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[ ABSTRACT

BRAZILIAN WOODS FOR WOODEN BOXES--A
GUIDELINE FOR WOODEN BOX
MANUFACTURERS
By

Kenshi Hayashida

The present study provides information on Brazilian
woods, either natural or artificially grown, as a source
for wooden boxes and crates.

A basic understanding of lumber characteristics
for use in shipping container construction as well as
their relationships with environments are described.

A guideiine for wooden box manufacturers and users
is provided with emphasis in export packaging. A selection
and classification of wood that might be used in box and
crate construction are presented based on its physical and

mechanical properties.
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I. INTRODUCTION

The intensification of international trading in
recent years in Brazil has forced much more participation
in packaging which has been playing an important role in
the general context of the Brazilian economy.

Brazil began to export manufactured products very
recently so there is very little experience in the field
of export packaging. Gradually problems are coming out
regarding performance of packaging in overseas transporta-
tion.

Wood containers are among the oldest of all pack-
aging products. In the early days of modern shipping,
lumber was plentiful and inexpensive and box manufacturers,
like nearly all users of wood, demanded high grades and
ignored inferior materials. Little attention was given to
designing boxes to obtain the maximum strength with the
minimum amount of materials. The constant depleting of
forest areas and the ever-increasing demand for lumber
raised the prices of higher lumber grades and forced the
boxmaker to use the lower and cheaper grades. In addition,
the competition from other types of materials, primarily

fibreboard and composition materials such as plywood, have
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also been responsible for the design of wooden containers
at the least possible cost. Furthermore, ever-increasing
freight costs are demanding the least tare weight and cubic
capacity of shipping containers.

Regardless of the many competitive types of con-
tainers and materials, wood is sﬁill a major source of the
packaging material used in Brazil and constitutes almost
the totality of raw material for export packaging. It is
probably used more in Brazil than in the United States
because of the lag in the field of development. The
general trends would suggest that perhaps wood will con-
tinue to play a leading role for at least a decade because
of the vast supply and the fact that containers can be
constructed of high strength rigidity and exceptional
durability.

The Brazilian wooden box and crate industry in
general has found itself completly unprepared to meet the
present situation of an apparent wood crisis which is
explained as follows: wuntil recent times, industry
depended on only one type of wood, i.e., FParana pine
(Araucaria angustifolia Bert O. Kuntze).

Formerly Parana pine covered an extensive area in
the southern region of the Continent, constituting a huge
natural forestry, but which is now becoming scarce. It

is a softwood with excellent physical and mechanical



properties. For many years, excessive cutting and uncon-
trolled devastation rapidly depleted the supply which
caused an impressive rise in price, in some instances up
to 10 times that of previous years.

Therefore, the wood packaging industries have been
compelled to utilize other tYpes of wood without any pre-
vious experience. The lack of technological information
of other species, such as sawing technique, drying and
machinability, and indications of desirable properties for
box use have constituted a serious problem. There is no
inventory of available resources of native species where
a great source of wood for boxes is supposed to exist. 1In
addition to these problems, a very wide variety of species
resulting in a heterogeneous forestry has created a dif-
ficulty in their economical utilization.

Originally, the Brazilian forestry area was
estimated to be 5,200,000 km2, i.e., about 61% of the
total national area. By 1960 it had been reduced to
3,500,000 km2 or 41% of the total area. About 83% of the
forestry area is situated in the Amazon region. The
southern part, mostly parana pine and 1.6% of the total
forested area, is the section of major industrial invest-
ments in wood and remains a consistent and major contrib-
utor to the national economy.

A brief survey recently carried out in Brazil

with respect to the wood packaging industries has revealed



the immediate necessity of information about wood species
that may substitute for Parana pine and other species that
might be used for packaging purposes.

This work represants a condensation of several
sources of data available on wood characteristics and zones
of occurrence in Brazil. It is an attempt to apply the
characteristics and basic knowledge of wood into packaging
technology in order to make it available to box maker and
users. A better selection of wood, where it can be found,
its performance, the requirements of wood strength for
certain products and a general knowledge about the nature

of wood and its relationship to its environment.



II. WOOD CONTAINER IN BRAZIL

The cost of a container and its strength charac-
teristics are greatly related to the type of wood.

There are five main types of wooden containers:

(1) nailed boxes and crates, (2) wirebound boxes and
cleated crates, (3) cooperage, including tanks, (4) veneer
and plywood containers, (5) pallets and container pallets
and skids.

Nailed boxes and crates are generally rectangular
in shape, rigid, strong and resistant to shock and vibra-
tion. Usually they are made from sawed lumber, however,
some are made of veneer, plywood and fiberboard. The kind
of wood, the thickness of the wood used, and the manner
in which the members are nailed or fastened governs the
degree of strength and rigidity. In order to save trans-
portation and storage, it is often the practice to sell
nailed boxes in an unassembled state. These types of
containers are very commonly used as export packaging.

Wirebound boxes and cleated crates are wooden
frames or cleats faced with veneer slats or resawed lumber
and reinforced by steel wires stapled to the faces and
cleats. Although these containers are not as strong as

5



nailed construction, they are generally lighter. They
are primarily used when a substantial volume of the same
size container is required for low priced products. They
provide ventilation for commodities suéh as produce
because the face pieces are usually not tightly fitted to
each other. The advantages of the wirebound boxes are:
(1) easier to handle than the nailed wooden box, (2)
require less storage, (3) faster and easier to assemble
than the nailed wooden boxes, (4) lighter in weight,

(5) usually less expensive.1

Several applications of wirebound boxes are
observed in use in Brazil.

Cooperage is a collective term describing a
variety of wood containers more commonly referred to as
barrels, kegs, tubs, pails, vats, tanks and other con-
tainers made of assemblies of staves and heads bound
together by metal bands or hoops. The industry is an old
one, dating back to Biblical times and has been a princi-
pal container, especially for liquids, for centuries. The
liquid cooperage is better known as tight cooperage with

the staves made from close-grained woods or species whose

lDenver Research Institute. "A survey of wood
and paper packaging in Brazil as related to a projected
general packaging program at the Instituto de Pesquisas
Tecnologicas." Phase Report. Denver, Co., September 1974,
pp. 4-5. (Mimeographed)



pores are occluded with tyloses to make the wood imperme-
able to liquids. Non-liquid tight barrels are known as
loose or slack cooperage.

Barrels are a well-engineered éontainer because
the bilge, the center bulge, forms a double arch. Every
stave in a barrel acts as a keystone so that forces are
distributed to all members of the container. Barrels are
easily handled because of their shape and size. The
contents are protected from the heat and cold because of
the good thermal properties of wood. Barrels protect the
product from being easily stolen and pilfered. Many
wooden barrels are still in use in Brazil, however, they
are gradually being replaced by fiber barrels and plastics.

On the other hand tanks and vats are very common
industrial containers and should not be overlooked in the
packaging field. The wood tank is well established in
Brazil, and is used widely for storage of corrosive
materials of all types. Some Brazilian hardwoods are
ideally suited for tanks and should not be overlooked in
providing a quality product with long service life.

Veneer and plywood have been used not only for
nailed and wirebound boxes and crates but also for a
variety of baskets, tills, and fruit boxes without nails
or wires.

Pallets, palletized containers and skids are com-

paratively new innovations in the packaging field. They



were introduced when mechanization and rapid transit
received the attention of the packaging engineers. A
pallet is a low, sturdy platform on which materials in
process of manufacture or finished products may be
stacked in order to expedite their handling, movement
and storage with the aid of fork-lift trucks and cranes.
Palletized containers are specialized and designed
specifically for one use. The skids are runners under
heavy and bulky commodities so as to facilitate the
handling with fork-lifts. Actually pallets and skids are
not packages in a true sense of a container, but they
materially contribute to the ease of handling products,
and important criterion of packaging. Their use often
eliminates the need for secondary shipping containers.
Most pallets, palletized containers and skids are
constructed of wood, either sawed lumber, plywood, or
veneer. The growth of this segment of the packaging field
has been developing at an astronomical rate. No leveling
off is seen for the immediate future. Some inroads of
other materials such as stéel, fiberboard, corrugated
board and polystyrene foams may be used to reduce the
weight of pallets, but wooden pallets will remain the
major material. Most pallets are thevpermanent type, a
trend that should persist. The obvious needs emphasize

standardization for industrial requirements and to



develop and adopt specifications that are acceptable to
all sectors of industry.2

In general, 50% of the total production of
wooden containers have been made by manufacturers of the
product to be packed. This percentage is tending to
decrease due to the difficulty in obtaining the raw
material (Parana pine), and is forcing the exporter to
look for a specialized company. Some companies make almost
every kind of wood containers and pallets. They also make
kits for box and crates under special order. There are
small companies that dedicate exclusively to the fabrica-
tion of kits; they buy lumber and finish it according to
specification of customers. The assembling is done by
the purchaser.

On the other hand, some industries design and make
their own containers by purchasing only the raw material;
others take advantage of parts of raw material utilized
to manufacture their own products to make the container
such as furniture manufacturing plants.

The transportation companies usually make their
own container following their particular technique and
specification. Some containers proauced by those companies

are known as "lift vans" and they are characterized by

2Ibido' pp- 5-60
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having good resistance and being returnable and reusable
several times. They are generally similar to the cleated
box, relatively large in size to be carried by more than
one person and used to carry many smali items in one con-
tainer. They are widely used by moving companies. The
top of the container is easily screwed and unscrewed.

The production capacity of specialized companies
vary in function of number of orders and availability of
raw material. The production of transportation companies
is relatively low because it is only for their own con-

sumption; the same happens with furniture plants.



III. WOOD AS PACKAGING MATERIAL

Briefly, the purpose of packaging is to protect
many kinds of products against damage and deterioration
that may result from exposure to natural and man-made
hazards encountered in handling, storage and shipment.
The outer containers work together with interior con-
tainers to protect the product. The assembly of all
these things into a functioning unit constitutes what
is called packaging.

The need for a package to fulfill the‘function
of providing protection for the contents implies that
risks are involved and that hazards are present. Hazards
commonly recognized are those inherent in physical hand-
ling and transportation as well as those posed by the
atmospheric environment. It is apparent, therefore, that
the choice of container for protecting a specific product
is dependent upon the nature of the commodity and expected
hazards as well as the manner in which it is packed in
the container.

It is assumed that the package has served its
function well if the contents for which it was intended

to protect are not damaged when the packaging is delivered.

11
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The susceptibility of an article to damage from
these inputs is commonly referred to as the fragility of
the article. Shock fragility can be readily determined
for most articles. On the other hand, package damage is
to be expected in any realistic situation. One way of
looking at the package is that it is intended to absorb
impacts, vibrations, pressure or the inputs which might
cause product damage. The package can be damaged, how-
ever, to a point where it can not provide the protection
necessary.3 In case of wood containers, assuming that
the packaging was made with a suitable type of wood, it
is expected that it will withstand vibration and static
pressure. The most important input to be considered in
the performance of wood container should be the impact.

Basically the container should be one that will
make the proper type of package, give the correct degree
of protection, to lowest possible cost. If the articles
to be shipped are perishable, the container needs to be
sufficiently strong to withstand hazards of a rapid
delivery system, yet light in weight to provide ease of
handling and adequate protection. If the articles them-

selves are sufficiently sturdy to withstand the rough

3Michigan State University. Project No. 3108.
School of Packaging (East Lansing, Michigan), February
1974, pp. 1-7. (Typewritten)
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handling incident to shipment, and if they are intended
for use in contact with the element of weather, a reason-
able assumption would be that a minimum of packaging
would be required as handling aids. For articles which
are more sophisticated, fragile or readily subjected to
corrosion, containers should be used. Most containers
should not only prevent corrosion but give ample support
for the contents.

Consequently, because of the numerous commodities
that must be delivered from the producers to the ultimate
consumers, articles require individually designed pack-
ages. The final selection of the type of package should
be made on relative cost, availability, individual pro-
cessing procedures and storage and handling requirements.
In order to obtain this information and to make packaging
materials as useful as possible, the basic characteristics
and properties of materials need to be known; the extent
they can be obtained; the type of equipment necessary to
process the materials; cost of the raw materials, and the
cost to produce the packages.4

For most wood containers the wood properties that
need to be considered are: (1) strength of wood as a

beam, (2) shock resisting capacity, (3) nail-holding

4Denver Research Institute, pp. 1-2.
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ability, (4) tendency to split in nailing, (5) weight of
the wood or lightness, (6) ease of machining.5

The selection and classification presented in
this work have been based on study of density of wood by
Forest Products Laboratory in the United States.

Generally the strength properties of the wood
are a function of its density. The Forest Products
Laboratory give the following functions relating mechan-

ical properties to density (G), at 12% moisture content:6

Static bending:

modulus of rupture (p.s.i.) . . . . . . . 25,700 Gl'25

modulus of elasticity (million p.s.i.) . 2.8 G
Impact bend@ng, he%ght of drop causing 1.75
complete failure (in) . . . . . . « « . . . 94.6 G
Compression parallel to grain:

maximum crushing strength (p.s.i.) . . . 12,200 G

modulus of elasticity (million p.s.i.) . 3.38 G
Compression perpepdiculag to grainf fiber 2.25
stress at proportional limit (p.s.i.) . . . 4,630 G
Hardness:

End (1b) . . . . ¢ ¢« ¢« ¢ ¢« ¢« « « « « . . 4,800 G2'25

Side (1B) « v « v v v v e e e e e e . 3,770 G202

>Ibid., p. 21.

6U.S. Department of Agriculture. Agriculture
Handbook No. 72 (Washington, D.C.: Government Printing
Office), 1974, p. 4-25.
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Also, the nail holding ability is directly pro-
portional to the density of wood and also depends on the
diameter of the nail and the depth of penetration. The
relationship between nail holding ability for common
steel wire nails and density is given by the formula:7

5/2

7,850 G DL

P

where

maximum load (1b)

depth of penetration (inches)

density of the wood based on ovendry
weight and volume at 12% moisture content
diameter of the nail (inches).

o e
nnu

The above formulas, except for impact bending
applied in case of static loading condition. The strength
of wood in dynamic loading is much higher than in static
loading. This fact, however, is not necessarily true when
dealing with a container. The performance of a wood con-
tainer might be completely different from a single piece
of wood and should be analyzed in different way. A
wooden container which is composed of several heteéo—
geneous pieces of wood placed in different directions,
fastened with nails, screws or staples, evidently behaves
differently compared to a single element. In other words,
a group of factors are involved, which determine the per-

formance of a wooden container.

T1pid., p. 7-2.
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Tests have shown that the performance of the con-
tainer when dropped against the longest side is almost
independent of the strength of the wood. However the
length of the nails is then very imporfant. A decrease
from 60 to 55 mm decreases the performance with 25%. Also,
the creep of the nails will influence the deformation of
the containers. Only a few milimeters creep will make a
great influence. Different nail patterns give different
strength. The type of nail also influences, sometimes
as much as 60%. The type is vital for the breakage per-
formance. (See more detail on nails in Chapter 1IV.)

Weight per cubic meter or density is a relatively
good measure of strength and resistance to nail withdrawal
and also directly influences the cost of handling and
transportation. It roughly indicates the amount of shrink-
ing and warping likely to occur with changes in moisture
content. Commonly dense woods are outstanding where high
resistance to nail withdrawal is important but they must
be more carefully nailed to prevent splitting and gener-
ally they shrink more than softer, lighter woods. As a
rule, the lighter woods give less trouble in seasoning,
manufacture, and storage of lumber than dense woods.

Woods presenting very high percentage of shrinkage were
disregarded in the present classification because it tends

to show high degree of checks and splits.
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The weight of dry lumber per cubic meter varies
from about 230 kg for very light species to over 1200 kg
for very heavy species. A definite way of expressing the
weight of wood at a given moisture content is in kilogram
per cubic meter or per square meter of a specified thick-
ness.

In the same species of wood the weight of lumber
varies considerably because of differences in density.
Variations exist even within wood from the same tree.

The water in green wood often weighs more than
the ovendry weight of the wood, but in thoroughly air-
dried lumber the weight of water is usually about 12 to
15 percent of the ovendry weight of the wood, and in
kiln-dried lumber it is often as low as 5 per cent.8 The
weight of some pieces of certain species such as slash
pine is often materially increased by resin or gum.

(More details on moisture content in Chapter 1IV.)

Table 1 shows a list of woods that might be used
as boxes and crates, as a whole or as parts. They were
grouped in 3 groups which were governed by density and
selected from about 400 trees, representing approximately
200 different species studied in Brazil. Each specie

selected was analyzed upon their physical and mechanical

8U.S. Department of Agriculture. Agriculture
Handbook No. 252 (Washington, D.C.: Government Printing
Office), 1964, p. 5.



TABLE 1.--Groups of Woods that Might be Used for Boxes and Crates.¥*
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Group I Group II Group III

Agacu Agoita cavalo Almecega
Anda-agu Aguano or Araputanga Amendoim
Boleiro Amapa Andiroba
Breu-sucuruba Amapa da Terra Firme Angelim-araroba
Caixeta Amburana or Cerejeira Angico branco
Canela-guaruva Arariba’ Arariba vermelho
Cedro Baguagu , Bicuiba rosa
Copaibarana Barriga d'agua Bracatinga
Cuivira Bicuiba Breu preto
Faveira Bicuiba branca Cambara’
Faveira-de-arara Burici Canela batalha
Figueira Cajuagu Canela oiti
Guaricica Canela branca Canela parda
Imbirugu Cangalheiro Canela rosa
Jacaranda-mimoso Capixingui Canjerana
Japacamin Caroba Coerana
Jequitibd-rosa Freijo Copaiba

Louro Guaca Eucalipto saligna
Mandioqueira Guariuba Grubixa

Maria mole Imbuia Grumixava

Pau de sangue Inga-chichi Guatambu amarelo
PardearJ Jacareuba or Guanandi Ipe peroba
Peroba d'agua amarela Mandioqueiro Jequitiba-branco
Pinho do Parana Mototo Louro inhamui
Pinho bravo Mututi Murici

Pinho eliote Passariuva Pau d'alho

Pinho teda Quaruba-vermelha Pau jacare’
Sangue de drago Sorva Pelada
Tacacazeiro Sucuuba Peroba de campos
Taperaba Tamaraque Peroba rosa
Tapia’ Tuchaua Punha
Tatapiririca Ucuubarana Quaruba jasmirana
Ucuuba Quarubatinga

Sangue de boi

Tamboril branco

Ucuubarana or
Margongalo

*Botanical names, ranges and properties of each wood are

listed in the Appendix.
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properties published by I.P.T. (Technological Research
Institute) bulletin.

The reason for only 3 groups is due to the fact
that IPT has already established and adopted three cate-
gories of quality: high, medium and low. According to
density, woods are classified as:

Light - density less or equal 0.55 g/cm3

Medium - density more than 0.55 g/cm3 and less or

equal 0.65 g/cm3

Heavy - density more than 0.65 g/cm3

The groups and their characteristics are described
as follow:

Group I -softer woods of both the coniferous (softwood)
and the broad-leaved (hardwoods) species. These
woods do not split readily when nailed and have
moderate nail-holding capacity, moderate strength
as a beam, and moderate capacity to resist shock.
They are soft, light in weight, easy to work,
hold their shape well after manufacture, and
usually are easy to dry.

Group II - medium density woods, which have greater nail-
holding capacity and strength as a beam than
the group I woods, but are less inclined to
split and shatter. The hard summerwood bands
often deflect nails and cause them to run out

at the side of the piece.
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Group III -heavy hardwoods species. They have the great-
est capacity both to resist shock and hold
nails. They are often desirable for load-
bearing members, skids, or joists. They are
difficult to nail and tend to split when
nailed, but are especially useful where high

nail-holding capacity is required.

Presented in the Appendices are some physical and
mechanical properties available, and zones of occurrence
(range) of each species selected.

In any species, a wide range in strength and other
properties exist in lumber as it is sawed. Since these
values were obtained from small; clear specimens, a number
of factors must be applied to arrive at stress values suit-
able for the design of the crates. Designers using these
values must recognize that they are averages for each
specimen. Wide variations are possible in individual

pieces of lumber.



IV. DESIGN AND CONSTRUCTION PRINCIPLES
OF WOODEN CONTAINERS

Factors to be Considered in Designing
Wooden Containers

The selection of a wooden container depends on,
in general order of importance, contents, destination,
method of transit, handling hazards, storage conditions and
costs. These factors overlap, but each will be outlined
separately to aid the designer or shipper in selecting the

proper container.

Contents

The nature of the item is of fundamental impor-
tance in the selection of a shipping container. If the
item is ruggedly constructed, such as an axle assembly for
a large truck, it has probably been prepared to resist the
weather. Hence, an open crate would be more economical
than a closed one. While such an item could withstand a
considerable amount of handling without damage, it would
be easier to handle and store if it were crated. Items
less rugged or requiring protection from the weather would
be shipped in a fully closed container. In all cases, how-
ever, the container must be sturdy enough to (1) provide

ample anchorage for the item, (2) resist rough handling,

21
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and (3) withstand superimposed loads. The type of base
with which the item is equipped should also be considered.
Certain items may be adaptable to the use of a crate with

a sill-type base, but the majority are best suited to a
skid-type base. The latter include equipment having a

flat base with a distributed load or a base of the leg,
single or double column, end frame, or pedestal type. For
the purpose of classifying the contents which can be packed
in wooden containers, three types of load categories have
been defined:

Type 1, easy load: an easy load consists of

contents having low or moderate density and filling the
inside of the container completely. The contents also
consist of articles of sufficient strength to withstand
the forces encountered in handling and transportations
and are of such shape as to fully contact all faces of
the shipping container. Items such as boxed articles,
chests or kits of tools, and wooden cabinets are examples
of this type of load.

Type 2, average load: an average load consists

of items which are moderately dense and which require a
reasonable amount of protection. Items of this type may

either be packed directly into the outer container or in

1bid., p. 2.
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an intermediate package which aids in supporting the faces
of the outer container. The items themselves or their
packages must provide a moderate amount of support for all
faces of the shipping container in order to be classified
as a Type 2 load. 1In this group fall items in mental cans,
bottles individually cushioned, and numerous other items
which are first packed in individual cartons.

Type 3, difficult load: a difficult load consists

of items which are highly concentrated or require a high
degree of protection. Items in this caﬁegory furnish no
support to the faces of the shipping container but rather,
in many instances, tend to apply concentrated forces to the
containers surfaces. Bolts, nuts, and other dense items
which are free to shift or flow, delicate instruments,
assemblies, and others which do not completely fill the

shipping container fall into this class.10

Destination and Method of Transit

The destination often automatically determines
the style of container. In surface overseas shipment the
container might either be placed in the hold of a ship or
on the deck. For easy passage of a container through the

average hatchway and into the hold the outside dimensions

10Walter F. Friedman and Jerome J. Kipnees
Industrial Packaging (New York: John Willey & Sons,
1960), pp. 228-233.
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average hatchway and into the hold the outside dimensions
should not exceed 12 meters in length, 2.70 meters in width,
and 2.1 meters in height. Any container larger will 1likely
be placed on the deck. A sheathed crate with a waterproof
top is advisable for deck shipment. Since smaller crates
are not always placed in the hold it would be logical to
select a sheathed crate for most items that are destined
for foreign ports. For rail shipment there is a limit of
size, which is to assure proper clearances of crates on

a flatcar going through tunnels, under bridges, and

around curves. However, size limitations may change and

a thorough check should be made with the transportation
agencies. For truck transportation within the country,
only a basic framework may be needed to conveniently

handle the item. Shipment of material by airfreight

usually requires only a light container or a skid base.

Handling Hazards

Wooden containers may be handled in a variety of
ways, but the most important from the standpoint of design
are end slinging, forklift handling, and grabhook lifting.
Other stresses are placed on containers during shipment.
They may be moved by pushing or skidding. The vibration
of railroad cars may cause failure of fastenings or
loosening of blocking and bracing. Transportation by

motor truck also involves more shipping hazards than are
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apparent. Loads are often not secured to the truck bed,
and containers are subjected to vertical and horizontal
movements. End or side impacts and accidental dropping

of one end of the crate are other hazards during handling
that must be considered. The crushing stresses of slings
or grabhooks are resisted by the joists or other members
in the top. Racking stresses from end thrusts or humping
are resisted by the diagonals in lumber-sheathed crates
and by the plywood in plywood-sheathed crates. Correct
nailing of the crate panels as they are fabricated and
using enough fastenings in assembling panels into a crate
will further insure adequate strength to resist vibration
and other stresses. (More details on fastenings follow

in this chapter.) The handling of containers in overseas
shipments depends largely on the mechanical equipment
available in each port. Containers are often placed aboard
small lighters with the ship's gear and unloaded at the
dock site by a variety of methods. The packaging designer
should consider a design with a larger factor of safety to

allow for such additional hazards.

Storage Conditions

A container that will be transported in a covered
carrier and either unpacked immediately upon arrival or
placed in a warehouse does not require sheathing for pro-
tection and an open crate might be selected. If the ship-
ment is stored outdoors or exposed for a long time to the

weather, the closed container is a logical selection.
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All containers, open or closed, should be capable of with-
standing top loads. When top loading of containers is not
considered in design, failure or excessive deflection may
occur and result in damaged contents. Under most conditions
containers of like size and contents will be placed one
atop another in warehouse or outdoor storage. This is
called like-on-like stacking. The sides and ends of the
lower containers support the load, and little stress is
carried by the top panel. Crate tops are stressed when
smaller containers are superimposed. Only like-on-like
stacking is considered with open crates. They are usually

not designed for top loading with smaller containers.

Costs
The selection of the proper type of wooden con-
tainer may gain a saving in both construction and shipping
costs. An open crate costs less than a sheathed crate.
It generally involves less material, lower construction
costs, and a lower shipping cost because of less weight
and cubic displacement. The amount of lumber saved by
using open crates rather than fully sheathed crates varies
somewhat with the type of crate selected. For light and
medium loads, the open crate uses a minimum of material
and the saving is substantial. For heavy loads, the open
crate uses proportionately more material and the saving

is less. The nailed style open crate for heavy items
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requires the use of sheathing to provide fastening areas
for assembly nailing to the base. This style is similar

to a lumber-sheathed crate with some of the sheathing
boards eliminated. The main saving of lumber in an open
crate compared to a fully sheathed crate results from: (1)
the reduction of sheathing in top, sides, and ends; (2) the
elimination of joists except the lifting joist; and (3) the
elimination of most of the covering material except diag-

onals for the base and crosspieces.1l

Factors Affecting Wood Strength

The performance of wood sections, when fabricated
into a box, in resisting stresses in tension, in compression
parallel or perpendicular to the grain, in shear, in bending
or in shock-resisting ability, is influenced by a number of
factors. These factors are important, regardless of the

wood grouping, and whenever possible they must be checked.

Moisture Content

It is one of the principal factors affecting its
strength. As wood dries, most of its strength properties
are increased. This increase in strength, however, does

not occur until the drying has reached the fibre-saturation

llU.S. Department of Agriculture. Agriculture
Handbook No. 252, pp. 2-4.
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point, the condition in which the cell cavities are empty,
but the cell walls are fully saturated. This condition
usually prevails when the lumber has a moisture content

of 25 to 30 per cent. Clear material of the thicknesses
ordinarily used for containers dried to 12 per cent moisture
content may be twice as strong in bending as green material
which may have a moisture content as high as 250 per cent.
If the lumber is kiln-dried to 5 per cent, its bending
strength may be tripled. When green lumber is used for
wooden boxes and crates, it may check or cup. Checking

or cupping causes loosening of the nails and consequent
weakening of the container. Green lumber also increases
freight charges. For example, a wooden box having a tare
weight of 6 kg when made with green lumber with a moisture
content of 100 per cent would be reduced in weight to 3.5
kg, if seasoned lumber with a moisture content of 15 per
cent were used. This equates to a saving of 2.5 kg in

tare weight with a corresponding savings in freight charges!‘2

Duration of Load

Wood is able to support large overloads for short
Periods and small overloads for longer periods. This
Property is important if short-time load is contemplated,
Such as a one-trip crate shipped directly to its destina-

tion with no storage period. However, it is better to

-

12Friedman, Industrial Packaging, p. 215.
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disregard it in designing crates for longtime storage. A
wood member can support continuously for one year only
about two-thirds of the load required to cause failure in
a standérd strength test of only a few minutes duration.
Wood under a continuous load, such as might be imposed on
a crate in storage with other boxes or crates placed §n
top tends to deform. This deformation is greater when

moisture content of the material is high.13

Defects in Lumber

a. Cross grain:--it is defined as wood cells or

fibres which do not run parallel with the axis or sides

of a piece of lumber. It is one of the most serious
defects reducing strength in bending and increasing the
susceptibility of wood to splitting in nailing. Divergence
of the grain in any board more than 2.5 cm in 25 cm of

length is not desirable.

b. Knots:--the weakening of the bending strength
of lumber is nearly proportional to the knot diameter as
measured across the width of the board. A knot is a por-
tion of a branch or limb that has become incorporated in
another branch or in the body of the tree. The wood fibres

running out into the limb and those passing around the limb

13U.S. Department of Agriculture. Agriculture
Handbook No. 252, p. 9.
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and continuing in the main body produce cross grain. The
weakening effect of knots results mainly from the cross
grain around them. Knots weaken boards most if they are
in the middle third of the length of fhe board. At no
time should the knot diameter exceed one third the width

of the board.

c. Checking:--it is caused by stresses introduced

by non-uniform shrinkage. End checking is caused by wood
drying more rapidly at the ends than away from the ends.
This condition can often be avoided by painting or coating
the ends to retard their drying or by reducing the circu-
lation of air around the ends. Checks reduce the holding
power of nails and may result in splits running the full

length of the piece.14

d. Slope of grain:--it refers to the direction

of the wood fibers in relation to the longitudinal axis

of a piece of lumber. When these fibers are not parallel
with the longitudinal axis, the wood is said to be cross
grained. The slope, measured by the angle between the
general direction of the grain and the axis, is expressed
as a ratio, as one in twelve (1 cm. slope in a 12 cm
distance). Slight local deviations of grain direction are

usually disregarded. When cross grain is quite steep,

14Friedman, p. 216.
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there is a marked reduction in strength. A slope of grain
of 1 in 8 in a member subjected to bending under impact
loads will result in its having 53 per cent of the strength
of a piece without grain deviation. This requires a
reduction in the assigned working stresses to offset the
loss in strength. Besides having less strength, pieces
with cross grain tend to twist with changes in moisture
content. Slope of grain, therefore, must be limited for
such crate parts as joists, load-bearing floorboards,
struts, upper and lower frame members, diagonals, and skids
of sheathed crates. Few restrictions on slope of grain
exist for items such as lumber sheathing, rubbing strips,
and nonstructural blocking and bracing than for structural

members.

e. Decay:--it is a disintegration of the wood
substance resulting from the action of wood-destroying
fungi. Wood dried below 20 per cent moisture content and
kept from re-absorbing moisture, rarely decays. Certain
woods are subjected to insect attack in the green lumber,
some in dry lumber, and some in insufficiently seasoned
lumber. When small worm holes are found in lumber, they
have a very slight deleterious effect on the strength,
and if the material is otherwise satisfactory it is still

satisfactory for wooden container use.
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f. Blue stain:=-also called sap stain, the bluish

discoloration of the sapwood is caused by a fungus. It
does not reduce the strength of the wood. However, the
conditions that favor development of this fungus are ideal
for the growth of wood-destroying fungi, so bad staining
may indicate existence of decay. When blue stain is pre-
sent in sheathing boards or frame members, it may obscure

markings on the container.

g. Insect attack:--certain woods are subject to

insect attack as green lumber, some as dry lumber, and
some as partly seasoned lumber. The sapwood of some
seasoned hardwoods is subject to attack by the powder-post
beetle. Small wormholes have only a very slight effect
on the strength and, if the wood is otherwise sound, it

is quite satisfactory for boxes.

h. Wane:--it is either bark or lack of wood on
the edge or corner of a piece of lumber. Acceptability
of pieces with wane is usually restricted for structural
members because of the reduced cross sectional area.
Wane is less serious in lumber sheathing than in such

crate parts as frame members and skids.

i. Shakes:--they represent a separation along

the grain, largely between the growth rings, which occurs

while the wood is seasoning. Shakes in members subjected
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to bending reduce the resistance to shear and therefore
should be closely limited in structural members. Restric-
tions of shakes in boards are usually based on the length

of the split or opening.

j. Warping:--is any variation of a piece of

material from a true or plane surface and includes bow,
crook, cup, and twist. Generally warping does not affect
the strength of wooden container parts, but it makes
fabrication more difficult and reduces the utility of the

container.15

Factors Affectinag Container Strength

Beside the factors directly related to the nature
of wood, other factors related to the construction must
be considered, which greatly affect the performance of
a container.

The strength and rigidity of wooden containers
are highly dependent on the fastenings. Nails, lag screws,
bolts, screws, staples, and metal connectors, are the most
important fastenings in the construction of wooden box
and crates.

Among the fasteners, nails are still the most

commonly used in box and crate construction. They are

15Agriculture Handbook No. 252, pp. 9-10.
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classified by primary function, special shapes and or
coatings, gauge, size and type of head.

Basically, three types of nails are used for nailed
wooden containers: the common or bright-nail, the barbed
nail and the cemented-coated nail. A comparative test
conducted on nails driven 28.4 mm in white pine have shown
the following relationships: the withdrawal resistance
of cemented-coated nails is approximately 40% greater than
common nails. Barbed nails have <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>