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Introduction

Although plywood has been used in furniture frame construction for
many years and oriented strand board for a lesser period, their use has
dramatically increased in recent years owing to several inherent advantages
of panel materials compared to solid lumber. Specifically, they eliminate
the need for drying yards and dry kilns devoted to the drying of frame
stock, they eliminate cutting to eliminate defects, and they eliminate planing
of parts to obtain a smooth surface. In addition, use of material in sheet
form facilitates optimization of cutting schedules with accompanying high
yields and accelerated production. In short, rough mill operations are re-
duced and greater productivity obtained from a smaller rough mill facility.

Imaginative use of these materials also allows the design and con-
struction of forms, shapes, and constructions which are not feasible with
solid wood construction. One-piece side and back frames provide exam-
ples of such opportunities. In addition, these parts can be cut with CNC
routers and thus lend themselves to ever-more efficient production meth-

ods.
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As engineered materials, plywood and oriented strand board also
provide the opportunity for furnmture manufacturers to produce frames ra-
tionally designed to meet specified in-service strength and durability re-
quirements. Before such frames can be produced, however, information
must be available concerning the strength of joints constructed with these
materials. Research underway at the Furniture Research Center of the
Wood Research Laboratory of Purdue University is currently addressing
this problem also. The information provided in this paper is based on ex-
tensive testing and research sponsored by the (APA) that has been com-
pleted during the last year.

Design Parameters

The rational design of joints in a furniture frame implies that the
joints are designed to have sufficient strength to carry the loads that will be
imposed upon them in service. Design loads have never been developed
for sofa frames, however. Hence, it is necessary to obtain estimates of
such loads from other sources. Perhaps the best source of such informa-
tion comes from the “GSA Test Method for Upholstered Sofas.” This is a
cyclic stepped load test method in which the strength and durability of one
part of the sofa is determined independently of the other parts. The loads,

Table 1. Initial loads, load increments, and acceptance levels used in GSA tests.

| | initial | Load |  Acceptancelevels
| No.of | Load |Increment| Light | Medium | Heavy
_ Descriptionof Test | Loads | (bs) | (bs) | (bs) | (bs) | (bs)

Seat Load Foundation
B

_BackrestFrame | 3 | 75 | 25 | 100 | 125 | 150
_FronttoBackonLeg | 1 | 150 | 50 | 150 | 200 | 300 _

SidethrustonLegs | 1 | 200 | 50 | 200 | 250 | 350

load increments, and acceptance levels used in the test method are given in
Table 1. The test procedure is carried out as follows. A part of the sofa is
subjected to a given load for 25,000 cycles at a rate of 20 cycle per minute.
Once 25,000 cycles have been completed at this load level, the load is in-
creased a spectfied amount and testing continued for another 25,000 cy-
cles. This procedure is repeated until the sofa suffers disabling damage or
until a desired acceptance level has been reached. In the case of the side-
thrust load test on arms, for example, an arm is loaded sideways at its most
forward point in the outward direction. The test is begun at the 50 Ib load
level and increased in increments of 25 Ibs. after 25,000 cycles have been
completed at each preceding load level. Testing is continued until the de-
sired acceptance level is met or the sofa suffers disabling damage.




A problem exists in using the loads specified in this standard for
static design purposes in that a relationship between cyclic load strength
and static load strength, which is needed for design purposes, has never
been defined. Experience has shown, however, that cyclic load strength
should not be assumed to be higher than 50 percent of static load strength.

It must also be remembered that the acceptance levels specified
were developed for institutional furniture. The light duty acceptance lev-
els, however, were established with the intent of providing an acceptance
level that could be applied to family housing in the military. Presumably,
therefore, this level may also be rationally applied to furniture intended for
non-military domestic use.

Dowel Joints

Dowel joints are widely used in furniture frame construction, both
as structural load bearing connections and also as simple locators for parts.
Joints constructed with dowels may be subjected to withdrawal, bending,
shear, and torsional forces. The individual dowel pins used in the joints,
however, are subjected to withdrawal and shear forces only.

In the sections which follow, quantitative information is presented
covering the withdrawal and shear strength of individual dowel pins along
with the bending strength of two-pin moment resisting joints and two-pin
torsion resisting joints. This information in itself 1s sufficient to permit
furniture engineers to rationally design frames constructed of plywood and
oriented strand board. In addition, predictive expressions are presented
which allow the withdrawal strengths of individual dowel pins and the
bending strengths of two-pin moment-resisting joints to be estimated.

Construction Practice

The withdrawal strength of dowels in plywood is very strongly af-
fected by the manner in which the connection is constructed and the quality
of the dowels. Dowels should be straight-grained and geometrically exact -
- many dowels are decidedly oval rather than round in cross section. A mi-
crometer should be used to determine maximum and minimum diameters.
Dowels from several suppliers should be obtained and compared in order
to determine the best sources. In solid wood, the shear strength of the
wood from which the dowels are constructed has been found to signifi-
cantly affect withdrawal strength (Eckelman, 1969). Hence, it also appears
prudent to select dowels for use with plywood and oriented strand board
from among those woods with higher shear strengths parallel to the grain
such as yellow birch (Wood Handbook). Either multi-groove or spiral
groove dowels may be used, but 1n either case, dowels with fine grooving
provide a better gluing surface.

Research in other areas has shown the importance of maintaining
dowel vs. hole diameter differences at a mimimum (Eckelman, 1969).
Dowel hole diameters are often considerably larger than the diameter of the



drill bit used to bore them. A hole gage and micrometer should be used in
order to determine true hole diameters. -

A zero clearance fit 1s optimum but 1s seldom achieved because of
difficulties in assembly. The minimum difference that can be tolerated will
hkely be found by trial and error, but it is important that it be held to a
minimum. Delamination and splitting of the base material usually limits
clearances 1n edge joints -- use of materials with high internal bond strength
may help to reduce this problem.

The adhesive used in construction of a dowel joint has an over-
whelming affect on its strength. In the case of PVA adhesives, the higher
the solids content, the stronger the joint, i.e., a PVA adhesive with 60 per-
cent solids content will produce a stronger joint than one with 40 percent
solids. Even more important than the type of glue used are the amount of
glue used and its distribution. Dowel joints are adhesive-based joints, i.e.,
they rely on the adhesive for their strength. For maximum strength and
durability, 1t is absolutely essential that the walls of the dowel hole be thor-
oughly coated with adhesive. Any other practice will lead to a weaker
jomt. Production of robust frames of uniform quality necessarily requires
such gluing practice. In edge joints, even better results are obtained when
excess glue s used provided conditions are such that the excess adhesive is
forced into the surrounding substrate where it serves to reinforce the base
matenial. Furthermore, use of excess adhesive will tend to “heal” splits in
the edge of the base matenal since it effectively re-bonds the material.

Withdrawal

The withdrawal strength, i.e., the face and edge holding strength of
yellow birch dowels in Douglas-fir, Southern yellow pine, and hardwood
plywood along with oriented strand board may be predicted by means of
the expressions given in Table 2. Estimated withdrawal strengths for
dowel embedded 3/4 inches in the face of Douglas-fir, Southern yellow
pine, and hardwood plywood along with oriented strand board are given in
Table 3. Estimated withdrawal strengths for dowels embedded 1 inch in
the edge of the same materials are also given in Table 3. These values
should be treated as estimates subject to variation rather than as absolute
values. Depending on differences in construction, strength differences as
great as 50 percent might be expected.

As can be seen in Table 3, withdrawal strength depends strongly on
dowel diameter. In the case of 3/8-inch diameter dowels, face withdrawal
strengths varied from 750 to 1000 pounds for 3/4-inch depth of penetra-
tion. Likewise, edge withdrawal strengths varied from about 1000 to 1300
pounds for 1-inch depth of penetration. Use of these values in design of a
frame 1s demonstrated in the following example. -

Consider the side frame constructed of Southern pine plywood and
3/8-inch diameter dowels shown in Figure 1. If this frame were subjected
to the heavy duty GSA tests for upholstered furniture, the top rail would be
required to carry three 150-pound loads so that the top of the back post
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Table 2. Expressions used to estimate the withdrawal strength of yellow
birch dowels in the face and edge of Douglas-fir-, southern yellow-, and

- hardwood plywood along with oriented strand board with related statistics.
D refers to dowel diameter, L. to depth of penetration, and W to density
(pounds per cubic foot). R? is the correlation coefficient, “under” and “over”
refer to the differences between estimated and test values (%), and STD re-
fers to the standard deviation of the differences (%).

I Over | STD
Material Percent
Face Withdrawal

Douglas-fir Plywood 81.6 | +31 |42 |
 Oriented Strand Board | y=55DLW [ 868 [ +28 |40 [16 |
 Hardwood Plywood ~ |y=44D™LW |  |+27 |-38 |16 |
78.0

would be subjected to a front to back force of 225 pounds as shown in the
figure. The axial forces exerted on the dowels in the arm to back post and
arm to front post joints may be found by summing forces about the side rail
to backpost joint, Figure 2. Carrying out this operation gives
F =22510.5+17)/17 = 364 Ibs.

where F refers to the axial force acting along the longitudinal axis of the
arm. Referring to Table 3, it is seen that the withdrawal strengths of a 3/8-
inch diameter dowel embedded 3/4 inches in the face and one inch in the
edge of Southern yellow pine are 759 and 1042 pounds, respectively.

Hence, as a . _ ' |
first estimate. it Table 3. Estimated withdrawal strength of yellow birch dowels in
’ the face and edge of Douglas-fir, Southern yellow pine, and hard-
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percent less than indicated in Table 3. Thus, these values should be re-
duced to 380 and 521 pounds, respectively, for design purposes. Even un-
der these assumption, the dowels would still be able to carry the static de-

sign load.

The GSA test method,
however, calls for cyclic
loading. In addition to
cyching at lower load levels,
the test method requires

225 ®

that the 225-pound load be f-

|

Arm

e

10.5"

applied and removed for
25,000 cycles. Experience
has shown that the cyclic
strength of frames under
these circumstances is no
more than 50 percent of
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static strength, 1e., the Z
cyclic strengths of the joints
are 190 and 260 pounds,
respectively. Hence, a joint
constructed with one dowel

L

N
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Figure 1. Design of dowel-based arm to back post joint.

remains inadequate. The obvious solution is to use two dowels. This ac-
tion presumably doubles the strength and also increases the reliability of the
joint. Furthermore, it is already common practice. Thus, the design proce-
dure leads to a solution which is already common practice. What these

calculations emphasize, however, is
that if these joints are to pass the
heavy duty GSA tests, optimum
construction practices must be
followed.

Two-Pin Moment Resist-
Ing

' Two-pin moment-resisting
dowel joints are among the most
important structural joints in up-
holstered furniture frame construc-
tion. They are commonly used, for
example, to connect the front rail
to the front post and the side rail to

the back and front posts. The
bending strengths of T-shaped

AN

225 ®

364" | 364°

10.5”

17°

y
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KFigure 2. Simplified line drawing of side frame
shown in Figure 1.

joints constructed of Douglas-fir plywood, Southern pine plywood, hard-
wood plywood, and oriented strand board in which the end of rail framed
into the side of a post as determined by experiment are given in Table 4.
Values are given for two rail widths, namely 4 and 6 inches. Dowel diame-
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ter was 3/8 inches; depth of penetration of the dowel in the sides of the
posts was 1 inch. Dowels were located 1-inch from the edges of the rail in
both the 4- and 6-inch wide rails.

Because test results are available for only two rail widths, it is im-
portant that a rational method be available for estimating the bending
strengths of joints of other widths and of joints with other dowel spacings.
In the case of solid wood, research (Eckelman; 1969, 1971) has shown that

the bending strength of two-pin
joints, Figure 3, may be closely pre-
dicted by means of the expression

Table 4. Bending strength of two-pin
moment-resisting dowel joints.

F, =F,(d, +d,/2) T TBending | Bending
where F4 = the bending strength of | [strength|Strength
the joint, in-lb, F, = the withdrawal | | | 4-inch | 6-inch

Material _ | Statistic| (In-Lb) | (in-Lb)

strength of the dowel loaded in
tension from the side grain of the |
member, d; = the spacing between
the longitudinal axes of the dowels,
and d> = the distance from the longi- _
tudinal axis of the dowel loaded in
tension to the adjacent edge of the T |std | 426 743
rall. Ths relationship was found to [gpr v
accurately predict bending strength - Istddev | 393 | 817
for specimens with rail widths which
varied from 1.5 to 35 inches in | = |stddev | 178 1007
depth with corresponding dowel
spacings which varied from 0.5 to — MWW
2 5 inches. HPLY-1 avg. 2940 5900
Research (Eckelman and | [stddev | 675 267
Erdil, 1998) has shown that this ex- WSPLY lavg. | 2640 | 4640
pression may also be used to predict _ [stddev | 527 | 910
the bending strength of two-pin
_ stddev | 327 | 475

moment-resisting joints constructed
of plywood and oriented strand

board. To illustrate the use of this expression, let us calculate the bending
strength of the joint shown in Figure 4. Width of the rail is 5 inches; dowel
spacing is 2 inches. The joint is constructed with 3/8-inch diameter dowels
that are embedded 1 inch in the edge of the post. Finally, the joint is con-
structed of southern yellow pine plywood that has a density of 37 pcf.
Referring to Table 2, it is seen that the withdrawal strength of a
dowel embedded in the edge of Southern yellow pine may be predicted by

means of the expression
F=755-DW lbs.

where F refers to the withdrawal strength of the dowel, Ibs; D refers to the
diameter of the dowel, inches; and W refers to the density of the plywood,



pounds per cubic foot (pcf). substituting the
appropriate values into this expression gives

F =75.5(0.375)(37) = 1048 Ibs.

The spacing between the longitudinal
axes of the dowels i1s 2 inches so that d; of the
bending moment expression = 2; likewise the
-distance from the longitudinal axis of the lower
dowel to the lower edge of the rail 1s 1.5 inches
so that d; = 1.5 inches. Substituting these values
into the predictive expression gives

Figure 3. Diagram defining F,, d,,
and d.

F, =1048(2+1.5/2) =1048-2.75 = 2882 in-Ib.

A stronger joint would have resulted if the dowels been spaced 3
inches rather than 2 inches apart. For a 3-inch spacing, d; = 3 inches and
d; = 1 inches. Substituting these values into the predictive expression gives

F, =1048(3 +1/2) =1048-3.5 =3668 1n-lb.

As these calculation show, a 27 percent increase in strength was achieved

at no expense simply by using a wider dowel

spacing.

To illustrate the design of a practical frame
joint, consider the front rail to stump connection
shown in Figure 5. If this frame were subjected to
the heavy duty GSA tests for upholstered furni-
ture, the arm (at the arm to stump connection)
would be required to resist a sidethrust force of
200 pounds applied in the outward direction as
shown.. The bending force, F,, acting on the joint
is found by multiplying the side-thrust force ap-
plied to the arm times the vertical distance from

Rail

—
-—li
(ry

Figure 4. Example two-pin moment-
resisting dowel joint used in calcula-
tions in text.

the point of load application to the longitudinal axis of the front rail, 1.e,,
F, =200(13+5/2)=3100 in-lb.

As a first trial in designing the joint, let us assume that the jomt 1S COn-
structed with 3/8-inch diameter yellow birch dowels that are embedded 1
inch in the edge of the stump. Assuming that the frame is constructed of
hardwood plywood with a density of 37 pcf, the withdrawal strength of the

dowels would be

F, =96DW = 96(0.375)(37) = 1332 Ibs.

Also, d; in the trial joint is 3 inches and d; is 1 inch. Substituting these val-
ues into the predictive expression for two-pin moment-resisting dowel

joints and solving gives

F, =1332(3 +1/2) = 4662 m-lb.

As can be seen, the trial joint has 4662/3100, or, 50.4% more strength the
previous calculation indicated was needed to carry a 200 pound sidethrust
force applied to the arm. As indicated earlier, however, the GSA specifi-
cation calls for the use of cyclic loads, and cyclic strength should not be
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assumed to be greater than 50 percent of static strength. Thus, the cyclic
strength should not be assumed to be greater than 4662/2, or 2331 in-lb.
Under this condition, the joint has only 2332/3100, or, 75 percent of the
strength required to meet the GSA specification for heavy duty service.
Thus, the design would not be considered satisfactory for heavy duty insti-
tutional service. .

The solution to this problem lies in the use of a dowel of greater di-
ameter with greater depth of embedment. The withdrawal strength of a
7/16-inch diameter dowel with 1-1/4-inch depth of embedment in the edge
of the stump, for example, is

F, =96(7/16)(1.25)(37) = 1943 Ibs.

ThlS translates into a bending strength of
F, =1943(3+1/2) = 6799 in-lb.

which is sufficient to meet the -

strength requirement. T
The calculations carried '

out above pertain to furniture to NG

be subjected to heavy duty insti-

tutional use which is the most ‘ o

severe case. The light duty and
medium duty acceptance levels J]‘

13"

call for sidethrust loads of 75 | jo| |
pounds and 150 pounds respec- p \ /
tively. These loads correspond
to bending forces of 75(13+5/2) Fieure 5. Desien of i1 moment-resistine front rail
= 1163 in-lb and 150 (13+5/2) = 10 eumn dowerjotat |1 e front ras
23235 1n-lb, respectively. Thus,
the joint as originally designed would be able meet both the light and me-
dium duty GSA acceptance levels. Since the light duty GSA acceptance
level essentially corresponds to domestic service, this design would be
more than adequate for home use.

It should be noted that the above calculations hold only if adequate
glue 1s used in construction of the joints. Use of less than adequate glue
will result in joints with only a fraction of the strength shown above.

To further illustrate the design of two-pin moment-resisting joints,
the strength of the front rail to stump connection shown in Figure 6 will be
determined. Assume that the frame members are con-structed of Southern
yellow pine plywood that has a density of 36 pcf. Further assume that the
dowels are 3/8 inches in diameter, are constructed of yellow birch, and are
embedded 1 inch in the edge of the stump. Also assume that excess glue
was used in construction of the joint,

The withdrawal strength of the dowels may be estimated by means
of the appropriate expression given in Table 2, i.¢.,

E, =75.5DW = 75.5(0.375)(36) = 1019 Ibs.

The bending strength of the joint may be found by means of the expression
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F,=F,d +d,/2)=1019(2+1/2) = 2548 in-Ib.
In terms of the outward sidethrust loads on arms, the bending force
transmitted to the joint by an outward sidethrust load is equal to the magni-
tude of the load multiplied times the vertical distance from the line of ac-
tion of the load to the joint center, 1.e., F, x (14 + 4/2) = 16 X Fy. The
bending force imposed on the joint by a 200-pound load, which is specified
in the GSA specification for heavy duty service, would be 200 lbs. x 16 in,
or, 3200 in-lb. Hence, this
construction does not meet
the cnteria for heavy duty
institutional service. The
bending force imposed on the Stump
joint by a 75-pound load, . ™~
‘which 1s specified for hght
duty institutional service,
would be 75 lbs x 16 in, or, Front Rail |
1200 in-lb. If the cyclic \
strength of the joint is taken + ¥ [m}l@
as 50 percent of the static - T
strength, i.e., cyclic strength = o
0.5 x 2548 = 1274 in-lb, 1t s \
seen that the joint meets the
requirement for light duty in-  Figure 6. Design of two-pin moment-resisting front rail to
stitutional service. Require- front post dowel joint.
ments for domestic service
have never been formally established, but as previously discussed, the light
duty GSA acceptance level is also likely satisfactory for domestic service.

Lateral Holding _

The lateral strength of dowel joints constructed of plywood and
oriented strand board is an important consideration in the design of frames
constructed of these materials since several of the joints in such frames are
relatively heavily loaded in lateral shear. These joints include, among oth-
ers, the front rail to stump joints, the top rail to back post joints, stretcher
to rail joints arm to front and back post joints.
Intuitively, the lateral holding strength of dowels would be expected to be
related to such factors as internal bond strength, rail width, rail orientation
(edge or flat), and so on. Lateral holding strength of dowels in composites
has been found to be quite variable and not clearly functionally related to
the parameters listed above. As a result, predictive expressions have not
been developed to estimate their strength. Strength values have been pub-
lished, however, which provide sufficient information concerning the lateral
holding strengths of dowels to allow the rational design of frame joints
subjected to lateral loads.

Two types of lateral holding must be considered, lateral edge hold-
ing strength, Figure 7a, and lateral face holding strength, Figure 7b. The
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lateral face- and edge-holding strength of dowels in a number of different
plywood and oriented strand boards are given in Table 5. These data
clearly illustrate the variation in strength that must be expected among the
boards produced. In general, good design practice dictates that joints must
be designed on the basis of the least strengths shown unless the specific
lateral strength characteristics of a specific board have been determined by
test. |
To illustrate the design of joints to resist lateral face loading, con-
sider the top rail to back post joint shown in Figure 8. The GSA specifica-
tion calls for a backframe load of 100 pounds in order to meet light duty
requirements. Under this condition, the total back load amounts to 300
pounds. Half of this load is transmitted to each joint so that the lateral
shear force acting on each joint is 150 pounds. If it is assumed that each
dowel in the joint carries half this load, then the lateral shear force acting
on each dowel is 75 pounds. If the loads are doubled in order to account
for cyclic loading, the load on each dowel would be 150 pounds.

Referring to the values given for lateral face-holding dowel strength
in Table 5, 1t is seen that all of the materials satisfy this requirement except
for the oriented strand board designated OSB-2. Thus,
jonts constructed with most of the materials would
satisfy the GSA requirements for light duty service. s

The GSA specification for heavy duty service, | N
however, calls for loads of 150 pounds rather than 100
pounds at each position. Under this condition, a lateral
force of 225 pounds is transmitted to each joint and (@
112.5 pounds to each dowel. Doubling this latter value
to account for cyclic loading gives a lateral load per
dowel of 225 pounds. Thus, all of the materials except
for the two onented strand boards listed as OSB-1 and (b
OSB-2 would again satisfy GSA requirements.

These results tend to indicate that whereas joints  Figure 7. Lateral edge load-
constructed with some boards might be expected to ing, (a); lateral face loading,
give satisfactory service, joints constructed with other ()
boards might not. Good design procedures, therefore,
dictate that either the joints be reinforced with other
fasteners or constructions to increase their strength, or a control program
be implemented to ensure that only board with high lateral dowel holding
strength be used in construction of the frames. '

The front rail to stump joint provides an example of dowels sub-
jected to lateral edge loading. The GSA specification calls for the front rail
construction to be able to resist 2/3 of the seat load shown in Table 1. The
hght duty acceptance level, for example, calls for the use of three 200
pound vertical loads applied at the points shown in Figure 8. Half of the
total load of 600 pounds, or, 300 pounds is transmitted to the joints at each
end of the rail. For a joint constructed with 2 dowels, each dowel pre-
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sumably carries a lateral edge force of 150 pounds. For cyclic loading, this
force 1s doubled to 300 pounds. Referring to Table 5, it is seen that joints
constructed with all of the materials would be expected to have sufficient
strength to carry the 300 pound load.

The GSA specification for heavy use calls for a loading which
amounts to 2/3 x 412.5, or, 275 pounds per position. Half of the total load
of 825 pounds, or, 412.5 pounds is transmitted to the joints at each end of
the rail so that each dowel carries a lateral edge force of 206 pounds. For
cyclic loading, this value is again doubled to 412.5 pounds. Referring to
the values shown in Table 5, it is seen that joints constructed with most but
not all of the matenials could carry the specified load. Again, good design
procedure dictates that either the joint be reinforced with other fasteners or
constructions to carry the load, or else a control program be implemented
to ensure that only board with high lateral dowel edge-holding strength be
used 1n construction of the frames.

Front rail to stump joints are also subjected to lateral face loads that result
from the front to back forces applied to the tops of front rails by sinusoidal
type springs, Figure 9. The magnitudes of these forces have not been well-
documented, but
work carnied out
by the author
indicates  that
they may reach
values as high as
150 pounds.
Another factor
to be considered
1s the number of
springs used in
the support sys-
tem. No specific
standard exists,
but the author
often uses a de-
sign convention
of 15 springs
with spring loads

of 100 pounds
each Figure 8. Design of the top rail to back post joint against lateral face

loads and the front rail to stump joint against lateral edge loads.

In design-
ing the rail to
stump joint, the loads transmitted to the joint at each end of the rail must
first be computed. If it is assumed that two stretchers are used in con-
struction of the frame and that the stretcher to rail joints are effectively
blocked, then each stretcher carries one-third of the front to back spring
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loads, whereas the rail to stump
joints each carry one-sixth of the
spring loads. Thus, each stump to
rail joint carries 100 x 15/6, or, 250

pounds. It must be remembered,

Stump

Side Rail

5 \
ol I
Front Rai ,;:~

A

however, that to the extent that the fowl b
stretchers and stretcher joints are L=
ineffective in resisting the front to ¢ A w0 b ear

back forces, correspondingly greater | /5-—4-;3

forces will be exerted on the rail to eI

stump joints. En

Because the spring forces act
on the top edge of the rail whereas
the dowels are located some dis-
tance below the top edge, Figure 10,
the forces exerted on the dowel will
be somewhat greater than the force
transmitted to the joint. The magni-
tude of the lateral force acting on the

forces about the latter dowel. Let us
assume in this example that the

. Figure 9. Design of the front rail to stump joint
dowel may be found by summing against lateral face loads.

width of the rail is 6 inches and that the longitudinal axes of the dowels are

located 1 inch from the edge of the rails.

The magnitude of the lateral force F; may be found by summing
forces about the longitudinal axis of the lower dowel or by proportion, i.e.,

F1 =250 x5/4, or 312.5 pounds. Referring to Table 5, it is
seen that only a few of the matenals provide the required
lateral strength. If the load is doubled to 625 pounds to
meet cyclic loading requirements, however, none of the
matenals provide the required lateral strength. Hence, these
calculations indicate that dowels, used alone, do not provide
the required strength. Thus, the joint must be reinforced
with other fasteners or other constructions such as a glued
plywood gusset plate or toothed metal plate, or, the rail
must be braced on its back side.

Torsion

The torsional strength of dowel joints is an important
consideration in the design of furniture frames constructed
of plywood and oriented strand board since several mem-
bers, but especially the seat rails of sofa frames, may be
subjected to substantial torsional forces. In T-front sofas,
for example, side rails are loaded in torsion when inward or
outward forces are, in effect, apphied to the tops of the arm
stumps which in tum are attached to the sides of the side

13

250
ETR{; g
<l
h\k._\“‘*
A NS
\H
'--..‘“\“T: ii
\“-IL\\Illn\
Hx*&
AL
1IN

Figure 10. Calculation of
lateral shear force, F,,
resulting from spring
load.



raills. When legs are anchored to the side rails, twisting forces are applied
to the rails when a sofa is moved sideways.

In general, the torsional strength of dowel joints is low relative to
that of other dowel joints. Torsional strength values for rails in which the
dowels were spaced one inch from the edge in rails 4 inches wide and
wider are given in Table 6. These values provide an indication of the joint
strengths that can be expected in torsion. It should also be noted that tor-
sional joint strengths can also be calculated form the previous information
given concerning the lateral face strength of dowels.

To 1illustrate the
torsional design of dowel
joints in  upholstered
furniture frames, consider
- the design of the frame
shown mm Figure 11 to
meet the GSA require-
ments for sidethrust load
on arms. As shown in
Table 1, this test requires
that the arm and stump be
able to resist a sidethrust
force applied in the out-
ward direction at the

most forward portion of

the arm and side rail to
stump and back post joint
shown in Figure 11. Ac-
ceptance levels for light,
medium, and heavy duty
institutional service are
75, 150, and 200 pounds,
respectively. Because
this type of construction
1S commonly used in
furniture intended for the
home, let us begin the
design process at the 75
pound load level.

In this construc-
tion, the sidethrust force
apphed to the amm is
transmitted to the side rail
as a torsional force that
acts around its longitudi-

Table S. Lateral edge- and face-holding strength of dowels in
plywood and oriented strand board. Ultimate loads are listed
over standard deviation in pounds. All loads are pounds per
dowel. '
Rail Position -- Edge Rail Position -- Flat
Rail Width - Inches
2

Rail Width - Inches

I
I
I

Material | 2 | 2 [ 2 2 2
11y s 2 b oo o1 ] o2

Dowels per Joint

OSB-1 | 350 | | 532 | 149 | | 163
1l e | | a7 | 17 | - | 8
318 | 1376 | 134 | | 127
s 144 | 14 |1 71
OSB3 | [ 400 | 414 | 373 | 365 |
120 |37 ] 46 | 24 |
0SB4 | | 407 | 446 | 331 | 240 |
b 137 st | 35 | 24 |
OsB-5 | 1374 | 423 | 306 | 244 [ ]
b 14 | 9 | 25 | 18 |
SPLY-1 | 450 | | 471 | 238 | | 230 |
- la2s ] 130 | 18 | T 24
SPLY-2 | 479 | | 526 | 269 | <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>