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One of the most important design 
qualities of wood framing is its resilience
under load. Wood’s unique stiffness
makes wood floors comfortable to walk,
work and stand on. These qualities also
contribute greatly to wood’s excellent
damping characteristics, thus giving
wood-framed structures the ability to
absorb impact loadings.

The size and span capabilities of sawn
lumber beams are generally limited by the
physical characteristics of the timber sup-
ply. Consequently, stiffness, or deflection
under load, at the relatively short spans
commonly used with sawn lumber beams
is seldom a governing factor in the design
of these wood structural elements. With
the availability of glued laminated timber
(glulam), it is possible for architects and
engineers to design wood members in
large sizes and long lengths.

Design professionals recognize that for
long spans, design is often controlled by
deflection limits rather than by beam
strength. One way to reduce the adverse
aesthetic effect and structural significance
of beam deflection is through the use of
camber. Camber is an initial curvature
built into a fabricated member such as a
glulam which is opposite in direction to
the calculated deflection which will occur
under gravity loads. The use of camber in
glulam beams also gives the designer

the ability to negate the possible adverse
effects of long-term deflection or creep
which may occur with wood members.

While this Technical Note provides a
discussion of camber, it is important to
recognize that building codes do not
require this technique for deflection
control. It is only one option available 
to the designer. Other design techniques
for providing deflection control include
specifying beams of greater stiffness than
otherwise would be required, increasing
slope for roof drainage to minimize possi-
ble effects of ponding, or limiting spans
such that deflection is not a controlling
design consideration.

In some situations, especially in con-
struction applications where the framing
elements are rarely subjected to specified
design live loads and the deflection due
to dead loads is minimal, camber may
not be necessary. In such applications,
camber designed into a beam may never
relax. In floor construction this can cause
a permanent, unwanted crown and, in
multi-story applications it may increase
the difficulty of framing successive floors
during construction. As a general rule, if
noncambered sawn lumber beams have
traditionally performed well in a given
application, then cambering is probably
not required when a glulam having
equivalent or greater stiffness is substi-
tuted. Residential garage door headers
and floor beams are good examples of
uses where introducing camber may not
be necessary.

Controlling Deflection

Building code limits on beam deflection
were first imposed in the early 1900s to
prevent the cracking of brittle plaster
ceilings in habitable units. The deflec-
tions determined for this serviceability
requirement remain as the basis for the
allowable deflections listed in building
codes today.

Building code requirements aside, the
appearance of a “sagging” floor or roof
beam does not instill structural confi-
dence in the eye of the beholder. While 
a sagging beam may have sufficient
strength to support its design loads, 
it may be perceived as being under-
designed and may adversely affect the
acceptance of the overall building design.
Glulam is generally the only engineered
wood beam that can be cambered.

In addition to the aesthetic reasons men-
tioned above, there is a structural reason
for limiting deflection in large flat roofs.
This is to prevent a phenomenon called
ponding which may occur when water
collects in a depression in a flat roof. As
water builds up in a depression, the load
on the supporting members increases.
This causes additional deflection which
permits more water to accumulate. Once
initiated, this cycle can continue until a
roof failure occurs. Ponding is more preva-
lent in areas where roofs are designed for
low live-to-dead-load ratios. Roofs
designed for snow loads are typically stiffer
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and have a greater ability to resist ponding
than similar roofs designed only for rela-
tively light construction loads.

A general guideline for determining if
provisions to prevent ponding are neces-
sary is to compute the deflection of the
member in question under a uniform
load of 5 lb. per sq. ft. If the resulting
deflection is equal to or greater than
1/2 inch, this is an indication that pond-
ing is a potential problem and beam
camber combined with other positive
means to insure drainage should be used.
This simplified procedure should not be
substituted for a detailed engineering
analysis to control ponding of low slope
or flat roofs.

Camber Recommendations

Calculated beam deflection is used to
assess compliance with specifications,
the building code and to specify beam
camber. This calculated deflection is
measured from a plane connecting the
beam supports. When camber is built
into the beam, the built-in deflection is
above this plane.

The code-specified deflection limit may be
measured from the plane connecting the
supports to a point below that plane.
When camber is not required to prevent
ponding, a cambered beam, just as one
without camber, may be permitted to
deflect below the plane connecting the
supports by the amount permitted in the
code. This is acceptable provided that the
beam is not over-stressed and adjacent
construction (such as plaster walls or
ceilings), machinery and objects con-
nected to or resting on the beam are not
adversely affected by this deflection.

For most roof beam applications, the
glulam industry recommends the use of
1-1/2 times the calculated dead load
deflection to arrive at camber specifica-
tions. This amount of camber is generally
sufficient to allow the beam to deflect
back to near level after many years under
sustained dead load. For floor beams, the
recommended camber is 1.0 times the
calculated dead load deflection.

In addition to cambering for deflection
induced by dead load, roof beams in
simple-span applications may also be
cambered to provide the industry recom-
mended slope of 1/4 inch per foot to
insure proper drainage. When this is
done, the required camber for slope is
calculated and added to the dead-load
camber described above. This becomes
the total camber, which can be built into
the beam during fabrication.

Camber Tolerances

Because of the variability of mechanical
and physical properties in all wood prod-
ucts and manufacturing associated toler-
ances, a cambered glulam beam will not
always be manufactured with exactly the
camber specified. In addition, moisture
changes can also affect the camber of any
specific beam. For these reasons, a cer-
tain degree of variability associated with
any target camber is allowed and should
be expected. Section 4.2.2 of ANSI
A190.1 Standard Glued Laminated Timber
gives the tolerances for camber or
straightness of a glulam as: “Up to
20 feet, the tolerance is plus or minus
1/4 inch. Over 20 feet, increase tolerance
by 1/8 inch per additional 20 feet or
fraction thereof, but not to exceed
3/4 inch.” This variability in camber is
generally so small with respect to beam
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FIGURE 1

BEAM CAMBER PARAMETERS

R = Radius of Curvature (ft.)

L = Span (ft.)

Cambered Beam

∆ = Camber (in.)

length that it is undetectable to the
human eye and has little or no effect 
on beam performance.

The camber for beams is often specified as
“inches of camber.” It may also be speci-
fied as a radius of curvature. Thus speci-
fied, the offsets at various points along a
beam of any length can be represented by
a single number. The circular arc formed
by this method closely approximates the
actual deflected curvature of the beam
under load. The beam is thus fabricated
with a built-in “mirror image” of the
expected deflected curvature.

Table 1 is a precalculated deflection/
radius-of-curvature table used by fabrica-
tors. This table can be used to specify a
camber radius based on a given span and
calculated deflection.

Calculating Beam Camber
As an alternative to using Table 1 to
specify camber, the following formula
may be used to calculate the approximate
radius of curvature, given the beam span
and camber desired.

R = 3L2___
2∆

Where:

R = approximate radius of curvature (ft.)
L = span (ft.)
∆ = desired camber (in.)

See Figure 1 for a graphic representation
of beam camber parameters.
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An example of the use of radius of 
curvature to specify beam camber is
given as follows:

Calculate the required camber for a 
glulam roof beam for the following
design conditions:

Glulam beam size = 6-3/4" x 27"

E = 1.6 x 106 psi
I = 11,072 in.4

Span = 48 ft.
Dead load = 120 plf
Beam weight = 44 plf

Dead load deflection = 5wL41728_________
384 EI

w = dead load + beam weight (lb./ft.)
L = beam span (ft.)
E = Modulus of Elasticity (psi)
I = Moment of Inertia (in.4)

Dead load deflection =
5(120 + 44)(484)(1728) = 1.11 in._____________________
384(1.6 x 106)(11,072)

Recommended camber = 1.5 x 1.11 
= 1.66 in.

Radius of curvature (R) required:

From Table 1 by interpolation R2100
= 1.66 in. for 48 ft span

- or -

by calculation:

R = 3(48)2 = 2082 ft.______
2(1.66)

Note that a camber radius of 2000 feet
would provide a camber of 1.73 inches
and should be considered for this case.

TABLE 1

CAMBER (inches) BASED ON RADIUS AND BEAM SPAN (feet)(a)

Radius, ft.

Span
ft. 1,000 1,200 1,400 1,600 1,800 2,000 2,500 3,000 3,500 4,000 4,500 5,000

10 0.15 0.13 0.11 0.09 0.08 0.08 0.06 0.05 0.04 0.04 0.03 0.03
12 0.22 0.18 0.15 0.14 0.12 0.11 0.09 0.07 0.06 0.05 0.05 0.04
14 0.29 0.25 0.21 0.18 0.16 0.15 0.12 0.10 0.08 0.07 0.07 0.06
16 0.38 0.32 0.27 0.24 0.21 0.19 0.15 0.13 0.11 0.10 0.09 0.08
18 0.49 0.41 0.35 0.30 0.27 0.24 0.19 0.16 0.14 0.12 0.11 0.10
20 0.60 0.50 0.43 0.38 0.33 0.30 0.24 0.20 0.17 0.15 0.13 0.12
22 0.73 0.61 0.52 0.45 0.40 0.36 0.29 0.24 0.21 0.18 0.16 0.15
24 0.86 0.72 0.62 0.54 0.48 0.43 0.35 0.29 0.25 0.22 0.19 0.17
26 1.01 0.85 0.72 0.63 0.56 0.51 0.41 0.34 0.29 0.25 0.23 0.20
28 1.18 0.98 0.84 0.74 0.65 0.59 0.47 0.39 0.34 0.29 0.26 0.24
30 1.35 1.13 0.96 0.84 0.75 0.68 0.54 0.45 0.39 0.34 0.30 0.27
32 1.54 1.28 1.10 0.96 0.85 0.77 0.61 0.51 0.44 0.38 0.34 0.31
34 1.73 1.45 1.24 1.08 0.96 0.87 0.69 0.58 0.50 0.43 0.39 0.35
36 1.94 1.62 1.39 1.22 1.08 0.97 0.78 0.65 0.56 0.49 0.43 0.39
38 2.17 1.81 1.55 1.35 1.20 1.08 0.87 0.72 0.62 0.54 0.48 0.43
40 2.40 2.00 1.71 1.50 1.33 1.20 0.96 0.80 0.69 0.60 0.53 0.48
42 2.65 2.21 1.89 1.65 1.47 1.32 1.06 0.88 0.76 0.66 0.59 0.53
44 2.90 2.42 2.07 1.82 1.61 1.45 1.16 0.97 0.83 0.73 0.65 0.58
46 3.17 2.65 2.27 1.98 1.76 1.59 1.27 1.06 0.91 0.79 0.71 0.63
48 3.46 2.88 2.47 2.16 1.92 1.73 1.38 1.15 0.99 0.86 0.77 0.69
50 3.75 3.13 2.68 2.34 2.08 1.88 1.50 1.25 1.07 0.94 0.83 0.75
52 4.06 3.38 2.90 2.54 2.25 2.03 1.62 1.35 1.16 1.01 0.90 0.81
54 4.37 3.65 3.12 2.73 2.43 2.19 1.75 1.46 1.25 1.09 0.97 0.87
56 4.70 3.92 3.36 2.94 2.61 2.35 1.88 1.57 1.34 1.18 1.05 0.94
58 5.05 4.21 3.60 3.15 2.80 2.52 2.02 1.68 1.44 1.26 1.12 1.01
60 5.40 4.50 3.86 3.38 3.00 2.70 2.16 1.80 1.54 1.35 1.20 1.08
62 5.77 4.81 4.12 3.60 3.20 2.88 2.31 1.92 1.65 1.44 1.28 1.15
64 6.15 5.12 4.39 3.84 3.41 3.07 2.46 2.05 1.76 1.54 1.37 1.23
66 6.54 5.45 4.67 4.08 3.63 3.27 2.61 2.18 1.87 1.63 1.45 1.31
68 6.94 5.78 4.96 4.34 3.85 3.47 2.77 2.31 1.98 1.73 1.54 1.39
70 7.35 6.13 5.25 4.59 4.08 3.68 2.94 2.45 2.10 1.84 1.63 1.47

(a) Industry accepted manufacturing tolerance on camber is ±1/4 inch for lengths up to 20 feet with an increase in tolerance of 1/8 inch per additional 20 feet
of length or fraction thereof, but not to exceed 3/4 inch.

EWS,TN,S550.0  2/23/00 11:12 AM  Page 3



We have field representatives in most major
U.S. cities and in Canada who can help
answer questions involving APA and APA EWS
trademarked products. For additional assis-
tance in specifying engineered wood products
or systems, get in touch with your nearest 
APA regional office. Call or write:

WESTERN REGION
7011 So. 19th St. ■ P.O. Box 11700
Tacoma, Washington 98411-0700
(253) 565-6600 ■ Fax: (253) 565-7265

EASTERN REGION
2130 Barrett Park Drive, Suite 102
Kennesaw, Georgia 30144-3681
(770) 427-9371 ■ Fax: (770) 423-1703

U.S. HEADQUARTERS 
AND INTERNATIONAL 
MARKETING DIVISION
7011 So. 19th St. ■ P.O. Box 11700
Tacoma, Washington 98411-0700
(253) 565-6600 ■ Fax: (253) 565-7265
Internet Address: http://www.apawood.org

PRODUCT SUPPORT HELP DESK
(253) 620-7400
E-mail Address: help@apawood.org

(Offices: Antwerp, Belgium; London,
United Kingdom; Hamburg, Germany;
Mexico City, Mexico; Tokyo, Japan.) For
Caribbean/Latin America, contact 
headquarters in Tacoma.

The product use recommendations in this
publication are based on the continuing
programs of laboratory testing, product
research, and comprehensive field experi-
ence of Engineered Wood Systems. However,
because EWS has no control over quality of
workmanship or the conditions under which
engineered wood products are used, it
cannot accept responsibility for product
performance or designs as actually con-
structed. Because engineered wood product
performance requirements vary geographi-
cally, consult your local architect, engineer or
design professional to assure compliance
with code, construction, and performance
requirements.
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Cantilevered Beams

The cambering of cantilevered beams 
is a subject that is often misunderstood.
While it is theoretically possible to spec-
ify camber for each span section of single
and double cantilevered beams, it is, in
most cases, not practical. If the camber
does not relax, a beam with an “S”
shaped camber for a cantilever (or “W”
shaped camber in the case of a double
cantilever) can severely impact roof
drainage and can even cause ponding
over the outside supports. Ponding over
the supports can lead to bearing or sup-
port failures and subsequent roof leaks.
For most typical cantilever-length to
main-span-length conditions, the pre-
ferred method is to camber only the span
length between the supports, leaving the
cantilevered portion uncambered. This
will generally insure good drainage of the
roof system. If unusually long cantilever
lengths are used, a further analysis of
member deflection and camber is war-
ranted. Based on this analysis, the
designer may choose to specify individual
camber values for both the interior beam
span and the cantilever span.

Stock Beam Camber

While the ability to pre-camber glulam
beams is a distinct advantage for many
longer span applications, it can be a
disadvantage in applications where too
much camber can cause jobsite framing
problems. This can happen when a stock
beam is specified with too great a cam-
ber. Stock beams are glued laminated
timbers that are manufactured for inven-
tory by a stocking distributor or dealer.

Theses are typically supplied to the dis-
tributor in long lengths and cut to length
as ordered by the contractor or end user.

Most stock beams are used in residential
construction in combination with other
wood products such as dimension lum-
ber or I-joists which are not cambered.
Therefore, it is important that stock
beams be supplied with the right amount
of camber to be compatible with other
non-cambered framing members.

In order to eliminate the effect of having
too much camber, EWS manufacturers
typically supply stock beams with either
zero camber or with a camber radius of
3500 ft. or flatter. As shown in Table 1, a
camber radius of 3500 ft. provides an
actual camber of 1/4" for a span of 24 ft.
Since most residential floor beam and
header applications have spans of less
than 24 ft., camber will typically be less
than 1/4" and this amount of camber
should be virtually unnoticeable.

As previously noted, the manufacturing
tolerance for camber is plus or minus
1/4" for beams up to 20 ft. in length and
increases by 1/8" per additional 20 feet 
of length or fraction thereof, not to
exceed 3/4".

The amount of camber manufactured
into stock beams is often dependent on
the geographic region of the market and
can vary from region to region. Since the
degree of camber in stock beams may be
almost imperceptible, it is very important
that contractors be aware of the TOP
stamp which is placed on the compres-
sion side of the beam by the manufac-
turer to insure proper installation and
performance of these members.
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