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SUMMARY 

The bolt-bearing strength and behavior of joints with two rows of four bolts acting 
parallel to the grain in 3-1/4­ by 7-1/2-inch laminated Douglas-fir members were 
evaluated for 1/2­ and 3/4-inch machine bolts. The study appraised joints with 3 and 
4-1/2 inch spacing between bolts, bolts in laminations of high and low density, and 
bolts in members with taperea end cuts and members with stitch bolts. Comparative 
data were also obtained for joints with single 1/2- and 3/4-inch bolts in closely 
matched material. 
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PERFORMANCE OF JOINTS 
WITH EIGHT BOLTS 
IN LAMINATED DOUGLAS- FIR 
BY D. V. DOYLE, Engineer 

Fores t  Products  Laboratory,1 Fores t  Service 
U. S. Depa r tmen t  of Agriculture 

INTRODUCTION 

This report presents the results of 
research conducted at the Forest 
Products Laboratory to study the per­
formance of bolted joints that are simi­
lar to the gusset plate or tension splice 
joints used in joining the lower chord 
members of a timber truss. The joints 
were three-member assemblies consist­
ing of a 3-1/4- by 7-1/2-inch laminated 
Douglas-fir member and two steel side 
plates with two rows of four bolts acting 
in double shear parallel to the grain of 
the wood. Joint details commonly asso­
ciated with truss connections, such as 
spacing between bolts, size of bolts, 
bolts in laminations of different density, 

members with tapered end cut, and 
stitch bolts, were investigated. Also in­
cluded in the study were single-bolttests 
and compression tests of material 
closely matched to the individual lami­
nations of the members. 

Previous studies2,3 of bolted joints 
have, for the most part, been conducted 
on joints with from one to four bolts 
bearing in double shear in solid wood 
members. This study was designed to 
supplement and expand the information 
obtained in those studies through evalua­
tion of joints with eight bolts in lami­
nated wood members under tensile load. 

1 
Maintained at Madison, Wis., in cooperation with the University of Wisconsin. 

2 
Trayer, George W. The bearing strength of wood under bolts. U.S. Dept. Agr. Tech. Bull. 332. 40 pp., 

illus. Oct. 1932. 
3 
Doyle, D. V., and Scholten, J. A. Performance of bolted joints in Douglas-fir. U.S. Forest Service 

Research Paper FPL 2. 42 pp., illus. May 1963. 



DESCRIPTION OF MATERIALS 


The material used in the construction 
of the specimens was obtained from a 
local lumberyard, and consisted of 42 
Construction Grade S4S Douglas-fir 
planks, 2 by 8 inches by 16 feet in size. 
They were graded under Section 123-bof 
Standard Grading and Dressing Rules 
No. 15 (March 1956) of the West Coast 
Lumber Inspection Bureau. Each plank 

was weighed and its density roughly 
determined. Thirty pieces were selected 
from the group for use as test material 
on the basis of density, position and 
size of knots. 

The bolts were 1/2- and 3/4-inch­
diameter by 6-inch-long steel machine 
bolts with hexagonal heads and nuts. 

DESCRIPTION OF SPECIMENS 

The bolted joints were similar to the 

gusset plate or tension splice joint used 
in fastening the lower chord members of 
a truss. They were three-member as­
semblies made up of a 3-1/4- by 7-1/2­
inch laminated Douglas-fir member and 
steel side plates with two rows of four 
bolts acting in double shear parallel to 
the grain of the wood. 

The laminated wood members were 
made up of five 1-1/2- by 3-1/4- by 
94-1/4-inch Douglas-fir laminations 
with four bolts positioned along each of 
the second and fourth laminations (fig. 
1). The side members were 1/2- by 6­
inch steel plates with hardened-steel 
inserts at the boltholes. The joints were 
assembled with 3/4- and 1/2-inch bolts. 
The bolts in all specimens were placed 
at an end distance of 5-1/4 inches and 
spaced 3 inches apart in each row, ex­
cept in one series with each bolt size 
the spacing was 4-1/2 inches. New bolts 
were used in each test. Steel side plates 
were also attached at the opposite end 

of each laminated member with shear 
plates and bolts to provide a means of 
applying a tensile load to the joint. 

The specimens were grouped into eight 
series, identified as A through H (fig. 1). 
Three specimens of a kind, numbered 1, 
2, and 3, were included in each series. 
The specimens in series A were con­
structed with end distances, side mar­
gins, bolt spacing, and net section area 
conforming to the requirements4 for 
joints with 3/4-inch bolts. The specimens 
in all other series were similar to those 
in series A, except for certain construc­
tion details, namely: Specimens in series 
A through E were made with 3/4-inch 
bolts and series F through H with 1/2­
inch bolts; series B and G had a spacing 
of 4-1/2-inches between bolts; series C 
had a 1/2-by 8-inch stitch bolt at an end 
distance of 3-1/4 inches; series D and 
H had bolts in laminations of different 
densities; and series E had an angular 
end cut of 30° with the laminations. 

4National Lumber Manufacturers’ Association. Washington. D.C. National design specification for 
stress-grade lumber and its fastenings. 64 pp., illus. 1962 Edition. 
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M 124 440 

Figure 1.--Construction details for specimens with bolts in laminated members. Series A through E 
have 3/4-inch bolts and series F through H have 1/2-inch bolts. Stitch bolts in series C are 1/2- by 
8-inch machine bolts. The encircled numbers on the specimens indicate the lamination number. In 
series D and H the No. 2 laminations are of higher density and the No. 4 laminations of lower density 
than the average. Four 4-inch shear-plate connectors on each face with four 7/8-inch bolts are used 
to apply the test load to the specimens. A section cut from the end of each laminated member fur­
nished two single bolt control specimens. 

C O N S T R U C T I O N  OF SPECIMENS 

The laminated wood members were 

constructed of five laminations which 
provided a means of matching the ma­
terial among individual specimens. The 
2- by 8-inch by 16-foot Douglas-fir 
planks were quartered into 2- by 4-inch 
by 8-foot pieces and the individual pieces 
assigned a particular location in the 
laminated members in accordance with 
the cutting diagram illustrated in figure 

3 

2. In the selection of the second and 
fourth laminations of all members, an 
attempt was made to provide reasonably 
clear wood in the area to be occupied by 
the bolts. The heaviest and the lightest 
planks of the group were incorporated in 
the members of series D and H so that 
each row of four bolts would bear in 
laminations of comparatively high and 
low density, respectively. 
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Figure 2.--Diagram showing scheme used in cutting andmatching the 2- by 8-inch by 16-foot Douglas-
fir planks used in construction of the laminated members. Plank “a” was in the high density range 
and plank “b” in the low range of density for the species. All other planks were in the approximate 
intermediate range of density. The four pieces cut from each plank were incorporated in the laminated 
members in accordance with the construction details shown in figure 1. 

After the planks were quartered, the 
individual pieces were open-piled in a 
controlled atmospheric condition of 75° 
F. and 63 percent relative humidity until 
representative pieces had attained a 
relatively constant weight. All pieces 
were then surfaced to 1-1/2 inches in 
thickness and the laminated members 
assembled and glued in accordance with 

the arrangement given in figure 2. After 
the glue had set, the members were 
surfaced on their wide faces to a thick­
ness of 3-1/4 inches. A section12 inches 
in length was cut from the joint end of 
each laminated member and made into 
two 3-1/4- by 3-1/4-inch single-bolt 
control specimens. The control speci­
mens, identified as Nos. a-2 and a-4 in 
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series A and similarly through series H, 
were centered about the second andfourth 
laminations. Photographs of the ends of 
the specimens (figs. 12 to 15) are in­
cluded in Appendix A to show the dif­
ference in growth rate and position of 
annual rings. The laminated members 
were drilled for four bolts in each of 
the second and fourth laminations, re­
spectively, at an end distance of 5-1/4 
inches and spaced as shown in figure 1. 
They were also drilled and dapped at the 
opposite end for four 4-inch shear-plate 
connectors on each face and 7/8-inch 
bolts. In the single-bolt specimens, the 

holes were drilled through the second 
and fourth laminations at anenddistance 
of 5-1/4 inches (fig. 1). 

All boltholes in the laminated mem­
bers and the single-bolt specimens were 
drilled 1/16 inch larger than the bolt 
diameter with a wood bit at a speed of 
475 r.p.m. and a feed of 0.004 inch per 
revolution. The boltholes in the hardened 
steel inserts of the steel side plates 
were also 1/16 inch larger than the bolt 
diameter. All holes in the laminated 
members were accurately positioned and 
alined with the holes in the steel plates. 

EXPERIMENTAL PROCEDURE 

The laminated members were loaded 

in tension with the bolts bearing parallel 
to the grain of the second and fourth 
laminations, as shown in figure 3. The 
fittings at the upper end of the speci­
men, consisting of eight shear plates 
and two steel side plates, were bolted to 
the member and the assembly hung in the 
testing machine. The steel side plates 
were then bolted to the lower end of the 
member. The nuts were tightened with a 
wrench, then loosened and made finger-
tight. This assembly procedure assured 
that the bolts were in initial bearing from 
the weight of the attachments when the 
test loading was begun. 

The slip in the bolted joint between the 
lower steel side plates (fig. 3) and the 
laminated member was measured with 
dial gages, graduated to 0.001 inch, after 
an initial load of 1,000 pounds was placed 
on the specimen. The movable cross-
head of the testing machine was driven 
at a rate of 0.028 inch per minute, and 
readings of joint slip were taken at 

2,000-pound load increments. Upon com­
pletion of the tests, a specimen for de­
termining moisture content and specific 
gravity was cut from each lamination. A 
1- by 1- by 4-inch specimen for deter­
mining the c o m p r e s s i o n - p a r a l l e l ­
to-the-grain properties of the wood was 
also cut from the second and fourth lami­
nations. 

Measurement of Strain 
Strains were measured at two locations 

on each of five specimens by measuring 
the strain at each load increment during 
t e s t  with electrical-resistance t y p e  
strain gages, bonded to the specimen. 
The strain gages were oriented parallel 
and perpendicular to the grain and on 
laminations with and without bolts, as 
shown in figure 4. Upon completion of the 
bolted-joint tests, a section of the lami­
nation, 1-1/2 by 3-1/4 by 6 or 8 inches 
in length, with the strain gage located at 
its approximate midsection, was cut from 
the members. These specimens were 
later loaded in compression parallel to 
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Figure 3.--Experimental setup for a joint with M 120 134 
eight bolts. The joint was loaded in tension and 
the slip between the laminated wood member 
and steel side plates was measured with dial 

gages. 

the grain, and the stress-strain relation­
ship was determined by measuring the 
strain, with the same gage, at each 1,000­
pound increment of load. The data ob­
tained provided a basis for studying the 
elastic behavior of the material during 
the loading of the bolted joints. 

Single-Bolt Control Specimen 
T h e  single-bolt control specimens 

were tested under a compressive load 
(fig. 5). Steel side plates, 1/2 by 4 by 12 
inches in size, with hardened-steel in­
serts were bolted to each specimen and 
the nut made finger-tight. The movable 
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Figure 4.--Sketch showing location of strain gages on laminated Douglas-fir specimens Nos. A1, A3, 
D1, D2: and D3. In the specimen number, the letter designates the series and the numeral designates 
the number of the test in the series. 

crosshead of the testing machine was ured a u t o m a t i c a l l y  with an electro­
driven at a rate of 0.032 inch per minute. mechanical deformationgage, that trans-
The specimens were preloaded to 200 fers deformations to a linear-differential 
pounds to assure firm bearing of the test transformer coupled to a chart recorder 
apparatus prior to the application of the so that load deformation curves are ob­
test load. The slip in the joint was meas- tained directly. 
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Figure 5.--Experimental setup for joint with a 
single bolt showing electromechanical device 
for measuring slip. 
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DISCUSSION OF RESULTS 

The results of the bolt-bearing study 

with 1/2- and 3/4-inch bolts are pre­
sented in table 1 and figures 6 and 7. The 
values listed in the table are the values 
obtained in test, divided by the number 
of bolts in the joint, and are the aver­
age values obtained from three eight-
bolt and six single-bolt specimens of a 
kind. The joint load-slip curves (figs. 6 
and 7) were plotted from these values. 
The results obtained from the individual 
specimens are presented in tables 3 to 
10 in Appendix A. 

Comparison of Eight-Bolt and 
Single-Bolt Joints 

The eight-bolt joints are compared on 
a per bolt basis with their matched 
single-bolt joints in columns 14 and 15 
of table 1. At the proportional limit 
these data show that the eight-boltjoints 
have a bearing stress of 94 to 107 per­
cent that of the single-bolt joints when 
3/4-inch bolts are used, and from 103 to 
124 percent when 1/2-inchbolts are used. 
These percentages are more or less ap­
proximate as the load-slip curves ob­
tained in the tests with the eight-bolt 
joints were somewhat irregular and did 
not all show a well defined proportional 
limit. It is possible that greater frictional 
resistance in the eight-bolt joints caused 
these joints to show more pronounced 
irregularity of the load-slip curves than 
the joints with single bolts, and also that 
part of the load recorded at the propor­
tional limit of the eight-bolt joints re­
sulted from frictional resistance in the 
joints. The ultimate bearing stress per 
bolt of the joints with eight bolts was 
from 61 to 78 percent that of the single-

bolt joints with 3/4-inch bolts, and from 
79 to 93 percent with 1/2-inch bolts. The 
lower ultimate bearing stress associated 
with the joints with eight bolts indicates 
that factors such as splitting, shear along 
the grain, tension both parallel and per­
pendicular to the grain, and possibly non­
uniform bearing of all bolts influenced 
failure before the ultimate bearing 
strength of the wood was attained. Speci­
mens C2 and G3 failed in tension at the 
shear plate connector joint (figs. 8 and 
9). The results of all tests except those 
of specimen G3 were included in the 
summary of test results (table 1), even 
though a few of the specimen failures 
were not directly associated with the 
bolted joint. Specimen G3 also showed 
very little joint slip throughout the test. 
Specimen C2 gave a load-slip curve 
somewhat similar to those of the other 
specimens in the series and was included 
in the summary. 

A comparison of the bolt-bearing 
characteristics of joints with one and 
eight bolts is also shown by the load-slip 
curves for 3/4-inch bolts (series A 
through E) in figure 6 and for 1/2-inch 
bolts (series F through H) in figure 7. 
The curves show that the joints with 
single bolts gave higher loads for a given 
slip than the joints with eight bolts, the 
difference being greater for 3/4- than for 
1/2-inch bolts, probably because the 
1/2-inch bolts were less stiff and came 
into more uniform bearing at lower loads 
than did the 3/4-inch bolts. In general, 
the load-slip curves of the eight-bolt 
joints with different construction vari­
ables all followed the same general 
pattern, and the variation between the 
individual curves was generally no 
greater than the variation shown by the 
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Figure 6.--Load-slip curves for five series of joints with eight 3/4-inch bolts in laminated Douglas-fir 
members (series A through E) and their matching single-bolt control joints (series a through e). The 
curves are composite load-slip curves derived from tests of three specimens of a kind for the eight-
bolt joints and six specimens of a kind for the one-bolt joints: Series A, 3-inch bolt spacing; B, 4-1/2­
inch bolt spacing; C, stitch bolts; D, difference in densities; and E, tapered end. 
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Figure 7.--Load-slip curves for three series of joints with eight 1/2-inch bolts in laminated Douglas-fir 
members (series F through H) and their matching single-bolt control joints (series f through h). The 
curves are composite load-slip curves derived from tests of three specimens of a kind for the eight-
bolt joints and six specimens of a kind for the one-bolt joints: Series F, 3-inch bolt spacing; G, 4-1/2­
inch bolt spacing; and H, difference in densities. 

load-slip curves of joints with one bolt. 

Joint Slip 
The joint slip at the proportional limit 

with both 1/2- and 3/4-inch bolts was 
about 0.02 inch for the single-bolt joints 
and about 0.04 inch for the eight-bolt 
joints. This difference in behavior of 

joints with single and eight bolts reflects 
the amount of movement necessary to 
bring the eight bolts into bearing. At 
ultimate load the joint slip was about 
0.24 inch for the single-bolt joints and 
about 0.09 inch for the eight-bolt joints 
when 3/4-inch bolts were used and about 
0.48 inch for single-bolt joints and about 
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Figure 8--Joints with eight 3/4-inch bolts after test. The upper three are series C specimens (1/2­
inch stitch bolt) and the lower three are series E specimens (tapered end cut). The stitch bolts were 
removed before photograph was taken. The end distance in all tests was 5-1/4 inches except that for 
one row of bolts in series E, the end distance was greater than 5-1/4 inches. 

0.29 inch for eight-bolt joints when 1/2­
inch bolts were used. The difference in 
the amount of slip between the single and 
eight-bolt joints at ultimate load gives 
further indication that failure of the 
eight-bolt joints occurred before the 
ultimate bearing stress of the wood was 
attained. 

The initial slip which occurred in a 
joint while the bolts were coming into 
firm bearing was, for the most part, non­
elastic in nature. Prior to the start of the 
tests, a small initial load was applied to 
the joint with the testing machine and by 
the weight of the attachments. The non­
elastic slip (data in tables 3 to 10 of 

Appendix A) ranged from zero to 0.01 
inch, with an average of about 0.002 inch 
for the joints with one bolt, and from zero 
to 0.02 inch, with an average of about 
0.004 inch, for the joints with eight bolts. 
The nonelastic portion of the load-slip 
curves filleted into the elastic portion of 
the curves at an average slip of about 
0.003 inch for the joints with one 1/2­
and 3/4-inch bolt, and about 0.011 and 
0.017 inch for the joints with eight 1/2­
and 3/4-inch bolts. The joints with ta­
pered end cut (series E) showed greater 
nonelastic slip than the joints of the 
other series. 
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Figure 9.--Joints with eight 1/2-inch bolts after test. The upper three are series F specimens (3-inch 
spacing between bolts) and the lower three are series G specimens (4-1/2-inch spacing between bolts). 
The end distance in all tests was 5-1/4 inches. 

Effect of Construction Variables 
The bearing stress at the proportional 

limit and at ultimate of the joints with 
3/4-inch bolts in series B through E are 
compared in columns 16 and 17 of table 1 
with those of series A (the joints with 
3/4-inch bolts and constructed in 
accordance with specification require­
ments 4). Series A was taken as 100 per­
cent. These data indicate that for the 
most part the bolt-bearing properties 
of the joints with the different construc­
tion variables did not differ greatly from 
those of series A. The joints in series D 
(with 3/4-inch bolts in laminations of 
different density) exhibited the greatest 

increase in maximum bearing s t r e s s  
over the control joint, but this difference 
may not be significant in view of the wide 
spread in values obtained for the individ­
ual specimens (tables 6 and 10, Appendix 
A). The bearing stress properties of the 
joints with 1/2-inch bolts in series F 
through H are also compared with those of 
series A to illustrate the effect of varia­
tions in their construction. These data 
with 1/2-inch bolts show that the bolt-
bearing stress at the proportional limit 
of the joints with different construction 
variables did not vary greatly from one 
another, but the bearing stress at ulti­
mate was somewhat greater for the joints 
of series G (4-1/2-inch bolt spacing) and 
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series H ( l a m i n a t i o n s  of different 
density) than the joints in series F (3­
inch bolt ,spacing). The bolt-bearing 
properties of the single-bolt joints of 
series B through H are also compared 
in a similar manner with those of series 
A (columns 16 and 17 of table 1). These 
data provide a measure of the variation 
in bearing stress and should be con­
sidered along with the data for the joints 
with eight bolts when comparing the ef­
fects of construction variables. 

Comparison of Bolt- Bearing 
Properties and Compressive 
Properties of Wood 

A comparison of the bolted joints is 
also given by the relationship of the 
bearing s t r e n g t h  properties to the 
c o m p r e s s i o n - p a r a l l e l - t o - t h e ­
grain properties of the wood in columns 
18 to 20 in table 1. Column 18 lists the 
relationship of the bearing strength at the 
proportional limit to the proportional-
limit crushing strength of the wood, as 
obtained from the small clear specimens 
cut from the laminations. These data 
show that this relationship is about 
60 percent for the single- and eight-bolt 
joints with 3/4-inch bolts and about 
45 percent for the single-bolt and 50 per­
cent for the eight-bolt joints with 1/2­
inch bolts. Column 19 lists the relation­
ship of the maximum bearing strength to 
the maximum crushing strength of the 
wood. These data show that this relation­
ship is about 80 and 90 percent, respec­
tively, for the joints with single 3/4- and 
1/2-inch bolts and about 55 and 75 per­
cent, respectively, for the joints with 
eight 3/4- and 1/2-inch bolts. Column 20 
lists the relationship of the bearing 
strength at the proportional limit to the 

maximum crushing strength of the wood. 
These data show that the relationship for 
joints with single and eight bolts is about 
35 percent for 3/4-inch bolts and about 
30 percent for 1/2-inch bolts. In previous 
studies2 with single bolts of similar size 
with four species of wood, the relation­
ship of the bearing strength at the pro­
portional limit to the maximum crushing 
strength was about 50 and 33 percent, 
respectively. 

Strain Distribution 
The results of a small exploratory 

study to investigate the strain distribu­
tion in five laminated bolted specimens 
(figs. 4, 10, and 11) are listed in table 2. 
Also listed in the table are the strains 
obtained for control specimens which 
were cut from the bolted specimens. The 
results show that at a stress chosen be­
low the proportional limit of 1,960 pounds 
per square inch (chosen as one being be­
low the proportional limit in all tests), 
the strain measured parallel to the 
grain of laminations with and without 
bolts, at points 10 inches above the 
fourth row of bolts, was approximately 
the same in all laminations. They also 
show that the strains measured on the 
bolted specimens were in reasonably 
close agreement with those obtained at 
the same stress on the control speci­
mens. These data show that while 
stresses may be concentrated at the bolt-
holes, they are about uniformly dis­
tributed at a point 10 inches above the 
bolts. In general, stress and strain at 
ultimate for the bolted specimens were 
roughly one half those obtained in the 
control specimens. 

The strain at a given stress measured 
on the narrow face of bolted specimen D3 
at a point 10 inches above the fourth row 
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Figure 10.--Joints with eight 3/4-inch bolts after test. The upper three are series A specimens with 
3-inch spacing between bolts and the lower three are series B specimens with 4-1/2-inch spacing 
between bolts. End distance in all tests was 5-1/4 inches. 

of bolts (figs. 4 and 11) was about double C may not be subjected to load. The 
that measured on the same face of the elastic properties c o m p u t e d  from the 
member midway between the second and average data listed in columns 7 and 10 
third row of bolts. This indicates that the of table 2 give values of modulus of 
bolts in the joint were carrying their elasticity (EL ) of 2,200,000 and 2,420,000 
proportionate share of the load. pounds per square inch, and values of 

The strain gages bonded perpendicular Poisson’s ratio (µLR ) of 0.28 and 0.34 
to the grain of the second and fourth lami- respectively. These values are in close 
nations of bolted members A3 and D2 a g r e e m e n t  with results of previous 
recorded compressive strain across the studies of Douglas-fir5 that gave average 
grain while a tensile stress was being values of EL of 2,280,000 pounds per 
applied along the grain, thus conforming square inch and µLR of 0.29. 
to the principles of Poisson’s ratio. This 
shows that the bolts produced little, if Joint Failures 
any, outward lateral force and that The failures that r e s u l t e d  in the 
stitch bolts such as those used in series individual laminated members with eight 
5 

McBurney, R. S., and Drow, J. T. The elastic properties of wood--Young’s moduli and Poisson’s ratio 
of Douglas-fir and their relations to moisture content. FPL Report No. 1528-D, Nov. 1946. 
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bolts are shown in figures 8 to 11. All 
specimens failed suddenly. The ultimate 
failures were of three general types or a 
combination of types, namely: (1) Shear­
ing of the wood below and between the 
b o l t h o l e s ,  (2) splitting of the wood 
through the boltholes, and (3) tension 
parallel to the grain of one or more lami­
nations, generally accompanied by split­
ting in other laminations. In the members 
with high- and low-density laminations 
(series D and G), failure in four of the 
six specimens was by splitting and shear 
in the lamination with high density, with 
no failure other than crushing of the 
wood beneath the bolts in the lamination 
with low density. The members with 3/4­
inch bolts showed very slight bending of 

the bolts and only slight crushing of the 
wood beneath the bolts. Most specimens 
with 3/4-inch bolts failed at a joint slip 
of about 0.09 inch. The members with 
1/2-inch bolts showed c o n s i d e r a b l e  
bending of the bolts and crushing of the 
wood beneath the bolts. They generally 
failed at a joint slip of about 1/4 to 1/2 
inch. In most of the tests, creaking of the 
bolted joint was observed throughout the 
major portion of the test, indicating that 
friction between the wood member and the 
steel plates developed early in the test, 
even though the nuts were initially only 
finger-tight, or that minor failures were 
developing as the test progressed before 
ultimate failures terminated the test. 
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Figure 11.--Joints with eight 3/4-and 1/2-inch bolts after test. Upper three are series D specimens 
(3/4-inch bolts inlaminations of different densities) and the lower three are series H specimens (1/2­
inch bolts in laminations of different densities). End distance in all tests was 5-1/4 inches and the 
spacing between bolts 3 inches. Strain gages are shown on the edges of the second and fourth lamina­
tions of the two upper specimens and on the face of the bottom lamination of the third specimen. 

CONCLUSIONS 

1. The bearing stress at the propor­
tional limit for joints with two rows of 
four 3/4-inch bolts in laminated Douglas-
fir members is about the same as that 
for similar joints with one bolt, but the 
ultimate bearing stress is about one-
third lower. With 1/2-inch bolts, the 
bearing stress at the proportional limit 
is about 15 percent higher, presumably 
due to greater joint friction than that for 
the joints with single bolts, and the ulti­

mate bearing stress is about 15 percent 
lower. 

2. Joints with the eight bolts under ten­
sile load slip from 2 to 3 times more at 
the proportional limit than joints with a 
single bolt, but joints with a single bolt 
slip about twice as much at ultimate load 
as joints with eight bolts. 

3. The strength and behavior of joints 
with eight 3/4-inch bolts4 are not appre­
ciably affected by such modifications in 
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construction as bolt spacing of 4-1/2 tional limit of bolted joints is about 
inches, stitch bolts, tapered end cut, or 35 percent that of the maximum crush-
bolts in laminations of high and low ing strength of the wood when 3/4-inch 
density. bolts are used, and about 30 percent when 

4. The bearing stress at the propor- 1/2-inch bolts are used. 

APPENDIX A 
The results obtained from the tests of wood in the laminated members are 

individual multiple-bolted joints, single- shown in the photographs of the ends of 
bolt joints, and compression-parallel- the single-bolt control specimens in 
to-the-grain specimens are listed in figures 12 to 15. The small checks that 
tables 3 to 10. are visible on the ends of some of the 

The rate of growth, orientation of specimens are due to seasoning and were 
growth rings and other features of the not present when the tests were made. 
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Figure 12.--End view of the single-bolt control specimens cut from the laminated members of series A 
and B. The failure in specimen B-4-1 resulted during testing of the specimen. 
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Figure 13.--End view of the single-bolt control specimens cut from the laminated members of 
series C and E. 
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Figure 14.--End view of the single-bolt control specimens cut from the laminated members of 
series D and H. 
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Figure 15.--End view of the single-bolt control specimens cut from the laminated members Of 
series F and G. The failure in specimen F-2-1 resulted during testing of the specimen. 
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE 

FOREST PRODUCTS LABORATORY 

The following are obtainable free on request from the Director, Forest Products 
Laboratory, Madison, Wisconsin 53705. 

List of publications on 
Box and Crate Construction 
and Packaging Data 

List of publications on 
Chemistry of Wood and 
Derived Products 

List of publications on 
Fire Protection 

List of Publications on 
Fungus and Insect Defects 
in Forest Products 

List of publications on 
Glue, Glued Products. and 
Veneer 

List of publications on 
Growth, Structure, and 
Identification of Wood 

List of publications on 
Logging, Milling, and Utiliza­
tion of Timber Products 

Partial list of publications for 
Architects, Builders, Engineers, 
and Retail Lumbermen 

List of publications on 
Mechanical Properties and 
Structural Uses of Wood 
and Wood Products 

List of publications on 
Pulp and Paper 

List of publications on 
Seasoning of Wood 

List of publications. on 
Structural Sandwich, Plastic 
Laminates, and Wood-Base 
Aircraft Components 

List of publications on 
Thermal Properties of Wood 

List of publications on 
Wood Finishing 

List of publications on 
Wood Preservation 

Partial list of publications for 
Furniture Manufacturers, 
Woodworkers, and Teachers 
of Woodshop Practice 

Note: 	 Since Forest Products Laboratory publications are so varied in subject no single 
list is issued. Instead a list is made for each Laboratory division. Twice a year, 
December 31 and June 30, a list is made showing new reports for the previous 
6 months. This is the only item sent regularly to the Laboratory's mailing list. 
Anyone who has asked for and received the proper subject lists and who has had 
his name placed on the mailing list can keep up to date on Forest Products Lab­
oratory publications. Each subject list carries descriptions of all other subject 
lists. 
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