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CHAPTER I 

INTRODUCTION 

According to most definitions of industrial arts 

which are presently accepted and used, a major goal is to 

introduce students to as many different aspects of modern 

industry as possible (Melo, 1966, p. 28). 

1 

Industry has not waited for industrial arts educa­

tors to catch up with its level of achievement, and as a 

result, educators have all too often failed to keep abreast 

of actual industrial practice. 

As the summer session at University of Northern 

Iowa began, the writer was faced with selection of a re­

search topic. His particular teaching assignment for the 

1970 fall term had be.it changed from the area of metal and 

electricity to classes in a 9th grade woodshop. Since the 

writer believes strongly in the industrial arts.definition 

stated above, he began to search for appropriate methods 

of applying industrial technology to the 9th grade wood 

laboratory. 

Upon examination of our modern industrial complex, 

it seams apparent that research and experimentation have 

played an outstanding part in its development. Why, then, 

should they not also serve an equally important role as an 

educational method for interpretation of our highly 
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technical society? 

Dr. Arthur w. Barl, Professor of Industrial Arts at 

Montclair State College, Rew Jersey, has stated the same 

opinion: 

Research and experilltentation courses atru.c­
tured around the material• and product• of 
industry, could readily serve to develop in 
young people a deaire to inq\lire, search, 
create, inveatigate, and explore many nav 
concepts ••• industrial arts, by adopti119 
the research and e,cperimantation methods of 
teaching to its exiating procJSIUa, would expand 
it• offerings, enlaqe its spbAlre of influence, 
increase its value to general education, and 
continue ita professional developant (Barl, 
1960, p. IX). 

In examining the probl .. it ae ... d to the writer 

that school• can no longer duplicate the actual equipment 

of industry in the industrial arts facility, since physical 

size, complexity, and cost makes this prohibitive. Bow­

ever, we can see no reason why sillplified, scaled-down 

(often instructor-created) equipll8Dt cannot be developed 

to take its place. 

With the above considerations in mind, and because 

of a personal need to develop a curriculwn consistent with 

the educational philoaophy relevant to woodworking, the 

topic, •Mechanical Testing of Small Clear TiJlber• was 

selected. 



statement 2f. ~ Problem: 

What is mechanical testing in relation to wood and 

the wood industry? 

The purposes of the research project were: 

1. TO investigate the technological methods 

employed in mechanical testing of small 

clear timber. 

2. To discover the uses, importance, and need 

for mechanical testing within the wood in­

dustry. 

3. To experiment with the construction and 

development of various types of testing 

equipment silllilar to that being used by 

industry. 

4. To explore the possibility of adapting 

mechanical testing of wood samples to tbe 

junior or senior high industrial arts wood 

laboratory. 

Importance 2!, ~ Probl-z 

The versatility of wood as a structural material 

has made it indispensable to man ~hroughout history. It 
f 

has provided him with shelter,' served as his weapons, 

warmed him.when used as a fuel, and was probably shaped 

into the first wheel. Scientific research and the techno­

logical advanceaent of man has not led to a decrease in 

3 



its use, but rather, its applications have become increas­

ingly sophisticated and diversified. •In fact, it is easy 

to demonstrate that the higher the level of economic 

development and the higher the standards of living, the 

greater the per capita consumption of wood, ••• • in its 

vast variety of forms (Panshin, 1964, p. 3). 

4 

If you were to ask a metallurgist, "What is steel?" 

he would quickly give you a specific, technical and concise 

answer. If you ask a lumberman or carpenter, "What is wood? 

the chances are that he would be so vague as to be practi­

cally meaningless. 

This baa been true because wood has always been 

easily obtained and, historically, its practical utiliza­

tion has not required a great deal of special skill or 

technical knowledge. In fact, the •trial and error• ap­

proach to wood utilization has been a hindrance to its 

competition with other materials (Ward, 1960, p. 3). In 

the words of Frank Lloyd Wright, •we may uae wood with 

intelligence only if we understand wood" (Pansbin, 1964, 

p. 362). In other words, if wood is to be correctly uti­

lized as a true engineering material, research and investi­

gation :must be conducted to determine all of its character­

istics under a variety of conditions. Unfortunately, 

acquisition of this basic information is made difficult 

by a number of factors. 



First, wood is a product of many species, all of 

which have different physical characteristics. Secondly, 

trees, of course, are living organisms and, as such, are 

affected by external environmental factors during growth. 

Third, wood characteristics are dramatically affected by 

conditions after cutting, such as moisture content or 

methods of drying. All of these factors contribute to 

5 

the fact that wood is a material of greater complexity than 

any other major engineering material, and, as such, requires 

a great deal of scientific investigation and research in 

order to utilize it moat etfectively. 

Mechanical testing has proven to be one major 

method of investigating the physical characteristics of 

wood and bas permitted researchers to write accurate speci­

fications for specific species. 

Limitations of ~ Study: 

TYPES OF TESTS. Eleven separate and distinct 

mechanical tests are comonly being conducted. They in­

clude, (1) static bending, (2) compression parallel to 

grain, (3) impact bending, (4) toughness, (5) compression 

perpendicular to grain, (6) cleavage, (7) shear parallel 

to grain, ·(8) shear perpendicular to grain, (9) tension 

parallel to grain, (1) tension perpendicular to grain, and, 

(11) nail withdrawal. 
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unfortunately, time and equipment requirements pre­

clude investigation of all eleven tests. This researcher 

has selected six of the eleven tests for study. These six 

tests were selected because of the possibility of conduct­

ing all six tests with one piece of equipment that could 

be quickly adapted to each case. 

DEFECTS: The study has been limited to samples of a 

small, clear variety. Lumber defects, such 

as checks, decay, stain, knots, wane and 

warp, 

are all conditions which add to the unique complexity of 

mechanical testing of wood. The study is, therefore, 

limited to working only with samples free of any type of 

defect (Tsoumis, 1968, p. 201). 

K>ISTURE and TEMPERATURE: Moisture content and tempera­

ture are also illlportant variables in testing. 

Although it is realized that these factors 

can drastically affect test results, the study has as-

sumed all tests to be conducted at "room temperatu~e", or 

approximately 12° F. Moisture content is assumed to be 

6 percent to 15 percent or within the limits of :aaterial 

noJ:mally found within a school wood laboratory. 

SIZE OF SAMPLES: The samples have been r\Bduced in size to 

one-half the specifications given by the Ameri­

can Society for Testing and Materials, whenever 



this could be applied to the especially-designed test 

equipDlent. 

DEFINITION OP TERMS 

Compression: Deformation of wood resulting 
from excessive pressure. 

cross-Break: A separation of wood across the 
grain. 

Density: The weight of a body per unit 
volume. 
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Plitch: A portion of a log sawed on two or 
more sides and intended for re­
manufacture i.Ato lumber. 

BOlt: A section of log with its bark: 
usually still intact and ranging 
in size from four to twelve feet. 

static LOading Device: Any machine used to apply pressure 
to timbers being tested. 

Compressometer: A device used to measure the 
amount of compression applied 
during tests. 

Grain: The direction, size, arrangement, 
appearance or quality of the 
fibers in wood or lwaber. 

Shear: Slipping, or breaking apart of a 
piece of wood along the grain. 

Strength: The ability of wood to resist any 
type of force or load. 

Stress: Poree applied per unit of area. 

Mechanical Testing: standardized method of discovering 
the physical properties of wood 
by uae of mechanical evaluation 
instruments. 



sampling: Accepted method of selecting 
timber specimens for study. 

8 



CHAPTER II 

HISTORY OF WOOD RESEARCH AND 

MECHANICAL TESTING 

Investigation conceming the qualities of wood 

dates back to the beginnings of man. However, these trial 

and error mathoda were not what we would term "research" 

9 

or "testing" today. They lacked controls and produced no 

data that could be preserved and transmitted to other 

generations (BOOlger, 1902, p. 2). Perhapa the actual 

beginning of wood research should be dated from the publica­

tion of strength tests conducted by the French Acadeay of 

Sciences in 1707. Limitations of time and space do not 

permit a c0111prehensive historical survey of Buropean wood 

reaearchr however, it may be noted in passing that another 

publication of importance was completed in Germany. H. 

Hordlingar, Professor of Pores try in wortleberg, wrote a 

book entitled, "Technical Properties of Tillber" in 1860, 

and during the period from 1860 to;l890, notawct&'thy studies 

were done by such Jllen as L. Tetmajer, zurichr Gabriel 

Janker, Mariabrunnr and, v. Bauschinger, Munich 

1951, p. 235). 

(Tiemann, 

The late 1800's saw the development of professional 

forestry in this country. America had been slow to see 

the need primarily because her timberlands were so extensive 
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as to seem inexhaustable. A tiny division of forestry al­

ready existed under the united States Department of Agricul­

ture, but no experimentation was conducted until 1884, when 

Bernhard Fernow, the country's first professional forester, 

began crude experiments concerning wood use. 

During the 1890••, the Fore~try Division continued 

its experiments with timber and broadened its scope to in­

clude studies of wood chemistry. Gradually, universities 

such as California, Oregon, and PUrdue, began cooperative 

research with scientist• such as Lee F. Hawley and Arthur 

D. Little, who were conducting experiments in BOston pulp 

mills. 

The twentieth century saw the beginning of what has 

been called, •the Golden Decade of Conservation•. Gifford 

Pinchot, now the head of a separate government bureau 

called the Division of Forestry, convinced Teddy Roosevelt 

of the necessity for •preservation of the forest through 

wise use•. With Roosevelt's help, Pinchot was able to 

shape the developnant of the united State■ Forest service, 

and with it, a branch of "Forest Products" created especi­

ally for the purpose of research and testing. 

Although poor management and complete stripping of 

forests was occurring across the country, the Products 

Division of the Forest Service had difficulty obtaining 

financial help and cooperation. What help was available 
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caae prilla.rily from large universities. The result was that 

many related studies were carried out in different locations 

without exchange of ideas, standardization of -thods, or 

sharing of results (50 Years of service Through Wood Re­

search, 1960, p. 5). 

In 1908, William L. Ball, CQief of the Porest 

Products Division, along with Pinchot, went to congress and 

asked for a laboratory where research and testing could be 

centralized. congress was reluctant to appropriate the 

funds until McGarvey Oline and Boward F. Weiss, both em­

ployees of the Forest Products Office, suggested that one of 

the universities might be convinced to provide the lab in 

order to centralize the research on its own clllBpus. 

Charles R. van Bise, a nationally-known conserva­

tionist and president of the University of Wisconsin, of­

fered a new building with utilities provided. The offer 

was accepted, and in 1910, the world's first such facility 

was opened. Mr. B. F. Weiss appropriately becUl8 its first 

director, and staffed it with forty-five engineers, chemists 

physicists, pathologists, and foresters. 

succeeding congresses were aore generous, and in 

1930 a permanent three-quarter aillion dollar building was 

constructed on a 10-acre section of the Madison, Wisconsin 

caapus. 

Historically, the Forest Products Laboratory has 
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contributed so greatly to the develoi:aent and. standardiza­

tion of wood tests and testing devices that it is iapc;>ssible 

to separate it from the history of the entire field. The 

efforts of the Forest Products Lab in combination with the 

research and investigation of other organizations, such as 

the American Society for Testing an~ Material, Materials 

Research and Standards, the lwabering industry, the pulp and 

paper inclustry, and many others, have led to knowledge of 

wood as an engineering material, standardization of lumber 

specifications, and unifomity of testing methods throughout 

the world. 

Wood, because of its great variety, is unique in the 

complexities it presents to those who would establish 

mat.hods of testing and standard specifications for it. 

The future should bring new and exciting methods of deter­

minin9 strength and other characteristics. Research is 

already well underway to devise non-destructive methods 

of testing its physical properties. 



CHAPTER III 

TECHNICAL INFORMATION 

The need for mechanical testing and study of the 

mechanical characteristics of wood is being met by the re-
. 

search efforts of government, private and university-

supported studies all over the world. The extensiveness 

of this research is an indication of the awareness by all 

concerned that wood utilization must coapare favorably 

with technological standards being employep in llO&t other 

major industries. This is true even for industries where 

the supremacy of wood is not questioned, such•• the pulp 

and paper industries. These groups have also discovered 

that competition for the bast timber, rising costs of pro­

duction, and the demand for superior products, haYe neces-. 
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sitated improvements in manufacturing techniques, and ulti-

mately, aore scientific knowledge of the raw material 

involved (New Methods of Measuring Wood-Piber Properties 

in Small Samples, 1968, p. 75). 

Mechanical testing aay be defined as evlluation 

of the strength properties of any species of wood or the 

properties that enable wood to resist applied force. These 

properties are truly representative only.when obtained froa 

tests on small, clear pieces of wood, because the effects 



of defects are then eliminated 

p. 67). 

(Wood Handbook, 1955, 

Mechanical tests may be applied to a piece of tim­

ber of any size. They may even be used to test completed 

products or manufactured items: however, it is customary 

14 

to conform to specific standards concerning size, selec­

tion, and mebhod of testing. This is especially true since 

mechanical testing is a destructive method. 

The PUrposes of Mechanical Tests: 

Testing of small clear timber specimens are made 

for the following reasons: 

1. to collect data which will allow comparison 

of the mechanical properties of various 

species. 

2. to collect data concerning the amount of 

force a particular-sized timber can with­

stand, thus allowing calculation of per111is­

sible structural stresses, 

3. to collect data regarding the effects of 

such factors as density, locality of growth, 

position in a cross section, height of 

timber in a tree, change of properties with 

seasoning, and change from sapwood to heart­

wood, for the purpose of deter111ining how 

these variables are related to mechanical 



strength. 

4. to collect data which will give insight into 

machinability, ease of splitting, dimensional 

stability, and hardness as these factors af­

fect practical application and workability 

of wood. 

Collecting Materials: 

An obvious first step in a scientific experiment 

is the follection of materials to be used in the test. 

Adequate saapling techniques, or methods of selecting 

random specimens which are truly typical of all timber 

of a particular species, are very difficult to achieve. 

Mr. J. A. Lisha, Chief of the Wood Engineering Research 

section at Forest Products Laboratory in Madison, Wiscon­

sin, believes this to be one of the main reasons for 

lumberman's occasional refusal to accept the results 

obtained by the Forest Products Lab. They have felt that 

their particular timberlands were not siailar to those 

being selected and tested in Madison. 'l'O alD8liorate this 

problem, specimens are now selected by randomly pinpoint­

ing certain locations on a forest map, and then selecting 

only trees within that area. 

First, the tree must be authentically identified 

according to its species. In 1110st cases, this is a rela­

tively simple task1 however, some species are so nearly 

15 



identical that only a trained botanist can determine the 

difference. If speci.Jllens difficult to identify are en­

countered, the forester who is cutting the tree must also 

collect herbarium samples of such things as the leaves, 

fruit, twigs, and bark. 

16 

secondly, five trees that are representative of the 

species lllUst be selected. From each of these speciaens, 

a bolt eight feet in length is selected from different 

heights within the trees. This gives information about 

variations in mechanical properties that might change with 

the height in the tree. If the bolts are over sixty inches 

in diameter, a single flitch taken through the pith of the 

tree in a north-south direction, and representative of the 

full diameter of the log, can be substituted. When a 

spacial species of tree that grows in many different geo­

graphical areas is being tested, sample trees must be 

selected from each of the areas where the species cOIDIBO~ly 

grows (ASTM Standards, 1954, p. 61). 

Third, the tree must be carefully labelled and 

designated. Particular species are identified by arabic 

numbers. Each bolt is identified by a •-11 letter, start­

ing with 'a', which indicates it was taken closest to the 

stump. Each successive letter indicates that the sample 

was taken from a higher position in the tree. The north 

side of each sample is also marked. Normally, all these 

• 



designations are marked on the butt ends of loga, using 

steel dies. Shipment numbers indicating that a number of 

samples ware taken at the same time fro■ the aame place, 

are often included with the other designation numbers 

(ASTM Standards, 1964, p. 63). 

Fourth, the preparation and shipment of samples 

must be handled according to standardized methods, to 

prevent the deterioration or weaking of the specimeu. 

These ■-tbods include such practices as leaYing the bark 

intact, sealing the ends of logs, storing tiuer in water 

to prevent checking, and protecting from any artificial 

heat. 

17 

Pifth, special methods of sawing the bolts are also 

important. The bolts are sawed into sticks 2~ x 2~, as il­

lustrated by the marking and sawing diagram, Fig. Ro. 1, 

page 18. 

Manufacturers of wood products may already have a 

supply of lumber. In this case rando• samplings are taken 

from the already surfaced and dried lumber, and testing is 

done to deteraine its particular mechanical properties. 

Mechanical Testing Machines: 

The range of machines that are produced for the 

tasting of the mechanical properties of materials is 

enormous (0 •Kane, 196 9, p. 63 ) • Some types are powered 

by levers or screws: sOID9 use pneumatic methods of supplyin 
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the pressures needed, while still others use hydraulics. 

Basically. mechanical testing machines contain these fea­

tures: (1) a loading frame assembly which usually con­

sists of a number of rigid colUllllls with adjustable fittings, 

(2) a device (such as a hydraulic pUlllp and ram) which ap-
, 

plies pressure to the material being examined, and (3) ac­

curate measuring instruments which allow the operator to 

determine exactly what load he is applying to the material 

(Scott Engineering Sciences, 1968, Advertisement) •. 

Figure No. 2 provides a more detailed description 

of the nature of the testing machine. 

comeression Testing: 

Compression is the defomation of wood fibers 

resulting from an excessive force being applied either 

along the grain or to end grain. This condition often oc­

curs in nature. Abnomal wood, called compression wood, is 

frequently formed on the lower sides of branches and on in­

clined trunks of softwood trees. Compression wood i• 

easily identified because of its eccentrically-formed wide 

annual rings, and because it contains large maounta of sum­

merwood. It is considered undesirable because it shrinks 

excessively lengthwise (Wood Handbook, 1958, p. 480). 

The amount of compreasion parallel to the grain 

of timbers prior to crushing plays an important role in the 

utilization of wood as a building material. Tests are 
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usually conducted on short wood columns or even cubes. 

The test permits conclusions concerning the maximum crushing 

strength wood will withstand under various conditions. 

A universal type of static testing machine, and 

some type of COJ11pressometer are required. At least one 

plate of the testing machine must be equipped with some 

sort of spherical bearing so that pressure will be dis­

tributed evenly over the entire cross section of timber 

(Kollman, 1968, p. ~86). The rate of loading has been 

established by A. s. T. M. at 0.003 inch per inch of 

specimen length per minute (ASTM, 1964, p. 74). 

In simple language and for shop testing purposes, 

the rate of compression can be found by comparing the size 

of the load in pounds per square inch to the change in size 

of the specimen measured in thousandths of an inch. This 

can best be shown by a graphic representation,·such as 

Figure 3, where the axis of the graph shows load, and the 

axis shows change in size. 

Similar procedures and methods are followed when 

testing specimens for coapression perpendicular to the 

grain. This type of testing is also done to obtain in­

for.mation useful to construction. An exuaple in which 

perpendicular crushing strength would be important as 

in railroad ties. 
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Both types of compression testing are often contin­

ued until the specimen fails. These failures can be clas­

sified according to six types, as illutrated in Pig. Ro. 4 

(ASTK, 1964, p. '74). 

a. cruel.uag: This term shall be used when the 

plane of rupture is approximately horizontal. 

b. Wedge Split: The direction of split should 

be noted. 

c. Shearing: The plane of rapture makes an angle 
0 of aore than 45 with the top of the apecillen. 

d. Splitting: This defect results from internal 

defects in the specimen, and should be 

eli.Jllinated from test results. 

e. Shear Parallel to Grain: The failure reaul ts 

froa cross-grain, and is a basis for elimin­

ating the speci.aen. 

f. Brooming or End-Rolling: Associated .with 

either excessive moisture content or iaproper 

cutting of specimen. It is not an acceptable 

type of failure and indicates the necessity 

of remedial -••urea. 

There are many influences which affect the cruah-

ing strength of timbers. The gain ap9le affecbs results 

to a treaendoua degree since even rather -11 angles 

between fiber direction and direction of force redul=• the 
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TYPES OF COMPRESSION FAILURE 
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strength reaarkably. The ccmpreaaion ■tre119th increases 

with dep■ity, not only for a given species, lNt for the 

difference■ in density U10ng different specie•. Moi1ture 

content also affect• cruabing strength. Generally •peaking, 

the dryer a wood, the higher it■ coapre■■ion strength~ In­

crease■ in t-perature, av•~ below .the level of ~•z:aal 

decompoaition, tend to deer•••• cruahincJ atren9tb (JtollaaD 

1968, p. 349). ICllots, notches, and other defects alao af- · 

feet strength. 

Shear T••tiD9: 
Shear strength is a meaaure of the ability of tillber 

to resiat alippin9 of one part upon another. When tbe ahear 

is parallel to the grain, it actually give• ■oae iadication 

of the difficulty of aplitting wood. Shear te■ta are ••1-
doa conducted perpendi~lar to the grain, a■ this cut■ 

. 
through the fiber rather than giving any infomation about 

slipping . (Wood Handbook, 1955, P• 69). Figure Ro. 5 ■--hO'ldll 

the aet-up of a universal atatic preasure aacbilae for ■hear 

teatiag. 

When recording abear values, all that ia conaidered 

i• the maximum load in pound• per sqaare inch required to 

fracture the speciaan. Thi• infomation aigbt be graphed 

on a comparative ba•i• for aeYeral species. 
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Static Bending: 

Baaically, static bending tests simply involve ap­

plying a constant load to a stick of wood while keeping a 

record of the aaount of pressure required, and the amo11nt 

of bend or deflection tbe'tillber will withstand until it 

breaks. TWO term• often used in relation to static bending 

test■ are: 

1. Modulus of Rupture: ia a measure of the 

ability of a beam to support a slowly ap­

plied load for a short tillle. It is an 

acceptable criterion of strength, although 

it is not a true stress, since the fonmla 

by which it is coaputed is valid only to 

proportional lilaita. 

2. lltdu.lua of Elasticity: is a measure of 

the stiffness of wood, or its rigidity. 

It is measured by a beam's resiatance to 

deflection (Wood Handbook, 1955, p. 68). 

The Alllarican Society for Testing and Materials has 

. provided' a dia9r- of a static bending set-up. (See Figure 

No. 6). 

The American society for Testing and Materials 

reCOllllll:9ftda specimen• 2x2x30 iacbes, with the load directly 

in the center and a span length of 28 inch••• The machine 

11111st be equipped with aOllle type of roller bearings so that 
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the sample can lllOYe freely as the timber 1;,enda. The load 

is applied at a rate of 0.1 inch per minute. German 

standards require different specimen• size, and it has 

been found that specimen size, within lillita, has little 

effect upon results (Koll.nlann, 1968, p. 363). 

2,9 

Rather than atte111pt to compute the modulaa of elas­

ticity or the modulas of rupture, both of which 'require 

rather complicated mathematical calculations, the shop lab 

approach could be a sim.ple graphing of the relationship of 
' 

height of deflection (x axis) ·to weight of load (y axis) 

until rupture occurs or until the lim.ita of the static 

loading -chine have been exhausted. 

Hardness Teats: 

The hardness of wood is defined as the aa>unt of 

force required to impress a steel ball 0.444 inches in di-
. 

ameter into the surface of a test specimen. Similar tests 

called •Brinell Testa" have been applied to metals for some 
time with valuable resultant data. The information obtaine 

by this -tbod has not been as successfully applied to wood, 

because studies have shown that the workability of wood de­

pencla to a great extent upon the type of tools being used 

(Bod.ig, 1967, P• 450). 

suagen de'feloped this method of testing in 1904, 

and althoagh it has not been of great value in determining 

the workability of wood, it baa been applied quite 



extensively to finished wood parts, to determine their 

ability to resist denting. 

The test consists of driving a steel ball 0.444 

inches in diameter into a specimen 2x2x6 inches in size, 
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at a constant rate of 6J1111 per minute. The amount of pres­

sure required gives a fiCJUre which can be used compara­

tively, aa a hardness rating (ASTM, 1964, p. 80). Figure 

No. 7 illustrates a hardness testing fixture. 
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HARDNESS TESTER POINT 

FIGURE 7 
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CHAPTER IV 

RELATED INP'ORMA'l'IOlf 

Industrial-Geographical Infonaation: 

The raw material, (wood) is of such diversity in 

type that any geographical information concerning it is of 

necessity extremely general. . . The maps (Appendices Al, A2) 

show forest regions of the united States. 

Major users of wood testing equipment, and wood re­

search methods are the lumber industry, the woodworking 

industry, and wood research organizations. (Appendices 

Al, A2 and A3). 

Woodworking industries are so varied and diverse 

that it seems safe to say thai they can be found in nearly 

every part of the world. Major companies are usually lo­

cated near their supply of raw material. 

occupational Information: 

Occupational infomation concerning specific ap­

plications of -chanical testing within tbe wood industry 

seems non-existent. unlike the metals industry, where job 

titles such as •metallurgical engineer• are well accepted 

and well defined, wood research ~nd testing- is conducted 

by peraona with various amounts of training and differing 

professional titles. MOst researcb see111& to be done by 
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scientific research technicians, mechanical engineers, and 

civil engineers. Therefore, career and occupational infor­

mation will be aimed toward these professions. 

Bngineerina yg, Reaearcp Techpicians: 

Engineers develop methods o.f converting raw material 

into useful products at a reaso~able cost. Many conduct 

research and test Bl8.terials to supply the basic tacbno~ 

logical data neceaaary for iaprovement in practical utiliza­

tion. of a material. Their job differs frOIR that of the 

scientist only in the sense that their eaphasis ia on appli­

cation of scientific principles rather than their diacOYery. 

They conduct tests and experilllents aimed. at calcv.lating all 

the factors which affect the products or materials being 

used. Research technicians do approximately the •- job 

aa -gineera. The difference lies in the aaount of educa-. 
tional background and ability to work on their own. 

B119iaeerin9 is the aecond largest profeaaional occu­

patioa, with 975,000 employed in the united State• in the 

aid-1960 • •. one-half are eaployed by anufact11ria9 inclua­

triea, oae-foa.rth by St.ate, Federal, and local 90Yenmeatal 

agenciea. The r-in•r work for educational iaatitutions 

or are -.ployed by non-profit re ... rch oqanizationa 

(cowl•• auide to career• and Profeaaioaa, 1968, p. 86). 

The United State• Bureau of Lal>or Statiatica and 

the Rational Science Foundation report that 105,300 researc 

• 



technicians were employed ia the engineering field during 

the late 1950's. This n\llliber has doubtless iacreased (The 

Institute for Research, 1959, p. 7). 

The average starting salary for graduate engineers 

was $7,425 in 1964, and $10,500 to $12,700 for engineers 

with the doctoral degree, while engineeriag technicians' 

startia9 salaries range anywhere from $5,000 to $10,000 per 

year. 

Working conditions in the•• fields are excellent. 

Laboratories are generally well equipped. There is gnat 

opportunity to encounter and solve problems, aad iachastry 

generally encourqes -ploy"• to publish results of their 

work in trade journals, where some personal reCOg'llition 1• 

attainable. 

Bmployaent is not localized in any specific area of 

the nation. Jobs are available in every large ~ity, in 

-y -11 towns, and r,en in some rural areas. 

Possibilities for advancement are great, and the 

swift development of new induatries and product■ indicates 

job opportunities will continue to be plentiful. 

Three types of ellployers can be found for Mchanical 

engineers and engineering technicians within the area of 

wood: 

1. Manufacturers of wood products : salaries 

and working conditions are comparable to 



those in the field, aa a whole. Bllployaent 

is found in all areas. . Jobs are J110re 

readily available to technicians than en­

gineers. 

2. The lUlllberinCJ industry: locations of ea­

ployaent are somewhat limited. {See Appen­

dix Al). All major mill• and corporation• 

are possible eaployers. 

3. Private and GoYernmental Research organiza­

tions : These are usually located only on 

university caapusea or in large metropolitan 

areas. {See Appendix Al). 

Financial Trends: 

Par froa becoming an obsolete aaterial, wood product 

are becoain9 more and more essential in many areas of the 
' 

industrial cOlllplex. As the woodworking areas have had to 

cmapete effectively with other industries, auch as synthetic 

resin and plastic materiala, research baa tended to expand 

ita uses and illportance {Desch, 1968, p. 335). 

The writer has atteapted to divide the industries 

coaceraed with INC!!hanical testing into four -jor 9roups1 

1. Research and testing organization•, 

2. Lullber industry, 

3. Woodworking ilu1'1at:ry, and 

4. Testing •chine or instruaentation incblstry. 



Since many research institutions are non-profit organiza­

tions, supported by government, university, .and pri,rate 

funding, no financial reports on this area will be gi,ren. 

The following information ia a financial breakdOWD of one 

major industrial firm in each of the other three areas. 
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The LWlber xnauatry: The Weyerhaeuser coapany, 

founded in 1900, is one of the largest and beat-known of 

the lmaber concems in the united States. It is a diversi­

fied enterprise with aajor holdings in forest stands, l\1Jll­

ber mills, pulp and paper industries, particle board, and 

the packaging industries. 

Their 1968-69 financial record is: 

December 
1 9 6 8 

Bet Sales $1,053,035,000 
Net Incoae 106,388,000 

Earnings per c0111110n share $ 1.75 

IIUJlber of CCIIIIIIIOft shares 60,710,933 

1 9 6 9 

$ 1,239,J.68,000 
131,~2,000 

$ 2.11 

60,784,771 

The coapany experienced a stock split in 1967, with 

two for one 'being issued to holders. The earnings COJmllant 

for 1970 states that Weyerhaeuser anticipates a 15% in­

crease in eamings over 1969, and plans to begin a long-ta 

(four year) expansion and JIIOdemization progrua. The plan 

includes capital expenditures of one million dollar• in the 

areas of plant aodernization, paper and particle board 

packaging, and pollution control (MOody' s Industrial Stoc 



Report, 1970, p. 982, obtained at the library of Francis I. 

DllPont, waterloo, Iowa). 

The Woodworking Industry: The American Forest 

Products corporation, also a diversified company, manufac­

tures furniture and wood parts. Other divisions of the 

company include veneer, paper, plywood, corrugated boxes, 

and vood ladders. American Forest Products also distributes 

its own products. 

Net sales 
Net income 

Earnings per share 

Number of shares 

1 9 6 8 

$111,607,201 
2,564,244 

$2.10 

1,051,001 

1 9 6 9 

$143,026,138 
6,144,897 

$5.00 

1,086;388 

The company also owns its own saw mills and holds 

timber reserves of 2,032,000,000 board feet 

1970, p. 932). 

(Moody's, 

The Instrumentation Industz:ya The Pettibone Mul­

liken Corporation has eight major divisions, many of which 

are related to the foundry and casting industry. One of 

its divisions is concerned with the manufacture of hydrauli 

static loading devices for teating. There appear to be no 

separate financial breakdowns for the subsidiary, •aydrauli 

Power Equipment corporation•, however, the coapany in its 

entirety ae ... to be doing well. 



Net Sales 
Net Income 

Earnings per share 

Nwaber of cOJllllOn ■hares 

Patent Information: 

1 9 6 8 

$117,314,086 
4,161,541 

$3,05 

1,296,550 

1 9 6 9 

$124,137,957 
5,462,111 

$4.81 

1,091,160 

(Moody's, 1970, p. 136). 
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The following outline bas been developed as a guide 

to patenting. Volumes of material have been written on 

patenting. The purpose here is not to add to that litera­

ture, but to anawer a few of the most conanon questions, 

and suggest sources of additional information. 

A. What is a patent? 

1. •A patent is a legal document issued by the 

united states GoVemaent·to an inventor ••• 

they defiiut •invention' and grants the right . 
to prevent others from making, using, or 

selling it in the united Statea" (Brink, 

1959, p. 34). 

2. An invention is something not previously 

known or in existence which was discovered, 

or contrived, and produced by the exerciae 

of independent inYestigation and experiment. 

3. An in•entor is a person who has made an 

invention. 



B. Wbo may obtain a patent? 

1. Anyone who can meet the requirements 

given above for an inventor. 

2. Persons having legal power to act for 

another, i.e., executors, administrators, 

legal guardians, or attomeys. 

C. What can be patented? 

1. In order to patent, the inventor must be 

able to classify bis work in one of aix 

categories, 

a. aechanical device for the use or 
conTersion of energy, i.e., 1110tors, 
engines, nuclear reactors, turbans, 
chemical reactors. 

b. Composition of matter, i.e., ch-ical 
reaction the product of which was 
unknown. 

c. Article of -nufacture, i.e., a 
better 1110usetrap. 

d. A proce••• 1-•·• a aerie• of •tep• 
or procedure• used to obtain a 
specific n••lt. 

e. Specialty. i.e., effective changes in 
the appearance, ornaaentation, or 
design of an object. 

f. Plant, i.e., only aaexual propogated 
varietiea, aeed hybrids, or wild 
plants do not qualify. 

2. The invention 1111at have, utility, nOYelty, 

and inventiveness. 

a. Utility, workable and of some 
practical use. 
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-
b. Novelty: never havinCJ been patented, 

invented, or generally known before. 

c. Inventiveness: not immediately obvious 
to anyone trained in the area of inven­
tion (superior iiaterial or variation of 
parts do not q11alify). 

D. How should a Patent be Applied For? 

40 

The application and filing of patents is of such a 

complex nature that few laymen should try to take on the 

job themselves. The beat -tbod is to hire a patent attor­

ney or contact a development coaaission. In Iowa, •The 

I01fa Development Ca.aission, Inc., center of Industrial Re­

atritJrch and service•, 202 Building Bast, Iowa state Univer­

aity, Alles, Iowa, can be of help for a saall percentage of 

the royalties earned by the invention. The following six 

steps briefly describe the method of obtaining a patent: 

1. Official request: A formal request should 

be addressed to the united states Patent 

Office, united states Department of COlllllerce, 

Washington, DC 20035, requestinCJ a petition 

to file. (Information about patenting can 

also be obtained here). 

2. Disclosures A description o f the invention 

giving exact specifications that are clear, 

conciae, and complete, and written in legal 

terminolOCJY• 

3. Claims: Describe all those part• of the 



invention the applicant wishes to protect 

and claim as his own original diacovery. 

All clai.ma must be stated a■ the object 

of a sentence. (We claia, or I claim). 

4. Drawings: Are almost always required in­

stead of working models. They muat 

describe every detail being patented and 

meet prescribed drafting atandards. 

5. oath: Applicant must swear to be the 

inventor of everything in the claim. 

6. Filing fees: If the patent is accepted, 

a charge of $30, plu• $1 per claim for 

all those over 20, must be paid. 

E. Helpful Terms to Know when Patentj,ag: 

1. Pending: A patent application found to 

be acceptable but not yet issued. 

2. Copending: Two applications on the saae 

invention, one filed while the other was 

pending. 

3. Abandoned: Applicant has surrendered all 

rights to his invention. 

4. Forfeited: An application which ha■ not 

had the filing fee paid within the time 

liait. 
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P. References Found to be Helpful: 

Calvert, Robert, "Patent Practice and :cnvention", 
Reinhold Publ. Corp., lfew York-;-T964. 

Jones, Stacy v. , "!2!!. ought _t2. Patent ~", 
Dial Presa, Inc., Jfev York, 1962. 

Brink, Richard E. , "!!. outline ~ ~. P!lent 
Law", Interscience PUbli, Inc., lfew York, 
1959. 

u. s. Departaent of commerce, "Patent I!!!!.!,", 
u. s. Goverwnt Printing Office, 
Washington, DC 20035, 1965. 

Pield Trips: 
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The writer contacted the :Forest Products Laboratory 

in Madison, Wisconsin, and after talking with Mr. J. A. 

Liska, Chief of Wood Engineering Research, made an appoint­

ment to visit there. The laboratory conducts fundamental 

and applied engineering research on wood. The research 

relate• specifically to the evaluation of the physical, 
. 

mechanical, engineering, and related properties of nearly 

every known wood specie■• The Porest Products Laboratory 

is a governmental agency and,•• such, its research is 

directed toward the beat possible utilization of all forest 

products. 

Mr. Liska and Mr. Boller, a -chanical eDCJiaeer at 

the laboratory, were extreaely generous with their time. 

They spent .:,re than four hours answering questions concern 

ing all aspects of -chanical testing, and de1110nstrating 

and explaining many of their specific tests and equipaent. 



The writer wishes to express his thanks to these 

tvo men and to the Forest Products Laboratory for their 

valuable assistance. 
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The writer also visited Hydraulic Service and Supply 

Company in Des Moines, Iowa. Mr. D. Johnson talked with the 

writer and answered questions concerning testing machine 

construction, as well as many other questions about the in­

dustry. 



EDUCATIODL PACKAGE 

A• previously mentioned (see lntcoduction) it is 

the writer's feeling that industrial arts woodworking pro­

gram■ have retained a traditional approach, while the 

wood industry baa been adapting itself to a more techni­

cally oriented society. Applications of scientific test­

ing AB. being applied by the wood industry. In keeping 

with the goals of industrial education, the introduction 

of a Wlit in mechanical teatin9 of timber seeas a necessity 

(Ward, 1960, p. 5). 

The Instructional~: 

The writer envision• a Wlit on mechanical testing 

of wood tilmera as an ideal way of beginning a •-•tar 

courae in woodworking. It might, if properly handled, 

elillinate unit• preaeatly being taught in the identific•­

tion and characteristic• of wood. The following objectives, 

infonaatioa, and activities provide a possible unit outline. 

They should not be thought of as complete or as the only 

poasible solutions. 

Objecti•••= 

l. TO develop an understanding of what aechanical · 

t.eatin9 is, and how it is applied to tbe wood­

working industry. 



2. TO develop interest in solving problems by the 

reaearch and experimentation method. 

3. To develop students' ability to rec09nize 

various woods and know their correct uses (con­

sWRer knowledge) • 

4. To develop a working knowledge of correct 

machine skills with testing equii;aent. 

S. To inform students of job or occupational 

opportunities within the area of mechanical 

testing. 

6. To develop good work habits and safety con­

sciousness. 

DJ& outline: 

I. Introduction of Mechanical 'l'e•ting 

A. History 

1. prehistoric applications 
2. first scientific attempt• 
3. in the v. s., Forest Products 

laboratory. 

B. Applications to present industrial 

practices 

1. the construction industry 
2. aakera of testing equipment 
3. the lmiber induatry 
4. the woodworking industry 

II. Methods of Saapling. 

III. Method• of '!'eating: 

A. compression 



a. Shear 

C. Static Bending 

D. Hardness 

E. Although these are the only teats covered 
in this report, aany others sho\lld be 
included, such aa1 nail withdrawal, 
abrasion, toughness, and cleavage. 

IV. occupational Information: 

A. Explanation of jobs that apply, 

1. world.JMJ conditions 
2. location 
3. wages 
4. skills required 

a. Jobs inYolYinCJ mechanical testing outside 
tbe wood area. 

v. Introduction to tbe shop testing equipment: 

A. Safety for workers 

a. Safety for the equipaent. 

VI. Laboratory experience. 

VII. Evaluation. 

qg.eral Safety: 

Safety rules for laboratory work with aechanical 

teatin«J of wood is similar in a:>st aspects to those rules 

generally applied to all industrial arts activities. 

Safety glasses are aost certainly a MUST. The following 

liat su99eata otber areas where attention should be given 

to safety (Feirer, 1963, p. 28). 

1. clothin9 and personal dress 
2. hou.sekeepin9 

46 
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3. condition of tools 
4. correct use of tools 
5. special protective devices and 9uarda 
6. lifting heavy -terials 
7. using ladders 
8. horseplay 
9. c0111Dustible aaterials 

10. First-aid equipaent. 

For additional infonaation on establishing a success 

ful and comprehensiYe safety program, see: 

Silvius, Harold G., "Teaching SuccessfullL 
in Industrial Education•, McKnlght-MeKnig t, 
iroom!ngton, IL, p. ffg.:'457. 

Safety .!I!. Using Testing Machines: 

Nearly any type of machine used will be producing 

loads or forces of one kind or another. Many times these 

forces will be very large. For example, compression loads 

often go as high as 10,000 lb/sq. in. Since wood ia a mate­

rial that tends to resist force until a maximum is reached 

and then break suddenly, extreae care must be used in 

positioning the operator of testing equipment. Guarding 

devices around the specimen being tested should be used 

whenever possible. 

The equipment, although designed to withstand 

extr- pressure, contains many measuring devices, such as 

gauge■ or scales, which are delicate instruments, care must 

alway■ be taken to protect thea., fzom sudden jol ta or falls. 

PUpil BYaluation~ 

The first and only fair method of evaluation is to 
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e■tabli•h clearly in the mind■ of both the atudeat• and th• 

in■tructor, what infomation, akilla, and attitude• are 

de■irable, and what is to be evaluated. In other word■, 

behavioral objectives auat be e■tablished and made clear to 

everyone involved in the evaluation. The follovia9 para­

graph• cont6-in suggested method• of evaluting ■t.._t 

progreaa according to the objective■ previou■ly ••tabli■hed 

for a -cunical t.eatiag unit. 

Self BValuation I The student ahould learn to fom 

■ound judgments concernin9 hi• own work. Be i• then in a 

po■itioa to better understand his deficiencie• and to im­

proY• bi• quality and proficiency. To aoae extent, the 

trading effort should be cooperative between the teacher 

and tile ■t11dent. Self-ratiag scale• ha•• been fo11nd by the 

writer to 1Mt an effective -tlloc! of self-evaluation. 

BXAMPLB1 

0 

Poor 

5 

llteeda 
Iaprove­

JNnt 
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factory 

15 
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(1) '1'0 what dtNJra• do you feel caafortabl• 
operatint •ting equipaent? 

(2) oc, you feel you have a coaprebenaive uder­
atandiag of th.• -thod• for compn■■ion 
teatin9? 

(3) 'l'O what degree wa■ the data You obtained 
OD your mechanical teat ■pecillen• accurate 
•• coaparec! with profe■aional result• 
previously obtained? 



Formal test items: A major point to remell'.ber i• 

that no test item should be included until after students 

have had ample opportunity to familiarize themselves with 

the material. Review ••••ions are helpful. Ponaal teat 

questions could be essay, multiple choice, true-false, or 

matching type questions. The objectiveness of this type 

of evaluation is of great importance. 

EXAMPLE: 

1. Write a short paragraph explaining the 

historical development of mechanical test­

ing of wood specimens. 

2. A test used to tell how far a test apeciaen 

will bend before breaking is called: 

a. shear c. static 
D. co111preasion d. hardness 

3. The a::>isture content of wood affects its 

strength. The greater the DlOiature content 

of a specimen, the stronger it will be. 

_True False 

4. Match the test with what is actually 

being done to the apeciaen. 

1. specimen ia sliced 
into parts 

atatic •• 
2. apeciJDen is squeezed b. bardneaa 

together c. compreaaion 
d. shear 

3. speciaen ia punctured 

4. specilllen is bent 
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Evaluation of Manipulative Skills: 

Manipulative skills have traditionally been evalu­

ated in terms of take-home project. Mechanical testing in 

the wood lab provides no such project. Subjective grading 

on the part of the teacher is therefore required. The 

student's competencies can best be evaluated on the basis 

of critical observation of his actual performance in apply­

ing scientific principles at his work station. 

Attitude Evaluation: 

Moat instructors feel the need to evaluate this 

aspect of their students. It has the advantage of allow­

ing the student who tries hard, but is not very capable, of 

experiencing soae success. The major drawback is that it 

may be applied in a vindictive manner by some instructors. 

Whenever possible, objectivity should be increased through 

the use of such devices as rating scales, sociogrmu, and 

standardized methods. 

Percentage of Illlportance: 

Without doubt every teacher will insist upon 

deciding the importance of each type of evaluation method 

for himself. Teachers should, however, make the percentage 

of iaportance known to their students. The grading pie 

might be ■liced to resellble this formula: 



Text Books: 

Self eva·luation. • • • • • 
Formal tests ••••••• 
Manipulative skills •• 
Attitude ••••••••• 
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• 15% 
• 30% 
• 40% 
• 15% 

After a careful investigation, the writer has been 

unable to discover any single text which is suitable as a 

textbook for students at the junior high level. There 

seems to be a real need for texts which apply scientific 

investi9ation and research methods to industrial arts at a 

level of difficulty cmmaensurate with general secondary 

education. 

The following texts have been of great value to the 

writer, and should make excellent resource materials in 

teaching the unit: 

American Society for Testing of Materials, 
Part #16, ASTM, 1916 Race Street, Philadelphia, 
PA, 1964 (issued annually), price $15. 

~ Handbook, u. s. Department of Agriculture,, 
u. s. Governaent Printing Office, Washington, 
DC, 1955, price $2.25. (No. 72). 

A-V Naterials of Possible Value: 

1. •LUJltber for Houses", Visual Instruction 
Service, Iowa State University, Ames, 
IA 50010. (N.S. - 734) 

2. •The Meaning of P.S.I.•, Visual In■truction 
Service, Iowa State university, Ames, IA 
50010. (N.S. - 411) 

3. •Fixed Gages•, (Op. cit.) 
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CHAPTER VI 

SUMMARY 

The writer feels that the study has been successful 

within limita. The area of wood research is developing 

amazingly and unique utilizations of the oldest of raw 

materials, through better understanding of its character­

istics. Unfortunately, tiae and circWllBtances will not 

allow a comprehensive investigation of all wood testing 

and research being undertaken. However, the present in­

vestigation has convinced the writer of the merits of 

including this topic as a unit of instruction in indus-

trial arts education. 

The writer eagerly awaits the challenge of attempt­

ing to apply mechanical testing of timber to a junior high 

school curriculum. The possibilities for further investi­

gation and study are also appealing. 
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APPBIIDIX Al 

Research organisation■ concerned with tilllaer ud 

plywoocl. (POr a a,re COllplete listing, world-wide, ■ee 

(800th, 1967, pp. 225-260). 

I. Allerican Ill■tit11te of Ti.Jlber 
conatnctioa 

1757 K street 
Wa■hin9toa, DC 

II. rore■t Products Laboratory 
Jllldiaon, Wi■con■ ill 

III. Virg'inia Polytechnic ID■titu.te 
Wood Research Iutitate 
P.O. BOX 361 
Black■burg, Virginia 

IV. OreC)on Poreat Reaearch center 
P.O. Box 571 
conallis, Oregon 

V. Bational Forest Products Association 
1619 ••••chu■et.ts Avenue, 11. w. 
Wa■hington, DC 

VI. Canadian In■titute of Tilliber 
con■truction 

200 Cooper street 
Ottawa, Ontario, Canada 

VII. British Columbia Lwaber Manufacturer'• 
A■sociation 

1477 west Pender Street 
vucouver, B. c. , Canada 
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