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INTRODUCTION

Lag screws sre commonly used because of their convenience, par-
ticularly in places where it would be difficult to Tasten a bolt, or where
& nut on the surface would be objectionable. Attachment of lagging,
wood braces, skids to heavy machines for shipment, or fastening shaft,
hangers to joists or other supports are familiar examples of these uses.
Safe loads for such connections, when computed by the methods given
in various textbooks and handbooks now in use, differ widely. This
lack of agreement is attributed to the fact that no extensive sories of
actual strength tests of ordinary lag-screw joints, from which safe
working stresses might be determined with assurance, has heretofore

-been made. :
<73 The purpose of this bulletin is to present the results of numerous
dag-scrow tests recently made at the Forest Products Laboratory as a
~part of & more general investigation of wood joints and fastenings.
#Fhe large number and range of the Lests, the improved facilities and
Aechnique employed, together with the correlation of the results with
Hhose previously obtained from a comprehensive series of tests of
bolts that simulate closely the action of lag serews, permit definite
deductions to be drawn,

The tests cover two main aspects of Iag-screw use and action; re-

sistance to direct withdrawal, and resistance to lateral displacement.
T Received for puldleation July 14, 19057,
3 Acknowledzment iz mude o AL Smierdn, Jr., fornierly of the Faresi Produets Labaratory, for assistutice

in condncting and nnalyzing the tests herein reported. .
¥ Malntained ot Madison, Wis., in ooperntion with (he University of Wisgonsin,

111B1°—37
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The lag screws used in the tests were purchased from local hardware
stocks. They were of the machine-tbreaded type (fig. 1) with a root
diameter of thread approximately thres-fourths that of the shank or
unthreaded portion. They dillered widely in quelity of metal and in
over-nll length, and also in the relative length of shank and threaded
portion, particularly among the various sizes. In fact, there appears
to be no well-recognized standsyd of .design or quality for lag serews,

Figvas 1o--1spe of g serews tested: 1, Lineh; M, Ye-inch; €4 Li-inch, The serewd shown have heen cat
b i order to sl {he dewnil of the Chrend deshere.

In analyzing the results adjustments were made to compensite for
some of the more serious of these variables,

Seasoned muaterial of both coniferous and hardwoud (broad-leaved)
species was used in the study. At the time of test there were some
slight variations in the moisture content of the specimens, but no tests
were made to detormine dircctly the effect of these differences on the
results. Previous tests on the direct withdrawal of ordinary screws,
and on the lateral resistance of nails and bolts, show that within a
relatively narrow range in variation, a difference of 1 percent in mois-
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ture content of the wood made & difference of about 2 percent in the
results for the screws, and 3 percent for the nails and bolts,

DIRECT WITHDRAWAL OF LAG SCREWS

Northern white pine, redwood, Douglas fir, southern yvellow pine,
and white oak, covering a wide range in density for ench, were used in
the tests. Some of the wood was not of high grade, but care was used
In preparing the specimens to eliminate delects, particularly near
where the lag screws were to be driven. The specimens were of
sufficient width and length to permit the driving of serews of dillerent
diameters in each, thereby avoiding, to some extent, the elfects of
variation in quality between specimens and also bebtween different
parts of the same piece.  The correct margin to use with different
sizes of screws and with different speeies was not determined but the
effect of this variable was eliminated in the tests by praviding ample
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Faovwe 20 Motbeel of lesting g serows for dizect withrlnessl,

space between screws and ulso at the sides and ends of the test
specimen,

The tests were made on a laboratory testing machine equipped with
a special device for engaging the serew hend, as shown in figure 2.
The speed used in the tests was 0.041 inch per minute.

In the major tests only the maximem withdrawal loads were re-
corded. Moisture determinations, specific gravity, and compression-
parallel-to-grain tests were also made on control pieces which were
representative in quality of the original specimens.

Three groups of dircct-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; and a third to show how differences in
diameter of lag screw and in the quality of the wood affect the re-
sistance to direct withdrawal from either a side-grain or an end-grain
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surface of the specimen. A lead hole of approximately the optimum
diameter determined iu the first sct of tests was used in the subsequent
groups. In all direct-withdrawal tests no portion of the shank made
contnct with the wood.
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Lag serews having a shank dinmeter of five-eighths of an inch were
used with varying diameters ol lead hole as shown in figure 3. For
redwood an additional set of tests was made in which the diameter of
Iag screw as well as that of the lead hole was varied. Screws %, %,
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%, %, %, %, and 1 inch in diameter were tested. The resulis for these
additional tests of redwood are shown in figure 4.

It may be observed in figure 3 that for a %-inch Ing screw used with
white oak, a diumeter of lead hole about 70 percent of the shank
diameter of the screw is associated with the highest withdrawal loads;
for Douglas fir, & diameter of lead hole 65 percent; with redwood a
diameter 60 percent; and for northern white pine a diameter 50 percent
orless. Additional tests show that the samo range in dinmeter of lead
hole as given here for Douglas fir also applies to southern yellow pine.
Figure 4 shows how the most effcctive rutio of lend-hole diameter
varies in redwood with diflerent diameters of lag serew.
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The optimum diameter of lead hole ns related to diameter of lng
screw appears to bo neither o constant ratio nor is ié less by a fixed
amount.  Wor all practical purposes, the most ellective range in
dinmeter of lead hole in white ouk is 65 to 85 Dpercent of the shanlk
diameter of the lag serew; 60 to 75 pereent for seuthern yellow pine
and Douglas fir; and 40 to 70 percent for redwood and northern white
pine, The wide sprend in these ranges in ratio of lead-hole diametor
to shank diameter is necessary heeause of the differences in diameter
of screws to which they apply. The smaller figure in each ratio applies
to lag screws of the smualler diameters and the larger figire 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 lag screw when driven into & lead hole of proper size.
The condition of surfnece when the lead hole was too large is shown in B.
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Frovhk h—.1, Smoetly, compnet surfnee made by leg screw when driven folo o lend bole of proper size; B,
candition of surface when lead hole was too lnrge.

DEPTII OF TENETRATION OF LAQ BCREWS

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

It may be seen in figure 6 that when only a threaded portion of the
serew is embedded in the wood, the resistance to direct withdrawal of
lag screws of any given diumeter and any given species of wood varies
directly as the depth of penetration. Therefore, all direct-with-
drawal test loads, ave reduced to pounds per inch of penetration. In
the oak, at a depth ol 4 inches, the resistance to withdrawal exceeded
the ultimate tensile strength of the %-inch Ing serew, hence no values
for this depth are recorded for cale, No tests were made for northern
white pine and Douglas fir at the 4-inch depth.
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EPECIFIC GRAVITY

Although the strength properties of wood, such as hardness, com-
pression parallel and compression perpendicular to the grain, determine
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its behavior in supporting the fastening, no single property is as good
a criterton of the resistance to direct withdrawal of a lag screw as the
specific gravity of the wood, '
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Figure 7 shows that the resistance to withdrawal of Ing screws
varies approximately as the 3/2 power of the specific gravity of the
wood. All measurements of specific gravity are based on oven-dry
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DIAMETER OF LAG SCREW

2 rather close relation exists between the resistance to withdrawal
of lag screws and their diameters (table 3.
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TABLE 1.—Resistance of lag screws lo direct withdrawal

[Diameter of lag screws varied; optimum dismeter of lead hole]

o Ratio of l Maxi- Maximum with-| Withdrawalload per inch of
Nomi- Actuall lead- mum . drawal load penetration inside grain

08l 4 e Vshank | hole Effec- | com- | Mois-
%lgnnk eter of | diam- { diam. |, L% [pressive) ture

mm-{ Tend | eter of | eter to |UCntROf[strengtlly  con- { Adjusted
eter oLl hole | lng | shank | bene jof bod text of Side Unnd- | for spe-
screg\\' serew | dinm. [Fatien Il’g‘]r ‘[‘}; wood grain justed | - cific
eter - avity 3
grain B <

Correc- Remarks
tion fac-
tor {or
specific
gravity

Num- Lbz, per '
-y Inches | #q. iit. | Percent Pounds | Pounds | Pounds | Pounds
328 €. 4 3,033 1.. ... 0925 908 2

3.476.}. . l,g‘;l Slight splintering.
e " : . § 1,227 93! Do,
White pine. . 3% ; B . 1 g 385 . 786 ) 1,625 55 | Splintering and splitting in driving.
: b n i 3.1 7, i 1,708 Y Do.
1,904 Do.
98;

2,190 Do. .
7,346 9] 2 . 799 Splintering in withdrawal. .
3.30 § 6,503 g 3,249 e 1,02 Slight splintering in driving and with-
drawal.
] 7 3.121 6,438 377 1,182 Splintering in driving and withdrawal.
Redwond 5 a 3 308 < . 06 T2 304 31,219 Stight splitting in withdrawal,
H $:0a 9. Hl...... : 1, 565 Splintering in driving and withdrdawal.
04 G . .. 1,740 Severe splintering in driving and with-
drawal.
1,644 0.
1, gi(i 3.{ Splintering in driving and withdrawal.
1,260 Do.
1] Splitting and splintering in driving.

. 3 4 . . 1,386
Douglas fir.... : B A g , g g $ 1,733 .4 Split in driving and withdrawal.
; p’ B . 7. A 7 1,794 .013 1 Considerable splitting and splinteringin
driving and withdrawal,
Da.
Do.

(=1
—
o

2,193
2, 503

5

Splintering and splitting in driving.
Dao.
Do.
Do.
Do.

Southern yel-
low pine.. ...
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COMBINED INFLUBNCE OF SUECQIFIC GRAVITY AND DIAMETER OF LAG SCREW

The combined influence of dimmeter of lag screw and specific
sravity of the wood is expressed by the formula:

Pe=RIBIE?

in which P represents ultimate withdrawal load per inch of penetra-
tion of lag screw; K represents a constant which for the species tested
was found to be 7,500 D represents shank diameter of lag screw in
inches: and @ represents specific gravity of the wood based on oven-
dry weight and volume when oven dry.

The curves in figure 9 show the ultimate withdrawal louds per
inch of penetration that may be expected for lag screws ranging from
one-quarter to 1 inch in shank diameter when pulled from wood of
any specific gravity. By means of this sct of curves the approximate
ultimate loads of lag screws for any species may be determined from
its specific gravity without material error.  Horizontally opposite the
intersections of any solid vertical line representing the specific gravity
of the species with the curve representing the dinmeter of lag screw
will be found the ultinate withdrawsl load per inch of penetration for
the particular species of this specific gravity and for the given diameter
of lag scrow.

The curves in figure 9 have a very practical and convenient applica-
tiop to the problem of lag-serew joints. The designer usually knows
the kind of timber be is to use and also the sizes of lag serew. Then
by following the vertical line on the chart that represonts the specific
ravity of the material to the intersection with the curve for the
dinmeter of serew and then following a horizontal line to the margin
ab the left, the ultimate withdrawal load per inch of penctration of the
threaded portion of the screws will be found. _About one-fifth of this
load will be the safe load to use. Dividing the load to be supported by
the safe load per inch of screw will give the required threaded portion
penetrating the main member. Dividing tlus total length by the
amount of thread on each screw in contrct will give the number of
serews required.

For greater convenienee in applying figure 9, teble 2 is presented
which gives the values for specific gravity of the more important
structurnt species, The resistance to withdrawsl of o lag serew from
an end-grain surface was found (o be about three-fourths us great as
from a side-grain surfuce.
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TapLE 2. —Specific gravity of commercially important species of wood !

Specifle Specific
Species gravity Specics gravity

Hardwopds: Hardwosts—Continued.
Alder, red Qal R
Ash, bisck. .. s VB3 Poplar, yellow. .

Asgh, white___ . Sycamore.
Walout, Mack. ..
Willow, biack

Conifers;

Ceder, northern while.
Cedar, Port Orford .
Cedar, western ted..

- . . Cypress, sottthern

Cottonwood, enstern.. T . Douglas fir

Cucumber mapnolia__ .- . Fir, commercizl white_.

Eim, American . L5 1Iemiock, easiern

Eim, rock. o .on... .- . Hemlock, western..

Gum, binck. p—— - R Larch, wostern..

Pino, northern w

Pine, pondoross.. .

Ploe, southerp yellow

. Redwoad

T.ocust, bis . Spruce

WMadrone .- .- . Tatmarack

Mngnolia, evergreen..

Maple, hard

Mapla, solt.

! Weipht agd volume when oven dry.

LATERAL RESISTANCE OF LAG SCREWS

In lateral resistance, a lag screw functions very much like & bolt in
holding the members of a jomtin place. There are two distinct differ-
ences, however, that must be considered in order to understand prop-
erly lng-scrow action, namely; a threaded portion of the lag screw, in
lieu of & 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 scotion a5 in a bolt. It isevident that a lag screw
must have sufficient depth of penetration to take the load without

ulling, whereas & bolt can be short and heavy because the nut will
gold it in place. On account of these differences between the action
of lag scréws and bolts, the analysis of the test data must be on &
somewhat different basis than that for bolts. Nevertheless, when
these differences are considered the lag-screw date correlate very
closely with deductions previously denived from & more intensive

study of bolts.*
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 varied 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 difference in the quality of the screws.

Tests for but one condition of seasoning were made, and for only one
direction of loading, parallel to the grain of the weod. Each specimen
consisted of two members, . cleat and a block of the same-species,

i TRa¥YER, Q. W TIIE BEARING STRENGTE OF WOOD UNDER DOLTS. 11, 8. fept. Agr. Tech, Ball, 332,
46 pp., Mus, 1932 .
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joined by a lag screw passing through the cleat and into the block. In
most of the tests wooden cleats were used, but in a fow tests met&l
Plates were substituted for the wood cleats,

The load was applied parallel to the grain of the wood, by means of
& laboratory testing machine. The position of the specimen was such
that the line of foree passed downward approximately through o point
in the lag serew where the cleat and block meet, and thence down to
the lower bearing (fig. 10}.

A lead hele of approximately the same diameter as that of the shank
of the serew was bored through the cleat and when necessary, into the
bloek as far as the shank extended. The lead hole was continued in
the block for the threaded portion, its dinmeter being that recom-
mended carlier for a given size of serew used with o particular spectes.

A speed of machine of about 0.015 inch per minute was used in the
tests to bevond the proportional limit, after which the speed was
increased at intervals to (.031 and 0.03 inch per minute until the test
was completed. Deflections for increments of load from 50 to 100
pounds were plotted to well nbove the proportional Hinit.

The analysis of the test dats and all the adjustments required were
applied, primarily, to the proportional iimit loads obtained In the
tests. The term, “‘proportioneal limit”, refers to that pointin the stress
strain curve, where the loads and their respective deflections cease to
be proportional. For lag serews, this is not & true elastic limit of the
joing, isince it will not return to zero deflection when the load is re-
moved.

FACTORS THAT AFFECT RESISTANCE TO LATERAL DISPLACEMENT OF LAG.SCREW
JOINTS

BPECIFIC GRAVITY OF THE WOOD

Although the different strength properties of wood determine the
resistance to lateral displacement of lug serews, the specific gravity
of the wood 1s & better criterion of its magnitude than any one of these
properties. To determine the nature and extent of the influence of
specific giavity, specimens {rom representative species having a com-
paratively wide range in specific gravity were prepared and tested.
Liag screws of different dinmeters were used in order to show whether
the effect of specific gravity of the wood varied with different diameters
of serews.

In one series of tests, northern white pine, scuthern yellow pine,
and Pouglas fir were the species used and in a second series, white ozk
was substituted for the Douglas fir. In the first serles & uniform
thickness of cleat 1% inches wes used with all sizes of lag serew, and
in the second series, the ratio of cleat thickness to snank diameter
of screaw was kept constant at 4 to 1.

The proportional limit loads for the different species, at a moisture
content of about 10 percent, were found to vary regardless of the
diameter of lag screw approximately as the % power of the specific
gravity of the wood (fig. 11}, or approximately as the square root of
the crushing strength of the wood slong the grair. The results for
northern white pine aro a trifie high for the bpﬂ("lflc eravity and those
for white onk somewhat lower than the specific gravity would indicate.
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Tasue 3.—Resistance of lag screws Lo lateral displacement in northern white pine

81

['Thickness of elest and length of serow varied; diameter 1 of Ing serew five-eighths of an inch}

Cleat Block Cleat and block Lag screws Load

Effective Proportional limit Remarks
l?ugtl; o{ Manxi-
threadec o muni
portion | At test ‘“J(Jl":'"

DINHOHAY

Crushing, Crushing . | Crushing O AN I
Thickness Stre“ﬁ“l‘ Specific | Moisture] sirengzth | Specific ‘;}Ilﬂ.g' slrength" Specific D&:‘r';' 1““3““‘ (}f‘é'ﬁt‘g}(
™ e i ol fernvitysd b v 0
l]:)n[r;l;ﬂ;n gravity™) content g,u;‘.hl:}ll EPVILYY content {:)ﬂgll‘(lllfrl ErAvity! content| shank | in block

Lbs: per Lbs. per Lbs. per

Inches 8q. in. Lin, Percent] - a9. in, Percend] Inches | Inches Inches | Pounds { Pounds | Pounds
4,831 . . 38 14 5,310 . 36 1.3 2.80 LG8 5 » O 1,8 .

4,831 .8 5,7 385 o4 3 2.76 .6 . 0]

4,831 6| 7! 1L i .3 2.80 . 1, 500 o 250

4,831 b B 5, 790 . 310 .3 2.79 L67 .06 1,550 1,205

4,831 . & 790 .38 - 5310

6,075 | . L6 6,262
6,075 | -404 6| 6437
6,075 | - .

6,075

W

1, 530 1,208

w

1, 700 1,285 R Cleat split.

, 1, 350 3 Do.
1,700 1, 360 i, 74 Do.
2,00 1, 520 7, Limit of test.
1, 600 1,305 i, Cleat split.

NN eSDWw
I3 to
I

Sweiw e
NEPNDEES

Do.
Scrow pulled.
Do.

AT

&)

=

3.59

4.40 v L 31 , 56 5060 | Limit of test,
8,000 | Cleat.split.
G, U5 | Limit of test,
Cleat split.
Limit of test.

Average®.. 2.0

L5
L
2

9
Y

2.5

Errpe| e

ST D

._._.
b=

Do.
Serew pulled:
1, 600 X! Da.

1,757

4,050 J 3 .42 3 2, 110 , O Limit of test.
6,478 .37 . 6 . . 3. 54 1, 700 it Dao.

5, T08 o . , . L 90 1,900 Serew pulled.
5017 5 . 2,600 9 Limit of tgst,

SoSZanEp
OC00 W e 3 &3 20 28

mERanES
S O = da 03 ~]TH B

bk

7,670

6, 265

g
=
R

6, 204

6,025 | . 6,075
6,145 6,562
6, 000 37 5,415
8, 140 8,695
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Screw pulled.

Do.
5,570 “Do.

7,288

e

6,427 35 3 6,311
6,423 853 X 6,711
1, 887 38 ] fi, 443
i, 887 . 3 f, 753

i, 26 L3479 0. 6,284 2376

5,600 | 305 5 872 L3887
5,862 | .380 . 5,666 | 379
6,408 | 364 . 6850 | 360
t, 408 5 6,579
5, 600 5 5,920
5,862 1 . 5. 631
6,637 | . 6, 701
o3 . 6637 . . 826
6,175 % 6,490 . 6,332
6, 695 37 . 6,490 3 g £, 592

k=2
HE-SXRR =Y
SN
% ~1t0

6,620

I?’ T
-

6,272

H

6,380 | Screw pulled.
6, 800 | Limit of test.
Screw pulied.
Do.
Do.

Do.
Cleat split.
D

6, 145
5490

[ SR N

swansSasEl
A5 LS ke vt e 458D e 2

0.
Serew pulled.
Do.

Average®.. 3.5 | 6,300 : 3| 6099 | 386 208 | 870 | 8.6

10| - 5790] .385] 1L0| &700| .38 5. 74 a4 .98 . g 1,805
£00 570l a8 om0l ase0| .85 : Rt BT . “a8 . 1.710

Average10.:4.0 5,790 i 385 1.0 8,790 385 . ) 1.4 J28 . 55 1,758

t Diameter of lag screw refers to the diameter of the shank of the screw, A lead-hole $ Deflection at proportional limit load 0.014 inch. . )
diameter approximately 60 percent of that of the shank was used for the threaded portion s Deflection at proportional limit load 0.048.inch; at maximum load 2.6 inches,
of the screw and about 100 percent for the shank portion. - 7 Deflection at proportional limit load 0.061 inch; at maximum load 2.6 inches.

3 Based on weight and volume when oven dry. 5 Deflection at proportional limit load 0.053 inch; at maximum load 2.7 inches.

3 Adjustment for differencesin length of shank in block is based on fig. 14. The adjust- % Deflection at proportional limit lond 0,053 inch; at maximum load 2.5 inches.
m?zg. rﬁr agiven specific gravity to an average specific gravity of 0.377 is based on fig, 11, 16 Deflection st proportional limit load 0.055 inch.

ull,
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2} TECHNICAL BULLETIN 7 U 8 DEPT, OF AGRICULTURE
DIAMETER OF LAG SCREW

The proportional limit loads for all woods tested were found to vary
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 unthreaded portion of the lag
SCTew,
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of Lhie gpeciimon.

‘The resistance to lateral displacement of a lag serew bearing parsllel
to the grain of the wood was also found to vary about as the square
root of the yield point siress of the metal.

THICKNESS O CLEAT

One group of tests of northern white pine, recorded in table 3 was
made priunarily to show how differences in cleat thickness aflect the
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strength and stiffness of a lag-serew joint. (leat thicknesses ranging
by small increments from 1 to 4 inches were used with a 5/8-inch lag
SCrew,

A decided increase in Joad occurred with an increase in the ratio of
clent thickness to the shank diameter of lag screw up to sbout 7 to 1,
beyond which but little increase in the proportional limit loads is
obtained. Below a 3.5 to 1 ratio the loads were somewhat irregular,
and a$ o ratio of ebout 2 to 1 they became very erratic.

The results are shown graphicelly in figure 13. This curve, in
order to make it applicabie to the results obtained with other species
and sizes of lag screws than those tested, was developed on the basis of

ercentage change in load with change in cleat-thiekness ratio, the
onds being expressed as a percentage of the load for & clent-thickness
ratio of 3.5 to 1, which appesrs to be & practical ratio. The more
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fimil touds of hug serews penetrating o sidegrain surkice.

general appiication of the curve will lead to no appreciable srror in
any adjustoient of results.

DEPTIL OF LA SCREW [N THE LLOCK

If & constant ratio of cleat thickness of about 3.5 is used with lag
screws of different diameters, a depth of penetration In the main
member of the joint of about 7 times the diameter of the lag serew
for the harder woods and about 11 or 12 times for the softer species is
required to develop the full strength of the jeint. Higher cleat-
thickness ratios up to about a 7 to 1 requife greater depths of pene-
tration. For the smaller clent-thickness ratios resulting from the use
of thin cleats the depth of penetration may also be reduced. The
proportional limit Joads are not affected until the depth of penetration
ts less than about 5 times the diasmeter of lag screw,
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LENGTU 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® previously made, o curve, figure 14, was
derived that illustrates the approximate influence of the “length of
shank in block” on the behuvior of a lag-screw joint. This is a
percentage curve, the point reprosenting the load &t zero penciration
of shank into the block being taken as 100 percent. The curve shows
the percentage increase in proportional-limit load that sccompanies
an increase in the length of shank in the block.

The correct form of this eurve depends upon the quality of the 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 than those repre-
sented in the tests ave used. Beyond a ratio of depth of shank to the
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Fiavre 1L—Infiwence of the lenghh of shank it the black on the peopsrtional-1mit tonds of lug strows peng
trating & sida-prain sorfres,

[+]

diameter of serew of sbout 7 to 1, which gives an increase in propor-
tional-limit load of 39 percent, there is no further improvement in
strength with increased length of shank in the block.

Although no tests ol Iag-screw joints where the shank of the screw
failed to penetrate entirely through the cleat were made, it may be
easily conceived that this Inck of penetration would reduce the loads
otherwise obtained with complete penetration as much as 20 percent
or to the same load that would be obtained with a bolt having a
diameter cqual to that of the lag serew at the root of the thread.

META CLEATS

To determine the influence of metal clents, tests were made on
worthern white pine, southern yellow pine, and white oak, using o
%-inch lng screw and & metal plate one-half inch thick. The method
of test was abont the same as that for wooden cleats. The propor-
tional limit loads were found to be about 25 percent higher using
metal cleats then for the same species tested with wooden cleats. The
differences in thickness of metal plates likely to be used with lag
serews will have very little influence on the loads.

STRAVER, (W, See fuotnote 4, p. 4,
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DEFORMATION OF LAG BUNEWS

The influence of quality of the wood and of the metal 1, the serews,
the thickness of the clend, and the extent of penctration of the shunk
portion inte the block is reflected in the deformation of the lag screws,
Figure 15 shows a type of deformation of serew when metal plates
were used in test.

Since, with bolts and Jag serews, i appears that the proportional
limit of the joint is reached when the bolt or serew passes its propor-
tional limit, « study of these delormations ol lag screws reveals how

FioUke 15, Utawiy seetuns of sonthern ping shiowing -meh Ly serews mod melad cleats, Left, condition
of serew before wst: fipght condition aiter test,

thickness of clent amd the other variehles mentioned influence the
results., With seltweods, for instance, when a thin eleat was used,
there is a single bend in the lag screw near the surface of the block
(fig. 18). With a thick cleat, there is a reverse bend in the shank
portion and also a single bend within the block, farther back than
with n thin cleat. When the shank of the Iag screw extends only a
short distance into the main member the bend in the screw takes
place ut the beginning of the thread, but with a considerable depth of
shank in the block the bend develops in the shank of the screw.  With
the denser woods these sume types of bends are repeated but the
bends nre sharper and shorter,
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SAFE LATERAL LOADS FOR LAG-SCREW JOINTS

Equations for use in ealeulating safe loads for lag screws of different
sizes, used with different species of wood, are given in table 4. The
relations expressed i the general equation previously referred to,
P=KI? were used in the determination of these sale loads. In the
equation. /> represents the proportional limit load and becomes P,

HORTHERN
WHITE  PINE

SOUTHERN
YELLGW  PiME

WH.TE  DAs

51 % i-1% 1-¢ 421 -3
MAMETLR OF LAG SCALW  AND THIChWESS OF CiLEAT { INCHES )

FIGURE HL="T'¥pleal fnilores of g serows in Interal reslstinee wilh throw species of wood.

representing the safe load of o lng-serew joint of dry wood, witl the
bearing parallel to the grain of the wood: i hecomes K|, a constant,
and 1), the diameter of the shank of the serow in inches,

Tanue . Mynations for compitting safe laleral loads for lag serews driven into
side grain

Gronp Species af womd Enuagion © Sroup species ol wipl Eruption ¢

" pCeduy, northern nod sonihern CpAsh, blaek.., |
while . o ... S| Bireh, paper
AFir, badsum onel commerciul Prouglas ile (C

v
white .. JElm (sefu), A

ne
(gray) slippery. .. ... ..., :
Gutn, black, redd, nid tupelo’;
Lireh, western. oo, . .-
Alaple, {softd red ond sflver
I’ine, southern vetlow . .. .
R [T T R
Ash, eommereinl white

S Hemlock, enstory ...
Piaze, ponderosn, sugor, naor -
ern white, atul western
while, ooaeee oo,
sprdee, Eougelnmnn, rel, Si- -
Kepund white ... ..
Aspen, pmd Jurgeconth nspen
Brsswond. ..o L. L __ Mheecle, . el
Coedar, Alnsks, Port Orfond, Blreh, swoet and yellow, |,
and weslernred .o, NEmroek L =
NChestoun ... oo Ll il 4 Y IUekory, true and pecan HRLUIFI L
| Cattonwensd, black nmul eust- Mapde (hurdd ), blnek el suear
R T PT  T ) A0ak, conunercind red poul ¢
A Cypress, sonthern. .. L. TN N whiteol . .

1, 4am

LDonglas Ar (Hocky Alonatain ;
L L
Healock, western. . .
Vine, Norway. .. ... .
A Medwnod ... L L
Slwmmrek, L Lo L
Yellaw poplar e e , ;
1 : 1 b

1 °1I'he eipsitions reler 1o buseserew foinls taving ucleat thivkness £.3 tmes the shank diineter of the serew
ami a depth of penetentlon of the serew [n the winin memnber varying fram 1 rimes this dismeter for grougi |
words 10 7 thnes for proup 4 woods, With other clent-tilekness nios and vuricns leupths of shaok in the
bleek, anply tho eorrvetions {ntiented by fizaros 13 ot 11, “The values In the table gt thot the Sk
of the serew extemds to tie surfce of eencaet Betwoen the deat ntwl block,  if the shank fils to axtend this
far in the clent the loads iy deercase us mnch ns ™ poreent  The sl Jaudls wlso apply to L setews having
0 yield point of 45,0600 ponnds prer square ineh used wih timber ot about Lkpereent walstire content,  When
the timbwr §s occasiounlly wet bt quickly defed the safe lands uhgve should b redieed one-fauerth, 1f
dump nr wet miost of the time they shauld be recdueed oug-thivd, I serews of aolitferent. quulicy of metul
are wsad, aeljust the longds by ANy T 0 o factar e soguere oot of the mbio of the Flekl podet of the piven
MeLnd t 45,000, 42 n Lhe enuations refers (o Uie shank dintgeter of the serew.,  When imetul eleats are used
1ese londs niny be Increusmll 25 pertent.




LA BCREW JOLNTS 25

The constant X, in the equations, was obtained by adjusting the
proportional limit loads of species represenintive of the groups of
woods to values 20 percent above the average vulue for green materinl
of the same species in order to allow for an increase in strength with
drying, then dividing by o factor 2,25, to take care of vuriability of
the material, checking around the screw, and overload. All values
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 und for which
there is no average value from which to derive a safe load for the
group, as just explained, the safe load wns obtained by applying ns o
factor to the constant for one of the other groups, the 3/4 power of the
ratio of the average specific gravity of that group to the average for
the group under consideration.

For conditions other than those of the tests the safe loads are to he
reduced ns follows: When the timbers are ocensionally web but quickly
dried, use only three-fourths of the given loads; if damp or wet most of
the tlme, use two-thirds.

If o high-grade metal is used in the lng serews, change the safe loads
by applying as & fnctor the square root of the ratio of tho stress st
‘\'ie%d point of the given metal, to a stress of 45,000 pounds per square
mch.

With these safe loads it is assumed that the cleat-thickness ratio is
constant for the various sizes of lag screws and never less than about
3.5 to 1. T&is further assumed that the shank of the lag screw pene-
trates the cleat to the plane of contact wilh the block.  When metal
clents are uged instead of wooden, the safe loads given in the table
may beincreased 25 percent.  Any differences in thickness and cuality
of metal plates used with lag screws will have very little inflluence on
the londs.

If the shank portion extends into the main member of o joint, the
proportional limit load, as well as the safe load, will be inereased up to
pbout 40 percent, depending upon the wmount of penetration. U
the shank of the serew extends only part way through the cleat, the
loads, when compared with that for complete penctration, may be
reduced as much as 20 percent,

CONCLUSTONS AND RECOMMENDATIONS

Tn assembling wooden members with lag serews it is essential Lo use
prebored holes except for the smaller screws in the soller specics;
and even there, 16 is considered good practice. The lend hole for the
enlire shonk should be of the same diameter s the shank, The
recommended dinmeter of lead hole for the threaded portion in
northern white pine is 40 to 70 percent of the shanlk diameter of the
screw, in Douglas fir and southern yellow pine 60 to 75 percent, and
in white onk 63 to 85 percent of the shank dinmeter. The larger
figure in cach range applies to screws of the greater dinmeters.  Sonp
or other lubricant should be used on the serews, particulurly with the
denser species, to facilitate driving and prevent r{nmuge to the scrow,
Lead holes slightly larger than these recommended for maximum
efficiency should be used with lng serews of excessive length.
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The resistance to direct withdrawal of lag serews varies about as the
3/4 power of the shank diameter of the serews, about as the 3/2 power
of the specific gravity of the wood into which they are driven, and
directly as the depth of contact of the threaded portion. A depth
greater than 7 times the shank diameter of tho serew in the denser
species and 10 to 12 times in the softer species would develop o resis-
tance spproximately as great as the ultimate tensile strength of the
SCrew.

The resistance to withdrawal of a lng screw from an end-grain surface
is about three-fourths as great as from a side-grain surface of the same
piece.

The resistance to lateral displacement of a lag serew bearing paraliel
to the grain of the wood varies about as the square root of the crushing
strength of the wood along the grain and as the 3/4 power of its spe-
cific gravity. It also varies ag the square of the shank diameter of the
lag s(i,rew and about as the square root of the yield-point stress of the
metal,

A clent-thickness ratio below about 3.5 to 1 gives more or less erratic
proportional limit loads. For ratios from 3.5 to 1 up to about 7 to 1
there is a considerable increase in proportional limit loads but beyond
this ratio the rate of increase in strongth drops very rapidly. -

In amiving at some of the more general deductions given here, full
advantage was taken of information obteined from very compre-
hensive series of tests of bolted joints in which the action for the
greater ratios of length of bolt in main timber to dinmeter is very
similar to that of lag screws.
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