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MEMORANDUM OF TRANSMITTAL FROM THE CHAIRMAN 

U.S. SENATE, 
O0MMITrEE ON PUBLIC WORKS, 

June 19, 196e. 
To the Members of the Committee: 

On January 22, 1962, our committee, by unanimous vote, directed 
that there should be instituted a study and investigation into the 
use of new materials, new use of materials, and new designs and 
methods being used or which may be used in many of our Federal 
public works projects. 

One of the specific items to be covered is timber and the innumer- 
able products of timber. The report by the U.S. Forest Service 
makes a very valuable contribution to our study, and I believe you 
will find it very interesting and informative. 

The national forest system is composed of about 181 million acres 
of land, and contains 37 percent of the commercial timber of saw-log 
size and 20 percent of the commercial forest lands of the United 
States. They comprise the most important watershed lands in the 
West. 

The Forest Service has not only managed our national forests in 
connection with the protection and utilization of timber, but has made 
a vital contribution to the forest products industry which is a vital 
segment of our national economy. This contribution has largely come 
through their Forest Products Laboratory. 

The reportof the Forest Service deals with the role of wood and wood 
products and its wide range of applications in public works. The 
report presents much information with respect to the various extrac- 
tives and chemical products of wood. In addition, it contains a very 
interesting discussion of the potential of chemicals from wood and 
the impact of recovery of waste materials on the water pollution con- 
trol problems of our Nation. 

DENNIS CHAVEZ, 
Chiirmn, Committee on Public Works. 
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COMMUNICATIONS 

U.S. SENATE, 
COMMITrE ON PUBLIC WORKS, 

February , 1962. 
Mr. RICHARD E. MCARDLE, 
Chief, Forest Service, 
Department of Agriculture, 
Washington, D.C. 

DEAR MR. MCARDLE: The Committee on Public Works, in execu- 
tive session on January 16, 1962, approved a committee resolution 
authorizing hearings, study, and a report on the use of materials in 
the construction of buildings, roads, water resource projects, and other 
public works. 

To attain the objective of the committee, it will be most helpful if 
we could obtain the cooperation of industry and the Government 
agencies in the collection of information called for by the resolution; 
therefore, it will be appreciated if you will supply us with such infor- 
mation as is related to your interest or activity. 

A copy of the resolution is enclosed for your information. If you 
require further details, please contact Mr. John L. Mutz of the 
committee staff who is in charge of handling this particular study. 

I believe that with the new materials and new uses of known ma- 
terials being developed and utilized, we should be be able to gather 
considerable information on this subject, thereby making an extremely 
interesting and constructive contribution to the various producers, 
fabricators, and users of materials. Furthermore, it would be most 
useful and helpful if we were to obtain information with respect to new 
designs and new methods of installation of materials. 

It is my hope that your organization will be in a position to appear 
before the Committee on Public Works to make a formal presentation 
during the early part of April 1962. After the hearings or presenta- 
tions are completed, it is planned to have a committee report prepared 
thereon and submitted to the Senate. 

I would appreciate it if you would advise me if you will be able to 
complete such a report for presentation to the committee at the 
suggested time, so that we may set tentative dates for the hearings. 

Sincerely yours, 
DENNIS CHAVEZ, Chairman. 
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VI COMMUNICATIONS 

L87th Cong., 2d sess., U.S. Senate, Committee on Public Worksl 

COMMIVrEE RESOLUTION PROVIDING FOR A STUDY AND INVESTIGATION OF UsE 
OF MATERIALS IN PUBLIC WORKS 

Whereas the Senate Committee on Public Works has under its jurisdiction 
measures relating to flood control and rivers and harbors, roads, and highways, 
public buildings, water pollution control, waterpower, and other matters relating 
to developments within the Nation; and 

Whereas the Senate Committee on Public Works has authority to make inves- 
tigations into any matter within its jurisdiction; and 

Whereas the Senate Committee on Public Works members have been vitally 
interested in the development, protection, and utilization of our Nation's water 
resources as evidenced by their active participation in the hearings and delibera- 
tions of the Senate Select Committee on National Water Resources ; and 

Whereas there are now being produced and our scientists and technicians, both 
in industry and Government, are working on and perfecting many new materials 
and new uses of known materials and it is evident that such materials can be 
utilized efficiently and economically in the construction of public works, in the 
protection and operation of such works, in the preservation and proper utilizatio n 
of our essential water resources and that such materials and their development 
and use enhance the opportunities for industrial and business growth and 
strengthening of our Nation's economy; and 

Whereas representatives of industry a nd the Federal Government have shown 
a keen interest in discussing and disclosing their roles in the fields of research, 
development, and utilization of materials: Therefore, be it 

Resolved, by a unanimous vote of the Senate Committee on Public Works, That 
the committee shall institute a study and investigation into the use of new ma- 
terials, new use of materials, and new designs and methods being used or which 
may be used in flood control and rivers and harbors, roads and highways, public 
buildings, water pollution control, waterpower and other development, utiliza- 
tion, preservation, and protection projects, and that a committee report be pre- 
pared thereon and submitted to the Senate. 

SEc. 2. Such study and investigation shall include but not be limited to metals, 
plastics, rubber, coal, petroleum, timber, concrete, asphalt, chemicals, and their 
direct use, uses of their derivatives or use in combination with each other or other 
materials, and shall attempt to determine the following: 

(a) Description of proposed use of application of the subject material; 
(b) General description of the materials in terms of physical and chemical 

characteristics and where possible, obtain a description of the physical or 
chemical phenomenon responsible for obtaining the desired effect; 

(c) Results of laboratory and field tests to prove that the desired effect 
occurs and prove the durability or duration of the effect of the material; 

(d) The limitations of the materials, i.e., problems of toxicity, limitation 
of effectiveness under certain climate, soil, or physical conditions; 

(e) Cost of materials per standard units, i.e., square foot, lineal foot, 
cubic foot, etc., and cost projection in terms of future production capacity, 
improved manufacturing techniques, etc.; and 

(f) Availability of material both on a current and future basis. 

Adopted: January 22, 1962. 
DENNIS CHAVEZ, Chairman. 



COMMUNICATIONS VII 

U.S. DEPARTMENT OF AGRICULTURE, 
FOREST SERVICE, 

Washington, D.C., April 11, 196f. 
Hon. DENNIS CHAVEZ, 
Chairman, Committee on Public Works, 
U.S. Senate. 

DEAR SENATOR CHAVEZ: Your letter of February 2, 1962, to 
Dr. McArdle invited the Forest Service to participate in a study of 
the use of materials in public works by preparing a report on the use 
of wood. I am happy to transmit herewith a report entitled "The 
Role of Wood and Wood Products in Public Works," prepared by the 
Forest Products Laboratory of the Forest Service with assistance from 
representatives of the forest products industry. 

The Forest Service has more than a passing interest in the subject 
of wood in public works-it has, in fact, a very direct interest from 
three standpoints. First, in managing some 186 million acres of 
national forests and national grasslands, the Forest Service must of 
necessity construct and maintain a wide range of public works. 
Among these are: Forest roads for management activities, firefighting, 
and recreational travel ; bridges in a range of sizes ; buildings of various 
types including residences, warehouses, laboratories, and offices; flood 
control structures; and fire lookout towers. 

Second, the national forests furnish a considerable portion of the 
annual timber harvest. We want to be sure that we manage these 
forests so that they will continue to supply adequate amounts of 
high-quality timber for public as well as private use. 

Finally, for more than 50 years, we have been responsible for main- 
taining a strong program in forest products research. This program 
has as its objective the development of new uses for wood and the 
improvement of old uses, with a view to greater efficiency, longer life, 
and greater consumer satisfaction. This research work, centered at 
our Forest Products Laboratory in Madison, Wis., deals with a broad 
array of forest products utilization problems. 

We have drawn heavily on our experience in forest products research 
to develop the accompanying report. Many of the widespread uses 
of wood in public works result from past technological advances. 
Some of the newer uses now being adopted spring from our research 
program. Also, the new horizons for even greater use of wood in 
future public works and related activities are being expanded by ideas 
developed in the laboratory. 

The report has been organized in three sections to bring out present 
utilization of wood, significant new developments, and possible future 
uses of this raw material. Many of the uses of wood described in 
the report represent applications made by the Forest Service in its 
various program activities. However, the report develops the full 
present and potential use of wood in the wide range of public works 
projects. 

Sincerely yours, 
EDWARD P. CLIFF, Chief. 



FOREWORD 

The Committee on Public Works, U.S. Senate, adopted, on Jan- 
uary 22, 1962, a resolution which read, in part- 
* * * that the committee shall institute a study and investigation inth the use 
of new materials, new use of materials, and new designs and methods being used 
or which may be used in flood control and rivers and harbors, roads and highways, 
public buildings, water pollution control, waterpower and other development, 
utilization, preservation, and protection projects, and that a committee report 
be prepared thereon and submitted to the Senate. 

Senator Chavez, chairman of the committee, invited the Forest 
Service, U.S. Department of Agriculture, to compile a report on the 
role of wood in the activities contemplated by the resolution and to 
make a presentation to the committee. This report, prepared by the 
Forest Products Laboratory of the Forest Service, is in response to 
this invitation. 

The forest products industry is a vital segment of our national 
economy. In 1959, the total value of shipments from timber-based 
primary manufacturing industries amounted to about $10 billion. 
About 5 percent of the gross national product originated in timber- 
based industries. One out of every 20 people employed in the United 
States worked in these industries. 

This large and complex group of industries is backed up by an ex- 
tensive and renewable resource. The latest full-scale review of the 
Nation?s timber resource, reported in "Timber Resources for 
America's Future," projected demand and supply to the year 2000. 
It estimated the consumption of all wood products, in the year 2000, 
to be about twice as great as in 1952 and suggested measures that 
would be needed to help insure an adepiate timber supply. 

Thus the forest products industry is dynamic and growing. It 
has a stable base for the future. Over the years, research has taught 
us to use wood better, to make it last longer, and to use a greater 
proportion of the timber we cut. Certainly we may expect that 
technology will continue to provide improvements. 

Acknowledgement is made of assistance given in preparation of 
this report by members of the forest products industry who supplied 
some of the illustrations and ideas for expanded uses of wood. 

Ix 
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rTHE ROLE OF WOOD AND WOOD PRODUCTS IN 
PUBLIC WORKS) 

INTRODUCTION 

Wood is one of our most significant natural resources. It is Sig- 

nificant not oniy in the myriad of uses for wood and wood products, 
but in the fact that it is renewable; thus, wise forest management 
and continued research to improve its utilization are essential if we 
are to have an adequate supply. Wood performs well in many func- 
tions and rightfully deserves its high place in our economy. 

wOOD USE TODAY 

The Forest Service report "Timber Resources for America's Future" 
showed that the United States used more than 12 billion cubic feet 
of wood annually in 1952. Of this, somewhat more than half (or about 
41 billion board feet) went into lumber. Some 70 percent of the 
lumber went into construction and maintenance of structures. 
Beyond this, of course, large quantities of round wood products, 
plywood, and fiber products are used annually in construction. 
Available figures give little basis for estimating the amount of these 
materials that went into public works, but it was unquestionably 
large. As research provides technological advances, the quantities 
used in public works will steadily increase. 

We are therefore dealing with a material in large-scale use and one 
suitable for a wide range of applications in public works. The use of 
wood in residences and other light-frame construction is thoroughly 
familiar to all and probably needs no discussion. Laminated wood in 
the form of columns, beams, and arches is a prime and economical 
material for warehouses, aircraft hangars, and other large buildings, 
Wood piles provide the foundations for bridges, buildings, and water- 
front structures. Wood poles support thousands of miles of electrical 
and telephone transmission lines. Plywood finds wide use in both 
structural and decorative roles in many buildings as well as in con- 
crete forms and built-up structural members. Fiberboard and hard- 
board provide sheathing for buildings, house siding, and acoustical 
tile. Large quantities of paper in a variety of forms-building paper, 
roofing felt, lumber and plywood overlays, to name a few-are used in 
construction annually. In addition, tremendous quantities of paper 
are required for the plans and specifications for large public works 
projects such as dams or large buildings. Chemical products from 
wood in the form of paint and varnish ingredients, wood preservatives, 
sheet plastics, and explosives also play an important part in public 
works. Many other uses could be cited, but this will be reserved for 
a later section of the report. 
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WRY USE WOOD? 

Many reasons for using wood are obvious, but perhaps a brief review 
will be informative. For one thing, a wide range in properties allows 
the user to choose the kind of wood that will suit his particular pur- 
poses. For example, in windows, doors, and trim, strength is not 
particularly important, but dimensional stability and good machining 
characteristics are. In flooring, dimensional stability, good appear- 
ance, and hardness are critical. For structural members, good strength 
and stiffness are highly important, although appearance may be of no 
concern. In certain uses a high resistance to decay is necessary. And 
so the demands go through many uses. The large number of species 
available in this country and their wide range of properties permit the 
choice of the best materials for specific end uses. 

Wood is widely available in quantity in all areas of the country. 
This availability is not limited to lumber, the form we are most likely 
to think of, but as plywood, fiberboard, paper, laminated timbers, and 
chemical products as well. 

Longtime usage and wide availability have developed a countrywide 
group of craftsmen skilled in the use of wood. It is probable that 
carpenters are more generally available in most areas than are skilled 
steelworkers, cement finishers, or similar artisans. This is an im- 
portant consideration in planning construction in certain areas. 

Wood has long been used to support loads in buildings, bridges, 
aircraft, and ladders. In large part, this is a recognition of its high 
ratio of strength to weight. In part, also, this reflects the ability of 
wood to absorb considerable overloads for short periods without fail- 
ure-impact loads on railroad bridges, earthquake shocks, and hurri- 
cane winds, among others. The performance of wood structures in 
earthquake and hurricane areas has been outstanding. 

Contrary to the popular conception, wood in large sizes has excellent 
resistance to fire. While the surface may burn, the good thermal in- 
sulation of wood and of the char formed in burning prevents fire from 
penetrating rapidly into the interior. Wood beams and arches of 
large cross section, therefore, perform well in fire. 

TECHNICAL DEVELOPMENT AND WOOD USE 

Forest products research at the Forest Products Laboratory and 
forest experiment stations of the Forest Service, at various laboratories 
of State or other universities, and at the laboratories of the wood 
industries has played an important role in diversifying the products 
available from wood and in making them serve more efficiently and 
economically. Basic studies of the inner structure of wood have 
defined more accurately those things that determine quality in 
wood and have served a dual objective of pointing for.est management 
in the direction of growin trees with these qualities and of helping 
us do a better job of selecting wood for specific uses. 

Research has given us both better saws and sawing methods, so that 
sawmills can turn out a higher quality product in better yield than 
ever before. Gluing research has developed adhesives and techniques 
that led to such new products as weatherproof plywood and overlaid 
lumber, as well as the laminated structures that have taken away 
our age-old limitation of size as related to the pieces which can be 
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cut from a tree. Improved preservative chemicals and processes, 
new paints and other finishes have vastly improved wood's resistance 
to weather, fire, decay, and insects. 

Engineering research has given us not only a more detailed knowl- 
edge of the physical and mechanical properties of wood and its prod- 
ucts, but also the ability to design more effectively. It has solved 
the problems of dealing with such complex combinations of materials 
as sandwich construction. 

Pulp and paper research has given us a wide variety of pulp-based 
products at increasingly high yields from an increasingly broad 
species base. It has given us papers and boards with a range of 
properties to fit specific uses. 

Chemical research has given us a range of products from better 
preservative chemicals through improved woods to chemicals for 
soil stabilization. It has taught us how to make use of sawmill 
residues and pulpmill effluent. 

In spite of significant developments from forest products research, 
many problems still require solution to use our forest resources more 
effectively and more efficiently. Thus, research in this field must 
continue and wifi become increasingly important in the future utiliza- 
tion òf this resource. 

THE REPORT 

This report is designed to give an insight into the current and po- 
tential use in public works of wood and of products from wood. To 
that end, the report is divided into three parts. The first of these is a 
partial listing of wood products and the various uses to which they 
can be put in bridges, buildings, highway construction, waterfront 
structures, and the like. Wood use in these applications is so varied 
that we can hope to give oniy typical examples rather than an ex- 
haustive listing. Such examples will serve, however, to indicate the 
important role of wood. 

Since many public works planners may not be fully aware of the 
potentials for the use of wood and wood products that have been 
developed through research and technological development, the second 
section describes some of these developments. Wood is a more tech- 
nologically advanced material than is generally realized. 

The final section is something of a look ahead, an attempt to fire 
the imagination of the planners of public works projects to think 
beyond conventional uses of wood. A few items are described to 
indicate some of the potentialities. These are intriguing, but they 
are only examples of the horizons possible in the use of wood and wood 
products. 

a5963 O-62F---3 



SECTION I 

WOOD AND WOOD PRODUCTS USED IN PUBLIC WORKS 

The following list outlines some of the present and potential uses of 
wood in public works. Of necessity, the list is not complete. In 
many instances only broad fields of use are indicated. 

The list is confined to those materials used directly in construction 
or incorporated into the final structure. There are, however, many 
indirect uses. For example, equipment to be installed into the 
structure, from lighting fixtures to air conditioners, reaches the job 
in wood crates or fiberboard containers. During construction, 
materials are handled on wood pallets. Desks, chairs, and other 
furniture are commonly of wood. Cement, lime, and other materials 
are delivered to the construction site in paper sacks. Such indirect 
uses are not included in the list. 

WOOD PRODU1S 

A. Round wood products (products used in round form with a mini- 
mum of manufacture; used untreated or treated with preserva- 
tives): 

1. Piling: 
(a) Substructure foundations. 
(b) Retaining walls. 
(c) Dams. 
(d) Railroad and highway bridges and trestles. 
(e) Marine structures. 

2. Poles: 
(a) Transmission lines: 

(1) Poles. 
(2) Crossarms for braced frames. 

(h) Pole buildings. 
(e) Log-type buildings. 
(d) Railroad and highway bridges and trestles. 
(e) Retaining walls. 
(f) Scaffolds and temporary structures. 
(g) Lighting standards. 
(h) Highway signs. 
(i) Flagpoles. 
(j) Cribs. 

3. Posts: 
(a) Fences. 
(b) Signs. 
(e) Guardrails. 
(d) Mine props. 

4. Bolts: 
(a) Shingles. 
(b) Excelsior. 
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B. Lumber (sawed material; used treated or untreated as the situa- tion demands): 
1. Common boards (generally 1 inch or less in thickness): 

(a) Roof and wall sheathing. 
(b) Subflooring. 
(e) Concrete forms. 
(d) Chutes for material delivery, etc. 
(e) Fences. 
(f) Shoring. 

2. Finish boards (generally 1 inch or less in thickness): 
(a) Walls. 
(b) Partitions. 
(e) Interior and exterior trim. 
(d) Vertical siding. 

3. Dimension lumber (2 to 5 inches thick and 2 inches or more wide-not strength graded): 
(a) Joists, rafters, studs plates, headers. 
(b) Sheet piling. 
(e) Roof decking. 
(d) Rough flooring. 
(e) Retaining walls. 
(f) Temporary structures. 
(g) Concrete forms. 
(h) Laminated walls and partitions. 
(i) Crossarms. 

FIGURE 2.-Potomac River Yacht Basin in Washington, D.C., showing extensive use of preservative treated piling and wood members for wharves and catwalks. 
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FIGURE 3.-Lumber, the primary product of the forest, is the basic material for 
homes and other light construction. 

4. Structural lumber (at least 2 inches thick and 4 inches 
wide-graded for strength): 

(a) Joists, rafters, studs, headers. 
(b) Roof decking. 
(c) Subflooring. 
(d) Bridges and trestles (bracing, decks). 
(e) Retaining walls and dams. 
(J) Culverts and drains. 
(g) Shoring. 
(h) Laminated walls and partitions. 
(i) Truss members. 
(j) Concrete forms. 
(k) Cooling towers. 
(i) Purins. 
(m) Scaffold framing and planks. 
(n) Tanks. 
(o) Fallout shelters. 

C. Timbers (sawn material over 5 inches in least dimension; used 
untreated or treated with preservatives or fire-retardant treat- 
ments): 

1. Common timbers (not graded for strength): 
(a) Retaining walls and dams. 
(b) Bridges and tressels: 

(1) Wheel guards. 
(2) Sills, caps. 
(3) Decking. 

(c) Heavy mifi-type constructions. 
(d) Guard posts and planking. 
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FIGURE 4.-Preservative-treated timber guardrail structure. 
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(e) Railway ties. 
(f) Towers and derricks. 
(g) Concrete forms. 
(h) Posts. 

2. Structural timbers (strength graded): 
(a) Large buildings: 

(1) Beams, girders. 
(2) Posts. 
(3) Decking. 

(b) Retaining walls and dams. 
(c) Bridges and trestles: 

(1) Beams, girders. 
(2) Sills, posts, caps. 
(3) Decking. 
(4) Guardrails. 

(d) Heavy mill-type constructions. 
(e) Crossarms. - 

(f) Towers and derricks. 
(g) Piers and wharves. 
(h) Stadiums, grandstands, bleachers. 
(i) Truss members. 

Millwork and miscellaneous: 
1. Wall paneling. 
2. Windows and doors. 
3. Flooring. 
4. Siding. 
5. Ladders. 
6. Trim and moldings. 
7. Cabinets and shelving. 
8. Stairs. 

Laminated members (straight or curved members built up of 
parallel glued laminated boards or planks; used untreated or 
treated with preservatives or fire-retardant treatments): 

1. Large buildings: 
(a) Trusses, arches, rigid frames. 
(b) Beams and girders. 
(c) Columns 
(d) Purlins. 

2. Bridges and trestles: 
(a) Beams and girders. 
(b) Caps and sills. 
(c) Posts and columns. 

3. Docks and wharves: 
(a) Beams and girders. 
(b) Caps and sills. 
(e) Posts and columns. 

Plywood (a crossbanded assembly made of layers of veneer or 
veneer in combination with a lumber core or plies joined with 
an adhesive; manufactured with moisture-resistant ,lues for 
severe exposure conditions): 

1. Structural uses: 
(a) Wall and roof sheathing. 
(b) Subflooring. 
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FIGURE 5.-Wood is used extensively in cooling towers. 
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FIGuEi 6.-The wood railroad crosstie, in spite of numerous attempts to introduce 
substitutes, still has no equal in providing a durable but yielding surface for 
track support. 

(c) Finish flooring. 
(d) Fabricated structual members: 

(1) Box beams. 
(2) Rigid frames. 
(3) Stressed-cover panels. 
(4) Sandwich panels. 

(e) Concrete forms. 
(J) Retaining walls and dams. 
(g) Gusset plates. 
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FIGURE 7.-Factory-type building with tall, laminated, preservative-treated wood 
columns which support wood bowstring arches. Workmen are shown attaching 
plywood siding. 

(h) Special roof constructions (folded plate-hyper- 
bouc paraboloid). 

(i) Fallout shelters. 
(j) Boats. 

2. Nonstructural uses: 
(a) Interior paneling. 
(b) Doors. 
(c) Movable partitions. 
(d) Exterior siding. 
(e) Floor underlayment. 
(f) Finish flooring. 
(g) Cabinets, shelving, countertops, cases, etc. 

G. Building fiberboards and particle boards: 
1. Piberboards (a sheet material manufactured of refined or 

partially refined vegetable fibers, principally from wood): 
(a) Semirigid insulation boards: 

(1) Heat insulation in structures. 
(2) Sound insulation. 

(b) Rigid insulation boards: 
(1) Wail and roof sheathing. 
(2) Plaster base. 
(3) Roof decking. 
(4) Exterior paneling, siding, soffits. 

85963 O-62-----4 
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FIGURs 8.-A 1,750-foot bridge usd in construction of Priest River Dam. 
Glued laminated girders, 12 inches by 63% inches in cross section, are designed 
to carry 300 tons per span-two Euclid trucks or a diesel locomotive and one 
car. 

(5) Interior finish boards. 
(6) Acoustical tile. 
(7) Doors. 

(c) Hardboards: 
(1) Interior paneling. 
(2) Exterior siding. 
(3) Floor surfacing. 
(4) Floor underlayment. 
(5) Doors. 
(6) Facings for concrete forms. 
(7) Cabinets. 
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FIGURE 9.-Building of laminated arches using two layers of diagonally laid 
lumber as roof sheathing. 

- ..,s 

FIGURE 1O.-Parabolic laminated arches used in park structure. Four-inch 
decking provides structural roof as well as interior ceiling, Glasshouse Point, 
Jamestown, Va. 
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FIGURE 11.-Recreation shelter constructed using glued laminated beams and 
supporting columns, wood roofing boards, and wood shingles. 

2. Particle boards (a sheet material of wood particles or chips 
bonded with various resins and consolidated under heat 
and pressure): 

(a) Cores for veneered constructions. 
(b) Interior paneling. 
(c) Floor surfacing. 
(d) Floor underlayments. 
(e) Wall and roof sheathing. 
(J) Cabinets, shelving, doors. 
(g) Subfioors. 

H. Paper and paperboards: 
1. Plywood and lumber overlays. 
2. Decorative laminates. 
3. Honeycomb cores. 
4. Floor underlayment paper. 
5. Building papers. 
6. Roofing felts. 
7. Asphalt-impregnated paper felt shingles. 
8. Paper for gypsum board overlayment. 
9. Paper coverings for insulating batts. 

10. Concrete forms. 
11. Vapor barriers. 
12. Thermal and sound insulation. 
13. Paper filters. 
14. Paper sewer pipes. 
15. Electrical conduit. 
16. Paper tapes. 
17. Electrical equipment insulation. 
18. Silo and freight car liners. 
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1. Chemical products from wood: 
1. Soil stabilizers and conditioners. 
2. Molded plastics. 
3. Activated carbon (water purification). 
4. Tar products. 
5. Rosin and turpentine. 
6. Adhesive components. 
7. Varnishes. 
8. Lacquers. 
9. Paint dryers. 

10. Electrical insulation. 
11. Sheet plastics. 
12. Explosives. 
13. Resin extenders: 

(a) For plastics. 
(b) For adhesives. 

14. Portland cement additives. 
15. Oil well drilling mud additives. 
16. Industrial chemicals. 
17. Solvents. 
18. Industrial alcohol. 

(IIt 

FIGURE 12.-Wood paneling is pleasing and popular in public buildings as well 
as in the home. 
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FIGURE 13.-Typical use of lumber and plywood for concrete forms. 

Frnuas 14.-Use of paper tube forms for concrete columns on Milwaukee, Wis., 
expressway. 
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Fiauaz 15.-Installation of fiberboard roof deck that provides finished ceiling, 
thermal insulation, vapor barrier, and structural deck. 

TECHNICAL REFERENCES 

Excellent technical references are available for the designer using 
timber products in public works. In addition, the trade associations 
have technical staffs, which will give assistance and advice on specific 
design problems. A number of these associations and groups have 
their own research organizations, which will investigate special 
problems. 
Codes 

1. National Building Code. National Board of Fire Underwriters, New York, 
N.Y. 

2. Uniform Building Code. International Conference of Building Officials, 
Los Angeles, Calif. 

3. Southern Standard Building Code. Southern Building Code Congress, 
Birmingham, Ala. 

4. Basic Building Code. Building Officials Conference of America, New York, 
N.Y. 

5. American Standard Building Code Requirements for Minimum Design Loads. 
American Standards Association, New York, N.Y. 

6. Design Standards for Construction of Permanent Famity Housing for Federal 
Personnel (Bureau of the Budget Circular A-18). U.S. Housing and Home 
Finance Agency, Washington, D.C. 

7. Recommended Building Code Requirements for Wood or Wood Base Materials 
(Forest Products Laboratory Report 2075). U.S. Forest Service, Washington, 

8. Minimum Property Standards. U.S. Federal Housing Administration, 
Washington, D.C. 

9. Fire Prevention Standards for Homes and Camps in Forested Areas (Publica- 
tion 224). National Fire Protection Association, Boston, Mass. 
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Handbooks and manuals 
1. Wood Handbook (Agriculture Handbook No. 72). ILS. Department of 

Agriculture, Washington, D.C. 
2. Wood-Frame House Construcgion (Agriculture Handbook No. 73). U.S. 

Department of Agriculture, Washington, D.C. 
3. Wood Structural Design Data. National Lumber Manufacturers Associa- 

tion, Washington, D.C. 
4. Manual for House Framing (Wood Construction Data 1) . National Lumber 

Manufacturers Association, Washington, D.C. 
5. Random Length Wood Decking (Wood Construction Data 2). National 

Lumber Manufacturers Association, Washington, D. C. 
6. Design of Wood Formwork for Concrete structures (Wood Construction Data 

3) . National Lumber Manufacturers Association, Washington, D.C. 
7. Plank-and-Beam Framing for Residential Construction (Wood Construction 

Data 4) . National Lumber Manufacturers Association, Washington, D.C. 
8. Heavy Timber Construction Details (Wood Construction Data 5) . National 

Lumber Manufacturers Association, Washington, D.C. 
9. De8ign of Wood Structures for Permanence (Wood Construction Data 6). 

National Lumber Manufacturers Association, Washington, D.C. 
lo. National Design Specification for Stress Grade Lumber and fls Fastenings. 

National Lumber Manufacturers Association, Washington, D.C. 
i i . Standard Grading Rules. Western Pine Association, Portland, Oreg. 
12. Rules for the Measurement and Inspection of Hardwood Lumber, Cypress, 

Veneers, and Thin Lumber. National Hardwood Lumber Association, Chicago, 
Ill. 

13. Standard Grading and Dressing Rules for Douglas-fir, West Coa8t Hemlock, 
Sitka Spruce, and Western Red Cedar Lumber. West Coast Lumbermen's Associa- 
tion, Portland, Oreg. 

14. Standard Grading Rules for Southern Pine Lumber. Southern Pine Associa- 
tion, New Orleans, La. 

15. Official Grading Rules for Norway Pine and Eastern Hemlock. Northern 
Hardwood and Pine Manufacturers Association, Green Bay, Wis. 

16. Standard Specifications. Redwood Inspection Service, San Francisco, Calif. 
17. Standard Grading Rules for Eastern Spruce. Northeastern Lumber Manu- 

facturers Association, Inc., New York, N.Y. 
18. Fabrication and Design of Glued Laminated Wood Structural Members (Tech- 

nical Bulletin No. 1069). U.S. Department of Agriculture, Washington D.C. 
19. Timber Construction Standards. American Institute of Timber donstruc- 

tion, Washington, D.C. 
20. Standard Specifications for Structural Glued Laminated Southern Pine Lumber. 

Southern Pine Association, New Orleans, La. 
21. Standard Specifications for Structural Glued Laminated Douglas-Fir (Coast 

Region) Lumber-Fabrication. West Coast Lumbermen's Association, Portland, 
Oreg. 

22. Standard Specifications for Structural Glued Laminated Douglas-Fir (Coast 
Region) Lumber-Design. West Coast Lumbermen's Association, Portland, Oreg. 

23. Standard Specifications for Structural Glued Laminated West Coast Hemlock 
Lumber-Fabrication. West Coast Lumbermen's Association, Portland, Oreg. 

24. Standard Specifications for Structural Glued Laminated West Coast Hemlock 
Lumber-Design. West Coast Lumbermen's Association, Portland, Oreg. 

25. Structural Glued Laminated Larch Standard Specifications and Design (A.I.A. 
File No. 19-K). Western Pine Association, Portland, Oreg. 

26. Standard Specifications for the Design and Fabrication of Hardwood Glued 
Laminated Lumber for Structural, Marine, and Vehicular Uses. Southern Hard- 
wood Producers, Inc., Memphis, Tenn.; Appalachian Hardwood Manufacturers, 
Inc., Cincinnati, Ohio; and Northern Hardwood and Pine Manufacturers Asso - 

ciation Green Bay, Wis. 
27. .I'Ianual of Recommended Practice. American Wood-Preservers' Associa - 

tion, Chicago, Ill. 



SECTION II 

SIGNIFICANT NEW DEVELOPMENTS 

Research has provided significant new developments in the tech- 
nology of wood and wood products. A number of them are outlined 
in this section. 

TRANSMISSION POLE DESIGN 
Description and use 

The wood pole has been long recognized as a useful and economical 
means of carrying transmission lines. A recent extensive study 
sponsored by the American Society for Testing and Materials and 
carried on at the Forest Products Laboratory has shown the possi- 
bilities of further refinements and economies in the design of trans- 
mission poles. Findings from the research project are currently under 
consideration by the American Standards Association in connection 
with the revision of "American Standards Specifications and Dimen- 
sions for Wood Poles." 
Ftaure potential 

Research has provided the means for improved design of poles 
used for transmission lines and structures. 
References 

1. Wood, L. W., Erickson, E. C. O., and Dohr, A. W. Strength 
and Related Properties of Wood Poles. American Society for Testing 
and Materials, Final Report ASTM Wood Pole Research Program, 
September, 1960. 

POLE FRAMING 
Description and use 

Pole framing is one of the simplest types of building frames used 
to give shape and stability to a building. Poleframe buildings re 
genentlly one-story buildings with the poles spaced 10 to 15 feet apart 
and set 4 to 5 feet in the ground. Plates and girts are secured and 
braced to the poles to provide a skeleton frame for the attachment of 
roof rafters and end and sidewall sheathing. They have been used 
extensively in farm structures such as cattle sheds and in warehouses 
and, in at lease one instance, in a residence. 
Future potential 

Possible uses of pole framing are extensive because this type of 
construction can be adapted to any type of building. Since no 
foundation is needed and the amount of bracing required is small, 
both labor and material costs are less for pole framing than for other 
types of framing. It therefore is very adaptable for economical 
shelter houses, park buildings, garages, and other storage buildings. 

References 
1. Patterson, Donald. How To Design Pole-Type Buildings. Amer- 

ican Wood Preservers Institute, 1957-58. 
2. Bonnickson, Leroy. Multi-Combinalion Pole-Type Construction. 

Oregon State College, Agricultural Experiment Station Bulletin 557, 
1956. 
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NONDESTRUCTIVE TESTING OF STRUCTURAL WOOD MEMBERS 

Description and use 

The use of wood for structural applications requires that, by some 
means, the strength, stiffness, and related properties of each piece be 
identified so that it can be relied upon to carry its load. Conven- 
tional strength-grading procedures have done a good job in the past 
in eliminating pieces of low strength. They have not been adequate, 
however, to classify each piece completely and, as a consequence, 
many structural elements are capable of carrying loads well beyond 
those which they are now carrying. 

__ i 

FIGURE 16.-Use of treated timber poies for transmission tower strueture. 
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Some more efficient means of strength classification has long been 
sought, and a nondestructive way of classifying stiffness or strength 
has been recognized as the most promising approach. The wood 
industry has, for some years, used a nondestructive means of deter- 
mining moisture content based on the variation of electrical resistance 
or dielectric properties of wood With variations in moisture content. 

Stiffness is an important property in many apjlications, particu- 
larly in such uses as floor joists in frame cons)ruction. A lumber 
producer, Potlatch Forest Industries, Inc., h,a recognized the need 
for more accurate evaluation of lumber stiffness and has developed 
equipment for automatic inspection of e.ch piece of dimension lum- 
ber for stiffness. There are indication" that it may be possible to 
relate stiffness and flexural strength 1with sufficient precision that 
strength ratings may be established by the use of the relationship 
between stiffness and strength of a pce. Such inspection equipment 
thus can mark each piece with a suitble stiffness and possibly strength 
rating. I 

The research laboratory of the ¡Western Pine Association has de- 
veloped equipment for automatic inspection of dimension lumber 
and automatic rating for strength. While the basic principle used is 
slightly different from that used by Potlatch, the objective is similar. 
A commercial version of the machine has been designed and will soon 
be ready for field testing. 
Fu2ure potential 

Equipment such as that described will result in more accurate 
evaluation of structural properties. Thus, with more efficient use, 
material costs will be reduced. 

Research is underway to search out other means of nondestructive 
testing. For example, the sped of sound is closely related to its 
elastic properties and the mannei in which wood damps out vibration 
may be used as a clue to its strength. Research currently underway 
at the Forest Products Laboratory and a few other laboratories is 
providing a basic understanding of the vibration characteristics of 
wood and their application to nondestructive testing. 

With the advent of nuclear physics and further understanding of 
radioactive isotopes, increased interest has developed in the use of 
radiation methods for nondestructive evaluation of wood quality. 
Principal effort is being concentrated on techniques based on trans- 
mission or backscatter of gamma radiation, but other research has 
involved beta radiation also. Such radiation is absorbed or scattered 
in a manner related to the amount of wood substance present and the 
amount of moisture in wood, and provides rapid nondestructive 
measurement of wood density or voids in wood, both of which are 
related to strength. It may also be possible to measure wood moisture 
content, a factor relating to many strength and other performance 
characteristics of wood. 

References 
1. Youngs, R. L. An Understanding of the Physical and Mechanical 

Properties of Wood. Forest Products Journal, May 1961. 
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LIGHT FRAME TRUSSES 
Description and use 

Builders of houses and other light frame construction have found 
the prefabricated wood roof truss a strong and economical method of 
roof construction. Fully half of the houses now built utilize this 
type of roof. Since a single design of truss may be used in hundreds 
of houses and thousands of trusses, great attention is being paid to 
the details of their design. Truss members are commonly of lumber, 
and joinLs may be glued plywood or wood plates, or may be any of a 
great variety of mechanical fastenings including bolts, connectors, 
nails, and special sheet metal plates. Development of these sheet 
metal plates has been especially rapid in recent years due to research 
at the Forest Products Laboratory, the laboratories of the Small 
Homes Council at the University of Iffinois, the Truss Plate Institute, 
the Douglas Fir Plywood Association, and several university labora- 
tories. 
Future potential 

A research program on the durability of the new types of truss joints 
and their behavior under longtime or repeated loading is planned at 
the Forest Products Laboratory. This research may well lead to an 
improved design and a wider use of this type of construction. 
References 

1. Luxford, R. F. Light Wood Trusses. American Society of Civil 
Engineers Proceedings Paper No. 1839, 1958. 

HORIZONTAL AND VERTICAL DIAPHRAGMS 

Description and use 
Recent observations in the Western States and elsewhere have 

shown that wood structures hold up well under high winds or earth- 
quakes. As a result, engineers and architects have shown increased 
interest in the use of wood in structures especially designed to resist 
those forces. Floors and walls are now using materials and details of 
design that make them essentially structural diaphragms. The dia- 
phragms include conventional materials conventionally used and also 
a variety of unconventional applications and of the new sheet mate- 
rials such as plywood, hardboards, or fiberboards. Research has been 
sponsored to a considerable extent by the Structural Engineers Asso- 
ciation of California and the findings are recognized in the Uniform 
Building Code of the International Conference of Building Officials 
and other building codes. The Douglas Fir Plywood Association has 
also carried on research and has prepared recommendations on struc- 
tural diaphragms. 
Future potential 

Continued research on improved diaphragm design, improved use of 
materials, improved fastening methods, and furthr studies of the 
actual forces that buildings must withstand will lead to improved and 
more economical design methods. 
References 

1. Doyle, D. V. Diaphragm Action of Diagonally Sheathed Wood 
Panels. Forest Products Laboratory Report No. 2082, 1957. 
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HURRICANE-RESISTANT CONSTRUCTION 

Description and se 
Observations of houses damaged by high winds, waves, and floods 

have indicated certain weaknesses in the methods of construction, use 
of materials, and the fastenings of the materials and parts. Well- 
constructed wood structures withstood these storms remarkably well. 
Whi e it is probable that no .type of construction can be expected to 
be immune to the full force of these elements, the investigation has 
shown that much of the damage inflicted by severe storms coud be 
prevented, or at least minimized, by employing the known basic prin- 
ciples of good construction. 
Future potential 

The use of basic principles of good construction, choice of materials, 
and methods of anchoring and fastening the parts and materials of 
structures wiil minimize losses in severe storms. 
References 

1. Luxford, R. F., and Smith, W. R. Observations of Damage to 
Houses by High Winds, Waves, and Floods, and Some Construction 
Precautions. Forest Products Laboratory Report No. 2095, 1957. 

_ 
FIGURE 17.-Hurricane-proof sunshades of laminated wood at Cape Hatteras 

National Seashore Recreational Area, N.C. 

NEW COMPOSITE WOOD PRODUCTS 

Description and use 
In recent years, plywood has become an accepted wood product on 

the market. More recently, and particularly since World War II, a 
great variety of other wood products have become availaIle. These 
are used in panel materials by themselves, or in combination with 
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plywood or other materials. For example, in addition to plywood 
we now have fiberboard or insulation board, hardboard, particle 
board, and laminated wood. Through adhesive processes we can 
combine these panels with themselves and with such other materials 
LS paper, plastics, low-density core materials, and even nonwood 
materials, to produce what are known as composites. Perhaps the 
most common composite material is overlaid plywood, such as is used 
In tabletops, where the base material may be a thick plywood panel, 
hnd the surfacing material a high-density decorative paper-plastic 
laminate. Much research has gone into study of the properties and 
performance of such materials, their bonding and further fabrication, 
their relative characteristics with respect to each other, and their 
specific performance under certain end uses. Through development 
of such a variety of products. it is now possible to choose and design 
tnaterials to meet rather exacting end-use requirements. 

An example of a fabricating problem involved in the manufacture 
of a composite material is the importance of balanced construction in 
plastic-faced wood panels. Decorative plastic materials have been 
found to have certain dimensional movements when subjected to 
different atmospheric humidity conditions and to heat. These move- 
ments have been measured in the laboratory. Along with them the 
dimensional properties of the base panel materials, such as plywood, 
lumber, or particle board, have been measured. The stresses de- 
veloped when these materials tend to move, measured in terms of 
modulus of elasticity, have also been determined. 

When several materials having different properties are glued 
together, the resulting composite may exhibit unusual properties 
that may result in warping of the composite. It has been found that 
a knowledge of the basic properties of the materials involved, such as 
the unrestrained dimensional movement, the modulus of elasticity, 
the vapor transmission, the rate of dimensional change with change in 
moisture content, and the creep properties of the adhesives used to 
bond them together, can be used to predict how the final composite 
will perform in use. With this knowledge it is then possible to design 
composite panels for various uses. Such knowledge is particularly 
useful when we think in terms of designing composite panels for 
building construction. A knowledge of the dimensional performance 
of the proposed composite is essential in order to get satisfactory 
performance in the final building or structure. 
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OVERLAID LUMBER 
Descrip&ni and use 

Overlaid lumber is a lumber product surfaced on one or both sides 
with a thin sheet material called an overlay. The overlay may be 
made of paper, paper plastic, or other thin synthetic sheet materials. 
The most common overlay in use at the present time is the decorative 
plastic laminate made of paper and phenolic resin. This is the sur- 
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facing material commonly seen in restaurant tabletops, kitchen 
countertops, and the like. More utilitarian overlays are made of 
heavy kraft paper impregnated with a lesser percentage of phenohc 
resin to give water resistance and wear resistance. Such overlays are 
used on plywood to eliminate face checking and to improve paint- 
ability. They have attained wide acceptance in recent years. 

More recently the possibility of using overlays on lumber has been 
explored in Forest Products Laboratory research. It has been found 
that an impregnated kraft overlay can be bonded to two sides of a 
piece of lumber to make the wood more stable, to cover knots, and to 
improve greatly the paintabiity of such lumber. Thus the overlay 
process is looked upon primarily as an upgrading process for 
low-quality lumber. 

Because of the fact that the overlay stabilizes the lumber, it must be 
applied to two sides of a board. If it were applied to one side only, 
the board would tend to warp with changes in moisture content. 
The two-side application is relatively expensive, costing approxi- 
mately 5 cents per square foot applied. Efforts, therefore, have been 
made to develop overlays that will lend themselves to one-side 
application. Vulcanized fiber and parchmentized paper have been 
found suitable for such application. These overlays shrink and swell 
at approximately the same rate as the lumber. Therefore, in use the 
lumber may change dimensions, but will nevertheless stay flat. 

Overlaid lumber of the type described here is not yet in commercial 
use. However, the Forest Products Laboratory has had over 10 
years of research experience with such materials, and their advantages 
have been proved. They may be used for making siding from low- 
quality lumber and from species that might otherwise not be suitable 
for siding. Overlaid panels may be used for the manufacture of 
cabinets and shelving, if the product is to be painted. They may be 
used for signboards and for highway marking signs. Overlaid 
lumber has even been found suitable for such very demanding applica- 
tions as planks used in outdoor stadiums for seats. Such seat planks 
have been in use at the University of Wisconsin since 1954 and are 
giving excellent performance today. 
Future potevtial 

The overlaying of lumber makes it possible to use lower grade 
lumber, and species not otherwise used, for high-grade purposes where 
the product is to be painted. This is particularly important in full 
utilization of our forests, as our resources of high-grade timber of the 
commonly used species decline, and the need develops to use timber 
of lower quality and of different species. Furthermore, through 
gluing and overlaying it is possible to make lower quality boards into 
panels of large size and specifically tailored to particular end uses. 
It is expected that the overlaying process will eventually come into 
common use for a large variety of products to be used outdoors as 
well as indoors. 
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THE GLUING OF TREATED LUMBER 

Description and use 
The treatment of lumber and other wood products for use, for 

example, where there is a decay or fire hazard, has become fairly 
common. The use of adhesives to bond wood into large plywood 
panels, heavy structural laminates, and the like, has also developed 
at the same time. 

Some research at the Forest Products Laboratory has shown that 
lumber treated with preservatives can be glued into laminated mem- 
bers after first surfacing the treated board. Plywood, on the other 
hand, is best glued first and then treated with preservative or fire- 
retardant chemicals. If, however, such treatments are made with 
waterborne chemicals, as in the case of some preservatives and all 
fire-retardant treatments, then the panel materials may warp, the 
surfaces may check, and grain raising problems ensue. 

Research is therefore continuing to find new treatments. Particu- 
larly, efforts are being made to find treatments with waterborne salts 
that will not interfere with the bonding action of certain adhesives. 
In the case of fire-retardant chemicals, for example, it is felt that 
perhaps only one component of the mixture of fire-retardant salts 
may interfere with the curing of synthetic resin adhesives. If the 
details of such interference can be learned, then perhaps a simple 
modification of the treating mixture will result in improve gluabiity. 
Future potential 

The use of preservative and fire-retardant treatments with glued 
is growing steadily. There is no question but that greatly 

improved serviceability of wood in buildings and other engineering 
structures can be had through the addition of decay-resistant treat- 
ments and of fire retardants. Further research along these lines will 
free wood from certain limitations that now restrict its utility in 
building and structures. 
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NEW WOOD FLOORING MATERIALS 

Description and use 
For centuries wood has been an accepted flooring material, and it 

has been widely used in all types of structures. Surveys have shown 
a continuing preference on the part of homeowners for wood floors, 
even though the development of slab-on-ground construction practices 
has resulted in a decrease in the use of wood flooring. New wood 
flooring systems, therefore, are required that can be used on concrete 
slab or with other new building systems that may be developed. 

The laying of a conventional wood strip floor on concrete is com- 
plicated by irregularities that may exist in the concrete slab, and by the 
difliculty of attaching wood to the concrete. Forest Products Labora- 
tory research has developed a veneer flooring material that is as thin as 
modern synthetic flooring materials, that is flexible enough to conform 
to irregularities in concrete, and that can be bonded directly to 
concrete with mastic-type adhesives. Ordinary veneer is used. lt is 
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dried by a special process in a press, under restraint, so as to impart a 
certain amount of dimensional stability and flexibility to the material. 
It can be cut into narrow strips that look like conventional strip floor- 
ing when laid. This flooring can be attached with mastic adhesives 
directly to concrete just as synthetic flooring materials are laid. 
There has now been 10 years' research experience with this type of 
flooring, and at least three manufacturers are marketing comparable 
materials. 

Another flooring material that is somewhat comparable in that it 
can be laid on concrete with adhesive is a combination two-ply veneer- 
lumber flooring. In this case, thin hardwood veneers are glued to 
low-quality lumber backing materials. The backing lumber is then 
grooved at frequent intervals so that the entire assembly is somewhat 
flexible. This material is then cut to dimensions comparable to floor 
planking, for example, 6, 8, or 10 inches wide, and any desired lengh. 
Because of its flexibility it will conform to a concrete subfloor, and will 
stay in place when bonded with adhesives. It can also be attached 
with nails to other wood subflooring. 
Future potential 

The further development of these new flooring materials that can be 
used over concrete subflooring will make it possible for consumers to 
have the advantages of a wood floor, as well as the advantages of new 
construction methods, at an economical price. It will also result in a 
considerable saving of high-quality materials now required in the man- 
ufacture of wood flooring. 
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GLUED LAMINATED WOOD STRUCTURAL MEMBERS 

De8cription and use 
Wood may be bonded with durable adhesives to form glued lami- 

nated structural members. The maximum size possible is limited 
only by handling and shipping facilities. Members may be of simple 
design or of complex configurations having single or compound 
curvature. Closed wood rings up to 20 feet in diameter have been 
made. Adhesives can be selected to be as durable as the wood itself 
so that members are suitable for interior or exterior use and for such 
severe conditions as marine use. Design criteria are available so that 
members can be designed to withstand the expected loads. To 
resist certain types of exposure, treatment can be applied either 
before or after laminating. 

Laminated members have many present and potential uses. Mem- 
bers may be used singly as beams or arches or be incorporated in 
composites or in structures such as trusses and rigid frames. Arches 
permit spanning long distances without intermediate supports. 
Warehouses, hangars, garages, churches, schools, and auditoriums 
are examples of large buildings. Shop buildings, storage sheds, 
utility buildings, shelters, and other outbuildings represent small- 
type buildings. Structural timbers also find application for items 
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FIGURE 18.-Laminated wood arches provide large, unobstructed spans. The 
arches pictured span more than 240 feet. 

such as bridges and trestles, electrical transmission towers, wharves 
and docks, footbridges, dredge spuds, and lookout towers. 

As with solid wood, laminated members possess a high strength- 
weight ratio. Ease of handling and speed of erection are particularly 
desirable assets. Loads may be applied to the members as soon as 
they are suitably placed. Mobile structures can be made that lend 
themselves to ease of disassembly and reassembly. More than one 
species may be used in a member, such as an oak facing on a Douglas- 
fir stringer to improve abrasion resistance. Wood has good fatigue 
properties, will not corrode in acid atmosphere, and is nonmagnetic- 
factors that are important in some structures. 

Much progress has been made in the field of glued laminated wood 
during the past 25 years, particularly in durability of adhesive and 
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FIGURE 19.-Erection of laminated pressure-treated wood roof over 22,800,000- 
gallon water reservoir near Pinole, Calif. Deck was covered with pressure- 
treated wood decking. The roof was completed in 20 days. 

V!" 

FrGuE 20.-Railway and highway bridge of 117-foot span. Arches and sawn 
timbers are pressure creosoted, Culp Creek Bridge, Cottage Grove, Oreg. 
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FIGURE 21.-Highway bridge in Pacific Northwest utilizing wood deck and 
laminated beams and girders placed on bents of timber piles and caps. 

establishment of design criteria. Working stresses are based on sound 
principles and improvements have been made in manufacturing 
processes. Industry practices in both fabrication and design rest 
largely on the results of research at the Forest Products Laboratory. 
Future potential 

Research on improved adhesives and bonding and fabricating 
methods, as well as on engineering aspects, is continuing. New uses 
for this material are being developed. 

A proposed commercial standard for laminated construction has 
been prepared by the American Institute of Timber Construction and 
is now being evaluated by the Department of Commerce. An mdc- 
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pendent inspection agency has been set up by the institute to check 
quality of laminated structural members in accordance with this 
standard, and the agency wifi certify laminated members that con- 
form with the standard. 
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TIMBER HIGHWAY BRIDGES 
Description and use 

A great number of timber highway bridges are in use and are being 
constructed on roads in the national forests and on other public roads 
where an economical and, durable bridge is required. Increasing 
attention is being paid to details of their design and particularly to 
the way in which the decking and framing interact as a single load- 
carrying structural unit. This has led to consideration of various 
types of decking and various ways of fastening the decking to the 
framing, including the use of epoxy resins or other modern adhesives. 
Structural studies are now underway at the Forest Products Labora- 
tory in cooperation with the Division of Engineering, U.S. Forest 
Service. These studies include simulated truckloadings on prototype 
and full-scale bridges in the Laboratory and actual truckloadings on 
several bridges in highway service in the national forests. 

Future potential 
New design criteria are being developed that are expected to make 

full use of materials and methods now available to produce a strong 
and durable bridge at minimum cost. 

WOOD-PLYWOOD STRUCTURAL MEMBERS 

Description and uee 
Plywood has many uses, both structural and nonstructural, as indi- 

cated in an earlier section. Special impact has been given recently to 
the use of plywood in structural members by the development of a 
service to assist fabricators in the design and fabrication of wood- 
plywood members. 

Basic data on the properties of plywood have been developed 
through research at the Forest Products Laboratory and elsewhere. 
Such data, together with design procedures that include the rigorous 
ones needed for aircraft design, are available in a number of publi- 
cations. 

Based on such information, the Plywood Fabricators Service, 
established by the Douglas Fir Plywood Association, has prepared 
detailed manuals for the design of various types of wood-plywood 
members. In addition, however, they have published information on 
fabrication procedures, stressing those aspects necessary to maintain 
high quality. To assist fabricators in quality control and to maintain 
quality standards, they have also established a quality control service 
which maintains surveillance over the fabrication procedures of the 
subscribing plants. Those who maintain high standards are entitled 
to use quality marks on their products. 
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FrntrRE 22.-Curved sandwich panels utilizing plywood faces and paper-honey- 
comb cores for canopy over walkway and offices. 

FIGURE 23.-Use of stressed-skin radial folded plates made of %-inch-thick 
plywood faces glued to 2- by 4-inch wood framing members. 
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A number of types of structural components are involved: Wood- 
plywood box beams; curved and flat stressed-skin and sandwich 
panels; trussed rafters; and Trofdek, a patented construction consist- 
ing essentially of a series of inclined wood-plywood beams joined at 
their edges to form a series of troughs. All of the components are 
suitable for a considerable range of building sizes. 

The components find application in many types of buildings. Long- 
span box beams, for example, would be suitable for warehouse or in- 
dustrial construction. The roof might be stressed-skin or sandwich 
panels. Residences can use trussed rafters. The whole residence 
might be made with stressed-skin panels for floors, walls, and roof. 
The list could be extended considerably, but in general, these types 
of construction units are suitable for residential, light construction, 
and industrial applications. 
Future potential 

Except for stressed-skin constructions, which have been used ex- 
tensively in prefabricated housing, and for trussed rafters, which are 
finding increasing use in conventional housing and other light-frame 
construction, wood-plywood components have had relatively limited 
use. Their high strength, lightness, and rigidity, however, indicate 
that they have considerable potential for use in a wide range of struc- 
tures. For example, sign bridges over highways carry relatively 
light loads but must be relatively rigid; box beams would be well 
suited to such a use. 
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STRESSED-SKIN CONSTRUCTION 

Description and use 
The stressed-skin principle developed at the Forest Products 

Laboratory is the basis for a structural component that consists of 
two facings, one glued to one side and the other glued to the other side 
of an inner structural framework to form a box girder. The facing 
may be of plywood or other suitable material. The stressed-cover 
principle is based upon the engineering concept that all material 
should contribute directly to the strength of the structural element. 

Stressed-skin panel construction can be used for floors, walls, parti- 
tions, ceilings, and roof construction. These panels can be designed 
to be adapted to dwelling units, farm structures, schoolbuildings, 
doors, trailers, and trucks. 
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Future potential 
The future of the stressed-skin principle is unlimited in the field of 

construction. This principle could be adapted to different types of 
portable structures, fallout shelters, lookout towers, form work, 
folder plates, curved panels, other types of warped roof surfaces, and 
temporary types of retaining walls. 
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SANDWICH CONSTRUCTION 
Description and use 

Sandwich construction is a composite of thin, strong facings bonded 
to a thick, lighweight core. The facings carry the principal direct 
and flexural stresses, while the core carries the shear stresses and 
stabilizes the faces against buckling. Such a composite provides 
structural components of high strength and stiffness in relation to 
weight. 

A variety of materials can be combined to utilize each to its advan- 
tage. Cores, for example, may be honeycombs of various materials 
such as paper, aluminum foil, or foamed plastic. The facings may 
be any of a number of sheet materials such as plywood, hardboard, 
fiberboard, or metals. 

FIGURE 24.-Plywood box beam A frames being covered with plywood-covered 
stressed skin panels 
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Research on sandwich construction has been extensive and a great 
deal of information is available on fabrication and design with the 
material, including the rigorous methods necessary for design of such 
aircraft as the B-58 bomber. Much of this work has been done at the 
Forest Products Laboratory in cooperation with military services. 
The Laboratory is also, of course, interested in sandwich construction 
for housing. In this connection, Laboratory staff members have 
done preliminary work on the details of construction with sandwich. 
Also, they have, for some years, maintained a unit on the Laboratory 
grounds in which they insert sandwich panels of various types for 
observation of behaviour over a period of years. Periodically, panels 
are removed and evaluated to compare their strength properties after 
exposure with those before. 

In addition to the use in aircraft already mentioned, sandwich 
constructions are finding use in buildings as both structural and non- 
structural components. A plywood-faced , foamed-core construction 
developed by the Koppers Co. is finding use in residences. Metal- 
faced, honeycomb-core sandwich constructions are used as curtain 
walls in large buildings. Trailer manufacturers take advantage of 
the high strength-weight ratio of sandwich construction in their 
product, as do manufacturers of truck tanks. 
Future potential 

The properties of sandwich construction are such as to indicate a 
future potential in many types of structures. For example, the Wall 
Street Journal on February 13, 1962, announced that a company 
was soon to start production of housing panels (aluminum-faced 
paper honeycomb) 8 feet wide and up to 40 feet long. They feel that 
a new process for the production of continuous panels will overcome 
the problems encountered in earlier trials of sandwich construction 
by others. They expect to build low-cost houses on their owii land 
with this material. 

The Forest Products Laboratory is now engaged in the design of a 
prototype fire lookout tower of sandwich construction for the Engineer- 
mg Division of the Forest Service. Many lookout towers are located 
in remote areas where it is difficult to haul in construction materials. 
The light weight of even large sandwich units is expected to solve 
problems of transportation and erection. If successful, many similar 
applications may be found. 
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PROTECTION OF WOOD FROM DETERIORATION 

Description and use 
Under proper conditions, wood has proved itself good for centuries 

of service. Molds, stains, and decay in wood are caused by fungi, 
which are microscopic plants that must have organic material on 
which to live, and for some of them wood offers the required food 
supply. Their growth, however, is dependent upon suitably mild 
temperature (500 to 900 F.) and dampness. Most decay occurs in 
wood having a moisture content above the fiber-saturation point. 
Wood can also be destroyed by insects such as termites, and by 
marine borers such as shipworms. Wood can be protected from these 
organisms through proper design and the proper use of preservatives. 

The protection of wood from deterioration promotes the wise use 
of forest resources by lengthening the service life of wood, even -under 
adverse conditions, from 3 to 10 times. Such improved performance 
insures greater value and satisfaction to users of wood products and 
helps to retain or extend economically sound markets for wood. 

The importance of adequate wood protection is indicated by the 
estimate that over 7 bifiion board feet of timber, or about 20 percent 
of our wood production, is saved each year through the use of pre- 
servative-treated poles, piles, posts, ties, and construction material. 
The U.S. railroads alone estimate that treated ties and structures 
save them about $130 miffion a year, or over one-third of a million 
dollars each day. 

The need for further progress is evident from the estimate that 
decay fungi and insects cause a loss of about one-half billion dollars' 
worth of wood products each year. 

The following recent and current research developments are 
contributing significantly to the protection of wood from deterioration: 

Improved creosote and creosote-coal tar solutions recently included 
in Federal specifications for marine piling should greatly improve the 
service life of treated wood in salt water exposures. 

Treatments with preservative chemicals are commonly specified in 
terms of depth of penetration and of the amount of chemical retained 
in the wood. The retention of chemical characteristically has been 
determined by the apparent amount of chemical used during the 
treating process. Now, the Forest Products Laboratory and the 
Bell Telephone Laboratories have developed an assay method that 
permits direct measurement of retention. This method, involving 
"results type" requirements, has been incorporated into the standards 
of the American Wood-Preservers' Association and into Federal speci- 
fications for poles and piling. Such procedures enable the buyer 
to be much more certain than heretofore that the product obtained 
meets the standards covered in his purchase order. Research under- 
way at present is expected to lead to similar specifications for 
building and general construction lumber and timbers. 

Through recent research, a wider selection of standard preservatives 
of proven effectiveness is now available and extendmg the service 
life of poles and land piling. 
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FIGURE 25.-Sandwich construclion in a large building. The wall panels have 
paper-honeycomb cores faced with steel and an outside ceramic coating. 
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FIGURE 26.-Sandwich construction as it might be used in houses-paper core 
with plywood facings. 
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FIGURE 27.-Coney Island's famous Steeplechase Pier in New York City after 
it was rebuilt in 1958. A total of 104 of the original creosoted piles driven in 
1904 were in sound condition and reused in the new structure. 

Improved treatments to increase the resistance of wood to chemical 
attack have been developed for uses requiring such resistance. 

After considerable research, suitable preservative treatments have 
been selected for wood to be or already glued, and treatment specifi- 
cations have been developed for laminated timbers used in buildings, 
bridges, and other structures. 

Promising preservative treatments for the protection of insulating 
fiberboard, hardboard, particle board, and other modified wood 
products have been developed. 

In-place treatments to extend the service life of wood in use are 
now available for buildings, bridges, and other structures, as well as 
piling and posts. 

Improved principles of construction that gres tly reduce or eliminate 
the decay hazard in buildings have been developed. 

Soil poisons have been made available that are widely used as a 
termite preventive for buildings and other structures. 
Future potential 

Increased knowledge o the life habits of wood-destroying organisms, 
methods of preservation, and better methods of construction promise 
significant gains in wood protection. The following current and pro- 
posed studies appear promising: 

Exploratory trials now underway with new preservative treatments 
to be used alone or in combination with present ones give promise of 
appreciably extending the life of piling in waters heavily infested with 
marine borers. 
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Suitable preservative treatments seem likely for the protection of 
wood to be used in coo]ing towers; also the use of diffusion treatments 
now widely applied to untreated wood in place is being studied for 
cooling towers. 

Continuous research keeps enlarging the number of new or im- 
proved water- and oil-carried preservatives that insure longer service 
from a variety of wood products that need to be painted or finished, 
including building lumber and plywood, signs, and highway posts. 

Improved selection of woods that are resistant to mild gases and 
chemicals, for uses in which these properties are important and wood 
is superior to other materials of moderate cost, will be undertaken. 
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FOREST PRODUCTS LABORATORY NATURAL FINISH 

Description and use 
A durable natural finish that can be used for wood outdoors without 

excessive maintenance has been sought for many years. Film-forming 
finishes such as varnishes and lacquers have not given good perform- 
ance when used outdoors. Yet there are many Government-owned 
buildings and structures, particularly in recreation areas on national 
parks and national forests, where the natural beauty of wood and the 
rustic appearance are considered important. 

The Forest Products Laboratory has developed a natural finish, 
comparable to a modified semitransparent oil-base stain, that effec- 
tively retains much of the natural beauty of wood when exposed to 
the weather. It is intended primarily for siding on buildings, but 
has been used to advantage on signs, picnic tables, and similar appli- 
cations. The finish does not lie on the surface in a ifim, but soaks into 
the wood, imparting a certain amount of water repellency as well as 
attractive color and appearance. It can be applied in a single coatmg, 
and refinishing is required only every 3 to 5 years. It is available 
commercially. 
Fnture potential 

It is anticipated that the Forest Products Laboratory natural finish 
will be used extensively on structures maintained by Government 
agencies, particularly where the natural beauty of wood and its rustic 
appearance are considered desirable. As a result, a Federal specifica- 
tion for the finish has already been prepared. The finish is now 
manufactured by a number of paint manufacturers and is available 
in many parts of the country. 
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WATER-REPELLENT PRESERVATIVES FOR M1LLWORK 

Description and ne 
Water-repellent preservatives for wood are thin liquids that may 

be used in a dip or brush treatment to impart water repellency to the 
surface of the wood and also incorporate a certain amount of pre- 

servative that will prevent stain, mildew, and to a limited extent, 
decay. These chemicals have been found particùlarly useful as a dip 
treatment for millwork, wood siding, and other wood materials that 
are used well above ground level in structures. In such applications, 
the decay hazard comes primarily from liquid water that reaches the 
wood surface ill the form of rain or condensation. The treatments 
prevent this water from soaking into the wood and thus improve the 
performance of wood products. These treatments are particularly 
useful for window sash and frame and other millwork that is exposed 
on the exterior of houses, because of the many joints in such members, 
which tend to entrap water. 

Research at the Forest Products Laboratory has shown that treat- 
ment with water-repellent preservatives greatly enhances the per- 

formance of such wood products in preventing stain and decay at 
j oints, the rapid pickup of water, the swelling of wood at joints that is 
associated with such water pickup, and the resulting opening of joints 
that would otherwise occur. Paint performance over surfaces is also 
greatly enhanced. Already a good share of the exterior millwork on 
the market receives water-repellent preservative treatments. 

Future potential 
Treatments with water-repellent preservatives are encouraged by 

the National Woodwork Manufacturers Association, and members of 

that association have developed quality control standards for customer 
protection. A certain amount of lumber siding for structures is also 
treated. The Forest Products Laboratory is continuing research on 
water-repellent preservatives to study the effectiveness of such treat- 
ments on performance of wood products under exterior exposure. 
Through such treatment it is anticipated that many species that are 
not now considered suitable for exterior use in buildings may be made 
comparable in performance to some of our very best siding and mill- 
work species. 
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FIRE-RETARDANT TREATMENTS FOR WOOD 

Description and use 
Because of the low heat conductivity of wood and charcoal, fire 

penetrates into heavy wood members at the rate of only about 14 
inches per hour under standard time-temperature fire conditions. A 
beam or arch of large cross section, therefore, loses section very slowly. 
Since the temperature even a short distance from the point of char 
is relatively low, a large wood beam loses strength essentially only in 
proportion to its loss in cross section. A large beam or arch, there- 
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fore, even if untreated, can withstand fire exposure for extended periods 
without collapse. In addition, considerable research has gone into 
developing methods of making wood resistant to the harmful effects 
of fire. Research has resulted in the development of two major 
methods: One through impregnating treatments that leave certain 
salts such as mónoammonium phosphate, ammonium sulfate, borax, 
and the like in the wood ; and two, through the application of surface 
coatings of paints of oil, resin, or latex-base preparations. Both of 
these methods result in a great reduction in the rate at which fire 
spreads over the surface of wood. They are available commercially, 
are widely used, and are gaining more general acceptance in building 
cedes. 

In general, the impregnating treatments lend themselves best to 
the initial treatment of wood before it is incorporated into the struc- 
ture. Such treatment can be given to lumber, plywood, laminated 
members, and even to such newer products as particle board and 
fiberboard. Where the building is already erected and a certain 
degree of fire protection is required, the use of fire-retardant paints is 
recommended. 

A very active research program is underway at the Forest Products 
Laboratory and other laboratories to study the fire performance of 
wood from both the practical and the theoretical standpoints. 
Through basic research on pyrolysis and combustion of wood, it is 
hoped that major breakthroughs will be made that will result in the 
development of radically new and different ways of imparting fire 
resistance to wood. 

Future potential 
Even today the use of fire-retardant treatments and finishes has 

many applications in Government-owned buildings and structures. 
There are, however, many applications where complete answers are 
not yet available. For example, in bridges and trestles preservative 
treatments are required that may not always be compatible with the 
incorporation of fire-retardant chemicals. No good treatments are 
yet available for combining with oilborne preservatives that may be 
used to treat bridge timbers for example. Further research is needed 
on problems of this type, and when successful it will result in great 
savings through the improved performance of wood products in 
service. 
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BUILDING FIBERBOARDS AND PARTICLE BOARDS 

Description and use 
A building fiberboard is a sheet material manufactured of refined or 

partially refined vegetable fiber, principally from wood. Binding 
agents and other materials may be added to increase strength or other 
properties. Building fiberboards are manufactured primarily for use 
as panels, insulation, and cover materials in buildings, for components 
of cabinets, cupboards, doors for miliwork, and furniture, and other 
constructions where fiat sheets of moderate strength are required. 
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A particle board is a sheet material of wood particles or chips bonded 
with various resins and consolidated under heat and pressure. They 
are used for many of the same uses as fiberboards. 

The production of wood-base fiber and particle panel materials like 
msulation boards, hardboards, and particle boards is about 6 billion 
square feet per year in the United States. This is about the equivalent 
of one-seventh of the total lumber production. The indications are 
that production and consumption of these panel materials by 1975 
will approximate 12 billion square feet 

In the manufacture of wood-base fiber and particle panel materials, 
wood is broken down into smaller components and then reassembled 
to make the large-size sheets. Hence, the particles and fibers can be 
treated during manufacture to improve their fire resistance over the 
untreated material. At present, one manufacturer of particle board 
is treating the particles to make them very fire resistant. The 
finished board is being used for cores for solid-core doors where high 
fire resistance is desired. A door of this construction has a fire- 
resistance rating equivalent to that of a door with a foamed-glass 
core. A manufacturer of insulation board treats the fiber with fire- 
retardant chemicals to improve the fire resistance and reduce the 
glow in times of fire. This enhances the use of the insulation board 
in the form of acoustical tile for interiors of public buildings. 

Future potential 
The use of fiber and particle boards is expanding rapidly and has a 

great potential. Current research, as illustrated by the following 
projects, will expand the use of these materials: 

The Forest Products Laboratory has recently started an extensive 
study of the behavior of these materials under stress and is determin- 
ing the magnitude of effects of heat and moisture on these materials. 
When the research is completed, it will be possible to assign design 
stresses for the various qualities of these products which will permit 
them to be used in engineering construction. 

The American Hardboard Association recently completed a several- 
year study on the requirements for hardboard for use in large signs. 
Special boards and methods of construction have been developed 
which permit the use of this material with conventional paint and 
highly reflective plastic ifims in large traffic signs where lack of 
distortion is of major importance. 

The insulation board industry has developed a product called 
insulating formboard for use in roof structures with lightweight poured 
decks. In this construction, the special-quality insulation board 
serves as the bottom of the form. It is left in place after the light- 
weight deck is poured and contributes to the structural strength and 
thermal insulation. It also may be finished so that no additional 
ceiling treatment is required. A standard specification for this product 
is nearly complete. 
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MODIFIED WOODS 
De8cription and ue 

The tendency for wood to swell and shrink, which is objectionable 
for certain uses, is a result of wood's affinity for moisture; moisture 
is given off in periods of low relative humidity and taken on in periods 
of high relative humidity. Changes in volume, of course, are unde- 
sirable where a close fit or tolerance between members must be 
maintained. 

Where the problem is due to short-time changes in relative humidity, 
temporary protection is adequate. This is one of the functions of a 
finish or paint coating. This temporary barrier is effective, of course, 
only when the pronounced changes in relative humidity are of rela- 
tively short duration, and only providing the barrier retains its 
integrity under severe conditions of outdoor weathering. 

Where changes in average relative humidity are seasonal, and the 
exposed wood may undergo appreciable changes in volume, the most 
successful approach is by reducing the affinity that wood has for 
moisture. This requires the deep penetration of a stabilizing chemical 
into wood. Because of the slowness with which chemicals move into 
wood, these processes are time consuming and therefore expensive. 

The Forest Products Laboratory has developed the principle of 
reducing moisture affinity by impregnating wood with certain resins. 
A proper treatment will reduce the natural swelling or shrinking 
tendency of wood by 60 to 70 percent. The resulting treated wood, 
which may contain 30-percent resin, is called "impreg." This product 
is manufactured by three companies in the United States. The total 
volume of about 1% million board feet is used almost exclusively in 
the automobile industry for making patterns and die models for tooling 
the industry. 

Improved dimensional stability, together with improved mechanical 
properties, can be obtained by compressing the resin-treated wood still 
further-to almost twice the density of impreg. The resulting ma.. 

FIGURE 28.-Wood treated to minimize swelling and shrinking finds use in large 
precision master die models, such as this model of an automobile top. 
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tena!, which the Laboratory has named compreg, is manufactured 
by four companies to the extent of about a million board feet per year. 
It is used for electrical insulators, handles for tableware, gears, jigs, 
and fixtures for machine tooling operations. 

A modified wood containing no resin but which is densified to a high 
degree has also been developed. Such material does not have the 
dimensional stability of compreg, but does have the improved me- 
chanical properties and, if properly made, the improved properties are 
permanent. This material is called "staypak." A commercial firm is 
experimenting with a procedure for imparting the increased density 
merely to the external one-sixteenth inch. Such a material, with an 
overall density not appreciably higher than that of normal wood, 
has the high surface density necessary for increased hardness. The 
method appears promising and should prove useful where good bearing 
surfaces are desired. 

The Forest Products Laboratory has also developed procedures for 
obtaining dimensional stability by impregnating wood with certain 
water-soluble materials. The method is generally effective where 
the treated wood will not come in contact with liquid water which, of 
course, would dissolve the deposited material in the wood. Numerous 
small-volume uses are already developing, such as stabilization of 
gunstocks. This procedure, if properly used, also permits the drying 
out of old, water-logged wood items of historic interest. 

In another modified wood, acetylated wood, the appearance is 
unchanged, but the natural affinity for moisture has been largely 
eliminated by destroying the moisture-adsorbing sites within wood. 
The surface modifications of wood or the modification of the outer 
plies of plywood results in greatly improved performance of painted 
or unpainted surfaces exposed to the weather. One commercial firm 
is now marketing the material. 
Future potential 

Several processes are available for reducing the intrinsic affinity of 
wood for moisture. As yet, the methods are expensive and time 
consuming because of the need to bring ieacting chemicals deep into 
the wood. Further research will be aimed at developing cheaper and 
improved methods of stabilization that will be useful in improving 
the performance of a wide range of wood products. 
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FLAME-RESISTANT LIGHTWEIGHT PAPERS 

Description and use 
Resistance to flame spread is an important criterion, in many 

applications, for wall and ceiling surfaces. This property could be 
improved by the use of flame-resistant paper on, say, the surface of 
boards for dry-wall construction or on the surface of decorative 
laminates. 

Flame-resistant paperboards have been produced for some time. 
Chemicals have been available which, although sensitive to elevated 
temperatures, can be applied to the board after the drying operation. 
Lightweight papers that absorb sufficient chemical contain such a high 
moisture content that they must be partially dried before they can be 
handled and used. During this drying operation, the flame-retardant 
chemicals often are lost as the water is being removed. As a result of 
recent research, a flame-resistant paper was produced that involves 
the use of an effective fire-retardant chemical to which has been 
added a suppressor to raise the decomposition temperature. 
Future potential 

Plywood paneling is sometimes ruled out for use in public buildings 
unless at least the outer ply is fireproofed. Perhaps a thin flame- 
proofed tissue could be applied to the outer ply surface to provide 
resistance to flame spread, but still not detracting from the desirable 
appearance of the wood. 

PAPER REPLACEMENTS FOR YARNS AND THREADS 

Description and use 
A few twisted-paper products have been made from narrow strips of 

lightweight tough paper twisted to form yarns. These have been 
woven into seat covers, open-mesh vegetable bags, and wrappers for 
cotton bales. 
Future potential 

A number of other products can be made from twisted paper yarns, 
such as snow fences, sandbags, and covers for sloping areas to prevent 
soil erosion but permit plant growth. To increase the use of twisted 
paper products, research is necessary to produce a stronger and more 
flexible paper. Studies being conducted at the Forest Products 
Labortory on the reasons for paper stiffness and strength will help to 
improve the desirable properties of twisting papers. 

PAPER SUBSTiTUTES FOR TEXTILE PRODUCTS 

Description and use 
Woodpulp papers, because of their inherent stiffness, lack the drape 

characteristics of textiles and therefore, as such, are not direct substi- 
tutes. Attempts by paper manufacturers to overcome these dis- 
advantages have directed attention toward laminated products made, 
for example, from two outer layers of creped tissue with an inner 
reinforcing layer of a suitable scrim material. These are bound to- 
gether with various types of flexible water-resistant adhesives such 
as latices and resins. These have found limited use as bedsheets, 
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play tents, and overgarments, the latter to prevent soiling of clothing. 
The main drawback is that the present materials lack the toughness 
and wearing qualities for widespread use. 
Future potential 

There is a wide market for substitutes for woven textile products, 
such as disposable clothing, tent materials, sleeping bags, hospital 
gowns and sheeting, windbreaks for winter construction, and curing 
mats for concrete. 

Research is necessary in this field to improve the strength of light- 
weight flexible papers. Current research at the Forest Products 
Laboratory on the nature and strength of fibers and fiber-to-fiber 
bonds, as well as investigations involving the incorporation of chemi- 
cals to impart both strength and flexibility, will be of substantial help 
in solving many of the present problems. 

PULP AND PAPER FOR SOIL STABILIZATION 

Description and use 
The stabilization of soil on slopes in highway cuts, earthfill dams, 

and the like presents a difficult problem, but recently developed proce- 
dures using puip and paper products appear well suited to a problem 
solution. 

One newly developed product is a blanket laid on the soil. The 
blanket consists of several layers, including a protective layer to 
prevent erosion, a layer of seed, fertilizer, and germinating media; a 
protective layer of paper is also included that will later disintegrate 
and in contact with the soil. Thus, the 
soil is stabilized while the vegetative cover takes root. The blanket 
comes in rolls that can be applied by machine. 

Hydraulic equipment is already in use to apply lime, fertilizer, and 
grass seed. Mechanical mulch blowers are widely used for applying 
combinations of hay, straw, and asphalt tiedown. A recent develop- 
ment permits a one-step application of all components. 

In this development, a slurry of wood fiber, fertilizer, and seed is 
hydraulically applied to the surface. The wood fiber forms a protec- 
tive cover that protects against massive erosion but still permits rain 
to filter through. It is reported that the slurry can be applied in high 
winds that would interfere with the machine application of hay or straw. 
It is reported also that, after application, the mulch is not easily 
moved by wind or traffic drafts. A color, usually green, is incorpo- 
rated into the slurry to aid in uniform distribution of the slurry. 
Future potential 

Soil stabilization is important in many public works areas besides 
those mentioned. Faster, more economical methods of temporary 
stabilization and seeding will become increasingly important. 
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FIaURE 29.-Soil stabilization by means of hydraulic application of wood cellulose 
fiber mulch, fertilizer, and grass seed in one operation. 
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CHEMICALS FROM WOOD 

Description and 'use 

By their very nature, most public works projects-highways, public 
buildings, dams, and the like-make more direct use of construction 
materials such as wood than of chemicals. Some chemicals, including 
those from wood, do find use in direct form and indirectly, as industrial 
chemicals, are of great importance. These indirect uses include such 
broad fields as the manufacture of plastics, adhesives, wood preserva- 
tives, paints, and other finishes. A few of the direct uses of chemicals 
obtained from wood are outlines below. 

Spent sulfite liquor, a byproduct of the paper industry, has been 
used since the early 1900's to settle dust on unpaved roads. More 
recently this material has found extensive use as a stabilizer for base 
courses used in construction of highways and airport runways. This 
spent liquor has also found some use as a soil modifier and to some 
degree as a fertilizer. 

Lignosulfonates, which are derived from spent liquor, have found 
an important new use as a additive to well-drilling muds. They 
also find use in portland cement for concrete as an air-entraining agent. 
Entrained air in concrete greatly improves resistance t9 surface 
scaling of pavements from the use of salts to melt ice coatings. Air 
entrainment also reduces bleeding and segregation and increases 
workability, homogeneity, and yield of concrete. 

Activated carbon is used in the treatment of water supplies. 

Fut'ure potential 
Chemicals from wood will continue to have uses such as those 

described. As the full potential of a wood-based chemical industry 
develops, additional uses will be found. 
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SECTION III 

POSSIBLE NEW APPLICATIONS OF WOOD AND WOOD 
PRODUCTS 

The decade from 1960 to 1970 has been optimistically called the 
Golden Sixties, a period during which industry in America expects to 
undergo a second industrial revolution. This could be brought about 
through the application of the principles of automation, through the 
use of practically limitless sources of energy to be developed, and 
through an everexpanding economy and population in our country. 

American industry will continue to look upon our timber resources 
as a major source of raw material for manufacture. Through the 
application of imaginative research, it is possible to develop new and 
different wood products that can be manufactured on automated 
assembly lines and engineered to meet various end-use requirements. 
Such new products will use a minimum of raw material and will have 
improved properties; through more efficient processing methods, they 
will be produced more economically than are present-day wood 
products. 

Preceding sections have reviewed current uses of wood and wood 
products and significant developments related to such use. This 
section will be concerned with possible new applications or extensions 
of old ones. No claim is made that these are entirely original. In at 
least some cases, the idèa has been considered but dropped for eco- 
nornic or other reasons. Since conditions change, it seems desirable 
to include them here for consideration. 

SLICE WOOD 

The veneer cutting process has an advantage over sawing in that a 
large percentage of the best portion of a log is converted into usable 
products, without the development of sawdust. In this process, 
the wood is cut with a knife. Forest Products Laboratory research 
has developed a product called Slicewood which is sliced with a knife, 
in limited thicknesses, for use in making some products comparable 
to those made from lumber. 

The great advantage of the slicewood process is that a maximum 
amount of the usable material of the log is made into slicewood. 
Sawdust waste and rough planing waste are eliminated. Thus, from 
one group of logs 35 percent more usable material was produced than 
could have been produced by sawing. The surfaces are smooth 
enough so that no heavy planing is needed to prepare it for gluing. 
Because the material is thinner than lumber, it can be dried in i to 4 
hours in a machine comparable to a veneer dryer at relatively high 
temperatures. Thus, a great saving in drying time and efficiency is 
also effected. 

Slicewood up to one-half inch thick has been cut on a veneer-slicing 
machine. A complicating factor in the process is that, as the knife 

50 
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travels through the log, the sliced portion bends over the knife edge 
and develops a certain number of checks. Occasionally roughness 
also develops because of irregularities in grain. On the whole, how- 
ever, satisfactory material in thicknesses of one-fourth to one-half 
inch can be produced. 

Slicewood can be used in single thicknesses for such uses as lath, 
fence slats, and containers. It can be overlaid with paper plastics to 
make siding panels. It cati be laminated to make heavier beams. 

The process seems to lend itself particularly well to the use of rela- 
tively small logs. Thus, it will become more important as our timber 
resources decline and we use more small timber. Through subsequent 
gluing, it is possible to make slicewood into lumber of any desired 
thickness, or into laminated beams. The quick-drying process offers 
promise of putting the operation onto a production-line basis. For 
example, a log might enter the plant in the morning and the finished, 
dried, and glued product could leave the plant that evening. This is 
not now possible in the conventional lumbering process, particularly 
because of the long time required in drying. 

As a result of many of these advantages, it seems feasible that the 
slicewood process will lend itself to future use in the wood industry, 
particularly as more emphasis is placed on speeding up the manufac- 
turing process and introduction principles of automation. 

NEW ADHESIVES FOR WOOD 

The development of modern synthetic-resin adhesives has made 
possible a wide variety of wood products for a great many end uses. 
For example, the development of exterior-type plywood and of 
laminated timbers for structural uses has come about largely through 
the development of modern adhesives for wood. 

Most modern adhesives that are durable under all conditions of 
exposure are of the so-called thermosetting type. These adhesives 
cure through the action of heat or catalysts in the glue to form an 
insoluble, hard, and sometimes brittle glue line between the layers 
of wood. In a well-made glue joint, it is not possible to separate the 
wood without actually, rupturing it. 

More recently it has been found that conventional resin adhesives, 
when used in certain highly stressed applications, may actually pro- 
duce stress concentrations that are undesirable and may affect the 
performance of the joint. Being hard and brittle, these glue lines 
do not give as the wood tends to move under changes of moisture 
content or under application of stress. It is felt, therefore, that it 
might be desirable to develop adhesives that would have somewhat 
the same elastic properties as the wood itself. Furthermore, it would 
be desirable if such adhesives could be cured quickly in place, without 
the application of heat-often a time-consuming process. Rubber- 
base adhesives have particular appeal, because they can be used to 
make an immedaite bond upon contact. Thus, the possibility of 
roller presses iñstead of large heavy heated platen presses may become 
a reality. The Forest Products Laboratory has carefully nurtured 
the development of such new adhesives and recently published an 
evaluation of 21 rubber-base adhesives for wood. 

In the research laboratory, various other formulations are being 
studied. For example, combinations of epoxy and rubber-type 
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adhesives bring about for the first time the possibility of formulating 
bonding materials that can be tailor made, from the elasticity stand- 
point, for particular applications. Thus the elastic properties of 
highly stressed joints are under study, with the object of avoiding 
high stress concentrations that may result when conventional thermo- 
setting adhesives are used. Considerable progress has been made on 
a research basis, but much further work will be needed before ideal 
adhesives for various highly stressed joint applications will be 
available. 

The development of glues having specified degrees of elasticity for 
various types of joints will make it possible to glue boards end to end, 
possibly with relatively short finger joints, without the development 
of stress concentrations that often result in early failure in the neigh- 
borhood of such joints. Such adhesives may also make it possible 
to improve other types of joints for structural purposes; for example, 
lap joints needed in trusses or the gluing of gusset plates in assembly 
joints, so as to minimize stress concentrations and the resulting struc- 
turai problems in the assembly. Through these new adhesives, 
therefore, great improvements may come about in wood assemblies 
for structural purposes, or in assemblies of wood with other materials 
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DESIGN OF WOOD PILES 

The wood pile has long been recognized as an effective and eco- 
nomical foundation for buildings or structures of all kinds. General 
practice in the past has been to design for loads of 15 to 20 tons per 
pile. Recent research at the American Wood Preservers Institute 
and with the cooperation of the Forest Products Laboratory has 
indicated that wood piles can be designed for greater capacities, 
perhaps in the order of 40 tons per pile. These values approach the 
bearing strength of the pile itself as well as that of the supporting 
soil and thus open up new questions of the grading of wood piles for 
strength. 

Potentialities of this research can be indicated by the fact that a 
structure will require only half as many 40-ton piles as 20-ton piles. 

LAMINATED POLES AND PILES 

Thousands of poles are used each year in utility transmission lines. 
In general, supplies are adequate, but the greater lengths are becoming 
increasingly difficult to obtain. Laminated members can be made in 
essentially any length, subject only to limitations of handling, trans- 
portation, and treating. 

Laminated poles may be designed to have the taper or cross sec- 
tional form best suited to the particular application. They can, 
furthermore, be made hollow, if desired, to save material and reduce 
weight, thus increasing the ease of handling. Thorough preservative 
treatment can be insured, if necessary, by treating the individual 
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laminations before they are glued. 'Where retorts of sufficient size are 
available, poles can be treated after gluing. Laminated poles would 
be consistently straighter than conventional poles, a problem pole 
producers find perplexing. 

Laminated poles appear to be technically feasible. They have been 
considered by pole producers but, so far as is known, have never been 
produced, probably for reasons of cost. They do, however, appear to 
have advantages of form and susceptibility to design which recom- 
mended them for greater consideration. 

Illustrative of the possibiites are towers insatlied in an experimental 
extra-high-voltage system. The columns of the tower are glued 
laminated, with a cross section in the form of an H and are 95 feet long, 
of which 15 feet is embedded in the ground. The 94-foot crossarms are 
also laminated. Both tower columns and crossarms are continuous, 
with no splices. The whole structure, including lightning rods, rises 
123 feet above the ground. The proponent points out that an extra- 
high-voltage line can transmit more power than an equivalent number 
of lower voltage lines. The use of extra-high-voltage would also 
produce savings in right-of-way costs, tower construction, conductors, 
etc. 

The same general comments may be made for piles as for poles. In 
the case of piles, however, straightness is probably even more import- 
ant than for poles. 
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PRESTRESSED WOOD BEAMS 

The idea of reinforcing wood with other materials is not new but 
thus far has had limited application. However, a new concept related 
to the reinforcing of wood was developed by a graduate student in 
civil engineering working at the U.S. Forest Products Laboratory and 
by his major professor. 

This concept goes beyond the idea of simply reinforcing wood 
beams. High-strength steel strands are placed in the tension portion 
of a wood beam and are then stressed in tension. This results in 
initial tensile stresses in the compressive portion of the member. 
When the member is subjected to load in a structure, appreciable loads 
can be applied before the initial stresses are removed, and the member 
can be expected to carry higher loads than a non-prestressed beam. 

This development has been studied only in an exploratory way, 
but the results to date indicate that prestressin does improve the 
load-carrying capacity of wood beams. If additional studies bear 
out the preliminary results, the concept may become of major impor- 
tance in the design of wood structures. 

SANDWICH TRANSMISSION LINE TOWERS 

Towers to carry high-voltage transmission lines are commonly of 
considerable size. The transportation and erection of such towers in 
isolated areas or rough country creates problems of transportation of 
tower elements and of erection equipment. The use of prefabricated 
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FIGURE 30.-Experimental 123-foot-high tower for extra-high-voltage trans- 
mission constructed from glued laminated preservative-treated structural 
timber. Scate of the structure is illustrated by comparison with the men 
shown within the circle. 
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elements of as large size as can be handled is desirable to reduce field 
erection time. 

Sandwich units are relatively light and strong and would lend them- 
selves to this type of structure. Transportation and erection by 
helicopter would seem feasible. The Forest Products Laboratory is 
now developing a design for a sandwich fire lookout tower for the 
Forest Service. These would commonly be used in isolated areas, 
perhaps with poor roads or no roads leading to the site, so that the 
problems are similar to those encountered with transmission lines. 

SANDWICH BEAMS 

Earlier discussions have described sandwich constructions and their 
possible uses. In all these, the orientation of the sandwich was such 
that the facings carried the principal stress. Box beams with ply- 
wood webs have also been described earlier. 

These two concepts may be combined to form a highly efficient 
structural beam. In this latter concept, a sandwich construction 
would be used to form the web (or webs) of an I-beam or box beam, 
the flanges of which could be of solid wood, laminated wood, or per- 
haps another sandwich construction. The web stiffeners commonly 
needed in this type of construction would probably not be needed or, 
at least, would not be needed so frequently, because of the inherent 
stability of the sandwich. A light, rigid structural element with many 
possible uses would result. 

COMPONENT CONSTRUCTION 

Today a strong interest has developed in a new pattern, popularly 
called component construction, in the field of construction. A com- 
ponent may be defined as a large structural part that fits with other 
parts, rather than smaller pieces that must be cut and fastened on 
the site. Because the component is a large part and fabricated usuall 
away from the site, it must be designed and engineered to fit wit 
other components into a total system of construction. Obviously, 
this definition applies to prefabricated construction such as walls, 
floors, partitions, and roofs. However, as the term is commonly used 
today, component construction reflects more than the physical parts 
and assembly of a house or other structure. More important, it con- 
notes a system of area and space planning that has the potential of 
providing greater design freedom and variation, while retaining with 
thphysical components all of the advantages of shop fabrication. 

Wood and wood products are particularly adapted to component 
construction. Components can readily be fabricated from structural 
wood members, plywood, building fiberboards, paper products, decora- 
tive paper-base plastics, or combinations of these materials. Since 
components are repetitive units, the designer is justified in developing 
the best possible use of the individual materials. 

Of the newer developments, the structural sandwich panel offers a 
great potential for mass production of wall and roof components for 
use in buildings and in other fields of construction. Built with eco- 
nomical, lightweight core materials, such as paper honeycomb, it 
may replace the conventional wood frame wall. We have yet to 
explore the possibility of molded and extruded components of fiber- 
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board, hardboard, and particle board, which can be molded into 
panels for walls, floors, ceilings, roofs, and other structural com- 

ponents to be used in the field of construction. 
These new components will offer several advantages: (1) Less site 

construction time and less disrupting of the construction schedule by 
adverse weather; this will aid in leveling out the seasonal nature of 
building and providing year-round employment for a greater portion 
of the construction labor force. (2) Automation of the fabrication 
process will provide, in some areas, one answer to labor shortages 
and high wage rates; components can be prefinished to a greater 

FIGURE 31.-Roof structure of prefabricated space planes of %-inch thick plywood 
glued to both sides of 2- by 6-inch wood framing members. 

extent with special shop equipment. (3) Aside from the obvious 
benefit of more efficient use of labor and materials, a greater degree 
of shop fabrication will reduce overall building construction time and 
provide corollary economies. 

Proponents of all types of building materials are taking a harder 
look at component construction. The National Lumber Manufac- 
turers Association, in the area of wood construction, is sponsoring the 
development of a component system particularly adopted to wood 
and wood products. We may therefore expect to see increasing vol- 
umes of component construction, with attendant economies. 
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POTENTIAL NEW PROTECTIVE TREATMENTS FOR WOOD 

Conventional methods of protecting wood with preservatives rely 
upon the injection of toxic chemicals into the wood. Such methods 
have certain limitations even though their tremendous value in greatly 
Improving the service life of wood for many uses is well recognized. 
One shortcoming is our inability to inject enough of the protective 
chemical solutions into many important species and types of wood that 
are naturally impervious. Other limitations often are faced in end uses 
for Wood that require it to be clean, paintable, readily glued, or safe 
when in contact with foodstuffs, living plants, or drinking water. 

Several new approaches to wood protection offer considerable 
promise in overcoming limitations of the present methods. In most 
cases, enough exploratory work has been done to indicate that in- 
tensive research directed toward their perfection is justified. Among 
these approaches are the following: 
Removal or inactivation of certain minor wood constituents essential to 

fungi and insects 
The removal of thiamine from wood, for instance, has been found to 

make the wood resistant to attack by decay fungi. As another ex- 
ample, depletion of the starch in wood by slow seasoning or mild 
heating practices is known to make the wood immune to the Lyctus 
powder-post beetles that are damaging to a variety of hardwood 
products. Another distinct possibility for both decay fungi and in- 
sects is the inactivation, by chelation, of essential minerals and other 
minor elements in wood. 
Modification of the cellulose in wood 

Chemically reactive solutions or gases can be applied to wood to 
make the cellulose resistant to decay fungi and probably also to water 
pickup, burning, corrosive chemicals and other deleterious processes. 
One such method, cyanoethylation, is being investigated now, after 
exploratory studies had shown it to impart high decay resistance to 
pme sapwood. Cellulose modification also presents possibilities of 
improving other wood properties such as dimensional stability, fire 
retardance, and resistance to degradation by chemicals and moderately 
high temperatures. 
Use of liquefied gases to inject protective chemicals into wood 

A recent commercial development of this type appears to provide 
clean and paintable end products and also to result in penetration of 
the preservative chemicals into previously impervious wood. The 
principle of using liquefied gases warrants intensive study as a means 
of improving not only preservative treatments in general, but also 
treatments that impart fireproofing, chemical resistance, and water 
repellency properties to wood. 

Use of preservative extractives in wood 
The heartwoods of all wood species contain chemical extractives 

that provide varying degrees of natural resistance against deteriorating 
organisms. In only a few cases, such as osage orange and certain 
varieties of black locust, is the resistance equal or superior to that 
imparted by the most effective preservative treatments. Two lines of 
research on heartwood extractives could easily be fruitful in improv- 
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ing the performance of many woods exposed to fungus, insect, or 
marine borer attack: (1) Identify and reproduce the highly toxic 
chemicals in such woods as osage orange, as possible superior preserva- 
tives for general use; and (2) fortify extractives in place to increase 
their effectiveness in many woods, through the application of chem- 
ically reactive gases or solutions to the wood. Some exploratory 
research in isolating toxic extractives from a cedar and in reacting 
copper with these extractives indicates that both approaches warrant 
more intensive study. 
Attractants, repellents, and parasites as possible insect control materials 

An attractant to termites has recently been isolated from wood 
infected by certain fungi. The chemical involved, still unidentified, 
is known to retain its attractant properties even when mixed with 
insecticides that are lethal to the termites. In similar exploratory 
studies, evidence was obtained that termite repellent or toxic materials 
also are produced by some fungi, and that certain micro-organisms 
parasitize the termites. The potential usefulness of such approaches 
in avoiding insect damage to wood is not yet clear, but would seem 
to justify further attention. 

PAINT PRIMERS TO IMPROVE PERFORMANCE OF LAMINATED WOOD 

MEMBERS 

The process of producing large members of wood by gluing has 
developed rapidly in recent years. Such laminated members are now 
used for large structures in the form of beams and arches and in en- 
gineering applications such as bridges. Difficulty is sometimes 
encountered in keeping the face checking of laminated members to a 
minimum, particularly during the first year in service. The reason 
for this is that it is somewhat difficult always to obtain a proper 
moisture content in lumber that will be in exact equilibrium with the 
atmospheric conditions under which the laminated members are to be 
used. As a result, moisture content changes occur after installation, 
and these result in the development of streses that cause checking 
of the members. If moisture content changes can be retarded suffi- 
ciently, so that the entire member can slowly come to equilibrium 
with the conditions under which it is used, such checking can be 
retarded or perhaps entirely eliminated, with resultant better service- 
ability from laminated members. 

The Forest Products Laboratory has undertaken a study to find 
certain types of paint coatings or primers that can be applied to 
laminated members shortly after fabrication and wifi retard changes 
in moisture content. Among these are common oil-base paints and 
the newer emulsion types of paints, and also specially compounded 
low-modulus, elastic-type rubber primers. The rubber primers are 
thought to be particularly promising. It is expected that they will 
retard moisture changes to a certain extent, while at the same time 
having sufficient elasticity not to be ruptured if dimensional changes 
occur. Thus the coating will be kept intact and may continue to 
perform well even after the initial conditioning period has ended. 

Through the use of such new coatings, after their use has been 
thoroughly studied in the laboratory, it is expected that the service- 
ability of laminated members for buildings and engineering structures 
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will be greatly improved, and the performance of paints or other 
finishes subsequently applied will be enhanced. 

MOLDED PARTICLE BOARD 

Because conventional particle board is made only in flat panels, its 
uses are somewhat limited, and are competitive with other panel 
material such as plywood, fiberboard, and hardboard. Research is 
now going on to develop processes for making molded particle board 
to shapes required for use in buildings and other structures. For 
example, it has been found possible to make particle board in corru- 
gated fashion, somewhat similar to corrugated metal sheets. If these 
can be suitably developed for commercial application, they would 
lend themselves to structural uses. 

The development of information and methods that will make the 
molding of particle board practical will provide useful products for 
use in buildings and engineering structures. For example, it is possible 
that entire window and door frames may someday be molded to shape 
from wood particles. Perhaps certain types of beams or other specially 
shaped structural members can be molded of particles. The possibility 
of generating special shapes, without cutting them from solid wood 
and thus developing more waste wood, is particularly intriguing. 
Such possibilities will free wood from certain limitations, and perhaps 
make it competitive with other materials that can be drawn, molded, 
or extruded. This, therefore, will result in cheaper and more efficient 
construction. 
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DIMENSIONALLY STABLE PAPER FOR MAPS, CHARTS, AND DRAWINGS 

A truly dimensionally stable paper is needed for use in maps. 
charts, and drawing papers-one that will have sufficient strength 
but not expand or contract on exposure to changes in rélative humid- 
ity. Various methods of manufacture have improved the stability 
of some papers. Those made with lightly prodessed fibers have fair 
stability but lack the necessary strength and the unbeaten fibers 
are difficult to distribute uniformly in a sheet of paper. Processed 
fibers produce stronger papers but of lower dimensional stability. 

Research at the Forest Products Laboratory has shown that some 
improvement in dimensional stability can be obtained with the addi- 
tion of certain chemicals, but in general this was obtained at the 
expense of some strength properties. Prevention of shrinkage during 
drying is another method for improving the stability of papers that 
are to be exposed to atmospheres of high humidity. Papers with a 
high degree of stability in the machine direction have been made on 
the Laboratory experimental paper machine by the application of 
tension to the web during drying. Progress has recently been made 
in the cross-machine stability of papers by the use of expander rolls 
located between the dryers of the experimental paper machine. These 
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rolls are effective in widening the sheet when the shrinkage forces 
are of low magnitude, but have a lesser effect when the most rapid 
shrinkage is taking place at or near the. critical moisture content. 
Additional research is needed on the experimental paper machine 
to explore fully the possibilities of offsetting the normal shrinkage of 
papers during drying and to study the effect of other drying conditions 
on the dimensional stability of papers and paperboards. 

WET-STRENGTH PAPERS 

One of the principal deterrents to the wide usage of paper is its 
loss in strength when exposed to water. On the market at the 
present time are a few paper products that have received treatments 
to prevent some of the loss in strength from wetting. Paper towels, 
paper wiping cloths, lens tissues, and paper napkins are good examples. 
These are primarily disposable items that are used once and then 
thrown away. 

A number of items could be made of paper if the paper had a high 
degree of wet strength. Research at the Forest Products Laboratory 
has shown that papers containing resins have substantial strength 
when wet. Some of these interfere with the normal bonding of paper 
fibers when used in large quantities. Some of these materials add 
greatly to the cost, and hence these products are not competitive with 
products that do not contain wood fibers. A number of chemicals 
contribute water resistance but many of these do not improve the wet 
strength of the papers. Waxes, for instance, lubricate the fibers and 
detract from the strength of the fiber-to-fiber bond. 

There is a need for linings for water-collecting areas, or water-trans- 
mission channels, such as irrigation canals, which are normally porous 
and permit the water to seep into the ground. Papers with higher 
wet strength properties than those made at present could well serve 
such a purpose, perhaps at lower cost than plastic sheets now used. 
Such papers also are needed for the manufacture of bags for out-of- 
doors accumulations or storage of rubbish, garbage, grains, seeds, and 
other materials. 

WOOD DRYING 

As wood is obtained from living trees, it contains a great deal of 
moisture. For certain uses, such as the use of tree trunks for con- 

tinually submerged substructure piling, this high moisture content is 
of little importance. For most uses it is necessary to reduce the 
moisture content to a relatively small amount. For exacting uses, 
such as wood trim, frames, and moldings, it is generally recognized 
that the moisture content of the finished product should be equal to 
that which it will have during final use. 

The technology of drying wood is sufficiently advanced and under- 
stood today to permit the proper drying of any of the commercially 
important species grown in the United States. The processes used are 
scientific air drying and kiln drying. While these processes are satis- 
factory, they have the common disadvantage that they are time con- 
suming. In addition, air drying requires a considerable amount of 
storage space and a large stockpile of material. Kiln drying, while 
faster, requires a considerable outlay of equipment. 
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The importance of this problem is indicated by the extensive basic 
and applied research now underway. The study of the basic mecha- 
nism of moisture movement in wood may lead to important new devel- 
opments. The use of new sources of energy to remove moisture from 
wood is under study. Studies, either active or contemplated, will 
consider new uses of electrical energy, high-frequency energy sources, 
controlled high-temperature drying, chemical seasoning, the use of 
high-speed air jets, vacuum drying, and many others. The ultimate 
goal of this research is the development of an economical and quick 
method for drying, stabilizing, and the preservative treating of wood 
in one operation. 

Improved drying methods will result in better, lower cost wood 
products for both public and private construction. 

DIFFUSION BOARD 

A low-cost building board has been developed from wood fiber that' 
through the incorporation of appropriate chemicals, filters out poison 
gas, disease-laden particles, and the radioactive fallout of atomic 
explosions. 

This new material, developed by the Forest Products Laboratory 
under contract with the Army Chemical Corps, can be used in the 
construction of shelters to protect troops and civilians from some of 
the deadly effects of modern war. This so-called diffusion board looks 
much like ordinary building fiber boards used in house construction. 
By the process of diffusion, there is a movement of oxygen into a 
shelter to replace that used up in respiration, and a simultaneous 
outward movement of carbon dioxide and moisture. This movement 
is accomplished without the help of electricity or machinery of any 
kind. 

In the event of war or increased preparedness for war, great effort 
must go into the building of protective shelters. The diffusion board 
described can contribute to the protection of the military and civilian 
populations. 

ROOFING MATERIALS 

Present-day roofs, of whatever material, are complex in that they 
involve structural supports, a structural roof, and a weatherproof 
covering. The covering is one of the more expensive items and may 
require frequent maintenance. A roofing material that could be 
applied directly to the principal structural supports and would furnish 
both the structural roof (to replace the purlins and decking) and the 
wearing surface would solve many problems. 

Such a material is under development. Basically it consists of a 
particle board with the particles oriented in the direction of principal 
stress to give it high strength. During the manufacturing process, 
stone chips are bonded to the upper surface. The proponent of the 
material thus feels that he has a "permanent" weather-resistant finish. 
He claims also that he has developed a method for joining the panels 
to give a watertight connection. 

Other approaches might be through the bonding of tough films, 
layers of epoxy resins, or other materials to form a permanent, 
weathertight wood roofing material. 
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TEMPORARY SHELTERS OF PAPER 

The U.S. Forest Service has developed and is field testing a tempo- 
rary shelter for protecting firefighters who might be trapped in a 
forest fire. The cone-shaped shelter is made of aluminized paper, 
which reflects the heat and gives temporary protection. The shelter 
can be carried in a small case attached to the belt. Other temporary 
shelter uses involving paper include disposable paper sleeping bags 
for firefighting crews. 

While these can hardly be classified as public works applications, 
they do suggest that temporary shelters of paper or paperboard may 
be feasible. For example, corrugated board can be designed to carry 
considerable load, as exemplified by a demonstration in which a small 
automobile was supported by a triple-wall corrugated carton. 

Thus, multiwalled corrugated board could be adapted to serve as 
walls and roofs of structures. Such structures could serve as tempo- 
rary shelters for personnel, for protection of equipment, or for protec- 
tion of construction materials. These shelters might be particularly 
useful in remote areas, where the salvage value of a more permanent 
structure might beso low as to preclude dismantling and transporting it. 

Paperboard is somewhat low in water resistance; however, research 
has already made considerable improvement in this respect and more 
may be expected. 

A more daring concept has been suggested for housing in North 
Africa. In this instance, housing panels are to be constructed of paper- 

FIGURE 32.-Sample sheet of diffusion board made by a commercial fiberboard 
mill. This board filters out poison gas, disease-Jaden particles, and radioactive 
fallout. 
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board facings bonded to a honeycomb core. The core is a type that 
can be shipped in compact form, then expanded much as the oldtime 
Christmas bells were unfolded. The gluing would be done on the site. 
While this may create some difficulties in practice, it is technically 
feasible. Structures of this type, too, could serve well as temporary 
shelters. 

IMPROVED FASTENINGS 

The method of fastening used in the fabrication of wood building 
components and structures is of utmost importance in producing a 
strong ad durable structure. The performance of wood and wood 
products depends, in large part, on the fastening method used. It is 
true not only of wood, but of all materials, that even the highest grade 
of material, poorly fastened, will make a poor structure. 

While it is true that adequate methods for fastening wood and wood 
products are presently available, these methods generally involve 
hand methods rather than rapid mechanical methods; as a conse- 
quence, they are time consuming and costly. The use of special 
power tools opens up exciting possibilities in the field of fastenings. 
Such equipment will not only speed up the work and lower costs, but 
more important, will actually develop better joints. An important 
start has been made in the development of air-operated equipment for 
the driving of special staples and nails. However, because of the need 
for air hoses, compressors, and tanks, this system is not as versatile as 
it might be. Work is progressing on improved portable driving tools 
and new fastening devices. 

Improved nails, staples, and other fasteners have been and are 
being developed. Improved coatings for nails and staples enhance 
their performance. 

Increasing use of prefinished paneling and house siding have re- 
sulted in. the development of hidden fasteners for their attachment. 
Still needed is a new fastener that could be driven through prefinished 
materials but of such composition and size that an almost invisible 
hole will result so that no putt.ying will be needed. 

Field gluing with present adhesives is rather limited because of 
temperature, pressure, and other requirements. One may expect, 
however, that technological advances may provide a nearly foolproof 
adhesive that will permit the joining of wood elements, even of large 
size, in the field by gluing. 

In certain types of structures, special fastening problems arise. 
For example, highly corrosive atmospheres in some manufacturing 
plants preclude the use of metal fasteners. In radar or electrical 
installations, the electrical conductivity of metal connectors may be 
a problem. In such instances, nonmetal fastenings may be feasible. 
Ceramic bolts and connectors have been studied and appear to give 
reasonable results. Bolts and connectors made of compreg, a modi- 
fied wood, appear to be feasible as a solution to special problems. 

POTENTIAL OF CHEMICALS FROM WOOD 
Present waste 

The greatest potential as a raw material for chemical utilization of 
wood lies in the manufacturing residues and processing wastes from 
existing wood-using plants. These wastes alone amount to about 
60 million tons annually. At many large centers of forest products 
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processing, sufficient quantities of plant residues are available to 
warrant their exploitation as a source of industrial chemicals when 
economic conditions are favorable. The commercial potential of 
these residues will be enhanced if suitable processes can be developed 
to use lignin, which constitutes about one-third of the wood substance. 
We already know enough to derive many useful industrial chemicals 
from the cellulosic fraction of wood. We also have developed many 
uses for the wood and bark extractives. 
Lignin 

As in other chemical industries, a very important need in the silva- 
chemical industry is the development of processes to use all of the 
wood substance. It is probable that this can be done only when 
processes have been developed for lignin utilization. Most of the 
lignin now produced at chemical processing plants is either wastefully 
burned or discharged into streams. This lignin is not the same 
natural lignin which exists in the tree. Rather it is a degraded 
lignin-a result of action by chemicals and heat. Many chemists 
feel that great potential exists for lignin utilization if pulping and other 
chemical processes could be devised to separate lignin from the wood 
in a manner which would leave it more nearly in the state in which it 
occurs in nature. 
Acetyls, hexosans, and pentosans 

Chemists are now working on processes for fractionating wood into 
its simpler components. This appears basic to full utilization of wood 
substance. This is the approach taken by the petroleum chemists in 
developing the multitude of products now available from that sub- 
stance. Early attempts at petroleum utilization involved breaking 
the crude oil into components such as gasoline, kerosene, gasoil, and 
lubricating oil. Simiarly, the objective of wood chemists is to break 
wood into fractions such as pentosans, acetyls, hexosans, lignin, and 
extractives. These simpler components may then be subjected to 
reactive agents under controlled and understandable conditions to 
make a wide variety of products. 
Charcoal and byproducts of pyroiysis 

Chemicals from wood already compete in markets in the United 
States. The celluloses, rayon, cellulose acetate, and other cellulose 
derivatives form the largest single class of polymers on the market. 
Naval stores (rosin, turpentine, and derived or related materials) and 
tall oil (a byproduct consisting principally of rosin, turpentine, and 
fatty acids) are tonnage products with very large markets. Charcoal 
and byproducts of pyrolysis such as methyl alcohol and acetic acid are 
also produced commercially-but these are only a beginning. 

Total chemical production 
The easy things have been done. Much basic research is needed to 

realize the full potential of wood as a chemical material. This is how 
the petroleum industry has prospered in the petrochemical field. 
From a beginning of industry effort in basic chemistry around 1925, 
the products obtained from petroleum are over 2,000 in number and 
constituted over 22 percent of chemical production in 1953. The 
industry is one of the outstanding examples of what can be accom- 
plished through research. 
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Potential commercial production 
A start has been made worldwide in basic chemistry of wood. 

Although the effort is small in comparison to the problems, much has 
been accomplished. It has been shown that such products as ethyl 
alcohol, methyl alcohol, acetic and formic acid, levulinic acid, furfural, 
hydroxymethyl furfural, vanihin, and many other industrial chemicals 
can be produced commercially. Japan has been making outstanding 
progress. In Russia, we know of 20 wood hydrolysis plants producin 
alcohols, yeast, and other products. In the United States, aittioug 
economic conditions are different, we also have plants producing 
alcohol, fodder yeast, vanillin, and a variety of lignin derivatives from 
wastes from pulp mills. In addition a new plant has recently been 
announced to produce levulinic acid from sawdust. 

Speculative uses 
The significance of wood chemicals in the field of public works is 

difficult to foresee but the following are speculative uses, either alone 
or in combination with chemicals from other sources: 

Plastic films.-Permanent moisture barriers in canals and conduits, 
surface protection of concrete while curing, protection of materials 
and work from the weather during construction. 

Adhesives and finishes.-For making composite products from wood 
or wood in combination with other materials; for welding fractured 
concrete; for finishes or protection for wood, masonry, and steel; for 
wearing surfaces on pavements and bridges; and for special concretes 
(in combination with other aggregates) for specialized purposes. 

Molded or extruded plastics.-For insulation of electrical devices, for 
pipelines and conduits, for special bearings, for structural shapes for 
architectural treatments. 

Soil additives.-For stabilizing embankments and road subbases, 
for erosion protection, for fertilization, for improving water inifitration. 

For improving portland cement concrete.-As a plasticizer, as a 
hardener, and as a sealant. 

For improving asphaltic emulsions.-As. a dispersing agent or as a 
wetting agent. 

POTENTIAL IMPACT OF CHEMICAL UTILIZATION ON WASTE DISPOSAL 
PROBLEM 

In view of the Senate committee's interest in the quality and quan- 
tity of the Nation's water, it seems desirable to introduce here an 
additional point-a brief comment on the potential impact of chemical 
utilization on the waste disposal problems of the wood-using industries. 
Pulp and paper industry 

To pick one aspect for ifiustration, consider the waste disposal 
problems of the pulp and paper industry. These problems are too 
complex for full discussion, as well as being beyond the scope of this 
report. However, it should be recognized that individual pulp and 
paper companies, together with such organizations as the National 
Council for Stream Improvement and the Sulfite Pulp Maiufac- 
turers' Research League have taken tremendous strides toward solving 
the problem. 
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Reduction in, waste load 
For example, between 1943 and 1959, annual production of paper 

and paperboard increased from 17 million to 34 million tons, an in- 
crease of loo percent. Accompanying this phenomenal production 
increase was a decrease in total waste load of about 2 percent. Or, to 
put it another way, the waste load from the average ton of paper or 
paperboard has been reduced by about 51 percent since 1943. 

Reduction in fiber loss 
During this same period, the industry reduced its average fiber loss 

from 5 percent to less than 2 percent, a saving of over a million tons 
of fiber and a vast reduction in the waste load. This saving is signifi- 
cant, from the conservation standpoint, since it represents more than 
1.5 million cords of pulpwood. 
Methods of reducing pollution effect 

This reduction in the pollutional effects of paper industry wastes was 
accomplished by several methods. Among these are: Effluent treat- 
ment; new or novel waste disposal procedures; reduction of solids losses 
by recirculation of process water and use of solids removal equipment; 
retention of increased percentages of wood substances in the finished 
product; more efficient recovery of chemicals and heat from spent 
pulping liquors; new recovery systems applicable to certain pulping 
liquors; and recovery of byproducts. 
Reduction in water consumption 

Important improvements in water use have also been accomplished. 
During the past 16 years, for example, the industry can look with 
satisfaction on an average reduction in water consumption of over 50 
percent per ton of production. 
Cost of pollution control measures 

Progress is thus impressive and reflects the forward-looking concern 
of the industry for national and local water problems. Some of the 
procedures used, however, either require capital investments and 
operating costs or return only a minor value in the form of heat, pay- 
ment for costs of trucking effluent, and the like. 

Real gain through control measures 
The real gain will come through greater recovery of byproducts. 

To some degree, this is done as brought out in the preceding discussion. 
This, however, is barely a dent in a broad surface. It is in this area 
that research relating to the utilization of wood and wood-processing 
residues has an enormous potential. As discussed earlier, the eco- 
nomic climate is presently not right for a startling expansion in this 
area. Continued fundamental, applied, and processing research, how- 
ever, may be a factor in changing this climate. At any rate, the 
potential is there to broaden our supply of known-and unknown- 
industrial chemicals, to provide a return on presently burdensome 
residues, and to reduce or largely eliminate waste disposal problems. 
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Uses, list of --------------------------------------------------- 15 

Codes, list of ------------------------------------------------------ 17 
Composite products ------------------------------------------------ 23-24 
Compreg --------------------------------------------------------- 45 
Construction: 

Component --------------------------------------------------- 55 
Hurricane-resistant -------------------------------------------- 23 
Pole-frame ---------------------------------------------------- 19 
Sandwich ----------------------------------------------- 34-35, 53-55 
Stressed-skin -------------------------------------------------- 33-34 
Wood-plywood ------------------------------------------------ 31 
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Deterioration, protection of wood from ------------------------------- 36-40 
Diaphragms, wind- and earthquake-resistant -------------------------- 22 
Dimension lumber, list of uses --------------------------------------- 5 
Drying of wood --------------------------------------------------- 66-61 

Fastenings: 
By field gluing ------------------------------------------------ 63 
Improvedfastenings ------------------------------------------- 63 
In trusses ----------------------------------------------------- 22 
Methods ----------------------------------------------------- 63 

Fiberboards, building: 
Description --------------------------------------------------- 42-43 
Diffusion board ----------------------------------------------- 61 
In sandwich construction --------------------------------------- 34 
Uses, list of --------------------------------------------------- 11 

Finishes: 
From wood chemicals ------------------------------------------ 65 
Natural, for exterior woodwork ---------------------------------- 40 
Paint primers for laminated wood ------------------------------- 58 

Fire-retardant treatments for wood ---------------------------------- 41-42 
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Diaphragms -------------------------------------------------- 22 
Veneer ------------------------------------------------------- 26-27 
Veneer-lumber ------------------------------------------------ 27 

G 
Gluing of treated lumber ------------------------------------------- 26 
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Hardboard: 

Description --------------------------------------------------- 42-43 
In sandwich construction --------------------------------------- 34 

Impreg ----------------------------------------------------------- 44 
Insect control ----------------------------------------------------- 58 

Laminated members: 
Description --------------------------------------------------- 26 
Paint primers for ---------------------------------------------- 58 
Piles --------------------------------------------------------- 52-53 
Poles --------------------------------------------------------- 52-53 
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Gluing of treated ---------------------------------------------- 26 
Overlaid ------------------------------------------------------- 24-25 
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Description --------------------------------------------------- 42-43 
Molded ------------------------------------------------------ 59 
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Laminated ---------------------------------------------------- 52-53 
Uses, list of --------------------------------------------------- 4 

Plastics from wood ------------------------------------------------ 65 
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In sandwich construction --------------------------------------- 34-35 
In stressed-skin construction ------------------------------------ 33-34 
Overlaid ------------------------------------------------------ 23 
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Design ------------------------------------------------------- 19 
In buildings --------------------------------------------------- 19 
Laminated ---------------------------------------------------- 52-53 
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Assay method for evaluation ------------------------------------ 36-40 
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Roofing, materials for ---------------------------------------------- 61 
Round wood products, list of uses ----------------------------------- 4 

S 
Sandwich construction: 

Description --------------------------------------------------- 34-35 
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Staypak ---------------------------------------------------------- 45 
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Timbers, list of uses ----------------------------------------------- 6-8 
Towers, fire lookout ------------------------------------------------ 35 
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Trusses, light frame ------------------------------------------------ 22 
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Laminated, in bridges ------------------------------------------ 30 
Laminated, in buildings ---------------------------------------- 13, 28 

Beams, laminated ------------------------------------------------- 30 
Bridges: 

Construction -------------------------------------------------- 12 
Railway, highway --------------------------------------------- 29-30 

Buildings: 
Factory-type -------------------------------------------------- 11 
Light-frame --------------------------------------------------- 6 
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Columns, laminated, in factory-type construction ---------------------- 11 
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Decking, fiberboard ------------------------------------------------ 17 

Fiberboard: 
Diffusionboard ----------------------------------------------- 62 

Roofdeck ---------------------------------------------------- 17 
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Lumber and plywood in ---------------------------------------- 16 

Paper tubes for ------------------------------------------------ 16 
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Impreg, use in die models ------------------------------------------- 44 

Laminated construction: 
Arches ------------------------------------------------- 11-13, 28-29 
In bridges ------------------------------------------------- 12, 29-30 
In buildings -------------------------------------------- 13-14, 28-29 
In park structures --------------------------------------------- 13, 23 

Lumber: 
In concrete forms ---------------------------------------------- 16 

In cooling towers ---------------------------------------------- 9 

Infactory-typeconstruction ------------------------------------ 11 

In light-frame construction ------------------------------------- 6 
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Models, die, using impreg ------------------------------------------- 44 

Paper, in concrete forms ------------------------------------------ 16 

Park structures: 
Hurricane-resistant -------------------------------------------- 23 

With laminated arches ----------------------------------------- 13 

With laminated beams ----------------------------------------- 14 

Piling, preservative treated in piers ---------------------------------- 5, 39 

Plywood: 
Assiding ----------------------------------------------------- 11 

In concrete forms ---------------------------------------------- 15 

In sandwich construction --------------------------------------- 32 

In stressed-skin construction --------------------------------- 32, 34, 56 

Paneling ------------------------------------------------------ 15 
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In transmission lines ------------------------------------------- 20, 54 

Laminated ---------------------------------------------------- 54 

Posts, timber guardrails -------------------------------------------- 7 
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Reservoirs, using laminated construction ----------------------------- 29 

Sandwich construction, in buildings ------------------------------- 32,38,39 
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Ofsoil ------------------------------------------------------- 48 

Ofwood ------------------------------------------------------ 44 

Stressed-skin construction, in buildings ------------------------------- 32, 56 
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Ties, railroad ----------------------------------------------------- 10 

Towers: 
Cooling ------------------------------------------------------ 9 

Transmission ------------------------------------------------- 20, 54 

Transmission lines ------------------------------------------------- 20, 54 

Trusses, in factory-type construction --------------------------------- 11 
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