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ABSTRACT

Current design criteria for timber beams are often governed by calculating shear
strength rather than bending strength. However, bending is often observed as the
controlling factor in real structures and experimental studies. This report describes a
design procedure based on predicting whether bending or shear will control the design
and designing the member for that consideration. The prediction is based on comparing
the ratio of maximum bending and shear stresses to experimentally determined bending
and shear strengths. Stresses are based on load and support conditions and span/depth
ratios. A lower limit bending-to-shear stressratio of 10 is recommended for design on
the basis of alower bound fit to experimental strength values. For this stress ratio, typical
designs for most load and support conditions will result in bending-controlled designs
that do not require shear calculations. Shear will control the design for a simply
supported span with a concentrated load near one support or for a span with a short
overhang having a concentrated or uniform load. This approach is limited to unsplit and
unnotched beams. Design considerations for notched beams and shear at connections

are outside the scope of this report.

B oth bending and shear strength
must be considered in the design of tim-
ber beams. Design is often governed by
shear calculations rather than bending
calculations; however, bending rather
than shear is often observed as the con-
trolling factor in red structures and ex-
perimental studies. The difference be-
tween observed and calculated
controlling factors is based on differ-
encesin derivation of alowable stresses
for shear and bending.

This paper describes a design proce-
dure based on lower bound theory of
experimental shear and bending
strength. The hypothesisisthat if it is
known whether shear or bending will
control the design, only that design con-
sideration needs to be checked during
the design procedure. The controlling
design consideration is defined by relat-
ing span/depth ratios that are analyti-
cally determined from shear and bend-
ing stresses for a variety of load and
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support conditions to experimentally
determined beam shear and bending
strength.

Shear and bending strength have
been correlated in limited studies. Most
research on shear strength has focused
on shear block strength as defined by
ASTM D 143 (2). A few studies have
investigated beam shear in glued-lami-
nated beams (8,9). Some studies have
investigated bending strength, but few
have yielded results on both bending
and shear. Recent studies by Rammer
and others (10, 11) are the only known
studies of full-size beams in which cor-
related samples were tested in both
bending and shear. Zakic (13) tested 10

laminated beams with a span/depth ratio
of 8.5 and a concentrated midspan load.
Two beams failed in shear and the re-
mainder in bending. Buchanan and
Madson (5) tested 2 by 4 and 2 by 8
Douglas-fir and spruce-pine-fir lumber
and concluded that it is not necessary to
design for shear for commercial lumber
without end splits.

This paper summarizes shear and
bending strength results for glued-lami-
nated and solid-sawn timber beams and
describes a modified or simplified de-
sign procedure for shear considerations.
This approach is limited to unsplit and
unnotched beams. Design considera-
tions for notched beams and shear at
connections are outside the scope of this
study.

E XPERIMENTAL PROCEDURE

Approximately 500 glued-laminated
beams and 280 solid-sawn beams were
tested to determine shear strength and
bending modulus of rupture (MOR).
Detailed experimental procedures and
complete test results were published
previously for glued-laminated beams
(20) and solid-sawn beams (11).

Southern pine and Douglas-fir
glued-laminated beams ranged in size
from 1-1/2 by 4 inches (38 by 89 mm) to
5 by 24 inches (127 by 610 mm). The
larger southern pine beams conformed
to a 24F-V5 configuration; the smaller
beams were cut from the larger ones.
Most laminations in the high shear
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TABLE 1. — Matrix of specimens tested and matched.

No. of specimens tested

Beam type and size" Matching method Shear Bending
Southern pine glulam
1-1/2by 4 Side matched 22 22
2-1/2by 5-1/21.Q Side matched 39 39
2-1/2 by 5-1/2HQ Side matched 38 38
3by il End maiched 20 20
Sby 22 End matched 20 20
Douglas-fir glulam
1-1/2 by 5-172LQ Side matched 30 30
1-1/2 by 5-172 HQ Side matched 26 26
2-1/2 by 6-1/2LQ Side matched 14 14
2-1/2 by 6-1/2HQ Side matched 37 37
3-1/8 by 12 End matched 20 20
4-3/8 by 11-1/2 LQt: Side matched 16 16
4-3/8 by 11-1/2 HQ" Side matched 17 17
5-1/8 by 24 End matched 20 20
Douglas-fir solid-sawn
2by 4 End matched 40 40
2by 10 MOE matched 40 20
4by 8 MOE matched 40 20
4by 12 MOE matched 20 20
4by 14 MOE matched 20 20
i 1.0 = No. 2 medium erain Southern Pine or L2 Douglas-fir inner laminations; HQ = sneciallv graded
= NG, 2 IGEGIUI grain STUUC Find O L2 LOugas™s St s AaNg P Yy &
tension laminations.
b Originally tested at Washington State University.
Case Type of load and support conditions C L/d where shear
failure governs:
1,2 2 L/d<5
; Jtitbiy
[ve | e ] Lo
3 M& 1 L/d<10
L
4 7 ! 4 L/d<25
]
5 w 0.8 L/id <125
Lt 1t
6 1.0 L/d<92
T | w2
7 Lay 04102 L/d<25toL/d<5"®
\
[ L
a=(0.1to 0.5)L
8 04tol L/d<25to L/d<10
L.t Ja]
a=(0.1t0 0.25)L
021005 L/d<50toL/d<10

“Case 7 applicable to moving concentrated load.
®The first expressions, 0.4 and L/d < 25, correspond to a = 0.1L; the second expressions, 2 and
L/d < 5, correspond to a = 0.5L. For 0.1L <a <0.5L, use linear interpolation.

Figure 1. — Values of C for several commonly occurring load and support
conditions.
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stress zones were No. 2 medium-grain
material. The larger Douglas-fir beams
conformed to a 24F-V8 configuration;
the smaller beams were cut from the
larger ones. Most laminations in the
high shear stress zones were L2 mate-
rial. Douglas-fir No. 2 or Better solid-
sawn beams ranged in size from 2 by 4
inches (38 by 89 mm) to 4 by 14 inches
(89 by 337 mm).

Matched samples for bending and
shear tests were obtained by either side
matching, end matching, or modulus of
elasticity (MOE). Side-matched sam-
ples were obtained by ripping a wide
sample in half. End-matched samples
were obtained by cutting along mem-
ber into two short members. The MOE-
matched samples were obtained by
separating alarge group of specimens
into two smaller groups based on the
rank of each MOE. Beam size, lumber
species, number of specimens, and
matching techniques are shownin Ta-
ble 1.

The glued-laminated bending and
shear specimens were tested in a dry
condition with moisture contents
(MCS) of 10to 11 percent. The solid-
sawn specimens were tested in a green
condition with MCS above 20 percent.

The bending tests were simple spans
of lengths either 14 or 15 times the
member depth loaded with two concen-
trated loads, each located 2.5 times the
member depth from the centerline of
the span (2). Shear tests were two span
members with each span length 5 times
the member depth loaded with a mid-
span concentrated load. All specimens
were loaded to failure. Members tested
for shear sometimes failed in bending;
only results of those membersfailingin
shear and matched specimens failing in
bending are reported here.

REsuULTs

The results are presented as a com-
parison of the ratio of maximum bend-
ing and shear parallel-to-grain stresses,
f and f, to the ratio of maximum bend-
ing and shear parallel-to-grain
strengths, F,and F,.

Maximum bending moment (M)
and shear force (V) are dependent on
types of loads and support conditions.
Maximum bending and shear stresses
are determined from moments and
forces by mechanics equations for rec-
tangular members:
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(1

f=24 2]

where:
Sand A = section modulus and cross-
sectional area in common
units

Combining Equations {1] and [2] results
in a bending to shear stress ratio:

fo_ L

2 _C

f,-d 3]

where:

C = aconstant depending on
types of loads and support
conditions

Landd= span length and member

P o T 7
acpui i COIMINOI Ui

Vaues of Cfor several commonly occur-
ring load and support conditions are
giveninFigure 1.

Maximum bending and shear
strengths, F,and F,,, for each individu-
ally matched specimen were deter-
mined by test and are plotted in Figures
2,3, and 4 for southern pine glued-lami-
nated timber, Douglas-fir glued-lami-
nated timber, and green Douglas-fir
solid-sawn specimens, respectively. Su-
perimposed on these figures is a line
corresponding to a ratio of maximum
bending to shear stresses equal to 10.

The bending and shear strength val-
ues plotted in Figures 2 and 3 are data
from tests on dry specimens, and the
valuesin Figure 4 are data from tests on
green specimens. In Figure 5, the
strength values of Figure 4 are adjusted
from a green to dry condition using the
moisture adjustment procedure given in
ASTM D 245 (3).

The test data plotted in Figures 2
through 5 are ultimate strength values.
Different factors of safety for bending
and shear are used to derive allowable
strength values; thus plotting allowable
values would skew the results.

DiscussioN

No statistical correlation was found
between bending and shear strength for
either the glued-laminated timber (10)
or solid-sawn timber (11). This was evi-
denced by low coefficients of determi-
nation of the statistical regressions of
bending strengths versus shear
strengths. Because no correlation was
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found, we plotted results from tests on
individually matched bending and shear
specimens in Figures 2 through 5.
Green et a. (7) compared ASTM shear-
block strengths to MOR values for ma-
chine-stress-rated lumber and found a
positive trend but a low coefficient of
determination.

The strength of beams is influenced
by the member size for both bending (1)

and shear (12). The bending and shear
test results automatically included this
size effect; thus, no correction was re-
quired in Figures 2 through 5.

Ultimate strength values for MOR
and shear strength are plotted in Figures
2 through 5. The derivation of alowable
bending stress values is based on divid-
ing the fifth percentile value of the
MOR by afactor of 2.1, which includes
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Figure 2. — Shear strength versus modulus of rupture for various sizes of dry (10%
to 11% moisture content) glued-laminated southern pine beams.
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Figure 3. — Shear strength versus modulus of rupture for various sizes of dry

glued-laminated Douglas-fir beams.
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Figure 4. Shear strength versus modulus of rupture for various sizes of green
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Figure 5. — Shear strength versus modulus of rupture for various sizes of solid-
sawn Douglas-fir beams adjusted to 12 percent moisture content.

safety and load duration factors (3). The
derivation of allowable shear stress val-
ues is based on dividing the fifth per-
centile values of the ASTM D 143
shear-block strength by a factor of 4.1,
which includes safety, load duration,
and stress concentration factors (3,4).
Thus, comparing allowable bending
and shear values derived with different
factors was concluded to be inappropri-
ate.
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The principle of comparing maxi-
mum bending and shear stress to ulti-
mate strength is shown in Figure 6. The
data point illustrates the bending (F,)
and shear (F,) strength of one beam
based on matched specimens and repre-
sents the point where shear and bending
failures would occur simultaneously.
The ratio of maximum bending to shear
stresses (Eq. [3]) is linear, with a slope
dependent on types of loads, support

VoL. 47, No. 1

conditions, and span/depth ratios (Fig. 1).
If the stressratio line is to the | eft of the
data point (Fig. 6a), this particular beam
will reach its MOR strength before
reaching its shear strength; thus, bend-
ing is the controlling factor, If the stress
ratio lineisto theright of the data point
(Fig. 6b), this particular beam will
reach its shear strength before reaching
its MOR,; thus, shear is the controlling
factor.

Using the principle illustrated in
Figure 6,ac% value af 10 was selected
for Figures i’ through 5. As aresult of
this value, bending will control design
before shear for nearly all of the
matched glued-laminated and solid-
sawn beams tested; thus, this value is
recommended as a design basis. This
approach is based on the lower bound
of individual data points because no
correlation exists between bending and
shear. Thus, a span/depth ratio can be
determined for a beam with various
load and support conditions such that
the c£ ratio is 10. For example, a sim-
ply supported beam with concentrated
midspan load or a uniformly loaded can-
tilever beam (Fig. 1, Cases 1 and 2) will
be controlled by bending if the
span/depth ratio is greater than 5. Con-
versely, these beams will only need to
be checked for shear if the span/depth
ratioislessthan 5. A simply supported,
uniformly loaded beam (Fig. 1, Case 3)
need only be checked for shear if the
span/depth ratio is less than 10. In prac-
tice, most simply supported beams have
a span/depth ratio of 15 to 25, so no
shear check isrequired unless thereisa
concentrated load near one support
(Fig. 1, Case 7) or a short overhang with
a concentrated or uniform load (Fig. 1,
Cases 8 and 9).

The selection of a bending-to-shear
stress ratio of 10 implies that shear
strength is about 10 percent of bending
strength. European standards (6) have
long used this value as a basis for allow-
able shear strength.

The proposed design procedure is
more conservative for glued-laminated
timber than for solid-sawn lumber be-
cause both have equal shear parallel-to-
grain design values but glued-lami-
nated timber has higher bending design
values.

CONCLUSION

Design criteria for beams are cur-
rently governed by shear rather than
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Figure 6. — The principle of comparing bending-to-shear stress ratio to modulus
of rupture and shear strength: (a) bending failure occurs before shear failure; (b)
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Snear failuire occurs before bendin g failure.

bending because shear calculations
have larger safety factors. However, in
real structures and expeﬁmeﬁtal studies,
bending rather than shear is observed as
the controlling factor. The proposed de-
sign procedure is based on predicting
whether bending or shear will control
the design and then designing the mem-
ber for that design condition. A bend-
ing-to-shear stress ratio of 10 (lower
limit) is recommended for design; this
ratio is based on lower bound fit to ex-
perimental strength values. For this
stress ratio, typical designs for most
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load and support conditions will result
in bending-controlled designs; no shear

calculations are necessary. Shear will

control the design for a simply sup-
ported span with a concentrated load
near one support or for a span with a

short overhang with a concentrated or
nniform load. This annroach is limited

1O UaG, IS appiValil 16 LN

to unsplit and unnotched beams and
does not apply to shear considerations at
a connection.
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NOTATION

L =length of beam span; d = depth of
member; A = cross-sectional area; S =
section modulus; f, = maximum bend-
ing stress parallel to grain; f, = maxi-
mum shear stress parallel to grain; F,, =
uitimate bending strength parailel to
grain; F, = ultimate shear strength par-
allel to grain; M = maximum bending
moment; V = maximum shear force.
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