considerable incrense in proportional limit londs but beyond
this rn,tio the rate of incrense in strength drops very rapidly. 

In arriving nt some of the more geneml deductions given here, full 
advnntage was tn.ken of infol'mntion obtnined from n very compre
hensive series of tests of bolted joints in which the u.ction for the 
grenter ratios of length of bolt in mnin timber to dinmeter is very 
similar to that of lng screws. 
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