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Chapter One

INTRODUCTION

What §s a Buflt-up Plywood Box Beam?

The built-up piywood box beam 1s a structural component using
one or more webs of plywood with two or more flanges of lumber. The
elzments can be glued, nalled, or both, to form a monclithically-act-
ing beam. The unit 1s hollow except for vertical lumber members
placed at intervals to act as web stiffeners. (See fiqures 1 and 2,
pages 2 and 3) The unfit 1s similar to rolled steel sections in that
the flanges resist bending while the web(s) transmit(s) shear forces,
By using dimension lumber for the flanges and plywood for the webs, the
structural properties of the two materials are used to their greatest
efficiency. The result is an economical beam with a good weight-to-
strength ratfo. The box beam is "particularly efficient where deep
sections are desired for architectural effects." (American Piywoond

Essociation, 1965)

Appropriateness of the Study

ﬂ% a result of an initial look at the available literature, the
researcher discovered that the box beam offers advantages in numerous
applications in l1ght frame construction. For the most part, those
box beams seen in the Waterloo-Cedar Falls metropoiitan area are part
of prefabricated, panel{zed or modular housing, ¢.g. Wausau Homes, ADR

Homes. The question to be answered then was why aren't box beams



Scarf}oint in plywood webd
no stiffener or splice
plate req’d as in butt joint

Scarf joint in Wt
lumber flange

T %

Pressure laminated
lumber flanges,
4 top flange

Butt joint between
plywood webs

Giue joint

. Lumber
intermediate stiffener

Giue joint

Lumber stiffener

Piywood splice plate

Bottom flange

Plywceod web

Lumber
bearing stitffener

Figure 1
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Built-up Plywood Box Beam
(American Plywood Assocfation)



~e o~ AT Y T
B q AR
” i B i

"""" B Al 8 1%
Yool Hl

/\,‘ :’ ) iy

.
/
Yoo \ /
NS /
;
b ;
AN /
s \
\[
P ~ ;

Figure 2

Typical Cross sections of
Built-up Piywood Box Beams



being used by more local builders? Three possibilities came to mind:
1) The box beam fs not suited to on-site construction. 2) Builders are
not generally aware of the possible advantages the box beam offers.

3) The structural design of box beams is complex and requires engineer-
ing expertise,

Research indicated that aithough shop-buflt box beams have the
advantage of greater quality control with respect to fabrication and
maEFrials. site-built unfts can be successfully and economically built,
(Perkins, 1962, pages 90-91)

A fleld trip seemed to be in order, to investigate hypothesis
number two. Tri-Square Builders of Hudson, Iowa {s engaged in home
building and 1ight commercial construction. They enjoy a most favor-
able reputation in that community for quality construction and innova-
tion in design and construction techniques. The researcher talked with
Mr. Leigh Bemus, Tri-Square's President. Mr. Bemus acknowledged that
they have used plywood box beams on occasion and would like to use more
of them as he felt their use allowed them increased flexibility in both
design and economy. Tri-Square's crews have overcome their reluctance
and are now more enthusiastic about builiding box beams. Mr. Bemus
stated that his lack of structural design abi11ty and the absence of
conven1en§ design tables have prevented their firm from using the box
beam more extensively.

Further investigation pointed up the validity of Mr Bemus' last
remarks concerning the safe design of this type of beam, One must be
proficient in basic statics and strength of materials before under-
taking the rational design of such a structural member. Apparently

hypothesis number three is a critical factor.
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The researcher was able to find several "design tebles"” for the
box beam. They fell into two general categories. Either they still
required a fair understanding of the underliying engineering concepts or
they were for very speclalized applications, e.g. garage door headevs.
The bujlder then, 1s still quite 1imited in his use of box beams unless
he or she possesses the necessaryiskills to make safe decisions using
the more complex tabular data,

\ The researcher, being involved in the education of architec-
tural technicians, teaches a course in structural wood design. It
seems quite appropriate then, that a study of plywood box beam design
would make a logical and valuable additfon to such a course. It aiso
follows that the career opportunities of the architectural technician,

familiar with box beams and their design, would be enhanced.

Purpose and Scope

The purpose of this study, given the background mentiocned above,
is to investigate the structural design of built-up plywood box beams
and to develop an instructional unit based on their design.

The scope shall be 1imited to statically determinate beams with
either uniformiy distributed loads or typical girder loadings.

TQQ resulting instructional unit will be designed as an addi-
tion to a course in structural wood design at the vocational-technicail/

comunity college level.



Protection

The researcher is sware that the instructional unit to result
from this study, perhaps, should be protected. The most appropriate
method for such printed material would be through copyrighting.

It was discovered that the copyright law recently underwent a
major change. Public Law 94-553 was signed into law on October 19, 1976
and went into effect on January 1, 1978, It represents the first majcr
chakge of the copyright laws since 1909. Under the new law, both pub~
lished and unpublished materials ars covered under the federal <opyright
laws. Protection will be for a period equal to the author's 1ife plus
fifty vears. (Schick, 1877)

Appendix A (Pages 94-98) contains a copy of the application
form for published written material. Page four of that document (page
98) indicates the procedure to use in securing such a copyright. This
form will no doubt be ammended to tnclude unpublished material, pre-
viously protected under common law.

It 1s not the intent of the researcher to procede with the
steps outlined on that document, at this time. More logically, the
instructional unit will be tested in a classroom situation and med:fied
as required. If, after such modification, the researcher feels that
the material is of sound educational value, appropriate action will

be taken.



Definition of Terms

The terms below are ones that the architectural technician
should be familiar with by the time an attempt {s made to design ply-

wood box beams, They are defined here for the purpose of raview.

BENDING MOMENT: “The moment which produces bending at a section of a
beam or other structural member; equal to the sum of the moments taken

abgyt the center of gravity of that section.” (Harris, 1975, page 50)

BENDING STRESS: 1In a simple beam having a load, fibers above the neu-
tral axis are in compression, fibers below the neutral axis are in ten-
sfon, together they are called bending stress. These siresses are zero

at the neutral axis and at a maximum at the extreme fibers of the sec- |

tion.

BENDING DESIGH: The usual first step in beam design; selecting a beam
whose resistive moment {s equal to or greater than the bending moment
the beam {s subjected to. This {nsures that the bending stresses are

not excessive for the beam's material.

COMPRESSIVE STRESS: When a compressive force is applied to a material,

the fibers are shortened and are safd to be under stress.

-

DEAD LOAD: The weight of a structure, including the weight of fixtures
and equipment permanently attached 1s designated dead load.

LATERAL DEFLECTION: Horizontal movement of a beam or girder is said to
be deflecting laterally.

LIVE LOAD: The moving or moveable external load on a structure is



called live load. The live load of a floor would be such things as
furnishings, people and the 1ike. Roofs are subjected to 1ive load

because of wind and show.

MODULUS OF ELASTICITY: “In an elastic material which has been subject
to strain below 1ts elastic 1imit, 1t 1s the ratio of the unit stress
to the corresponding unit strain.” (1bid. page 320) It is a measure

of a materfal's stiffness.

A
MOMENT: A moment {is the tendency for a force to cause rotation about

a point or axis. The magnitude of a moment is equal to the magnitude
of the force multipliied by the distance from the force to the center

or axis.

MOMENT OF INERTIA: The moment of inertia is a measure of a body's re-
sistance to movement when acted upon by a force. It is equal to the
sum of the products obtained by multiplying each of the infinitely
small areas by the square of their distances from the section's center

of gravity. This can be represented algebraically: Zfazz.

RESISTIVE MOMENT: It {is the product of a beam's section modulus and

the beam material's allowable bending stress.

SECTION MEDULUS: This 1s a measure of a beam's flexural strength. [t
15 equal to the section's moment of inertia divided by the distance
from the neutral axis to the farthest point in the section. (This dis-

tance {s designated as “c" in algebraic formulas.)

SHEAR: In a beam, the tendency for parallel planes to slide past each

other when acted upon by a force 1s called shear.
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STATICAL MOMENT: This is the moment of a plane surface (area). It is
equal to the product of an area of a section and the distance from the

section's center of gravity to the center of moments.

STATICALLY DETERMINANT BEAM; This is a beam that can be analyzed by

using the laws of statics alone. .

STRUCTURAL MECHANICS: This involves the sciences of mechanics (statics
and dynamics) and strength of materfals. This is the basis of struc-
A

tural design.

TENSILE STRESS: This 1s a stress that results when a force is applied
to a body in such a way that it tends to elongate or "pull apart" the
fibers in the body.
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Chapter Two

BOX BEAMS - GENERAL INFORMATION

Uses and Advantages

...Plywood box beams are opening new horizons for build-

ing design each day. A highly versatile component span-

ning distances up to 120 feet, they utilize the structural

1 soundness and inherent physical properties of plywood to
achieve new and economical butlding concepts. (Plywood

Fabricator Service, 1959)

Piywood box beams have been used in algost every type of con-
struction. Most often they find service as roof and floor beams, ex-
posed rafters, lintels and ridge beams. However they have served as
structural members for conveyor belts, pedestrian bridges and sign
mountings. (DFPA, 1958, page &) Weather does not restrict the usage of
the box beam. They may be used in places of permanent exposure to ex-
treme weather. With special trestment, they may be used where fire re-
sistivity or decay is a concern. {Ibid.) Many of the problems of build-
ing maintenance encountered with solid wood members are prevented or
minimized by using box beams. Seasvning defects and dimensional sta-
bility are but twc examples. (Ibid.} GEox beams can be built in various
shapes, such as cambered, curved, arched, or tapered, as well as the
more conventional straight beam of rectangular cross-section. (Perkins,
1962, page 90)

The Plywood Fabricator Service {1959) 1ists ten distinct advan-
tages that the box beam has to offer. These advantages are listed on

the following page.
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* Great design freadom
* High strength and stiffness to welight ratios
* Rustproof and corrosion resistant
* Dimensional stability
* Freedom from large shrinkage cracks
* Smooth, easy-twaﬁn%sh‘surfacas
* Reduced transportation costs
* Uniform manufacture
* Rapid delivery

* Low in-place costs
Fabrication

Box beams may be assembled using glue, natls, or a combination
of both, Metal connectors may be used to laminate inmediately adjacent
flange members. Flanges may be placed either vertically or horizon-

tally. (See figure three, helow)

1 SNy T
: we i

Figure 3

Box Beam Cross Sections Showing
Vertical and Horizontal Flanges
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Shop fabricatfon is recognized as the preferred construction
practice. This permits full-pressure gluing. Although this requires
expensive equipment, the resulting beam acts as a completely integral
unit, with no slippage at joints or splices. This method also insures
that stresses may be safely assumed up to the capacity of the plywood
with respect to rolling shear. (?erkina. 1962, page 91)

Nafl-gluing can yield satisfactory results also. However, {if
thi beam 1s site-built, particular attention must be placed on good
glding and nailing techniques, appropriate moisture content of the lum-
ber and the 1ike. (Ibid.) The design of nafled and glued members is
the same as for glued only; the nailing is used to develop enough pres-
sure to permit proper glue-line integrity,

The third recognized method of fabrication is nailing alone.
This 1s the simplest and most economical method. Nail bearing strength
is used to transmit shear stresses at web-to-fiange joints. If shear
stresses are moderate, as in most light frame construction applications,
the system performs quite adequately. (Ibid.) Since no glue is used,
rolling shear stress 1s not a design consideration; however, the nail-
ing schedule 1s quite critical. (Moore, 1578) Nails having larger-than-
normal heads and/or deformed shanks may be used to increase the bearing
capacity of each nail, thereby permitting a wider natl spacing. (Perkins,
1962, page 91)

Figures four through eight, on the pages following, 1llustrate
the steps in fabricating and installing a bufit-up plywood box beam.
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Figure 4

Box Beam Fabrication:
Lumber Members Cut to Size,
Adjacent Flanges Laminated

Figure 5

Box Beam Fabrication:
Lumber Members Nafled or
najl-qglued together



Figure 6

éBx Beam Fabrication:
Laminating Plywood Web
Members to Lumber Members

/'—’1:;- 5,
STSY

Figure 7

Box Beam Fabrication:
Lifting Completed
Beam futo Place

14
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B Suggested Instuliotion & Alterncte Installation

AL 2 PLACE WITH 8T

COARION NASLS SET AT

AR SPRCING O C. T
o L)

AAIL N PLATE WiTH FE o COMMON
NAIS SET A7 §“narw SPRCVG O C.

Figure 8

Box Beam Fabrication:
Installation Details

Mass Production

As stated previously, box beams for frame construction may be
either site-built or shop-built. Those used in industrialized housing
are, in fact, mass produced. The researcher visited the Wausau Homes
Plant in Ottumwa, Iowa (not in conjunction with this study) and ob-
served the mass production ob box beams and stressed-skin panels. Of
particular note was the method they used for spaseding the glue-curing
process, - A small qauge copper wire was positioned in the glue bead as
it was placed on the lumber members. After the plywood was put in
place and secured (pnuematically nafled), the ends of the copper wire
were connected to an electrical charge for the purpose of applying heat
to the glue joints, thus quickening the curing. After z predetermined
amount of time, the ends of the ccpper wire were clipped and the com-

ponent was complete.
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Chapter Three
BACKGROUND

An historical view of the built-up plywood box beam, to be mean-
ingful, should include a brief history of plywood and 1ts forerunner,

veneered wood.,

A

Veneering

Manufacturing plywocd 1s a process consisting of placing wood
veneers (thin layers) together using heat, pressure and an adhesive
substance. Adjacent layers are placed so that their grain structures
are at right angles to each othar., Relatively speaking, this is a new
process. Fundamental to¢ the making of plywood 1is veneer; the art of
veneering s indeed quite old.

The earliest known use of veneer dates back to ancient Egypt.

In the sculptures of Thebes, thought to have been built around 1500 B.C.
there 1s a mural depicting men engaged in veneering. There are even a
few pieces of veneered Egyptian furniture still {Intact, having been dis-
covered {n sealed tombs during the 1800's (Perry, 1942, page 20-21)

The use of veneer can be traced from Egypt down through ancient
Greece and the Roman Empire, to seventeenth and eighteenth century
France, There were many pieces of furniture made during this period
that are, in fact, art masterpieces. A prime example of beauty in

veneered wood {s the "Bureau du Rot" built for Loufs XV at a cost of

over a million francs, taking nine years to complete. This particular

piece, the predecessor of the roll-top desk is considered to be the
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plywocd masterpieca, (Ibid.)
The use of veneer became more popular and less expensive with
the advent of machines to aid in cutting veneer; coming during the late

eighteenth and early nineteenth centuries., (Ibid., pages 23-26)

EarIyoPIyﬁood

The best record of the first plywood, as we know it today, is

in the form of a patent. John K. Mayo of New York City was granted

e Y
patent number 51,735 on December 26, 1865. (Ibid. page 26) Following
is the description that appeared on that patent:

The invention consists 1n cementing or otherwise fastening

together a number of these scales or sheets, with the grain

of the successive pieces, or some of them, running crosswise

or diversely from that of the others... The crossing or diver-

sification of the direction of the grain is of great {mportance
to impart strength and tenacity of the material, protect 1t
against splitting, and at the same time preserve it from iia-
bility to expansion and contraction.
You will notice that the word "plywood" {s absent from the quotation
above. The term "plywood" did not come inte use until several years
later. During the interim, the product was referred to as “veneer”,
(Ibid. page 27)

Early plywood was used, for ‘the most part, in place of venezsred
wood. The first new applicatfons of plywood was in the construction of
planos, organs and slefghs. The first use of plywood fn building con-
struction was apparently in making doors, in or about the year 1890,
(Ibid. pages 28 -31) Product designers were taking advantage of the
material's dimensfonal stability.

Plywood veneer cutting originated in this country about 18390 1n
Tacoma Washington. Douglas Fir plywood, now & major species, did not

appear until 1905, There were some Dougias Fir plywood panels exhibited
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in 1905 at the Lewis and Clark Exhibition in Portland Oregon. These
panels were essentially hand-made. Mechanical production of Douglas
Fir plywood began in 1910, being used in the manufacture of docrs.
(Ibid. page 33)

The word “plywood” came into exfstance generally, during World
War I. The change in name from "yeneer® to “nlywood" proved to be a
boon to its manufacture. One of the handicaps the material suffered
under its old name was the connotation that the dictfonary gave to the
wo:d veneer - “"a superficial or meretricious show" (Ibid, page 35). The
Forest Products Laboratory in Madison Wisconsin (a division of the For-
est Service of the United States Department of Agriculture) appears to
have been instrumental in the name change. In 1919 the Veneer Associa- -

tion was supplanted by the new Plywood Manufacturers Assocfation. (Ibid.

page 36)

Structural Plywoad

Plywoods are made from both major classifications of wood -
softwcods and hardwoods. Softwood species are the gnes used to manu-
facture structural plywood.

The first plywood that could be considered structural was the
Douglas f}r panels mentioned earlfer. World War I was largely responsi-
ble for the rapid advancement of the aviation industry. This influenced
the plywood industry alsc as afrcraft manufacturers relied extensively
on the structural stength and 1ight weight qualities of thin plywood.
(Yood, 1943, page 6)

The superiority of plyweod over conventional lumber, with re-

spect to shear strength was recognized quite early. The Industrial
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Arts Index (later renamed the Applied Science and Technology Index) of

1920 listed an article entitled “Shear Strength of Plywood Webs". The
researcher however, was unable to locate the October, 1920 {ssue of

Mechanical Engineering to verify the article's contents.

One of the problems with the plywood of this early era was the
poor performance of the glue when.subjected to moisture. (Wangaard,
1953, page 128) The plywood used in airplanes was generally protected
from moisture by fabric and doping substances. Chemists all over Eu-
r;;e and this country set out to find a solution for this problem.
(Wood, 1943, page 6) A moderately moisture-resistant soy bean glue was
developed in 1923. This glue was used in the manufacture of Douglas
Fir plywood. This plywood, &lthough structural, was best suited to
interior applications. (Wangaard, 1953, page 129).

Apparently for a time, there was a reluctance on the part of
some to believe that plywood could be used for widespread structural

applications. The Forest Products Laboratory published a report 1in

1929 entitled The Rigidity and Strength of Frame Kalls. In this report

there was no mention of plywood. A supplement to that report, pub-
iished 1n 1934, did recognize plywood as an &lternative wall sheathing
material. (Ibid.)

@ real breakthrough came in the mid-1930's when a waterproof
thermosetting phenolic resin adhesive was developed. This made possi-
ble the production of exterfor grade plywcod. (Ibid.)

As previously reported, Douglas Fir plywood came to dominate
the plywood industry. In 1938 the Douglas Fir Plywood Association
(DFPA) was organized. It was made up of manufacturers of Douglas Fir

plywood (and other species, at a later date). The organizatfons's pur-



20
pose was to encourage the use of plywood by conducting research and
development work.

In 1925, the plywood fndustry produced 200 million square feet
of plywood - all interior grade. Twenty-five years later, production
figures had grown to nearly three bilifon square feet - of which 800
million were classified as exteriér grade piywood. (Ibid.} These fig-
ures, as far as the researcher could tell, include only softwood ply-
woog. By 1968, the production of softwood plywood in the United States

surpassed the fifteen bi111on square foot mark. (Hoyle, 1973, page 49)

NOTE: See appendix B (page 93-104) for information about typical ply-

wood sizes, terminology and grading criteria.

Engineered Plywecd Components

The most common uses of structural plywood in light frame con-
struction is wall and rocf sheathing and subflooring. Thesé uses how-
ever do not fall into the category of "engineered plywood components.”
This 1s not to say that engineering research and testing {s not carried
out with respect to these uses.

The diaphragm, shear wall and folded piate are typical struc-
tural systems that may involve the use of plywood.

EMgineered plywood components are for the most part, prefabri-
cated assemblies using one or more materials in conjunction with ply-
wood., Their use has come about because of the significant increase in
shop fabrication of buflding components. Typically these include
stressed-skin panels, trussed rafters and joists, rigid frames, folded
plates and box beams. (Perkins, 1973, page 75) The researcher {s aware

of referring to the folded plate as both a system and a component. The
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decision as to what to call it depends on whether the folded plate roof
is built on-site, as a system, or fabricated in units and installed at
the sfte.

The use of components has had an effect on building construction
in terms of economy and design. Erection time has been shortened, while
flexibility has increased. Most éngineered plywood components use
dimension lumber, glue and plywood; they have gafned a rather wide
acggntance. The several reasons for this include plywood's light weight
along with the ease of fabrication and attachment to the other elements
in wood constructfon. (Ibid.) Its wetght-to-strength ratic also makes
it very competitive with other types of structural members.

Nelson Perkins (Ibid.) reminds the builder that several of the
plywoocd components require engineering desfgn and skilled fabrication
techniques. DFPA made available this technical assistance through the
Plywood Fabricator Service (PFS), a non-profit organization set up in
1959, Through the efforts of PFS, plywood components such as the box
beam are now recognized by many of the model building codes. (Ibid.)
Waterloo and Cedar Falls lowa have adopted the Unfform Building Code
as published by the International Conference of Building Officials.
Sections 2513 and 2514 of this code address the use of plywood compo-
nents. )

The historical front-runner of plywocd components was the
stressed-skin panel. (Vermilya, 1961, page 94) It was developed dur-
ing the 1930°'s at the Forest Products Laboratory. The panel was used
extensively in the prefabricated housing market during the Second World
War. (Perkins, 1362, page 76) Wausau Homes {s one of the present-day

manufacturers that continues to use the stressed-skin panel in their
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floor and roof construction.

The buflt-up plywood box beam was developed shortly after the
stressed-skin panel, agafn largely due to the efforts of the Forest
Products Lab. (Ibid.) The concept of the box beam was used in the
Unfted States for aircraft wing beams and struts in the 1920's., In
fact the box beam research 1nit1ai1y conducted at the Forest Products
Laboratory was done under the direction of the National Advisory Com-
mtftee on Aeronautics. (ibid. page 83)

During World War 11, research in Germany concentrated on wood
construction, glues, and other fastening technigques for wood becsuse
much of the steel had been diverted into war materiel. Similar research
was stimulated in the United States for the same reason. The result
was the development of metal framing anchors and "glu-lam" construction.
The box beam was one of the construction techniques to benefit from
that research., (Ibid.)

One of the early publications dealing with the box beam {s Sec-

tion Nine of Technical Data Handbook, "Design of Buflt-up Beams with

Plywood Webs" published in 1942 by the Douglas Fir Plywood Assocfation.
(Ibid.} Unfortunately the researcher was unable to obtain a copy of
this document. Information about box beams also began to appear in

period1c§1s. The March 1944 issue of Scientific American noted that

box beams have advantages to offer the buiider. The article stated
that this "new product...has been developed by Timbeam, Inc." The
researcher was unsuccessful in his attempt to find out more about the
Timbeam company, possibly the first to commercially construct box beams.
The periodical indices revealed several related articles writ-

ten during the time the box beam was being developed. The follwing page
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1ists several of these articles; they were not found by the researcher.
They have been included here, should the reader have access to 2 more
extensive 1ibrary than that of the Unfveréity of Northern Iowa and Hawk-
eye Institute of Technology.

Engineering News "Plate Girders of Plywood"
October 15, 1936

Civil Engineering "Plywood and Laminated Timber Construction”
January 1940

Engineering News "Plywood Girders Roof a Warehouse“
A April 23, 1942

Engineering News "Plywood Plate Girders"
November 4, 1943

Civil Engineering “Design of Built-up Plywood Panels”
Septembar 1944

Anerican Soclety of "Design of Plywood I Beams”
Civil Engineering  June 1946

Proceedings

Geoqraphical History

The researcher found 11ttle information with respect to the geo-

graphical aspect of the box beam's past. Scientific American (March

1944) mentioned that plywood box beams “are now being used extensively

in the Middle West.” This statement should be viewed as not surprising
since much of the research and development of box beams was carried out
by the Forest Products Lab which is in Madison Wisconsin. The researcher
is of the opinfon that such geographical confines no longer exist; due

in part to the efforts of the DFPA and presently the American Plywood
Associatfon. These organfzations have spent considerable effort in
promoting the box beam as one of the economical and advantageous uses

of plywood.
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Chapter Four
BOX BEAM DESIGN

The main purpose of this stud} {s embraced by this chapter - the
sturctural design of built-up plywood box beams.

Assumptions

As stated earlier, it is the researcher's intent that this study
result in the development of an instructional unit. The study is to be
incorporated into a structural wood design course at the post-secondary ]
level. Therefore, the technical information presented herein is pre-
faced with the following assumptions:

1. The reader understands the fundamentals of structural

machanics (statics and strength of materials).

2. The reader 1s familiar with basic design of statically-

determinant flexural members.

Design Method

The researcher found a few references, texts, etc. which
explained box beam design methods. Many of these procedures were sim-
1lar in that they were somewhat simplified, abbreviated or narrow in
scope of application. The researcher has chosen to use the most accu-
rate, comprehensive and up-to-date design procedure avsilable, keeping
in mind that 1s should be appropriate for study by architectural tech-
niclans. Robert Hoyle's Wood Technology in the Design of Structures

(1973) presents the best information the researcher was able to find,
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Mr. Hoyle made reference several times to Plywood Design Specification,
Supplement Number Two on Design of Plywood Beams, published by the Amer-

ican Plywood Association. The researcher has written the APA and
requested a copy of that document as it was not found locally. As of
this writing, the informatfon has not been received.

The researcher, in attempiing to purchase a copy of Wood Tech-

nology in the Design of Structures, learmed that Mr. Hoyle has written

a revised, up-dated edition. The publishers, Mountain Press of Missoula
Mon:ana. infcrmed the researcher by mail that the new edition would be
available soon. The tentative price 1s $12.50.

In 1ight of the facts mentioned above, the main source for the

technical portion of this study {s the 1973 edition of Hoyle's Wood

Technology in the Design of Structures.

Procedural Qutline

The design procedure that will be followed in this study can be
outlined as follows.
I Loading
A. Dead loads
B. Live loads
) C. Type of loading
II Trial Assumption
A. Mater{fal specifications
B. Trial section
1. Configuration
2. Dimensions

3. Section properties
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a. Gross moment of inertia
b. Net moment of inertia
c. Section modulus
d. Statical moment
e. Weight per linear foot
IIT Bending Investigation |
A. Resistive moment
8. Bending moment
C. Modification of trial assumption
IV Shear stress investigation
A, Through-the-~thickness (Horizontal shear)
B. At flange-web joints (Rolling shear)
¥ Deflection investigation
A. Approximate
1. Due to bending
2. Due to shear
B. Refined shear deflection
VI Web stiffeners
A. At reactions and concentrated loads
B. Uniformly distributed loads
VIT Lateral Stability

Sample Problem

Each of the items in the outline above will be explained by
using the following sample probliem.
The designer wishes to clear span the roof of the building shown

fn figure 9 (See page 27). The cost of transporting prefabricated roof
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trusses to the remote site would prove too costly, consequently, the
decisfon has been made to place a job-built buflt-up plywood box beam
along the building's longitudinal axis. This box beam will support roof

Joists placed at two foot centers.

Loading
Pecognizing that the beam in this applicatfon is a simply-sup-

ported member, having a uniformly distributed load, the designer will
first need to determine the magnitude of the load.
In this case, the dead loads consist of:

Buiit-up roofing = 5.5 PSF
Piywood decking = 2.0

Joists = 3.5
11.0 PSF
The 1ive load will depend on local building codes. The designer
should consult the appropriate code, or 1f none are in effect, select &
1ive load from reference material, appropriate to the region. For pur-
poses of this sample problem, thirty pounds per square foot will be
used.
Therefore: Total desfgn load (PSF) = 11 + 30 = 41 PSF
In this typical application, the area of roof supported by the
beam {s equal to the beam span multiplied by the sum of half the joist
span on both sides of the beam,
For the sample probiem: 30' x 12' = 360 square feet
Therefore the total superimposed beam load is:
360 square feet X 41 PSF = 14,7604
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Trial Assumption

The design process for box beams is to assume a member and then
verify fts structural integrity. This assumption has two main parts,

selection of material and selection of a section.

Material specification. Materfals must be specified for flange

members and web members.

The dimension lumber used in the flanges may be specified in
mofe than one manner. The designer may wish to call out species, grade,
moisture content, etc. and use the appropriate design values assigned
to his selection by the appropriate grading agency. (See appendix C,
page 105-109) The designer's selecticn should obviously be one that fis
available locally, at reasonable cost. An altermative to this method is
for the designer to specify minimum values for bending, tension, com-
pression, shéar, modulus of elasticity, etc., without calling out a par-
ticular lumber species and grade.

Plywood is specified by calling out a particular grade and spe-
cles group. Typically, plywood used in box beams are group one species
of types having exterfor glue. (See appendix D, page 110 for allow-
able stresses in plywood. )

The reader should refer to appendix F {Page 114 ) for a sug-
gested specification for plywood box beams.

For purposes of the sample problem, the researcher makes the
following assumptions for material specifications:

Lumber: Douglas Fir/Larch, Select Structural! Jofsts & Planks

Tension, parallel to grain (F¢) = 1200 PSI
Compression, parallel to grain (Fc) = 1400 PSI



Compressicn, perpendicular to grain (F,; )} = 455 PSI
Modulus of elasticitcy = 1,800,000 PSI
Plywood: Douglas Fir (Group 1), Structural I - AC

Tension, parallel to grain (Ft) 2,000 PSI |

Compression, parallel or perpendicular = 1650 PS]

to grain :
Shear, in plane pewrpendicular to plys = 250 PSI
Shear, in plane of plys (rolling) = 75 PSI

Modulus of Elasticity 1,800,000 PSI

Trial section. The researcher found tables that were designed

to help the designer in making an assumption for the size and configur-
ation of the trial section. However because of the virtually unlimited
number of possible configurations, these tables were necessarily incom-
plete. The task of making this assumption becomes easier with experi-
ence., As with beams of steel or concrete, the deeper beam is usually
the more economical choice. Plywood box beams are typically limited to
a depth of four feet, as commonly available plywood panels are four feet
in width. There may be other considerations which dictate the physical
dimensions of the beam section. See figure ten on page 31 for the
researcher's trial section.

The next step is for the designer to calculate the structural
properties of the trial section. This includes moment of {nertfa (both
gross and net), section modulus, statical moment and section weight (in
pounds per linear foot).

Computing the gross moment of inertia is accomplished exactly
in the same manner as 1t 1s for any built-up section. The gross moment

of fnertfa 1s needed when calculating the box beam's deflection due to
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shear stress. Following 1s gross moment of {nertia for the sample

problems’s trial section.

2 x 6 flange, about axis through its own centroid {(See figure 11

on page 33)
bd3  (1.5)(5.53)

[ # — = ~—————— = 20.8 {nches?
12 12

Transferring this moment of inertia to the section's neutral
axis: (See figure 12 on page 33)

[ =1, + Az = 20.8+ (1.5)(5.5)(13.25%) = 1469 inches?
Because there are four flanges: X 4
I(franges) ° 5875 in?
3/4" plywood web, own axis coincides with section's N.A,
bad  (.75)(32%) .
[z ~— &8 ——n—n_—. = 2084 in
12 12
Because there are three Webs: X 3
6144 10’
Gross moment of fnertia (Ig):

I, = 1g + Igw = 5876 + 6144 = {12,020 in

4

The net moment of inertia, however, must be known in grder to
{investigate the trial section's performance with respect tc bending,
shear, and deflection due to bending., The procedure is only slightly
different from that of computing the gross moment of {nertia. The
moment of {nertia of flanges remains exactly the same. The moment of
inertia of the web members is calculated using only the effective thick-
ness of the plywood webs. The effective thickness of a plywood web {s
the sum of the thicknesses of those plys having grain running in the
same directfon as the beam's longitudinal axis, The thickness of the

plywood's crossbands 1s deducted from the total thickness. Far 3/4 inch
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plywood, the effective thickness is determined thusly: (See appendix D,
page '110)

Faces: Two & 0,100 = (,200"
Centers: One 8 0.183" = (,183"

0.383" (Effective web thickness)
Therefore, the net moment of {nertia of a web member is:

Loy = 242 = (.383)(32%) = 1045 in?

12 12

*  Because there are three webs: X 3

3135 in4

Combining the net moment of inertia of the webs with the moment of iner-

tia of the flanges:

4
In = Ieg + Iew = 5876 + 3135 =]9011 in

The section modulus will be based on the net moment of inertia,
as those web plys whose grain is vertical, do not contribute to the sec-

tion's resistive moment. Therefore:

1 1
s = ¢ o= B s ind

The designer must determine the trial section's statical moment.
Actually there are two considerations here. The statical moment of the
entire section will be used in investigating shear through-the-thickness
(horizontai shear). The statical moment of just the flanges is used
when investigating shear in the plane-of-plys (rolling shear stress) at
glued, flange/web joints.

The statical moment of flanges for the sample problem is dia-

grammed and computed in figure 13 on page 35.
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Qf = moment of the cross-sectional area of the flanges,
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Figure 13
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Solving for Qe
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The statical moment of the webs for the sample problem is dia-
grammed and computed in firgure 14 on page 37.
The statical moment of the entire section is equal to the sum

of the statical moments of the parts. Therefore:

Q = Qp + §, = 219 + 147 = |36 in°

The last section property the designer needs to calculate is the
weight. A close approximaﬁion of the sectfon's weight can be made by
assyming that the weight of wood {s forty pounds per cubic foot. (this
will err on the side of safety as most of the species commonly used in
building construction wii! wefgh a bit less than this.)

Therefore:

Cross-sectional area X 1 foot % 40 #/ft3 = Ji{near weight

0.73 square feet X 1 X 40 = | 29 PLF

It may be helpful at this time to 1ist all of the section pro-

perties that have been calculated for the sample problem.

Gross moment of inertia Ig = 12,020 in4
Het moment of inertia I, = 9,011 ind
Section modulus S = 563 in°
Statical moment Q = 366 in
Statical moment of flanges Qf = 219 in3
Weight W o= 29 PLF

Bending Investigation

The flanges in a box beam largely determine the component's
resistance to bending., Similar to simpy-supported steel wide-flanges
and [-beams, the upper flanges are in compression and the lower flanges

are in tension. So it 1s allowable tensile stresses and compressive
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stresses, rather than allowable bending stresses that the designer is to
consider when determining the moment resisting ability of the trial sec-
tion. (A flange s actually subjected to some bending stress, however
1ts magnitude 1s nagligible.)

The allowable tensile stress of the lumber the researcher has
chosen is 1200 PSI. This 1s less ihan the 1400 PSI allowable compres-
sfve stress, and therefore tension is the critical factor. With the
sec%jon modulus and allowable stress known, the designer can compute the
maximum allowable bending moment (resistive moment) for the trial sec-
tion. For the sampie problem:

o= £,S = 1200 PSI X 563 in® = 675,000 {n-lbs

The desigrer will now need to determine the actual bending
moment created by the load:
Superimposed load + Beam weight = Total load
14,750 4 + (29 PLF X 30 ft) = 15,6304
The bending moment for a simply-supported beam having a uni-
formly distributed load is equal to:

Wi (15,630)(360)

H = ’é‘m ol 8 = 7(}3,350 1“"“)5 .

In this case the actual bending exceeds the trial section's moment-
resisting ability. The trial section must be altered.

The destgner must make a decisfon. The physical size and/or
shape of the tria) section may be altered (section properties modified);
or a different lumber species and/or grade may be used, The designer
may alter the trial section by specifying larger flanges, additional
flange members, deepen the section, additional webs, thicker webs, or

any combinatfon of these changes,
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In this case, the researcher has decided to specify a “denge”

grade of Select Structural Douglas Fir/Larch. Appendix C.{page' 105)
1ists the allowable tensile stress for this chofce as 1400 PSI. There-
fore the same-sized section now has the ability to resist a 17% greater

bending moment,

M = f,S = 1400 PSI X 563 1n3 = 788,200 in-1bs.
This new resistive moment exceeds the bending moment and therefore is

deemed "acceptable” with respect to bending.

Shear Stress Investigation

Shear, through-the-thickness., Checking for excessive horizon-

tal shear stress is an integral part of the design process for any wood
flexural member. Allowable shear stress in solid wood is decidedly
inferfor when compare to ts bending strength. Typically, wood shear
strength is only 13% of {ts bending strength. (Hoyle, 1973, page 101)
Shear forces are transmitted by the web members in box beams. This is
similar to the web's function in rolled steel shapes. Because the web
member fr a box beam is plywood, the designer takes advantage of its
superior shear strength (as compared to solid wood).

The atlowable shear stress for the plywood specified in this
sample problem (and all group one specfes of plywood) fs 250 PSI. For
sol1d wood this figure (F,) would typically be less than 100 PSI (See
appendix C, page 105-109). The total thickness of the plywood web is
assumed to transmit the shear,

To compute the actual horizontal shear stress in the sample pro-

blem, the designer needs to solve the following equation.
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vVaQ
fy ® ——
I3t
Where:
fv = actual horizontal shear stress
V = maximum verticél shear (15,6304 ¢ 2 = 7815#)
I, = net moment of {nertia (95011 1n4)
2t, = sumof web thicknesses (3 X .75" = 2.25")
* Q = statical moment (366 1n3)

For the sample problem:

Y Q (7815)(366)
T30 (9011)(2.25)
Because this is considerably less than 250 PSI (the allowable), the

¥ =

v = 141 PSl

designer concludes that the tial section section is acceptable with

respect to horizontal shear.

Shear, in the plane-of?plzs. When glue 1s used in the fabrica~-

tion of the box beam, the designer shoudl be concerned with the stress
developed at the junction of a flange and web. When comparing shear
stress for lumber with the allowable shear in the plane-of-plys (rol-
1ing shear) of piywood, the plywood shear {s the lesser of the two
allowables_ and consequently is the critical element in this investiga-
tion. Robert Hoyle (1973, pages 65-66) presents a brief explanation of
the concept of rolling shear.

When plywood is loaded perpendicular to the panel faces, in

flexure, the plies with grain perpendicular to the direction

of span are the weakest aspect of the construction with respect

to shear stress resistance. The wood fibers in these plies roll

at stresses below the shear parallel-to-grain strength nomally

accorded solid lumber,

Excessive rolling shear therefore, could result in separatfon at the
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flange/web joint and effectively cause the component to fail.

The maximum allowable rolling shear stress, based on the
researcher's assumption for the sample problem, 1s 75 PSI. In box beam
construction however, this figure must be taken at 50% of the maximum
(37.5 PSI) for the following reason. In reality, the load at such a
connection creates shear stresses in the plywood that extend beyond the
area of common surface on both sides. (Hoyle, 1973, page 66) The max-
1wug value for rolling shear, given in the appendix relies on this phe-
nomenon. In the case ¢f the box beam, the plywood web ext@nds past the
flange on one side on]y,'hence the fifty percent reduction in the allow-
able stress.

To compute the actual rolling shear stress at the flange/web
joint, the designer must manipulate ore of the two algebraic expressions
given below, -

For box beams with one "enclosed" web or two "non-enclosed" webs:

VQ¢
fo = where: f_ = actual rolling shear stress
2dI, s

maximum vertical shear

a
[ ]

flange depth
In = net moment of {fnertia
Gr

For box beams having more than one "enclosed" web or more than

statical moment of flanges

two webs, horizontal shear stress 1s:§;sumed to be equal in all webs.
To facilitate calculations, flanges are divided into areas that are
"tributary" to each web and then the rolling shear stress 1s computed
for each flange/web joint, The flange area “served" by each web can be
conveniently assigned by using the web thickness-to total-web thickness

ratio, 1.e. t,/2. ty. (American Plywood Association, 1968, page 9)
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For a box beam with one enclosed web, in which the thickness of
the inner web is less than twice the thickness of an outer web, the max-
imum rolling shear stress will be present on the outside web. The mag-
nitude can be calculated by the following formula:
VQrty |
dinZt,

Addressing the sampie problem, the designer must solve the formula

fo =

immddiately above. Where: V = 7815 #
t, = .75"
d = 5,5"
9011 n*
2.25"
219 1nd

—t
=]
]

&
CI

Now, computing the rolling shear stress:

VQgt, . (7815)(219)(0.75)
f = » = 11.5 PS1
 dI3t,  (5.5)(%011)(2.25) T

The actual rolling shear stress then, is well below our maximum allow-

able value of 37.5 PSI. The designer declares the trial section to be

acceptable.

Deflection Investigation

The designer needs to control deflection of the member for
structural and psychological reasons. Maximum deflection criteria are
usually dictated by building codes. Commonly used maximums are 1/240th
of span for total load deflection and 1/360th of span for 1ive load
deflection,
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Approximate method. Plywood box beam deflections are typically

computed by an approximate method. A more accurate method 15 used {f
deflection should prove critical using the approximate method.

By using the conventional beam deflection formulas (see appen-
dix E, pagelll), the designer can determine the deflection due to bend-
ing. Because these formulas 1gnor§ the deflection due to shear, the
value found by the formula {s then multiplied by the shear deflection
fag;or from the chart below. This gives a close approximation of the

total deflection.

Shear Deflection Factors
Span/Depth Ratio Factor
10 1.5
15 1.2
20 1.0
Figure 15

Tablae of Shear Deflection Factors
For the sample problem:
5W13 (5)(15,630)(360°)
A = - = 585"
384E1n (384)(1,800,000)(9011)

The span/depth ratfo is 360/32 = 11.25. By interpolating in the chart

above, the shear deflection factor 4s 1.425. Therefore the approximate
total defiection is: 1.425 X ,585" = ,833"

And since 1/240th of the sample problem's thirty foct span is 1.5", the
deflection due to the total load {is acceptable.
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Cons{idering only l1ive load deflection:
Live load = 30 PSF X 360 ft2 = 10,8004
513 (5)(10,800)(3603)

A = = e 405"
3B4EL (384)(1,800,000)(9011)

Adjusting, to include deflection due to shear:
1.425 X 405" = 577
The maximum 1ive load deflection cannot exceed 1/350th of the span, or
one inch in this sample problem. Again, the deflection i{s quite accept-

b
able,

Refined shear deflection. There 1s no need, in this example, to

use a more refined method of calculating shear deflection as it is obvi-
ously not a critical factor with the trial section. The procedure how- h
ever 1s presented, as follows. This method was developed by the Ameri-
can Plywood ASsociation. The formula:

P1KhC

As °
6 1

Where:
A g = actual deflection due to shear
P = total load
1 = span
- i = depth of beam (see figure i6, page 45)

K = a factor, determined by the beam's cross section
(see figure 17, page 46)

G = shearing modulus of the webs. (From tests, G may
be taken as E/20 for panels with exterior glue.
Where equitibrium moistura content in service
will be 16% or higher, reduce this figure by 16%)
(Tests by A.P.A.)

Ig = gross moment of {nertia

C = coeficlent, dependent on type of loading (See fig.
18 on page 47)
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For built-up box beams that are symmetrical about both the ver-

tical and horfzontal axes (as fs the case in most box beams), the value
for “K" may be found by solving the equatfon below,

1243 - 18n¢% + 6n2d / 1
K = % [1+ -1
h3 Tt

However, rather than "plug and chug" this rather lengthy formula, the

Amer{can Plywood Association has developed the chart shown below.

A 1.6 0.10

/ \gj;,, Valves of _Zt_}.

0.0 0.1 0.2 0.3 Q. 4 05
Valves of d/p
SECTION CONSTANT

Figure 17

Shear Deflection Formula: K Factor
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| £ % A £ ] - £ o
Uniform Load Concentrated Load Equal Symmetrical
C=0.0% . C= 0. 4K{(i-k) Concentrated loads
: Cr0.2x
LOAD COEFFICIENTS
Figure 18
4 Shear Deflectfon Formula: C Factor
(American Plywood Association)
For the sample problem:
P = 15,6304 C= .05
1 = 350" G = 90,000 PSI
no= 32° K= .44
Iy = 12,020 in®
Solving for o
A ==mm{"c ) (15,630) (360) (.44)(32%)(.05) R
oG (90,000)(12,020) '

g
Adding tiis figure to the deflection due to bending reveals total deflec-
tion. However, by using this mere refined procedure, the modulus of
elasticity for both the plywood and lumber may be increased by 10%.

(Hoyle, 1973, page 248) Therefore:

-

~.585
FANE ALY R YTT
.10

The designer has now confirmed, with greater accuracy, that the trial

section will not deflect excessively.
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Web Stiffeners

Stiffeners, of dimension lumber, are required at the beam's
reactions and at points of heavy concentrated loads (if any). They
should fit snugly against top and bottom flanges and webs, and securcly
attached. (A.P.A., 1968, page 11)

For box beams with unifonﬁ loads, stiffeners should be placed
at four foot intervals, or less, to prevent web buckling and increase

resistance to horizontal shear stress. (Hoyle, 1973, page 248)

At reactions., Bearing stiffeners placed at reactions must be

designed to meet both of the following criteria.

1. have sufficient cross section to bear the compressive
load (1bid.)

2. be large enough that the rolling shear stresses in the
web/stiffener joint are not excessive. (Ibid.)

Typically, the stiffener should be as wide as the flange member., To
determine their dimension parallel to the beam's longitudinal axis, con-
sider tne following: (A.P.A., 1968, pages 11-12)

For compressive strength (criterion #1):

P
S —— (Modification of the axial stress formula)
FCng
Where: X = Thickness of stiffener

- P = (oncentrated load or reaction

FcJ. = Allowable stress in compression, perpendicular
to the grain (for flange lumbers

Zb = Sum of flange widths above (or below) the neutral
axis.

For the sample preblem:

- P 7815
Fer2b  (455)(1.5)(2)

5.7°
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For rolling shear stress (criterion #2): For box beams with one
enclosed web or two non-enclosed webs, us the formula below. Box beams
having more than two web members need not be investigated for rolling
shear stress at stiffener/web joints, as it is unlikely to be a critical
element, (A.P.A., 1968, page 11)
p
X =
2hFg
Where: h = beam depth

Fs = allowable rolling shear stress (With 50% reduction)

Uniformly distributed loads. For stiffeners not at beam ends,

the fifty percent reduction factor of allowable rolling shear stress
need not be taken. Also, in contrast to stiffeners at beam ends, the
total load does not need to be transferred through the stiffener. A
conservative estimate would be one-half. (Hoyle, 1973, page 249}

For beams with uniform loads, stiffeners are assumed to be four
feet on center. This assumption is then investigated for adequacy. In
the sample problem, the load on a four foot length of beam would be
2,084 pounds, One-half of this weight (1,042#) would be the "P" varia-

ble in the formulas given atove.

Lateral Stability

Deep, narrow beams, although very efficient for resisting bend-
ing, may require restraint to prevent then from deflecting laterally.
The American Plywood Association has issued the following guidelines
for built-up plywood box beam lateral support. The table, on page 50,
describes the type of restraint that is necessary, based on the section's

depth/width ratfo. (A.P.A., 1963, page 12)
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Lateral Bracing Guidelines

Depth/Width Ratio:

Provision for Lateral Bracing:

Up to 6 None required

5 to 10 Ends held fn position at bottom flange
at supports.,

10 to 20 Beam held in line at ends (both top and
bottom flanges restrained from hori-

A zontal movement in planes perpendicu

lar to beam's axis.)

20 to 30 One edge (either top or bottom) held in
line.

30 to 40 Beam restrained by bridging or other

bracing at intervals not more than
eight feet,

more than 40

Compression flanges fully restrained and
forced to deflect in a vertical plane,
as with a well-fastened joist and sheath-
fng or stressed-skin panel system.

Figure 19

Lateral Bracing Guidelines
(American Plywood Association)

Economy of Design

The structural integrity of the trial section has now been fully

confirmed.. The reader probably noticed that in some aspects of the

design, the trial section was considerably more than adequate. The

researcher, in presenting this sample problem, has not made an effort to

maximize the economy of design. The designer may elect to revise the

trial section in order to meet the structural needs of the application

with a minimum of material and/or labor of fabrication. It {s not the

intent of the researcher to do so in this study.
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It {s obvious that this maximizing process could become a lengthy
affair 1f econony were the main criterion. Equally obvious is the fact
that the design process would be greatly facflitated through the use of
a computer or programmable calculator. Each of the several steps in the
design process could e2asiiy be written as a subroutine of the design
program. Then the repetitious aspéct of maximizing economy would require

1ittle time or effort on the part of the designer,
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Chapter Five
INSTRUCTIONAL UNIT

This chapter contains instructional materials for presenting
the built-up piywood box beam as & unit in a structural wood design
course,

It 1s the opinion of the researcher that this unit should come
after students have become familifar with design of flexural and axially
loaded members of solid wood.

Following is an outline of the instructional materials in this

chapter and suggestions for other teaching aids.

I Student handouts
A. General unit {nformation sheet.(ses page 54)
B. Box beam general information handout
Pages 55 through 65 are degsigned to serve as a student
handout. That {s the reason for dual pagination.) The
handout gives general information about the box beam
and consists of selected parts of chapters one, two
and three of the study.
C. Box beam design handout
R Pages 66 through 86 are designed to serve as a student
handout. It gives the design procedure, presented
very nearly exactly as it appears in chapter four.
D. Unit examination (See page 87)
I1 Instructional support
A. Audio-visual adds
1. Overhead transparencies.

The researcher suggests that transparencies be made
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from the figures in chapters one through four. Thesa
would prove particularly helpful i{n presenting the
design procedure to the class.
2. Photographic slides of box beam applications

3. Mock-up of box beam sections

4, Field trip to see box beam fabrication and {nstalla-
tion

5. If a testing lab {s available, construct a small
box beam and compare its structural performance
with beams of solid wood having the same weight.

IIT Miscellaneous
A. Solution to unit examination (See pages 88-89)
B. Text book suggestion:
In researching the available materials and literature

about the plywood box beam, the best reference found

was Robert Hoyle's Wood Technology in the Design of

Structures. This volume would make an excellant text,
not only for box beam desfgn, but for any course in
structural wood desfign. The book that the researcher
used was a 1973 edition. A new edition will be avail-
able very soon (April 1978) from the publishers: Moun-
tain Press, 287 West Front Street; Missoula, Montana

- 59801. The tentative price 1s $12.50.
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A
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OBJECTIVE:
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REFERENCES:
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-

Structural Wood Design
DESIGN OF BUILT-UP PLYWOOD BOX BEAMS

Present background information and procedures
for the structural design of box beams.

Understanding of the fundamentals fo structural
mechanics.

Knowledge of design of solid wood flexural mem-
bers.

The student who successfully completes this unit
will be able to design built-up plywood box beams
for applications common to light frame construc-
tion.

Classroom discussion & demonstration, and stu-
dent-solved problems.
Instructor prepared handouts.

Wood Technology in the Design of Structures
Robert Hoyle, lountain Press, /fIssoula | ontana

The student will be expected to demonstrate his/
her knowledge and understanding by completing a
performance based examination.
Grading criteria will consist of:

Structural integrity of solution

Accuracy and viability of assumption and
computations

Neat and lcgical format & Sketches

Relative economy of design
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Structural Wood Design
BUILT-UP PLYWOOD BOX BEAMS: GENERAL INFORMATION

What is a built-up plywcod box beam?

The built-up p]y@cod box beam is a structural component using
one or more webs of plywood with two or more flanges of lumber. The
elements can be glued, nailed, or both, tc form a2 monolithically-acting
beam. The unit is holiow except for vertical lumber members placed at
intervals to act as web stiffeners. (See figures A & B on following
pages) The unit is similar to relled steel sections in that the flanges
resist bending while the web(s) transmit(s) shear forces. By using
dimension lumber for the flanges and plywood for the webs, the structural
properties of the two materials are used to their greatest efficiency.
The result fs an economical beam with a good weight-to strength ratio.
The box beam 1s "particulariy efficient where deep sections are desired

for architectural effects." (American Plywood Assocfation, 1965)

Uses and Advantages

...Plywood box beams are opening new horizons for bufldin
design each day. A highly versatile component spanning d?s-
tances up te 120 feet, they utilize the structural soundness
and inherent physical properties of plywood to achieve new and
economical concepts. (Plywood Fabricator Service, 1959)
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Plywood box beams have been used in almost every type of con-
struction. Most often they find service as roof and floor beams, ex-
posed rafters, lintels and ridge beams. However they have served as
structural members for conveyor belts,.pedestr1an bridges and sign
mountings. (DFPA, 1958, page 6) Weather dces not restrict the usage of
the box beam. They may be used in places of permanent exposure to ex-
treme weather., With special treatment, they may be used where fire
res?st1v1ty or decay is a concern.( Ibid.) Many of the problems of
building maintenance encountered with solid wood members are prevented
or minimized by using box beams. Seasoning defects and dimensional sta-
bility are but two examples. (Ibid.) Box beams can be buiit in various
shapes, such as cambered, curved, arched or tapered, as well as the more
conventional straight beam of rectangular cross section. (Perkins, 1962,
page 90)
The Plywood Fabricator Service (1959} lists ten distinct advan-
tages that the box beam has to offer.
* Great design freedom
* High strength and stiffness to weight ratios
* Rustproof and corrosion resistant
* Dimensional stability
* Freedom from large shrinkage cracks
* Smooth, easy to finish surfaces
* Reduced transportation costs
* Uniform manufacture
* Rapid delfvery

* Low in-place costs
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Fabrication

Box beams may be assembled using glue, nails, or a combination
of both. etal connectors may be used to laminate immediately adjacent
flange members. Flanges may be placed either vertically or heorizontally

as shown in the figure below.

i
i i {
<

Figure C

Box Be&m Cross Sections Showing
Vertical and Horizontal Flanges
Shop fabrication is recognized as the preferred construction
practice. This permits full-pressure gluing., Although this requires
expensive equipment, the resulting beam acts as a compietely integral
unit, with no slippage at joints or splices. This method aiso insures
that stresses may be safely assumed up to the capacity of the plywood
with respect to rolling shear. (Perkins, 1962, page %1)
Nafl-gluing can yield satisfactory results also. However, if
the beam is site-built, particular attention msut be placed on good
gluing and nailing techniques, appropriate moisture content of the

lumber and the 1ike. (Ibid.] The design of nailed and glued members is
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the same as for glued only; the nailing {s used to develop enough pres-
sure to permit proper glue-l1ine integrity.

‘ The third recognized methcd of fabrication is natling alone.
This is the simplest and most economical method. Nafl bearing strength
is used to transmit shear stresses at web/flange joints. If shear
stresses are moderate, as in most light frame construct;on applications,
the system performs quite adequately. {Ibid.) Since no glue s used,
rolking shear stress is not a design consideraticn; however the nafil
schedule 1s quite cr1t1ca]. (Moore, 1978) Nails having larger-than-
normal heads and/or deformed shanks may be used to increase the bearing
capacity of each naifl, thereby permitting a wider nail spacing. (Perkins,
1962, page 91) "

Figures D through H, on the pages following, illustrate the

steps in fabricating and installing a buflt-up plywood box beam,

Engineered Plywood Components

Engineered plywood components are for the most part, prefabri-
cated assemblies using one or more materials in conjunction with plywood.
Tneir use has come about, partially, because of the significant increase
in shop fabrication of building components. Typically these include
stressed-skin panels, trussed rafters and joists, rigid frames, folded
plates and box beams. (Perkins, 1962, page 75)

The use of components has had an effect on building construction
fn terms of economy and design. Erection time has bLeen shortened while
flexibility has increased. Most engineered p!y&ood components use dimen-
sion lumber, glue and plywood; they have gained a rather wide acceptance.

The several reasons for this include plywood's light weight along wifh



Figure D

Box Beam Fabrication:
Lumber Members Cut to Size,
Adjacent Flanges Lamingted

Figure E

Box Beam Fabrication:
Lumber Members Nailed or
nafl-glued together
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Figure F

A
Box Beam Fabrication:
Laminating Plywood Web

Members to Lumber Members

"

Figure @

Box Beam Fabrication:
Lifting Completed
Beam imte Place
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Figure H

Box Beam Fabrication:

Installation Detatls
the ease of fabrication and attachment to the other elements in wood
construction. (Ibid.) Plywood components such as the box beam are now
recognized by many of the model building codes. Waterloo and Cedar Falls
have adopted the Uniform Building Code as published by the Intermational
Conference of Building Officials. Seciions 2512 and 2514 of this code

address the use of plywood components.

History

fhe historical front-runner of plywood components was the
stressed-skin panel. (VYermilya, 1961, page 94) It was developed during
the 1930's at the Forest Products Laboratory {n Madison Wisconsin., The
box beam was developed shorly after the stressed-skin panel, again
largely due to the efforts of the Forest Products Lab. The concept of

the box beam however, was used first in the United States for alrcraft
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wing beams and struts in the 1920's. In fact the box beam research
initially conducted at the FPL was done under the direction of the
National Advisory Committee on Aeronautics. (Ibid. page 85)

One of the early publications dealing with the box beam is Sec-
tion Nine of Technical Data Handbook, "Design of Built-up Beams with

Plywood Webs" published in 1542 by the Douglas Fir Plywood Association.
(Ibid.) Information about box besms also began to appear in periodicals

ab@bt this same time, The March 1944 issue of Scientific American noted

that box beams have advantages to offer the builder. The article stated
that this "new product...has been developed by the Timbeam Company." An
unsuccessful attempt was made to find out more about the Timbeam company,

possibly the first to commerciaily construct the box beam.
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BUILT-UP PLYWOOD BOX BEAMS: STRUCTURAL DESIGN

Design Method

A There are several references, texts, etc. which explain box beam
design methods. May of the procedures are similar in that they are some-
what simplified, abbreviated or narrow in scope of application, The
design method presented herein s the most accurate, comprehensive and

up-to-date design procedure available.

Procedural Qutline

The design procedure that will be followed in this handout can

be outlined as follows,

I Loading
A. Dead loads
B. Live loads
C. Type of loading
I1 "Trial assumption
A. Haterfal specification
B. Trial section
1. Configuration
2. Dimensions

3. Section properties
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a. Gross moment of i{nertia
b. Net moment of {nertia
¢. Section modulus
d. Statfcal moment
e. Weight per linear foot
IIl Bending investigation |
A. Resistive moment
B. Bending moment
C. Modification of trial section
IV Shear stress %nvestigation
A. Through-the-thickness (Horizontal shear)
B. At flange/web joints (Roliing shear)
V Deflection investigation
A. Approximate
1. Due to bending
2. Due to shear
B. Refined shear deflection
VI Web stiffeners
A. At reactions and concentrated loads
B. Uniformly distributed loads
VII Lateral stability

Sample Problem

Each of the items in the ocutline above will be explained by using
the following sample probiem.
The designer wishes to clear span the roof of the building shown

in figure A (See page 3). The cost of transporting prefabricated roof



68
(3)

24

}
JOoweTs v JdoleTs
............. - |
!
|
Q. H
N z ‘.
|
§
|
’i 1

WOOY FRAMED WALL (TYPILAL) - k

FLAN

e -0

ROCE CONSTRUCT | ON:

2 PLY sUILT-UF ROoF

Y4' PLYWOOD DECK.

2% |0 Jo1sTEs @ 2 -0 O.c.

Figure A

Sample Problem
Plan View of Building



69

(4)
trusses to the remote site would prove too costly; consequently, the
decision has been made to place a job-buflt plywood box beam aiong the
building's longitudinal axis. The beam will support roof joists which

are placed at two foot intervals,

Loading
Recognizing that the beam in this application is a simply-sup-

ported member, having a uniformly distributed load, the desfgner will
s Y
first need to determine the magnitude of the load. In this case, the

dead loads consist of:

Buflt-up roofing = 5.5 PSF

Plywood decking = 2,0

Joists = 3.5
11.0 PSF

The 1ive load will depend on local buflding codes. The designer
should consult the appropriate code, or if none are in effect, select a
1ive load from reference material, appropriate to the region. For pur-
poses of this sample problem, thirty pounds per square foot will be used.
Therefore: Total design load in PSF = 11 4 30 = 41 PSF.

In this typical application, the area of roof supported by the
beam is equal to the beam span multiplied by the sum of half the joist
span on both sides of the beam. For the sample problem, this area is
equal to 30 feet X 12 feet, or 360 square feet.

Therefore, the total superimposed beam load is:

360 square feet X 41 PSF = 14,7604

Trial Assumption

The design process for box beams is to assume & member and then

verify {ts structural integrity. This assumption has two main parts,
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selection of materfal to be used in the construction; and selection of

a beam section (flange and web configuration, and depth).

Material specification, Materials must be specified for flange

members and web members.

The dimension lumber usediin the flanges may be specified 1n
more than one manner. The designer may wish to call out species, grade,
moisture content, etc. and use the design values assigned to his selec-
t{;n by the appropriate grading agency. The designer's selection should
obviously be one that {s available locally, at reasonable cost. An
alternative to this method is for the designer to specify minimum values
for bending, tension, compression, shear, modulus of elasticity, etc.
without calling out a particular lumber species and grade,

Plywood is specified by calling out a particular grade and spe-
clies group. Typically, plywood used in box beams are group one species
of types having exterior glue.

For purposes of the sample problem, the following assumptions
for materfal specifications are made:

Lumber: Douglas Fir/Larch, Select Structural Joists & Planks
Tension, parallel to grain {(Fy) = 1,200 PSI
Compression, parallel to grain (FC) = 1,400 PSI

455 PSI

Compression, perpendicular to grain (FcL)

Modulus of elasticity

1,800,000 PSI

Plywood: Douglas Fir (Group 1), Structural I - AC

Tension, parallel to grain 2,000 PSI

Compression, parallel or perpendicular
to grain

1,650 PSI
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Shear, 1n the plane of plys (rolling) = 75 PS!
Shear, in plane perpendicular to plys = 250 PsI
Modulus of elasticity = 1,800,000 PSI

Trial section. There are tables that are designed to help the

designer in making an assumption for the size and configuration of the
trial section, However because of the virtually unlimited number of
possible configurations, these tables are necessarily incomplete, The
task of making this assumption becomes easier with experience. As with
beams of steel or concrete, the deeper beam 1s usualiy the more econom-
fcal chofce. Plywood box beams are typically limited to four feet in
depth, as commcnly available plywood panels are four feet in width,
There may be other considerations which dictate the phys{cal dimensions
of the beam section. Shown below is the trial section assumed for this

sample problem,

2x(p FLAMNAES

.w.ﬁ._%,_*
L:-*"‘-’il;

ya PLONGDD NERS

Figure B

Sample Problem
Trial Section
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The next step is for the designer to calculate the structural
properties of the trial section. This includes moment of inertia (both
gross and net), section modulus, statical moments and section weight.

Computing the gross moment of inertia is accomplished exactly
in the same manner as it is for any bhilt-up section. The gross moment
of inertia is needed when calculating the box beam's deflection due to

shear stress. Follwing 1s the gross moment of inertia for the sample

problem.
2x6 flange, about an axis through 1ts own centroid: (see figure
C, below) bd3  (1.5)(5.5%) .
e ® —emem = 20,8 {n*
12 12

Transferring this moment of inertia to the section’s neutral
axis: (See figure D, below)
I =15+ Az% = 20.8 + (1.5)(5.5)(13.252) = 1469 {n®

Because there are four flanges: X 4

< 4
[(flanges) = 2876 in

374" plywood, about own axis (which cofncides with section's N.A.)

bdd  (.75)(323)

= —= = 2084 in%; times 3 webs = 6144 in®
12 12
Gross moment of fnertfa: I = I, + I, = 5876 + 6144 = 12,020 in’
T Rﬁe‘:q”;f!
N —A

Flange Section Transferring Flange Moment of Inertia
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The net moment of inertia, however, must be known in order to
investigate the trial section's performance with respect to bending,
shear, and deflection due to bending. The procedure is only slightly
different from that of computing the gross moment of {nertia. The
moment of ifnertia of flanges remains exactly the same., The moment of
fnertia of the web members 1s calcuiated again, this time using only
the effective thickness of the plywood webs. The effective thickness
of a plywood web is the sum of the thicknesses of those plys having
grain running in the same direction as the beam's longitudinal axis.
The thickness of the plywood's crossbands {s deducted from the total
thickness. For 3/4 1nch plywood, the effective thickness 1s deter-
mined thusly:
Faces: Two at 0.100" = 0,200 "

Centers: One at 0.183" 0.183 *“
0.383" = tow (effecttve web thickness)

Therefore, the net moment of inertia of a web member 1s:
bad  (.383)(323) . .
l ® o o —m————— 2 1045 in", X 3 webs = 3135 in"
12 12

Combining the net moment of inertia of the webs with the moment of 1iner-

tia of the flanges: I, = 1o+ I, = 5876 + 3135 =|9011 in?

The section modulus will be based on the net moment of inertia,
as those web plys whose grain 1is vertical do not contribute to the sec-
tion's resistive moment. Therefore:

1 901 3
S=¢c = 16 =563 in
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The designer must determine the trial section's staticel moment.

Actually there are two considerations here.

The statical moment of the

entire section will be used in investigating shear through-the-thick-

ness (horfizontal shear). The statical moment of just the flanges {s

used when investigating shear in the plane-of-plys (rolling shear) at

glued, flange/web joints.

See the figures below for diagrams and cal-

culations for statical moments of webs and flanges.

B Y
i L ’/’“"\Zx o r:E’A\l(pf-;c/
TR
A
. \D
I\
0
oy
! . ‘ A

Qs = moment of the cross section
of the flanges, about the
neutral axis.

0¢ = 2[(1.5)(5.5) (13.25)] 0[2‘?—%‘”0
.

Figure E
Salving for Q¢

The statical moment of the entire section

statical moments of the parts.

Q = Qf + Q, = 219 + 147

F e o Py wan
L tew=.38%"

!
|

i o=

1 H 1]
I & B
‘
i §

T

tp

Therefore:

HMoment of the cross section
of webs, about the neutral
axis, effective thickness
of web only,

R
5[(16)(.383)(8)] = 147 jn3r

Figure F

Solving for Qw

is equa) to the sum of the

366 1n°
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The last section property the designer needs to calculate is
the weight. A close approximation of the section’s weight can be made
by recalling that wood weighs forty pounds per cubic foct. (This will
err on the side of safety as most of}the species commonly used in build-
ing construction will weight a bft less than this.) The cross-sectional
area of the section being considered is 0.73 sguare feet. Therefore

1t will welgh approximately 29 pounds per iinear foot.
A

It may be helpful at this time to 1ist all of the section pro-

perties that have been computed for the sample problem’s trial sectfon.

Gross moment cf inertia Ig = 12,020 in*
Net moment of inertia In = 9,011 in?
Section modulus S = 563 in®
Statical moment Q@ = 366 in3
Statical moment of flanges Qs = 219 TE
Wefght W= 29 PLF

gending Investigation

The flanges in a box beam largely determine the component's
resistance to bending. Similar to simply-supported steel wide-flanges
and I-beéms, the upper flanges are in compression and the lower flanges
are in tenston. So 1t 1s allowable tens{le stresses and compressive
stresses, rather than allowable bending stresses that the designer is
to consider when determining the moment resisting ability of the trial
section. (A flange {s actually subjected to some bending stress, how-

ever 1ts magnitude 1s negifgible when compared to direct stress.)
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The allowabie tensfle stress of the lumber the researcher has
chosen 1s 1200 PSI. This 1s less than the 1400 PSI allowable compres-
sive stress, and therefore tension is the critical design value in
bending. With the section modulus and allowable stress known, the
designer can compute the maximun aillowable bending moment (resistive

moment} for the trial section. For the sample problem:

M = F,S = 1200 PSI X 563 in3 = 675,000 in-1bs.

The designer will now need to determine the actual bending
moment created by the load:

Superimposed load + Beam weight = Total load

14,7604 <+ (29 PLF X 30 ft) = 15,6304
The bending moment for a simply-supported beam having & uniformly dis-
tributed load is eqgual to:
W1 (15,630)(360)

Ms . = = 703,350 in-1bs.
g 8 '

In this case the actual bending moment exceeds the trial section’s
moment resisting abiiity. The trial section must be altered.

The designer must make a decision. The physical size and/or
shape of the trial section may be altered (section properties modified)
or a d%ffgrent lumber species and/cr grade may be used. The designer
may alter the trial section by specifying larger flanges, additicnal
flanges, deepen the section, additional webs, thicker webs, or any
combination of these changes,

In this case, the decision has been made to specify a "demse"
grade of Select Structural Douglas Fir/Larch. The allowable tensile

stress for this choice is 1400 PSI, This change results in a 17%
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increase in resistive moment, without increasing the size or weight of
the trial section.

M = F,S = 1400 PSI X 563 tn = 788,200 in-1bs

This new resistive moment exceeds the bending moment and therefore is

deemed "acceptable" with respect to bending.

Shear Stress Investigation

A Shear, through-the-thickness. Checking for excessive horizon-

tal shear stress is an integral part of the design process for any wood
flexural member. Allowable shear stress in solid wood is decidely
inferior when compared to its allowable bending strength. Typically,
wood shear strength is only 13% of 1ts bending strength. (Hoyle, 1973,
page 101) Shear forces are transmitted by the web members in box beams.
This 1s similar to the web's function in rolled steel shapes. Because
the web member in a box beam is plywood, the designer takes advantage
of its superfor shear strength (as compared to solid wood).

The allowable shear stress for the plywood in this sample pro-
blem (and for all group one species of plywood) fs 250 PSI. For solid
wood this figure would typically be less than 160 PSI. The total web
thickness 1s assumed to transmit the shear.

To compute the actual horizontal shear stress in the sample pro-

blem, the designer needs to solve the following equation.

v Q
f, ® e s .
v In'ZIw Where: fv actual horizontal shear stress
V = Maximum vertical shear
I, = net moment of fnertia iitw = sum of web thicknesses

Q@ = statical moment
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For the sample problem:

vV (7815)(366)
- = 141 PsI
InZt, (9011)(2.25)

f, *

Because this is less than the 250 PS! allcwable stress, the designer
concludes that the trial section is acceptavle with respect to horizon-

tal shear,

A Shear, in the plane-of-plys. When glue is used {n the fabri-

catfon of the box beam, the desin-er shouid be concerned with the stress
developed at the junction of a flange and web. When comparing shear
stress for lumber with the allowable shear in the plane-of-plys (rol-
1ing shear) of plywood, the plywood shear {s the lesser of the two and
consequently {s the critical element in this investigation. Robert
Hoyle (1973, pages 65-66) presents a brief explanation of the concept
of rolling shear.

When plywood is loaded perpendicular to the panel faces, in

flexure, the plies with grain perpendicular to the direction

of span are the weakest aspect of the construction with respect

to shear stress resistance. The wood fibers in these plies

roll at stresses below the shear parallel-to-grain strength

normally accorded solid wood.

Excessive rolling shear therefore, could result in separation at the
flange/web joint and effectively cause the component to fafl.

The maximum allowable rolling shear stress, based on the assump-
tion made earlier for the sample problem, s 75 PSI. In box beam con-
struction however, this figure must be reduced by 50% for the following
reason. In reality, the load at such a connection creates shear stresses
in the plywood that extends beyond the area of common surface on both

sides. (Hoyle, 1973, page 66) The maximum value given in tatles for

this rolling shear relies on this phenomenon. In the case of the box
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beam, the plywood web extends past the flange on one side only, hence
the fifty percent reduction in the allowable stress.
To compute the actual rolling shear stress at the flange/web
joint, the designer must manipulate one of the two equations below.
For bss beams with one ericlosed web or two non-enclosed webs:
f
fs ® e where: f_ = actual rolling shear stress
{3
V = maximun vertical shear

d

flange depth
In = net moment of {nertia
Q¢ = statical moment of flanges
For box beams having more than one enclosed web or more than
two webs, horizontal shear stress 1spg;sumed to be equal in all webs.
To facilitate calculations, flanges are divided into areas that are
“tributary” to each web and then the rolling shear stress {s computed
for each flange web joint. The flange area "served" by each web can
be conveniently assigned by using the web thickness-to-total-web thick-
ness ratio, 1.e. t,/Zt,. (American Plywood Association, 1968, page 9)
For a box beam with one enclosed web, in which the thickness of
the inner web {s less than twice the thickness of an ocuter web, the
maximum shear stress will be present on the outside web. The magnitude
of that §iress can be calculated by the following formula:
VQst,, (7815)(219)(0.75)
it (5.5)(0011)(2.25)

f = 11.5 PSI

s-
The actual rolling shear stress in our sample problem 1s well below the

maximum allowable value of 37.5 PSI.
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Deflection Investigation

Just as in solid wood beam design, the amount of deflection
must be controlled. Many building codes specify a maximum deflection

of span/240 for total loads and span/3tQ for live loads only.

Approximate method. Plywood box beam deflections are typically

computed by an approximate method. A more accurate method 1s used 1f
deflection should prove critical when using the approximate method.

By using the conventional beam deflection formulas, the designer
can determine the def]eétian due~to-bending. Because these formulas
ignore the deflection due-to-shear, the value found by the formula 1s
then multiplied by the shear deflection facticr from the chart below.

This gives a close approximation of the total defliection.

Shear Deflection Factors
Span/Depth R;;;;- | Factor
10 1.5
15 1.2
I héb,, - ,;ww, i;b, AAAAA |

Note: Span/depth ratios larger than 20 need not be considered to add
any deflection due-to-shear. The designer may interpolate 1in
the chart but fs cautfoned against extrapolating data for ratios
less than ten. See the refined method for shear deflection.

Since dead loads in light frame construction are relatively small when

compared to 1ive loads, l1ive load deflections are generally the more

restrictive., For this reason, only live load deflection will be com-

outed for the sample problem.
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Live load = 30 PSF X 360 ft° = 10,800#
5W13 (5)(10,800)(3603)

A~ - - 405"
384 EI, (384)(1,800,000}(9011)

The span depth ratfo for the sample prob]em is 360/32, or 11.25. By
interpolating in the chart of shear deflection facters, we find that
a factor of 1.425 will approximate the total deflection due-to-live
load. Therefore: 1.425 X .405" = ,577" . Since the allowable
de}]ection {s equal to the span/360, or one inch in this case, the

total actual deflection is quite acceptable.

Refined shear deflection The following presentation was devel-
oped by the American Plywood Association and yieids shear deflections |
that are more accurate than the previous discussion. This refined
method uses émpirical data derived from testing done by A.P.A,

The formula: P1KhC
A )

s et a——————

G Ig
Where: [&s = actual def]ection. due-tc-shear
P = total load
1 = sgpan
h = depth of section

- K = a factor, determined by the beam's c¢ross
section. {See figure G, page 82)

G = shearing modulus of the webs, (from tests, G
may be taken as E/20 for panels with exterior
glue. Where equilibrium moisture content in
service will be 16% or higher, reduce this
figure by 16%.) (Tests by A.P.A.)

I, = gross moment of inertia

C = coefficient, dependent on type of loading.
‘ (See figure H, page 83)
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For buflt-up box beams that are symmetrical about both the ver-

tical and horizontal axes (as in the case of most box beams), the value

for "K" may be found by solving the equation below.

12d3 - 18nd + 6h%d 1
K=1/4 1+ :

However, rather than "plug and chug” this rather lengthy formula, the

American Plywood Association has developed the chart shown below.
A

TTVALUES CF T

IrA
4 e,

Ny

WHERE:
+= WEE THILK.

= HZLTION

e
WILTH

VALUES OF d/n
d= FLAMGE DEPTH

SECTION

Shear Deflection Formula: K Factor

0.%
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P #/2 F/Z
F 2 g ): -~
ESEENSRNNRNERE ' ! ,
- ol i R T f -
| I 1 j i i
| ! i % 5 i
UNIFORN LOAD CONLENTRNTED LoAl FEUAL SYMMETRICAL
C= 2.08 Ce 0d (1K) COMCENTRATED LOADS
. /:\ o 2 .
LOAD COEFFICIENTS
\ Figure H

Shear Deflection Formula: C Factor
(American Plywood Association)

For the sample problem:

P = 10,8004 C= .05
1 = 360" G = 90,000 PSI
h = 32" K= .44

I, = 12,020 in4

Solving for ﬁ&s:

PIknC  (10,800)(360)(.44)(32%}(.05)
A = . = 117"

* 6 I (99,000)(12,020)

Adding this figure to the deflection due-to-bending reveals the total
deflection. However, since we used the refined method for calculating,
the elastic modulus of the lumber and plywood may be fncreased by ten

percent. (Hoyle, 1973, page 248) Therefore:
A= — + 081 = 449"

The designer has now confirmed, with greater accuracy, that the trial

section will not deflect excessfvely.
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Web Stiffeners

Stiffeners, of dimension lumber, arc required at the beam's
reactions and at points of heavy concentrated lcads (i1f any). They
should fit snugly against top and bottom flanges and webs, and securely
attached. (A.P.A., 1968, page 11)

for box beams with uniform loads, stiffeners shouid be placed
at four foot intervals, or less, to prevent web buckling and increase
the‘beam's resistance to horizontal shear stress. (Hoyle, 1973, page
248)

At reactions. Oearing stiffeners placed at reactions must be

designed to meet both ¢f the following criteria:

1. have sufficient cross section to bear the compressive
Yoad., (Ibid.)

2, be large enough that the rolliing shear stresses in the
wedb/stiffener joint are not excessive. {Ibid.)

Typically, the stiffener should be as wide as the flange member. To
determine their dimension parallel to the beam's lengitudinal axis, con-
sider the following formula. (A.P.A., 1968, pages 11-12) The formula
1s a modificatien of the axial stress formula.

For compressive strength (criterfon #1):

P
- x =

FC_L}Zb
Where: x = thickness of stiffener
P = Concentrated load or reaction

FcL = allowable stress in compression, perpendfcular to
the grain of flange lumber

Z.b = Sum of flange widths above (or below) the neutral
axis.
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For the sample problem:

P 7815
X = = s & 7¢

Fo b (455){1.5)(2)

For roliing shear stress (Criterion #2): For box beams with one
enclosed web or two non-enclosed webs, us the formula below. Box beams
having more than two web members. need not be investigated for rolling
sheayr stresses at stiffener/web joints, as 1t is unlikely to be a cri-

tical element. (A.P.A., 1968, page 11)

X s where: h = beam depth

Fg = allowable rolling shear stress
(with fi{fty percent reduction)

Uniformly distributed ioads. For stiffeners not at beam ends,

the fifty percent reductfon factor of allowable rolling shear stress

need not be taken, Also, in contrast to stiffeners at beam ends, the
total load does not need to be tranﬁferred through the stiffener. A

conservative estimate would be one-half. (Hoyle, 1973, page 249)

For beams with uniform loads, st{ffeners are assumed to be four
feet on center. This assumption s then investigated for adequacy. In
the sample problem, the load on a four foot length of beam would be
2,084#. One half of this weight (1,042#) would be the "P* variable in

the formulas given above.

Lateral Stability

Deep, narrow beams, although very efficient for resisting bend-
ing, may require restraint to prevent them from deflecting laterally.

The American Plywood Association has fssued the following guidelines for

built-up plywood box beam lateral support. (A.P.A., 1968, page 12)
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Lateral Bracing Guidelines (American Plywood Assocfation)

Depth/Width Ratio

Provisions for lateral support

Up to & None required

5 to 10 EndS held in position at bottom flange

at supports

10 to 20 Beam held in 1fne at ends (both top and

bottom flanges restrained from hori-
b zontal movement in planes perpendicular
to beam's axis)

20 to 30 One edge {efther top or bottom) held in ‘
i 11ne. |
| — |

30 to 40 Beam restrained by bridging or other bra-

cing at intervals not more than eight
feet.

‘ more than 40

Compression flanges fully restrained and
forced to deflact in a vertical plane,
as with a well-fastened joist and
sheathing or stressed-skin panel system.;

tEconomy of Design

The structural integrity of the trial section has now been fully

investigated and conf{rmed.

The reader probably noticed that in some

aspects of the design, the trial section was considerably more than just

adequate. No attempt was made to maximize the economy of design. The

designer may elect to revise the trial section in order to meet the

structural needs of the application with a minimum of material and/or

labor of fabrication.

References Cited:

Design of Plywood Beams, American Plywood Association, 1968.

Hoyle, R.J. Wood Technology

in the Design of Structures, Missoula,
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Hawkeye Institute of Technology
Architectural & Construction Drafting

Structural Wood Design

UNIT II1 EXAMINATION

Investigate the structural integrity of the trial section in figure 1.
The box beam will be used as a header over an opening in the load bearing
wall as shown in figure 2,

Flanges are 2x4 (1.5" x 3.5") of Dense Select Structural
Southern Pine, K.D. 15% MC

. Webs are 3/4" thick plywood panels of Structural I A-C
N type plywood.

NOTE: The design of web stiffeners need not be done
for this examination.

Figure #1: Trial section and Material Specification

T T R
v i N
| i
Roof construction = 10 PSF EHN .
V4l Q
Fl o R
\ ¥
G| ™
Q1®
o - —

lca'spAN

Figure #2: Plan view of Building

]

You may use references to aid you in the completion of this exam.
Your solution should be presented in a neat, logical and orderly format.

Show your work, except arithmetic, using labels and proper units of
measure, Sketches may help to explain your work.

Write down any algebraic formulas before you-plug in values for the
variables.
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Chapter Six

FINALLY

Summagi

Built-up plywood box beams, one of a number of engineered ply-
woog components, have been around for nearly forty years. They have
bean used in a number of various applications from conveyor belts to
bridges. Their main use; however, continues to be in 1ight frame con-
struction; particularly in manufactured housing, e.g. Wausau Homes.
They offer several distinct advantages, over solid wood beams, notably
good weight-to-strength ratfo, superior performance in shear, and rela-
tively Tow in-place cost.

The design of box beams was inftially developed by the Forest
Products Laboratory in Maaisonvwisconsin. In the past several years,
hoewever, refinements in ihe design procedure have been promulgated by
the American Plywood Association.

The design procedure requires the designer to assume a section
and then ascertain 1ts structural integrity with respect to the loading
conditions. Typically the designer needs to investigate the trial sec-
tion for bending, horizontal and rolling shear, deflection, web stiffen-

ing, and lateral stability.
Conclusions

In the introduction to this piece of research, a statement was

made to the effect that the study of built-up plywood box beams would
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make a valuable addition to a course in structural wood design. The
researcher 1s now convinced that that was a valid statement.

The study has indicated that the design of box beams requires
a background in engineering, at least at the technician level. It {s
the opinion of the researcher that the design of plywood beams lies
within the grasp of the properly ﬁot1vated technician-in-training.
Chapter five of the study presents instructional materials and sugges-
tiqps for adding box beam design to a structural wood design course at

the technical school/community college level.

Recommandations

The design procedure presented in chapter four was based on 14t~
erature that 1s at least five years old. A 1978 edition of Robert

Hoyle's Wood Technology in the Design of Structures, Missoula, Montana:

Mpuntain Press, should be available quite soon. The researcher recom-
mends that the design procedufe fn chapter four be compared with Mr.
Hoyle's new book and the latest information from the American Plywood
Association; there may have been some changes made in the design proce-
dure, based on recent research,

As a result of investigating the 1iterature, the researcher feels
that an additional comment {s appropriate at this time. The built-up
plywood box beam 15 but one of several engineered plywcod components.

The logical direction for this or another researcher to take with respact
to technical instruction in structural design 1s to investigate and
develop instructional units for these other plywood components. Pre-
sently the list might consist of stressed-skin panels, folded plates,

shear walls and diaphragms. Because of the research and development
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efforts of such organfzations as the American Plywood Assocfation, the
Forest Products Laboratory and other, there is likely to be new appli-

cations of structural plywood in the future.
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Class A the ad interim provisions of the copyright law),
orB )Form A-B Ad Interim—Book or periodical in the English language manufscrured and first published outside the
Usnited States of America.
Form B—Periodical manufactured in the United States of America.
Class B {Form BB—Contribution to a periodical manufactured in the Unired States of Amenct
Class C Form C—Lecture or similar production prepared for oral delivery.
Class D Form D—-Dramastic or dramatico-musical composition.
Form E—Musical composition the author of whichis a citizer: or domiciliary of the United States of America or which
was first published in the United States of America. .
Form E Foreign—Musical composition the auther of which is nof a citizen or domiciliary of the United States of
America and which was not first published in the United States of America.
Class ¥ Form F—Map.
Class G Porm G——Work of art or & model or design for & work of ert.
Class H Form H—Reproduction of a work of art.
Class1 Form I—Drawing or plastic work of & scientific ot techaical character.
Ciass ] Form J—Photograph.
~ Form K~—Print or pictorial illustration.
Clas K {Form KK-—Print or label used for an article of merchandise.
Cless L

or M
Class N Form N-—Sound Recordings.
Form R-—-Renews! copyright.
Form U--Notice of use of copyrighted music on mechanical instruments,

" Class B

}Form L~-M—Motion picture.
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applizcation recelived

Two copies racelved

Photographs or reproductions racslved

Fee received
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Certificate

Registration of a Claim to Copyright o
in a print or pictorial ilustration 00 noT waire ene | K

This Is To Cartify that the statements set forth on this certificate have been made
a pare of the records of the Copyright Office. In witness whereof the seal of the
Copyright Ofice is hereto affixed,

Register of Copyrights
Untied Siates of America
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Address ... . . .

2. Title: ¥

{Tide of the work:}

3. Optional Deposlt:

Basis for claiming option:
{1 Monetary value (recasl value per copy) ... i ] Weight (in pounds) ...l

(] Size (give dimensions) ................................... [J Fragility (give details)

4. Author of $he Priat or lllustrotios:

Name oo wemmnmeeene CHtizeaship v e a

(Legal name followed by pieudonym if 1atces appeacs on the copies; (Name of country)
Donticiled in US.A. Yes ... INO nccce AQEIOI L e e e ————— e e 7 ot 2 = o

5. (9) Date of Pubiicakion of the Prind or illustration:

{b) Ploce of Publication:

(Name of counery)
(¢} Mouufocture Outsids United States by Lithagraphic or Phoicengraviag Process:

L ]

(Name of couniry}
&. Previeus Reglsiration or Publication:

Was work previously registered? Yes _.... WO oo Darg of registrsion ..o . REEiSIFaftion DUMDEL oo annan
Was work previously published? Yes ..... No ..... Date of publication ._..........ccceoeo.. Registration number . ..c.ooeouccmraua.

Is there any substantial MEW MATTER in this version? Yes ......... No ... if your answer is “Yes,” give a brief general
statement of the nature of the NEW MATTER in this version.
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Address

(Numbet and street)
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information concerning copyright in prints and plctorial Hlustrations

When 10 Use l}orm K. TFoerm K is appropriate for pub-
Pished prinss and pictorial illustrations.

What Is w “Print or Pictoriai Wastration”?  This catogony
(Class Ky includes prints and prawrial tustrations produced
by lithegraphy, photoengravioy, or other metheds of repro-
duciion. Puamg os: greenng cards, picture posteacds, calendar
stdusirations, and the like.

Unpsublished Werks, A work cannot be registered as a
“prini or pictorial illustrauon” in unpublished form. Unpub-
lished works are protected at common law against unauthor-
ized use prior o publicauon,

Duration of Copyright.  Statutory copyright in published
prints and pictorial dlustzations lasts fur 28 years from che
date of first publication, and may be renewed for a second 28-
YORT (erm,

How to secure stetutory copyright in a print or pictorial lifustration

Firsi: Produce Copies With Copyright Notice. Produce the
print or iltustration in copies by printing or other means of
reproduction. To secure copyright, it ts essenual that the
copies bear a copyright notice in the required form and posi-
tion, ss explained below. .

Second: Publish the Work With Copyrsght Notice. The
copyright law defines the "date of publication™ as . . . the
earliest date when copies . . . were placed on sale, soid, or
publicly distributed.”

T hird: Register Y nar Copyright Claim. Promptly after pub-
fication, mai} to the Register of Copyrights, Library of Con-

. gress, Washington, DD.C. 20540, two compiete copies of the

print or illustration zs published with notice, an application
on Form K, properly completed and signed, and a fee of $o.
INOTE: Photographs may ge deposited instead of actual copies
under certain cigcumstances; see optional depasit instructions.

The Copyright Notice. The copyright notice for prints and
pictorial illustrations should apgear on the face of the work, or,
if the work is a portfolio or rollection of prints in book form,
on the title page or verso thereof. It should ordinacily con-
sist of the word “Copyright,” the abbreviation "Copr..” or the
symbol ©), accompanied by the name of the copyright owoer,
The year date of publication may be inr:ludcdpin the notice,

but normally it is not required unless the work could also be
regarded as a “'book.”

—Alternative Form of Notice. As an slternative, the notice
for prints and illustrations may counsist of the symhol ©, ac-
companicd by the inicals, monogram, or mark of the copy-
right owner, provided' the owner's name appears on some
accessible part of the copies.

—Universal Copyright Convenmtion Nutice. Use of the
symbol {0 with the name of the copyright gwner and the year
date of publication may result in securing copy right in coun-
tries which are parties to the Universal Copyright Convention
Example: © John Doe 1972, ‘

Opiional Deposit.  For cerwain published works, it msy be
impractical to deposit actual copies because of their size,
weight, fragility, or monetary value. In such cases the Register
of Copyctights may permit the deposit of photographs ar other
reproductions instead of the actual copies, under conditions
specified in the Copyright Office Kegulatuons. !f the opional
orm of deposit is used, it will be necessary: (1) to fill out line
3 on pages 1 and 3, and (2} to deposit photographs or other
identifying reproducticns of the work. For more detailed
information, write to the Copyright Office.

print or picterial illustration,

NOTE: It is the act of publication with notice thar actually secures copyright protection in &
If copies are published without the tequired notice, the right to
secure copyright is lost, and cannot be restored.
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FPhotographs or repraductions received
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APPENDIX B

Plywood Sizes, Nomenclature & Grading Criteria
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APPENDIX C

Allowable Stresses for Visually Graded Lumber

This appendix contains allowable stresses for a selected few lumber
species. Students in & structural wood design course would have access

to a more complete table of aliowable stresses.

The following tables are taken from a supplement to the 1971 edition

of National Desiagn Specification for Stress-Grade Lumber and Its Fastenings

and also the Novembayr 1572 Addendum to the same publication.

NHote: Data in the tables was determined in accordance with American Society
for Testing and Materials Designations D245-71 "Methods for Establishing

Structural Grades and Related Allowable Properties for Visually Graded Lumber'

and D2555-70""Methods for Establishing Clear Wood Strength Values."
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APPENDIX D

Allowable Stresses, etc. for Plywood
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APPENDIX E

Typical Beam Formulas
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APPERDIX F

Suggested Box Beam Specification




118

VITA

Michael J. Sneddon

Waterloo, Iowa 50701

Bomn:

A

Educational Background:

(Hopefully Spring 1978)

Employment History:

Galesburg High School (1965)
Galesburg, I1linois

Associate Degree (1967)

Architectural Technology

Southern I111inois Univeristy
at Carbondale

Bachelor of Science Degree (1973)
Occupational Education
Southern I111nois University

at Carbondale

Master of Arts in Technology Degree

Vocational/Technical Education
Administration and Supervision

University of Northern Iowa

1967
Draftsman for P&M Lustrolite Company
Galesburg, I11inois

1967 - 1970
United States Amy
1971 -1973

Architectural Draftsman for
SimonsRettberg-Garrison-Flom, Inc. of
Carbondale, I11inois

1373 to present

Architectural Orafting Instructor
Hawkeye Institute of Technology
Waterloo, Iowa



	Structural Design of Built-up Plywood Box Beams
	Recommended Citation

	Structural Design of Built-up Plywood Box Beams
	tmp.1692733636.pdf.JY6pE

