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COMMITTEE ON RENEWABLE RESOURCES
FOR INDUSTRIAL MATERIALS (CORRIM)

In recent years major emphasis has been
placed on nonrenewable resources in rela-
tion to potential national problems that may
arise from possible changes in materials sup-
ply or utilization. Renewable resources,
however, have received disproportionately
small attention in spite of their current im-
portance as industrial raw materials and
their potential for the future. In recognition
of this, the Science and Technology Policy
Office, in support of the Science Advisor to
the President, requested the National Acad-
emy of Sciences/National Research Council
to conduct a study of renewable resources
in meeting the nation's future material
needs. In 1974, with support from the Na-
tional Science Foundation, the Board on
Agriculture and Renewable Resources un-
der the Commission of Natural Resources of
the National Research Council appointed
the Committee on Renewable Resources for
Industrial Materials (CORRIM) to conduct
such a study.

The committee was instrocted to analyze
renewable resources in the United States
economy to provide a basis for identifying
their optimum production and use and the
role of science and technology in overcom-
ing barriers to their production and use.
Specifically, the Committee was directed to
give attention to the following:

1. Quantitative analysis of current ma-
terials flow for renewable resources- as the basis for assessing the impact

of potential future changes (compare
with nonrenewable flows) . Definition
of the limits (costs and technical) of
renewable resources for meeting ex-
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panded demands for materials based
on them. Delineation of the energy,
environmental and social conse-
quences of such increases. Interna-
tional aspects.

2. Interchangeability of renewable and
nonrenewable resources as the basis
for materials.

3. Assessment (stocktaking) of quantity
and quality of R&:D currently sup-
ported in the area of renewable re-
sources by ( a) federal government
and (b) industry. Evaluation of the
relationship of these activities to the
size of the industry and its role in the
economy. Assessment of changes in
scale and emphasis needed to meet
future changes.

4. An evaluation of relevant federal and
regional legislation and regulations
that influence the effectiveness of the
development and utilization of re-
newable resources.

5. Improvement in materials properties
and performance.

6. Improvement in the yield of raw ma-
terials and in the efficiency of pro-
cessing.

7. The potential of renewable resources
as "feed-stock" for synthetic materials,
( a ) cellulose based and ( b) trans-
lated to products (such as ethylene)
that can be used to supplement or re-
place the petrochemical supply used
currently for synthetic polymer pro-
duction.

8. Consideration of the energy and en-
vironmental characteristics associated

SPRING 1978. v. 8(1)1
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Additionally, three subpanels provided
overall inputs and developed separate
background reports on economic and insti-
tutional matters, international consider-
ations and systems analysis. Also, several
separate subreports were prepared in con-
nection with individual panel studies.

This paper is the report of Panel II, Re-
newable Resources for Structural and Ar-
chitectural Purposes. A subreport, which is
not included. H aroesting the Forest Re-
source, was also prepared by a member of
Panel II.

The consolidated report of CORRIM, Re-
newable Resources for Industrial Materials,
is available for purchase ($8.25) from the
Printing and Publishing Office of the Na-
tional Academy of Sciences. Individual
panel and subpanel reports and subreports
are available for review at the Office of the
National Academy of Sciences or for pur-
chase from the National Technical Inform a-
tion Service.

with the implementation of research
from the above three categories, in-
cluding the question of water supply
and alternative land use.

To accomplish its charge, the committee
established six panels, each of which con-
ducted and reported on a detailed study as
background materials for a consolidated
committee report. These panels were:

I. Biological Productivity of Renew-
able Resources used as Industrial
trial Materials

II. Renewable Resources for Structural
and Architectural Purposes

III. Fibers as Renewable Resources for
Industrial Materials

IV. Extractives as a Renewable Re-
source for Industrial Materials

V. The Potential of Lignocellulosic Ma-
terials for the Production of Chemi-
cals, Fuels, and Energy

VI. Reference Materials System: A
Source of Renewable Materials As-
sessment

S.B.~N
Cbainnan, Panel II
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ABSTRAcr

This paper reports the findings and conclusions of Panel II on Structural Pwposes, Com-
mittee on Renewable Resouroos for Industrial Materials (CO RRlM ), National Academy of
Sciences/National Research Council. The Panel examined the use of wood for structural
purposes and its conversion from standing trees to primary structural commodities as of
1970, and from this base year developed projedJons of use to the years 1985 and 2000.
Concerns of the Panel included the availability of the renewable resource, the demand for
wood products, and particularly the costs in terms of manpower, energy, and capital de-
preciation involved in production and transportation to the point of use. Comparable data
from source to end commodity were compiled for other strnctural materials including steel,
aluminum, concrete, brick, and petroci1emical derivatives.

Wood products were found, with few exceptions, to be more homogeneous than nonwood-
based commodities in man-hour and capital requirements. However, the most notable
differences between wood-based and nonwood-based commodities are in their energy require-
ments. Commodities based on nonrenewable resouroos are appreciably more energy inten-
sive per ton of product than are their wood-based counterparts. In part, this is the result of
energy self-sufficiency in the manufacturing process attained through the use of wood resi-
dues as fuel.

been completed success£ully. Financial support for
the publication of this report was provided by the
Southern Forest Experiment Station, USDA For-
est Service. Reproduced, in slightly revised form,
with permission of the National Academy of Sci-
ences from Renewable Resources for Industrial Ma-
terials (National Research Councll1976), with the
addition of extensive background data not ron-
tained in the National Research Council Report.

sPRING 1976, V. 8(1)

1. The authors, under the cbaimlanship of S. B.
Preston, constituted Panel II of the Committee on
Renewable Resources for Industrial Materials
(CORRlM), National Academy of Sciences/Na-
tional Research Council The authors' gratitude to
the many individuals in industry, education, and
government who contributed to the compiling of
the information presented in this report cannot be
adequately expressed here. Suffice it to say that
witMut their cooperation this report could not have
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tions including particleboard, flakeboard,
hardboard, and insulation board.

Lumber and panels suitable for building
materials are used in a wide spectrum of
secondary products other than structures
which are not specifically included in this
analysis. In 1970, 12% of all lumber, 9% of
all plywood, and 35% of all building board
was used in the manufacture of secondary
products such as furniture, boats, truck
bodies, and innumerable other items (Table
1 ) . Of the secondary products using sub-
stantial quantities of primary structural ma-
terials, furniture manufactured in 1970 ac-

version of these materials into engineered
building components.

Basic primary sb'uctural materials manu-
factured from wood are lumber, which is
sawn or shaped from the log, and rigid pan-
els, fabricated by reducing wood to ve-
neer, particles. flakes, strands, or fibers
which are, in turn, reconstituted into thin
sheets by pressing between heated platens,
usually in combination with an adhesive.
Sheets thus foImed are broadly classified
as plywood-fabricated from veneer-and
building board that consists of an array
of sheet products under generic classifica-

..
FIC. 1. Softwood (uppel') and hardwood (lower) materials flow tmjectoriel for 1970.

Based essentially on data provided in the Outlook Study (USDA Forest Service 1974). Conversion of
cu ft to tons (OD) bas been through multiplication by 0.0137 for softwoods and by 0.0164 for hard-
woods. Except for t1xJSe sOOwn in the four "boxes" for growingltock, all values include bark. Ton-
nages s}M)wn in tIIe8e "boxes" for growing stock in 1970 sOOuld be iDcIeUed by 1~ to allow for
(include) bark. Data on growth and removal reflect current inventory standards. Complete tree utiliza-
tion, acoording to Keays (1971). would permit a commodity removal increase of 35% from the same
growing stock, a net increase of 35.29 million tons after deduction of current loggjng residues from

growing stock.



8 CORRIM P ANn n

TABLE 2. Demand for domestic f'oundwood and bl/-products for manufacture of wood-based commodi-
ties in 1970

WOOD REQUIREMENT

1970
MM O.D. TONSCOMMODITY

FROM
ROUNDWOOD

FROM
BY- PRODUCT,

73.41
15.08
24.51

2.28

2.6

2.4
.2

1.2

18

STRUCTURAL
I. SOFTWOOD LUMBER
2. SOFTWOOD PLYWOOD

3. HARDWOOD LUMBER

4. HARDWOOD PLYWOOD

5. PARTICLEBOARD

6. MEDIUM DENSITY FIBERBOARD

7. IN$ULATION BOARD

8. WET-FORMED HARDBOARD

9. STRUCTURAL FLAKEBOARD # I

10. STRUCTURAL FLAKEBOARD#2 (RCW)

II. LAMINATED-VENEER LUMBER

FI BROUS
12. PAPER AND PAPERBOARD 61.30 24.5

MISCELLANEOUS
13. MISCELLANEOUS INDUSTRIAL AND

FUELWOOD f6.62
f9'3.'38TOTAL

-
31.9

counted for 7% of all lumber, 5% of all ply-
wood, 34% of all particleboard, and 17% of
all hardwood. Since 1970 the proportion of
particleboard consumed in furniture and
allied products has increased. Currently,
approximately 60% of the rapidly expand-
ing production of particleboard is used in
furniture and allied products with the re-
maining 40% being used in construction.
Importantly, a very high percentage of the
lumber used in furniture manufacture is
hardwood, which currently has limited util-
ity for structural and architectural applica-
tions.

Of particular significance, from the stand-
point of hardwood utilization, is the de-
mand for wood to be used in shipping in
the form of wood containers, dunnage,
blocking and bracing and, most importantly,
pallets. Since the early 1960s the increase
in wood used in shipping, approximately
15% of all lumber manufactured, has been
largely athibutable to the increased demand
for pallets. Substantial increases in pallet
consumption are projected in relation to
growth in industrial production ( Cliff
1973).

Sawn mainline railroad ties, which are in
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short supply, provide another important use
for hardwoods of limited value for other
purposes. Of more than one billion cross-
ties supporting some 350,<XX> miles of rail-
road track in the United States today, many
have been in place longer than their ex-
pected life; additionally, increased axle
loads are accelerating mechanical deteriora-
tion of ties in place. The rate of crosstie
replacement until the end of the century
will be predictably high. Low-grade hard-
woods in solid or laminated form are well
suited to this need (Howe and Koch 1976).

Piling, poles, posts, and mine timbers,
which are largely roundwood, constitute a
significant tonnage of structural products.
Important among these are piling, for which
28.8 million linear feet of roundwood was
required in 1970, and poles, of which 5.4
million were used during the same year.

Table 2 summarizes product use of the

1970 timber harvest by categories; i.e., spe-
cific structural commodities, paper and
paperboard, and miscellaneous industrial
and fuelwood In total, 193 million tons of
roundwood were converted to these com-
modities and equate to the commodity har-
vest from U.S. forests in 1970. In the pro-
cessing of this roundwood, substantial ton-
nages of residue were generated, of which
32 million tons of chips, shavings, sawdust,
and bark were additionally converted to
commodities (Table 2).

Of the wide spectrum of uses of lumber
and rigid panels, residential and nonresi-
dential light construction stand out as be-
ing, to a very substantial degree, the most
important. As previously indicated in Table
1, 52% of all lumber, 59% of all plywood,
and 54% of all building board were con-
sumed in construction in 1970. For each
of these commodities, approximately 10%
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of the total volume of the product used
was for nonresidential construction. The
demand for housing is projected to remain
high through the year 2000 (Cliff 1973) .
Importantly, the wood-based primary struc--
tural products required for housing are also
projected to remain high (Fig. 2). A con-
tinuing high percentage of lumber and ply-
wood, which accounted for approximately
three-quarters of the tonnage of primary
structural products produced from wood
in 1970, is projected to be used in housing
until the year 2(xx) (Cliff 1973).

ANALYSIS OF MATERIALS USED IN
RESillENTIAL AND LIGHT-FRAME

CONSTRUcnON

PanelIl of CORRIM was concerned with
the use of renewable resources for structural
purposes and for obvious reasons focused
its attention on wood versus steel, alumi-
num, concrete, brick, and petrochemical
derivatives. Our charge was to examine the
situation as of 1970 and to project Scenarios
for 1985 and 2(XX) based on a variety of as-
sumptions.

Because of the importance of residential
and light industrial construction to the to-
tal demand for wood products, and because
this also constitutes a substantial and at-
tractive potential market for commodities
manufactured from nonrenewable re-
sources, this use was selected for the pur-
pose of this study as an example from
which to evaluate wood as a structural and
architectural material. Representative de-
signs of floor, wall, and roof constructions
that were in use in 1970 or that are feasible
in the foreseeable future were chosen for
study. Wood-based and alternative struc-
tural materials incorporated in these designs
were analyzed from the standpoints of
energy, manpower, and capital require-
ments from the point of extraction of the
raw material to erection on the building
site. Changing manufacturing technologies
resulting from changes in the forest re-
source, together with accompanying re-
search and development needs, were con-
sidered.

Primary materials and their use
in building components

Twelve primary materials fabricated from
the forest resource were selected for study.
Of these, eight which encompass a high
percentage of all primary structural and
architectural materials manufactured from
wood are:

1. Softwood lumber
2. Hardwood lumber
3. Softwood plywood
4. Hardwood plywood
5. Underlayment particleboard
6. Medium-density fiberboard
7. Wet-formed insulation board
8. Wet-formed hardboard.

The remaining four, (1) structural flake-
board, (2) reoonstituted structural board,
(3) structural particleboard, and (4) lum-
ber-laminated-from-veneer are technologi-
cally feasible and can be expected to be in
production in the foreseeable future. For
each of these primary products-with three
options in the case of structural particle-
board-a materials-flow trajectory was de-
veloped on the basis of one oven-dry ton of
entering raw material A trajectory was also
developed for the conversion of pulpwood
to chips. These materials-flow trajectories,
conforming to the RMS concept used
throughout the study, appear as Figures
3-17. All materials-flow trajectories were
developed for manufacturing operations de-
signed to maximize the output of the pri-
mary product under consideration. They
are based on averages attained in efficient
manufacturing plants with data supplied by
knowledgeable industrial sources. Product
and by-product yields are summarized in
Table 3.

On the basis of information from the ma-
terials-flow trajectories, man-hours, energy
in the form of mechanical horsepower and
pounds of steam, and capital depreciation
for the operation of the manufacturing fa-
cility were prorated among the output prod-
ucts (except for the reconstituted structural
board described in Fig. 12, which was not
further analyzed). For the most part-but
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2 Predicted product and by-praduct recovery. 1985
5 Predicted product ond by- product re_y. 2000

Materials ~ for- softwood lumber bued on oven-dry (OD) weight. Sawlog weight in-FIG. 3.
cludes bark.

facturing plant to the retail lumber yard,
together with manpower, energy, and capi-
tal requirements, were developed on the
basis of statistics assembled by manufactur-
ing and transportation associations and from
information derived from manufacturing in-
dustries. Wormation on transport from the
retail yard to building site was based on
data supplied by a geographically widely
dispersed sample of retail distributors of
building products. Erection data were pro-
vided by the National Association of Home
Builders. Supporting data are tabulated in
Appendix III (Tables III-4, 111-5, and
111-7, III-8, III-II, 111-14, and III-IS).

Data comparable to those assembled for
wood-based structural and architectural
products were developed for alternative
building materials manufactured from non-
renewable resources (Table 111-6). 111is in-

ton of mill input raw material. These data
include requirements for harvest planning
and layout, road constroction and mainte-
nance, equipment and its maintenance, su-
pervision and support functions, harvesting,
and stump-to-mill transport. For those pri-
mary products using input raw materials
other than roundwood-e.g., chips, flakes,
or particles-the manpower, energy, and
capital assigned to preparation of the feed
stock were included. Harvesting data were
derived primarily on the basis of southern
and west coast operations, but are con-
sidered representative of the nation at large
because of the heavy concentrations of for-
ests and industries in these two areas. The
detailed data are tabulated in Appendix II
and summarized in Table 11-5.

Transportation modes and distances for
wood-based commodities from the manu-
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FIG. 8. Materials balance for medium-density fiberboard based on oven-dry (OD) weight. Assumes
a mechanical pulping process with steam pretreabnent.
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FIc. 10. Materials balance for wet-fanned hardboard based on oven-dry (OD) weight. Forest resid-
ual chips assumed to contain 10 percent bark,'

fonnation was computed from census data
or extracted from the Brookhaven Na-
tional Laboratory Data Bank. Distribution
of nonwood building materials from the re-
tailer to the building site was assumed to
be similar to that of wood-based materials.

Summarizing the results of these surveys,
analyses, and computations of costs of ex-
traction, manufacture, and transportation to
building site for a wide array of wood-based
and nonwood-based commodities-in tenDS
of manpower, capital depreciation, and en-
ergy-are Tables 5 (man-hours), 6 (capital
depreciation), and 7 (energy). All values
are based on one ton of commodity.

The data presented in Table 7 require
some explanation. For wood-based com-
modities, energy expended in logging con-
sists of diesel fuel and gasoline for all forest
activities. Manufacturing energy consists of
two parts, mechanical (electric) and pro-
cess heat; energy consumed in the manufac-

ture of additives such as resin and wax has
been included in these totals. Transport
energy encompasses diesel fuel and gaso-
line expended in shipping commodities from
mill to building site.

To achieve a uniform mode of expressing
energy consumed and available from resi-
dues, we have used the unit miUion BTU
thermal (oil). For example, a gallon of die-
sel fuel contains 138,336 BTU or 0.138 mil-
lion BTU thermal ( oil). A mechanical
horsepower-hour was assumed equivalent
to 7,825/1OS million BTU thermal (oil);
this equivalency is based on the assumption
that oil can be converted to mechanical
power with about 32.5% efficiency. A
pound of process steam was assumed to
contain 1,200 BTU which, if generated with
an oil-fired boiler at 82.5% efficiency, would
require about 1,455/108 million BTU ther-
mal (oil).

In computing energy credits for manu-
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PHENOL- FORMALDEHYDE RESIN
.02

\ /

WAX
004

SIZED PANELS

.354
1.0 TON
8ARKY ROONOWOOO
( O. O. WT. )

.5 \~
\C?

\\~

~~

0°',,~ ~

~~).~

\\

~~
.~\\

P'UEL

.22.-

I
Not in production in 1970. Inforlnotion from U.S.O.A. Forest Service,

Southern Forest Experilnent Stotlon.

FIC. 11. Materials balance for structural flakeboard' based aD oven-dry (00) ~ (Assumes
use of shaping-lathe beadrig. )

(gross manufacture) - 4.846 (maximum al-
lowable from residue) + 1.~ (transport)
= 2.900 (net total) million BTU (oil equiv-
alent) per OD ton.

To provide a base for comparison be-
tween alternative stroctures, designs were
developed for four roof, eight exterior wall,
three interior wall, and six floor constmc-
tions. This array includes the most impor-
tant designs of these components in use
today and, additionally, several feasible de-
signs which are not yet commonly used.
The designs were selected to provide a real-
istic comparison between the use of wood-
based components and alternative materi-
als. Sections with an area of 100 square feet
were selected for analysis in order to pro-
vide easy comparison, and to eliminate the
effect of door and window openings.
Weights of materials required for each 100-
square-foot section were calculated.

facturing residuals (e.g., green bark and
sawdust), we have assumed that exhaust
steam from turbines or steam engines will
be used for process steam. Thus, a non-
condensing turbine connected to an AC
generator should consume about 16.3
pounds of high-pressure steam to deliver
one brake horsepower-hour of mechanical
work. The 16.3 pounds of spent steam at
low pressure are then available for process
heat. It has additionally been assumed that
1 pound of green bark ( half water by
weight) will generate about 2.6 pounds of
high-pressure steam.

Net total energy represents supplemen-
tary energy needs after deducting energy
available through fuel use of residues from
gross manufacturing energy. For example,
net energy required for softwood lumber
was calculated as 0.943 (logging) + 4.846
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PHENOL-FORMALDEHYDE

.03
\

WAX

.006
/

1.0 TON
BARKY ROUNOWOOO
( O. O. W1:)

SIZED PANELS

.636

o\~"...

40-
t.O$.

Not in production 1970. Informotion from Industriol lOurce.

FIG. 12. Materials balance for reconstituted structural wood based on oven-dry (OD) weight-woole
log flakiIIg of wood with substantial rot. 1

PHENOL-FORMALDEHYDE a WAX
.055

\
1.0 TON
BARKY ROUNOWOOO
(0. O. WT. )

SIZED PANELS

.879

~
\~
!"

\:
'c\rp
w~..,
G'\~.'"

,~

'U£L

.17.

1.0&5TOTAL

Not in production 1970. InfOt'motion from Notionol Portideboord A..odotion.

FIG. 13. Materials balance for structural particleboard based on oven-dry (OD) weight-whole log
flaking of sound wood.'
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PHENOL-FORMALDEHYDE a WAX
.D51

100 TON
BARKY LOGS
(0. Do WTo I

SIZED PANELS

.809

"'~"' ~
0' ...'" ~

\~

FUEL

.242

1.0&1

Not in production 1970. Informotion from Notionol Particleboard Association

FIG. 14. Materials balance for structural particleboard based on oven-dry (OD) weight-chipping
and flaking sound wood.'

PHENOL-FORMALDEHYDE a WAX
.048

'" "1.0 TON
BARKY ROUNOWOOO
10.0. WT.)

SIZED PANELS
.748

...

~'.. ~
0'",
~~'o\~

FUEL

.30

1.048

}
TOTAL

'Not in production 1970. Information from Notional Porticleboord Auociotion.

Flc. 15. Materials balance for structural particleboard based on oveu-dry (OD) weight-chipping
and flaking wood with some rot..
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Total( % inch) ; carpet and pad
weight-O!Js:) ton

IA8LI 4. ~w /OJ' ..-gr. l1li4.t41 IJ.p.-'-tiGII '" . -t~ of80~ z.-., (.-.4 - 1.' .. -4I'r(OD) ~ iI9IIt of -.. . - 21")

~- ~c&
~

.
...... IF-...

~

~

Dry
n-..
I..-er
0.35

hip
c:k1.-
0.19

'article-

hm18h
0.15

...1:
~

21.N

0.51

0.36

!:.!2.
l.ft

Y:.11 -9.
6Z.~ 11M~-

Exterior walls'

1. Plywood siding ( % inch ) without
sheathing. Total weight-O.~ ton

2. Medium-density fiberboard siding
( % inch) ; plywood sheathing ( %
inch). Total weight-O.342 ton

3. Medium-density fiberboard siding (~
inch); insulation-board sheathing (~
inch) with plywood (% inch) comer
bracing. Total weight-O.377 ton

4. Concrete block without additional sid-
ing or insulation. Total weight-l.W9
tons

5. Aluminum siding (0.02 inch); insula-
tion board sheathing (1h inch). Total
weigbt-O.~ ton

6. Medium-density fiberboard siding (%
inch); steel framing; insulation board
sheathing (% inch) with plywood (%
inch) comer bracing. Total weight-
0.323 ton

7. Aluminum framing with siding and
sheathing as in number 6. Total
weight-O.293 ton

8. Brick siding; insulation boatd sheath-
ing (% inch) with plywood (% inch)
comer bracing. Total weight-2.01
tons

Floors

1. Wood joists (2 x 10 inch, 16 inches on
center); plywood subfloor (~ inch);
particleboard underlayment (% inch);
carpet and pad. Total weight-O.312
ton

2. Wood joists (2 X 10 inch, 24 inches on
center); plywood subfloor (% inch);
oak sbip flooring. Total weight-
0.293 ton

3. Wood joists (2 X 10 inch, 16 inches on
center; plywood combination subfloor
underlayment (% inch); carpet and
pad. Total weight-O.2EMJ ton

4. Concrete slab (4 inches thick on
6-inch gravel base); vapor barrier;
carpet and pad. Total weight-4.~
tons

5. Steel joistS ("C" section, 48 inches on
center); plywood subfloor (1%
inches); carpet and pad. Total weight
0.614 ton

6. Lumber-laminated-from-veneer joists
(1.5 X 7.5 inches, 16 inches on cen-
ter) ; structural flakeboard subfloor

I ntenor wallsI

1. Wood framing (2 x 3 inches, nomi-
nal). Total weigbt-O.311 ton

2. Aluminum framing. Total weight-
0.217 ton

3. Steel framing. Total weigbt-O.231
ton

. All wal1s escept numbers 4. 6, aOO 7 are stan-
dard &amed -ns with 2- X 4-iIK:h ( IMJIDinal )
studs, 24 inches on center; with top and bottom
plates; building paper, and gypsum board interior
panels. All constructions are nailed. With the ex-
ceptXm of number 4. all wal1s contain 2-iIK:h min-
eral wool iDIulation batts which conformed to
building standalds in the base year (1970).

8 All interior walls are with lh-inch gypsum
board on both sides, and oonIoad-bearing framing
on 24-inch (.'eDters.

I Oven-dry weights of Individual oomponents in
each design are siMJwD in Appendix III -1.
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TABLE 8. s-mor of ~ts fo!' 1'esi.a.ntiaZ ()OM~ iMzld.:IIg ZowiIIg (ozo
~, -t'*'tlll'e, tZ'an8pol't to Mu.. Bit., and -non
(P82' lOD-8qIIal'8-foot s.ctionJ

Met Capitala
EDergy Depreciation
Nlttion B2'U Dott<ZJOe

Manpower

Mm-Hours

~
1. W-type Wood TrU8S with Wood Shingles
2. S- but with Asphalt Shingles
3. Steellafters (fl~ roof) c
4. Plat Roof with LVL Rafters and Flakeboard

Exterior Walls

8.96
9.04
9.17
9.36

2.44
3.2.2
S.U
2.45

6.14
6.72
6.38
6.S9

1.99

9.86

9.26
18.45
9.83
9.89

11.26
22.00

1.99

2.S4

2.69
16.S3

4.9S
4.79
5.S3

11.89

4.1j

1.41

6.71
5.56
4.'1
7.20
6.91
8.37

3.87
3.99
3.53

0.95
2.25
1.88

2.17
2.13
2.25

1:

2,
3,
4,
5,
6.

9.U
..$t7."

U;g
n.,,"
7.7.

2.85
1.19
2.09

22.06
23.26

2.05

7.58
6.40
6.32

11.81
16.34

7.23

1. Plywood Siding (no sheathing), 2x4 Frame
2. Mediua-Density Fiberboard Siding, Plywood

Sheathing, 2x4 Fr-
3. Medi~Density Fiberboard Siding, l/2-inch

Insulation Board, and Plywood Corner Bracing
4. Concrete Building Block, no Insulation
5. Alu.linua Siding over Sheathing
6. MDF Siding, Sheathing, Steel Studs
7. MDF Siding, Sheathing, AlUDinua Fraaing
8. Brick Veneer

Interior Walls
1. Wood~ng
2. AlU81inum Framing
3. Steel Framing

F~r~ (all with carpet and pad, except No.2)
Wood Joist, Plywood Subfloor, and Particleboard
Underla~Dt
Wood Joist, Plywood Subfloor.. Oak Finish Floor
Wood Joist, "Single-Layer Floor"
Concrete Slab
Steel Joist, 2-4-1 Plywood
LVL Joist and Flakeboard

-

a
Eoergy froa wood residues credited ~ against gross energy requir...nts of manufacturinR
phase~ not against logging or transport of wood components.

bLaa1nated veneer l\i8ler.

c
Erectioo costs unavailable. Approximations based 00 siailar COD8tructioo were used.

Flow of material., in primary
processing

Not surprisingly, the panel products re-
constituted from fibers that are mechani-
cally derived largely from chips-and
underlayment particleboard that is reconsti-
tuted from mechanically reduced dry mill
residue--show the highest percentages of
principal product recovery (Table 3). Also
to be noted is that the residue from these
principal products does not provide raw
material for other manufactured products.
Conversely, commodities requiring the

greatest tonnage of input material per ton
of product-lumber and hardwood plywood
-generate in their manufacture substantial
quantities of residue suitable for by-product
manufacture.

The process selected to illustrate the
manufacture of flakeboard is not now
in production. The principal product
could have with equal validity been con-
sidered hardwood lumber. Lumber from
that hardwood flakeboard operation would
be particularly useful for pallets which
are in increasing demand. With the
exception of the hardwood flakeboard oper-
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percent as much energy as the concrete slab
construction or that with steel supporting
members.

With the exception of wall constructions
incorporating concrete block and brick ve-
neer which require two to three times the
labor man-hours of wood constructions,
manpower requirements do not differ ap-
preciably between designs. No clear pat-
tern emerges from capital requirements. It
may be observed, however, that wood con-
structions in floor systems appear to be
approximately one-half as capital-intensive
as their nonwood counterparts.

For the purpose of comparison, several
alternative components serving major func-
tions in the various designs are summarized
in Table 9. Values in this table are for the
labor, capital, and energy input of indi-
vidual components involved in constructing
100 square feet of the indicated design. The
most striking fact revealed by this table is
the very substantially lower energy require-
ments for wood versus alternative mineral-
based components. Steel floor joists, for
example, require approximately 50 times as
much energy as do wood counterparts.
Aluminum framing for exterior walls is ap-
proximately 20 times as energy-intensive as
wood framing. Energy required for steel
framing is approximately two-thirds that for
aluminum. Similarly, aluminum and steel
studs for interior walls require, respectively,
twelve and eight times the energy of wood
studs to perform the same function. Steel
rafters exceed wood trusses sevenfold in
energy requirements and aluminum siding
requires approximately five times the en-
ergy of its plywood and fiberboard counter-
parts. The energy requirement for brick
siding is strikingly high-approximately 5
times that of aluminum and 25 times that
of wood-based siding materials. No clear
overall patterns emerge from labor and
capital depreciation requirements. It may
be seen, however, that steel floor joists are
very substantially higher than wood coun-
terparts in these two requirements, and
that brick is more labor- and capital-inten-
sive than all alternative siding materials in
house construction.

hour and capital requirements for non-
renewable resources exceed those for
wood-based materials.

The most notable differences between
wood-based and nonwood-based commodi-
ties appear in total energy requirements.
Commodities based on nonrenewable ma-
terials are appreciably more energy-inten-
sive than are their wood-based counterparts.
Among the wood-based commodities, wet-
formed hardboard is the most energy-
intensive7, but, even so, it is considerably
superior to metal and petrochemical-
derived building materials in this respect.
In a related area, Sarkanen (1976) has
noted a similar energy efficiency for paper-
board versus synthetic polymers.

A comparison of manpower, energy,
and capital requirements for some
examples of construction designJ

Manpower, energy, and capital deprecia-
tion requirements on the basis of 100-
SQuare-foot sections for alternative designs
of roofs, exterior walls, interior walls, and
floors are summarized in Table 8. The man-
hour requirements which are tabulated in-
clude those involved in erection of the
building. Detailed design data for each
system are presented in Apt>endix III. (For
erection man-hours for each design, see Ta-
bles 111-8, III-II, 111-14, and 111-15.)

The most striking difference between al-
ternative constructions is in energy require-
ments. In roofs, the design incorporating
steel rafters requires approximately twice
the energy of the constructions in which
wood trusses or rafters are used. Exterior
walls sided with brick or constructed with
concrete block require seven to eight times
the energy of all-wood constructions, and
exterior and interior walls incorporating
metal require approximately twice the en-
ergy of counterpart wood-framed construc-
tions. Floors constructed from wood ma-
terials require only approximately ten

1 The high total energy requirement for wet-
formed hardboard (Table 7) might be explained
by our source's inclusion of the secondary opera-
tions of prefinishing and sizing in the manufactur-
ing operation.
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'fABLE 10. ~ of cUJOialB ~~ ~ ~t ~ f-ttiOll oven-d1'!( tolls)

Available for All ~t188
_C

Potentially Available for Co88D41ty u..

Year ioundvood Logging Residues

Hardwoods

Residuea froa Mortalit,.

Softwoda Bar~ds

135.3 58.0

1S6.1 103.;

173.4 13].4

Total Sofl:wood8 Soft..uods Hardwood.

1970

1985

2000

193.3

259.8

306.8

14.6

12.7

12.0

12.0

15.3

16.%

2.81,.2

2.6

S.i

3.6

4.6

Similar conclusions with respect to com-
mercia:! structures may be drawn from
a well-documented study by Bingham
(1975).

CHANGING PA1TERNS IN WOOD USE

AS A STRUcruRAL AND ARCHrrF.CruRAL

MATERIAL

Woodis renewable and, as is apparent
from the results of this study, has substan-
tial advantages-particularly from the
standpoint of energy requirements-over al-
ternative materials. This strongly suggests
that it is in the nation's best interest to move
positively toward a continued high reliance
on wood for building construction. To ac-
complish this, the effect of those factors
that influence economic availability and
utility of the forest resource as raw ma-
terial for structural products must be recog-
nized and dealt with.

Materials flow trajectories comparable to
those shown in Fig. 1 have been developed
for 1985 and 2000 based on the Timber
Outlook Study (USDA Forest Service
1974) data on groWth and potential for
commodity removals (Figs. 18 and 19). In
these trajectories, timber in all commercial
sizes is pooled in recognition of the fact that
sawtimber and pulpwood and pole-size tim-
ber distinctions have largely lost meaning.
Roundwood totals available for commodi-
ties as well as logging and other forest resi-
dues, under the assumptions of the model,
are summarized in Table 10. The possi-
bilities for increasing available supply
through more intensive management as

foreseen by another CORRIM panel are dis-
cussed by Spurr and Vaux (1976).

It is becoming increasingly clear that
continuing replacement of old-growth tim-
ber stands with second-growth, managed
forests and plantations is resulting in a sub-
stantially higher percentage of trees of
smaller diameter and of hardwoods. Addi-
tionally, economic forces dictate a substan-
tially higher degree of utilization of that
component of the resource from old-growth
forests which has in the past been con-
sidered residual, and of a more complete
recovery of the total woody biomass from
all forests. These forces act to create an
increasing reliance on reconstituted primary
products in the forms of both structural sup-
port members and panels (Jahn and Pres-
ton 1976).

Additionally, the increasing costs and de-
creasing size and quality of raw material,
together with an increasing concern for en-
vironmental quality, tend to increase man-
power, energy, and capital requirements in
converting the forest raw material to struc-
tural and architectural- commodities. The
degree to which future requirements of la-
bor, capital, and energy will increase will
be largely dependent upon the level of re-
search and development directed toward
the harvesting, manufacture, transportation,
and structural design of wood products.

To assess the possible influence of re-
search and development on manpower,
energy, and capital requirements for wood-
based structural materials, certain external
forces have been identified that impinge
upon these requirements, and predictions
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have been made of their combined impact more accurate sawing in combination with
on each of the requirements under the con- reduced saw kerf will increase lumber yield
ditions of 1) continuation of current levels from a given log size. Improved centering
of research and development; and alterna- devices may slightly increase veneer yield
tively, 2) substantially increasing the levels Accurate sawing, market acceptance of par-
of research and development. tially surfaced lumber, increased applica-

Important forces identified are: tion of abrasive planing, and improved sur-
Forest Harvest facing with equipment based on cutter
Tree Size heads will substantially decrease the loss of
Natural Stands vs. Plantations lumber in surfacing. Improved control in
Species Mix man~acture. throughout will ,,:,ork toward
Location of Forest Relative to Mill reducmg resIduals from the pnmary prod-
Specification of Forest Utilization uct. Because of the anticipated decrease in

Standard log size and quality, however, the materials-
. flow trajectories that have been developed

Fue~ C~raJnts . on the basis of current operations are not
Availability and Cost of Fossil Fuel likely to change significantly except in the

Societal Changes case of softwood lumber in which a higher
Type of Product Demanded yield of primary product can be expected,
Environmental Awareness as shown in Fig. 3.
House Size Several scenarios have been developed by
Legislative Constraints CORRIM to span a wide range of antici-
Forest Practices pated demand for wood-based products de-
Manufacturing and Processing (e.g., rived from domestic timber sources in the

OSHA) years 1985 and 2(XX). Two of them are
Building Codes shown here. Scenario I is derived essen-

. tially from the medium-level projection ofThe assessment 15 that ~e. level of re- the Outlook Study8 based on constant rela-
search and development will influence the. . f ood based diti
impact of these forces on manpower, capi- tive pnces or w. - commo es
tal, and energy requirements and that most (Table 11). A major ~eparture from. the
of the changes will occur by 1985. Changes Outlook Study assumptions holds dwelling-
in the input requirements under the two unit size constant at 1970 levels rather than
levels can be expected by 1985 as follows: projecting a continuing increasing size

Man-Hours Capital Energy

Little Substantial Small
change increase decrease

Substantial Small Possible
decrease increase substantial

decrease

based on past trends. We feel that a water-
shed has been reached in this regard.

Scenario II assumes constant relative
prices but at a slower rate of population

A. Current Levels of Research and
Development

B. Substantial Increase in Research
and Development

In the judgment of CORRIM Panel II, sub-
stantial additional change accompanying
the two research levels is unlikely between
the years 1985-2000.

Although it can be assumed that techno-
logical advances will move toward in-
creasing recovery in the form of primary
product, it appears probable that the
changing quality of available raw material
will largely offset these gains. Predictably,

8 AltOOugb the Forest Service's 1975 Assessment
(USDA Forest Service 1976) report differs from
the Outlook Study in several of its underlying as-
sumptions, the projected demands for roundwood
are changed very little from the Outlook Study re-
port.
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SOFTWOOD MATERIALS FLOW TRAJECTORIES (All doto in Millions of Tons, O. D. wIIGht)

1985 TIM8ER-ALL COMMERCIAL SIZES

ANNUAL
MORTALITY
(42.97)

SOfTWOOD- LUMBER

VENEER LOGS SOFTWOOO
(19.101 I -PLYWOOO

(17.671
SOFTWOOO
LVL
( 1.431

STRUCTURALr FLAKEBOARO
(5.541

PULPWOOD

(46.991

GROSS ANNUAL
GROWTH
(215.541

.
NET ANNUAL TIMBER
GROWTH GROWING
(172.571 -I STOCK

1(66201

TOTAL
-REMOVALS

116S.791

COMMOOITY
REMOVALS
(147.07)

OTHER REMOVALS
(6.02)

LOGGING
-RESIDUE

(12.70) ROUNDWOOD

~
MISCELLANEOUS
INDUSTRIAL
AND FUELWDOD
( 4. II )

HARDWOOD MATERtALS FLOW TRAJECTORIES (All do to in Millionlof Toni, O. o. weight)

1985 TIMBER-ALL COMMERCIAL SIZES

ANNUAL
MORTALITY
(37.011

GROSS ANNUAL
GROWTH
( 184.871
t

NET ANNUAL
GROWTH
(147.861

\ ROUNDWOOD (58.091

MISCE LLANEOUS
INDUSTRIAL
AND FUELWOOO
(7.21 )

FIC. 18. Softwood (upper) and hardwood (lower) materials flow trajectories for 1985.

Based essentially on data provided in the Outlook Study (USDA Forest Service 1974). Conversion of
cu ft to tons (OD) has been through multiplication by 0.0137 for softwoods and by 0.0164 for hard-
woods. All values include bark. Data on growth and removal refl~ current inventory standards. Com-
plete tree utilization, according to Keays (1971), would permit a oommodity removal increase of 35%
front the same growing stock.

""" NON-INVENTORIEDDEAD ROUGH,ROTTEN '

SALVABLE (5.16)

(3.91) SAWLOGS

"" NON-INVENTORIED." ROUGH,ROTTEN
DEAD (~34)
SALVABLE
(1.87) "" SAWLOGS HARDWOOD

"', (34.48) . .. LUM8ERr TOTAL COMMOOITY -./1 "'" VENEER LOGS- HARD~
~MOVALS REMOVALS (3.93)

1 PLYWOOO (117.22) (96.51) (3.09)

HAROWOOOOTHER REMOVALS LVL
(5.43) (0.84)

LOOOING STRUCTURAL
- RESIDUE - FLAKEBOARD

(15.27) (0.47)

PULPWOOD
-(57.62)
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SOFTWOOD MATERIALS FLOW TRAJECTORIES (All data in Millions of Tons, O. D. ..Ioht)

2000 TIMBER - ALL COMMERCIAL SIZES

ANNUAL DEAD AVAILABLEr ~~!r~,:,-_.!!~ ORTALITY .. 0 INVENTORY X.035 . !)[AD _FOREST RESIDUE
144.B81 ~ 1224.421 17.831 (3.151

"" NON-INVENTORIED.

GROSS ANNUAL DEAD
~ OUGH' ROTTEN GROWTH SALVA8LE 14.391

1219.741 14.681. ~ . SAWLOGS SOFTWOOO
NET ANNUAL (64.561 - LUMKR

GROWTH TOTAL COMMODITY1174.861 - . REMOVALS REMOVALS ~ VENEER LOG!-- SOFTWOOD
1182.401 1164.351 117481 PLY~

114.621

OTHER REMCNALS SOFTWooo
(&.021 LVL

(2.MI
LOGGING-RESIDUE I STRUCTURAL

(12.031 ROUNDWOOD [ FLAKEIOARD (9.071

PUL~D
r77UI

I TIMBER GROWING STOCK

166731

MisCELLANEOUS
INDUSTRIAL
AND FUEL~D
(4.971

HARDWOOD MATERIALS flOW TRAJECTORIES (All data in Millioni of Toni, O. D. weltht)

2000 TIMBER-ALL COMMERCIAL SIZES

ANNUAL
MORTALITY
139.73)

rt.

GROSS ANNUAL
GROWTH
(184.031
.

NET ANNUAL
GROWTH
(144.301

MISCELLANEOUS
I NOUSTRIAL
AND ~LWOOD
( 7.21)

FIc. 19. Softwood (upper) and hardwood (lower) materials flow tra~ for .xx>.

Bued eSIeDtiaIly on data provided in the Outlook Sbldy (USDA Forest Service Im4). Conversion of
cu It to tons (OD) bas been through multiplication by 0.0137 £or IOftwoods and by 0.0164 for hard-
woods. All values include bark. Data on growth and removal reflect current inventory standards. Com-
plete tree utilization. according to Keays (1971). would permit a commodity removal increase of 35%
fnxn the same growinlltock.

"' I«>N-INVENTORIEO,
'" ROUGH, ROTTEN
DEAD [ (4.87) SALVABLE

( 2. 34) '- SAWLOGS HARDWOOO
",~(42.16)' - LUMBER

TOTAL COMMODITY J"',",VENEER LDG!-H~
REMOVALS .REMOVALS (4.68) PLYWOOD
(147.86) (128.21) (3.09)

HAROM)OO_OTHER REMOVALS LVL

(5.43) .(1.&9)

Lo.lNG . STWUCTURAL- RESIDUE I - FLAKEIOARD
(18.21) ROUNDWOOD (1.22)

L PU~D
(78.14)
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Wood re~ from dom86tIc timber 1OUt'ce8 in 1985 tmd ~ according to Scenario 11T ABLE l~

WOOD REQUIREMENT
SCENARIO NO. II

-~ MM 0.0. TONS

---

1985
.

MM 0.0. TONS
COMMODITY

FROM
\ ROUNDWOOO

FROM I

BY-PRODUCT
FROM

R()tINOWOOO
FROM

IBY- PRODUCT

4.081.3
18.2
29.8

3.6

1.1 78.1
18..
51.7

4.5
1.4

..3
0.1
..1
1.1

4.8
0.3
1.9
2.0

o.! 0.5

[3.0-
3.0
2.22

(5.1'
{5.1
4.1'

139.6 55.685.3 58.0

STRUCTURAL
I. SOFTWOOD LUMBER
Z. SOFTWOOD PLYWOOD
3. HARDWOOD LUMBER

4. HARDWOOD PLYWOOD

5. PARTICLEBOARD
6. MEDIUM DENSITY FIBERBOARD
7. INSULATION BOARD

8. WET-FORMED HARDBOARD
9. STRUCTURAL FLAKEBOARD # I

10. STRUCTURAL FLAKE BOARD # 2 (RCW)

II. LAMINATED-VENEER LUMBER

FIBROUS
12. PAPER AND PAPERBOARD

MISCELLANEOUS
13. MISCELLANEOUS INDUSTRIAL AND

FUELWOOD
TOTAL

11.1

247.1
-
51.4

II.e

2...2.
-
n.t

1 y~ R8kebo8Id - eq.IYaJeDt to - flUID 5.9 )0( toM of - lop in 1985 8Dd 10.0 ~ - in 1000.
on- equivalenb haw ~~ beeD mbtraded &om projected IOUDdwood deID8Dd for ..ftwood plywood.

IOf which 1.5 MM OD tDD8 are converted to f1nUbed IOftwood lumber 8Dd 0.7 MM OD tDD8 are cxmvelted to fiDllbed
baJdwood lumber.

. Of wbicb 3.4 MM OD - are mowrted to fiDJahed aoftwood lumber and 1..1 ~ OD Iou are OODwrted to fiDIIbed
hardwood lumber.

plywood with products reconstituted from
fibers and small wood components and a
b"end toward building up structural mem-
bers of large dimension from smaller pieces
through lamination.

Lumber-laminated-from-veneer, which is
now technologically feasible and for which
trajectories have been developed, holds con-
siderable promise. Even more promising
are reconstituted structural products as-
sembled from flakes or strands, which can
be derived from essentially all woody rom-
ponents of b"ees of any species, size, and
quality. As in the case of lumber-laminated-
from-veneer, technology now exists for sucb
products, and their movement into the mar-
ket is on the immediate borizon. In fact,
an oriented-strand reconstituted wood panel
product bas very recently entered the mar-

stantially augmenting supply by imports
and/or capital depletion in anticipation of
future productivity, in addition to complete
utilization of residues. The potential of the
forest resource to meet realistic demands
through the next twenty-five years is evi-
dent, but the realization of this potential
preaenta a chaUenge to the makers of forest
policy, to resource managers, and to the
forest-baaed industries. Much more re-
search in the closer utilization of residues
at the mill and in the forest will be needed
to achieve the potentials suggested by our
scenarios and trajectories.

Apart from the trend toward an increase
in overall demand for wood products, the
most notable changes that are predictable
within the next quarter century will be in
the increasing replacement of lumber and
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cost of technical energy continues to in-
crease.

A long-established trend toward whole-
tree or at least whole-stem utilization could
result in an improvement in the cost of
wood relative to the cost of competing non-
renewable materials. Another result of this
trend will likely be a change in the struc-
tural product mix in which reconstituted
wood products will make up a larger frac-
tion of the total. Essential to this develop-
ment is the emergence of improved timber
harvesting technology.

H a nonpetroleum-based exterior ad-
hesive were to be produced, competitive
with phenol-formaldehyde adhesives in per-
formance and price, the opportunity to c0n-
serve petroleum would be enhanced, and
the prospects for wider use of reconstituted
wood products would be improved.

The indusbies that produce structural
and architectural materials from wood are
in a particularly favorable position to be-
come substantially energy-independent.
This energy-independence will be fostered
if improved furnaces are designed to use
green wood and bark residues to generate
the heat required for kilns, driers, and
presses.

Because wood has been a plentiful ma-
terial. designs using it in structures have
tended to be inefficient in terms of weight
of material used in a specific application.
Improved designs that are structurally more
efficient are feasible and will contribute to
materials conservation.

ket. These products are promising not only
in the form of structural panels or panel
components to be used as alternatives for
plywood or veneer but. additionally, for
structural supporting members as alterna-
tives to lumber.

In another sphere of technological devel-
opment-that of improved design concepts
-current research in wood structural sys-
tems gives promise cX a potential saving in
material of as much as one-third without
sacrificing structural perfonnance (Good-
man et al. 1974). This is equivalent to a
gain-for this purpose-of 50%, and over-
all of at least 15", in forest productivity.
This gain can be achieved without any de-
parture whatsoever from conventional con-
struction materials or practice. It simply
involves the development of a rational
model that permits the designer to take ad-
vantage of the capability of the system to
accommodate load sharing among the in-
dividual components and recognizes the ef-
fective transfer of stress achieved by means
of the common nail. Still greater efficien-
cies can be dmlonstrated through the ap-
plication of suitable elastomeric adhesives
in the further development of stress trans-
ference (Hoyle 1976).

With an assumed high level of technology
resulting from advances through research
and development and, furthermore, assum-
ing an adequate, technically trained man-
power pool, it appears safe to forecast
that the nation's needs for structural
and architectural materials based on the
forest resource can be met, but that they
will be met with a mix that is substantially
different from that in current use.

Infonnation developed during the course
of this study strongly suggests that, on the
basis of the man-hours, the capital, and par-
ticularly the energy required for their pro-
duction, transportation, and installation,
structural wood products have clear ad-
vantages over nonwood alternatives. Large
quantities of wood have been used for these
purposes for years. There are indications
that wood may regain markets that it has
earlier lost to nonrenewable materials if the

SUMMARY AND OONCLUSIONS

On the basis of the sbIdies of several of its
panels each concerned with its particular
area of utilization of renewable resources-
stl'tlctural products, fiber products, extrac-
tive materials, chemicals, and fuels and en-
ergy-the Committee on Renewable Re-
sources for Industrial Materials (National
Research Council 1976) concluded that:

The materials available and potentially
available from renewable resources can be
used as alternatives to materials currently
obtained from nonrenewable r~ to
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more well-educated young people. Needed
are professional scientists and technologists
soundly educated in the disciplines under-
lying renewable materials. To back up the
scientists and technologists and to carry out
technical as well as mill operations, there
will be an increasing need for technicians
with various levels of education. There is
a great need for continuing education pro-
grams and this need will increase in the fu-
ture because of the increasing tempo of
knowledge and change in the field.

More specifically in the domain of
CORRIM Panel II-wood as structural ma-
terial-the Committee's report (National
Research Council 1976) summarizes:

Timber finds its largest use in the pro-
duction of structural wood products, includ-
ing not only lumber but also plywood, par-
ticleboard, flakeboard and insulating board,
which serve in primary forms as building
materials and from which innumerable
secondary products are made. In 1970
about 63% of all wood produced in the
United States was used for primary struc-
tural materials. We concur in the estimate
that this will drop to about 50% by the
year 2(xx) (Cliff 1973). Over half of the
lumber and panel products produced in
1970 were used for the construction of hous-
ing and light industrial buildings, and only
a slight decrease in this percentage of the
total demand for these products by the year
'}.(XX) is projected for building construction
(Fig. 2).

In 1970, approximately 62% of the struc-
tural wood consumed in the United States
entered the market as lumber. Reconsti-
tuted products are gaining a larger share of
the market at the expense of lumber be-
cause of the trend toward smaller sizes and
poorer qualities of the raw material, im-
provements in processing technology, and
modifications in techniques of building con-
struction. This trend will continue.

Structural wood products have remained
competitive in the U. S. economy. While
lumber consumption remained fairly con-
stant from about 1908 until the mid-I960s,
annual lumber consumption has risen about
20% since that latter time. The (relative)

augment national and world materials sup-
plies, to improve energy conservation in
materials supply and use, and to relieve de-
pendence upon foreign sources of energy
and materials and accompanying balance of
payment problems. The orderly and ra-
tional development of a national policy for
the achievement of these objectives re-
quires refinement of methods of evaluating
alternative materials supply systems in
terms of resource supply, available tech-
nology, energy requirements, manpower re-
quirements, and capital requirements. The
quantitative data base essential to the as-
sessment of viable alternatives needs to be
improved, particularly in relation to the
utilization, durability and maintenance of
materials in specific applications. The de-
velopment of new technology will increase
the options for substitution.

The nation has not given the attention to
science and technology in the field of re-
newable materials that has been devoted to
nonrenewable materials and fuels, nor is
there a focal point in government for such
policy issues. The diverse character of land
and factory ownership in the renewable
materials sector makes it unlikely that ma-
jor advances in science and technology in
this field will quickly emerge unless fos-
tered by the federal government. The num-
ber of universities engaged in significant
research on the renewable materials is small
and these programs are undertinanced. In-
dustrial research in this field is modest in
comparison with that pursued in nonre-
newable fields. Most companies are too
small to justify the creation and operation
of research programs. The few relatively
large companies in the field confine their
research efforts to developments that can
be protected on a proprietary basis. Some
of these corporate research resources are
very good and should be utilized to advance
national goals through research contracted
for by the federal government.

Perhaps the most important resource for
any industry is competent manpower. The
level of research and development by the
renewable materials industries needs im-
provement by attracting and employing
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economic desirability of complete utiliza-
tion of all raw material entering processing,
combine as strong incentives for the devel-
opment of new reconstituted structural
products alternative to lumber and plywood.
. . . The use of structural flakeboard for
sheathing in building construction-a func-
tion now served largely by plywood-is par-
ticularly promising. . . .

A long-established trend toward the in-
creasing utilization of every type of tree and
species can be expected to continue through
the year 2(XX), with the upper limit of re-
moval to be determined from site and ec0-
nomic considerations. This trend, in combi-
nation with the driving forces influencing
the use of wood as structural material, will
result in a structural-product mix in which
new and reconstituted wood products will
contribute an ever-increasing share toward
meeting the total anticipated needs for
structural and architectural wood products.
Cost-effective methods should be developed
to recover logging residues with the ulti-
mate goal of attaining minimum tolerable
levels of residue established by site con-
siderations.

price of lumber has risen more or less
steadily since 1800 at a rate averaging about
1.7% annually, compounded.

Structural wood products should con-
tinue to be competitive. Their technical
suitability in residential and commercial
building construction is widely recognized.
Not only are potential supplies available to
allow for modest increases in production,
but. . . wood-based structural materials
demonstrate, on a weight basis, a clear
superiority over most nonwood products in
energy efficiency. More importantly. . .
they show a striking superiority in energy
efficiency over nonwood alternatives in . . .
the construction of roofs, walls, and floors.
For example, steel floor joists require 50
times as much energy as their wood coun-
terparts performing the same function;
aluminum framing for exterior walls is ap-
proximately 20 times as energy-intensive as
wood framing; aluminum siding requires
approximately five times the energy of its
plywood and fiberboard counterparts, and
brick siding requires 25 times the energy of
wood-based siding materials. . . . It appears
clear that, where the conservation of energy
is of prime importance, wood is the prefer-
able material for residential and light com-
mercial construction. . . .

The degree of energy self-sufficiency of
many wood products is very striking. Soft-
wood and hardwood lumber and hardwood
plywood are not only completely self-suf-
ficient in the manufacturing process but
additionally generate a substantial surplus
of fuel that can be used elsewhere for in-
dustrial or domestic energy. Structural
flakeboards, at least one of which is now
coming into production, will similarly be
energy self-sufficient. Softwood plywood
and laminated veneer lumber both generate
adequate processing residue for fuel to sup-
ply over half of the demands for energy re-
quired in manufaCturing.

The diminishing supply of large logs suit-
able for lumber of large dimensions and
for plywood, the necessity of using an in-
creasingly higher percentage of that part
of the forest biomass that has previously
been considered forest residue, and the

RECX> MMEND A TI ON S

Panel II of COR RIM concludes its report
with the following recommendations, which
appear also in the report of the parent Com-
mittee (National Research Council 1976) :

. In view of the anticipated reduced
sizes of raw material available for the
manufacture of dimension lumber,
studies should be initiated to develop
improved processes for manufacturing
structural materials from hardwood
and softwood flakes, strands, veneer,
fibers, and pieces of small size, alone
or in combination with other ma-
terials. To be effective commercially,
these studies must be followed by pi-
lot plant evaluation.

. The changing raw material base for
veneer demands that additional re-
search efforts be focused on the fur-
ther development of structural re-
constituted products for both exterior
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and interior applications from a wide
spectrum of softwood and hardwood
species.

. A substantial research effort should be
devoted to inventing a nonpetroleum-
based exterior adhesive competitive in
function and current price with the
durable phenol-formaldehyde adhe-
sives which are so central to the manu-
facture of exterior, structural recon-
stituted wood products. Lignin from
wood could be a potential source for
the development of such an adhesive.

. Inasmuch as a major portion of the
energy required for the manufacture
of wood structural materials can be
provided from residue, research
should be directed to the develop-
ment of economical green-wood and
bark burners for direct-fired driers
and wood-fired boilers.

. Additionally, research and develop-
ment must be directed toward devel-
oping driers, heating systems, and hot
presses of high thermal efficiency and
toward the reduction of power con-
sumption in all phases of logging,
manufacture, and transport.

. Inasmuch as manpower, energy, capi-
tal depreciation, and material re-
quired for structures are all positively
correlated with weight, research
should be devoted to design concepts
that are structurally more efficient.
Research should also be devoted to
decreasing weight through increasing
the strength and stiffness of compo-
nents from which wood structures are
built.
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APPENDIX
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flakeboard -ilbiq 45.3 1b p..- ca ft (0 D buia).

b-.. OR plat requiriDI 120 ~~ (total for all
tbr- .bifte) wit:h deil, ~iOD of 308 0 D tOD8
of uobarked ro\Mld~1 i.e., 3.12 -~. per 0 D
COD input.

cIaaecI OR total of U8& _ted Mr r wit:1a -
_r- ~ of 60 per~ f\Or t:'" --- pleat.

dIne1 f1ak8-driar ~u~t (1%00 1- a_)
bu.. oa wood at 75 perc..t _iature _t_t ... two
1ba of .te. required to e._rate 088 po'" of
_ter, &lid hot-pr_e et- (600 1M) ba884 OR 1600-
PO-' r84uir_t:. per 10CM1 8q ft of 1/2-iadl board.

e-- plat 8Dd equi.-.c coet of '7 8111iOD, oper-
atiq 350 de,. per year with 308 0 D ~ of roued-
wood co d per da,- OIIa-balf ia depreciated over
20 Jeer. ... _balf over fi.. 78"8.

f 8Mr&7 pot_tial f~ fuel: 0.22 tOG of dry 181
corre to 880 1M of ar- fuel, Wic:b wiU ~
d1ICe (Y18 _c~.iDa tuRiae) 140.4 hp-iln of
8C_iu1 won with 228& lb. of re.Uual .t-
a.aUable for heatiDa aad dryiDI.

~c1"'in, p'-l-forMld8h7de reein ... _.

s oe W.-r.r1&l ur.a: ~... of 4 -~~. of
labor pl118 10 perc_r. of 1811or for ._rYiai08 re-
quired per 1000 .q fr. of plywood (3/1-1ech b..1.).

blued ~ 1 r.rla1 nUl 17 bp-hn, 18C111dt,. fork-
lifu, u1r8d r.o ~- 1000 .. fr. of pI,...
(3/8-1Ddo 10881&); .-- 1& 60 per~r. of ~r."
ho~r. lner." for l1abt.iq 1. a4d1r.io8a1 ar. 7.0
bP-hr. 4-u p.r 1000 .q fr. of plywood produc8d
(3/8-iDch 10881.) for a r.or.al ~ of 17.2 bp-br.
P8r 1000 .. fr..

c ~ iMuar.rial daUI 3,140 1~. of .~ per
1000 .. fr. of pI,... (3/8-iDCh 108818) for t:ba mr.-
pr... 8Dd dr1u 8Dd 191 lb. per r.oe (0 D bu18) fo~
bur.iq _r bo1r... sr r ir_t for dryiq
1. allocar... proport1oear.aly by -iahr. r.o p1yw04,
.r.uda, 8Dd puticl-'-rd fllr8iab.

d188801 ~ p1ear. ~r. of $9 81111oa fo~ capK1r.y (r.hree
.bUr..) of 100 8111100 .. fr. (3/1-illCb bu1.) --1
p~od..ct1oa. Ooe-ba1f i. deprec18r.8d oftr 20 Y"~.
8Dd _ba1f Oftr f1ft yea~..

--r&J por.-r.181 f~ f..l: 0.12 r.~ of dry fuel
corr.8POQd. r.o 410 1M of &~ f..1 fticb will pN-
due. (Yi8 Mn-coad--iD& r.lJrtJiae) 76.6 b,-br. of
_chan1c.1 wrk wir.b 1241 lb. of re.1d...1 _baU.r.
.r..- av.11ab1e for bear.1Da aDd dryiD&.

f IDc1adiq pll8lM)l-fo~ r..18.

Depree
of Cap
'&cUt

Dol

iattoo
ita! d
it1e8

Z-
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TAILI I-lOr.t4IU I-lOb. ~~ ~~ - tiKI&.
tog fl4kiItg: PI'OtbJDt owtpIIt aNl -
'-". ~. aNl GapitCI~ ~tioft
~ '" -tGCtlG'e ~ 011~ z:.B~) """* of -

-V _:_~.~-,
latar.l Dap~8C1atioo

l18Ct~ical .ill-- of Capital
P~04uct ~ ""~1'1 It- P.clliti..c

t» ~ ~~ IW e Do~&GN

~t r-.w~ -- ~
aNd ft4kt-. -- ~ ~* owt-
1** ..I -'-. -vr. aNd oqt=t
~ ~--== '" -
t-t-. !II-' - 2.1 ~ (0 D -'pt)
.. of""'" ZoI8

-., --
"tvral DepreciatiOD

Ilectrical ~ of Capital
hodlEt ~r ~ .~ rac11itia.c

aI eo... ~ ~ IS DotZ-

Stroae-

tur.~
Boar'
0.879

lark,
0.08

Tria.
rroe...
I.o8M8

~..

.l.:l!.
2528

.37
m

4.12
00

.:J!
2SO

I.U1.14-
.n10

.76
A
4.92
32'ii"

J!.

)ZS

1:.1l.

12.12
-:JJ.
1.48

.45
~
Wf

-:J1.
1.0» 1.]4

~t. clevelope4 b, the "t~l '~kl~
Aaeoc1.t1Oft.

~.. e""tbiq board, 40 lb per cu ft ~1t'.
c ~ p~ vitia ~ C8p8C1Cy of 68 81U1oa

.. ft of 3/4-i8dt board. Tocal plaC ~._t

.7.8-8111108, _half deprecut" over 20 reare 8D4I
_half over f1ft ,ear..

4j,Ya11able .. f..1: 0.176 tOft.

elacludiaa r8818 ... WK.

.!l

239

-1IIJ1

u."

Strue-

t~alb
Ioard
0.809

JaR
0."
Proe...
Loe-
i.lH.

1.0518

~ta de~o... II., the "tiODal Particleboard
M80c1at1oa.

~ a""tbia& board. 40 111 per c.. ft ~1t.,.

c-.. - p~t vitb ~ C&pec1t'1 of 68 81111-
eq. ft of 3/4-i8cb board. Total p~ ~-~

$1.8 aillioe. OM-half d8?rec1ated over 20 yeara _half 0Y8T five yaara.

d.vaUabla .. f1M1: 0.242 toe.

el8C1vdiq ~~ &lid ~.
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APPENDIX II

49
49
49

49

Man-Hour, EMrJY, and Capital Depreciation RequiremeDtl for Foreat HarveItfDI

Table No.
II-I. Forest Harvesting - Man-Hour Requirements --.
11-2. Forest Harvesting - Capital Depreciation RequiremeDtl -
11-3. Forest Harvesting - Primary Fuel Consumption

ll-4. Summary of Forest Harvesting: Man-Hour, Eoergy, aDd ~ ~-stk!!!
per 0 D Ton of Roundwood from Stump to Mill

ll-5. Forest Harvesting: Man-Hour, Capital Depreciation, aIMi Ez.erI)' Req--ui.-~
per 0 D Ton of Intennediate aIMi Final Produ« 50
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TAILI 11-5. F_t 1Ia1'II.8ti.P1g: -'-~. «IPI.ttZt ~ IZIwl --vr ~t8 ~
0 D tDJI of irI~ IZIwl ti-;t pPo8.,t'"

Maapower

-.-SOIa'8

Capital

Do~Zazoe

laeray

_Bf'O

2.45

1.29

3.45

3.9~

3.91

4.46

3.08

3.10

4.33

5.04

3.43

2.28

2.72

1.93

4.39

3.60

3.09

3.13

3.51

2.42

2.44

3.41

6.72

3.21

3.84

4.59

.589

.536

.757

.943

.956

1.073

.740

.747

1.041

4.617

.783

.622

.743

~RoUDdvood
Forest "s1dual (Barky) Chips

Bark-tree Chip.

Softwood L\8er

Bar~ Fl~~_wo1I

Bar~L...r

L.-er L881uted froa V_er

Softwood Pl7VOod

Berd1lUod P17VOod. b

Uoderle~t Perticleboerd

MediU8-Density Fiberboerdc

Wet-FOr8ed Insuletion Ioardd
d

Vet-Fo~d Pr~ Bar~rd

- - - -- --

~hour. capital depreciat.ion. aDd a.ray requir_t.s for iaput. r- _t.er1al8 fr- t.be
st~ t.o the 88I1Ufactur1n& plaat are t.ho.. ..silRed to the pr~ry product aDd the f..l
derived in processina. Require8ente include chipping where chips are the raw aater1al
iaput to the _aufacturina proc..s (S.. Fi&ures 3-16).

b"s.-s fuRiab deriwd _third fr- plaoer ebarlap. o-third fr- ~U8t.
aDd one-third fro. plywood t.ria.

cAasu.es furnish derived one-balf fro. barky rouadvood and oae-balf fr- bark-free chips.

d
f"s.-s uraish derived oae-half fr- forest residual cbips aDd one-balf fr- bark-fr..

chips.
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APPENDIX m

Materials, Man-Hours, Energy, and Capital Requirements for Alternative Floor, Roof, and Wall Con-
structions (100 Square Feet)

Table No.

m-l. Descriptions of Floor, Roof, and Wall Constroctions --- 53
ill-2. Summary of Requirements for 100 square feet of Construction for Alternative

Designs --. 55
1lI-3. Some Comparisons of Requirements for 100 square feet of Constroction for

Alternative Designs --
1lI-4. Shipping Distances and Modes from Fabrication Plant to Retail Yard - Wood

Products ill-5. Man-Hours, Capital Depreciation, and Energy Requirements per Ton-Mile

from Mill to Retail Yard
ill-6. Shipping Distances and Modes from Fabrication Plant to Retail Yard - Non-

Wood Products ill-7. Capital Depreciation, Energy, and Man-Hours Required per Ton of Product to

Deliver Wood Commodities from Retail Yard to Building Site 58
m~. Man-Hour Requirements for Components in Each Floor System 59
ill-9. Energy Requirements for Components in Each Floor System ~

111-10. Capital Depreciation Requirements for Components in Each Floor System - 61
ill-lJ. Man-Hour Requirements for Components in Each Exterior Wall System - ~
ill-12. Energy Requirements for Components in Each Exterior Wall S~ 64
m-13. Capital Depreciation Requirements for Components in Each EDerior Wall Sys-

tem 66
'" Man-Hour, Energy, and Capital Depreciation Requirements for Compooents in

Each Interior Wall System 68
111-15. Man-Hour Requirements for Components in Each Roof System 70
ill-16. Energy Requirements for Components in Each Roof System 71
ill-17. Capital Depreciation Requirements for Components in Each Roof S)'item - 7i

56

" 57

" 57

58

III-14



53WOOD FOR STRUCnJRAL AND AIV;m~~~ UML ~

rA8.I 111-1. -,tiIIIIBd

~ _J&.. ~.

~ of floor. -f. , MItt
~(~~
pn 1" eq It}

tAIL! I 11.

~
1. Wood jout, 8ubf!rr ... _erla_t. Z x 10

joUU, 16 ill. OC, lIZ-ill. p1~ ..f100I',
3/8-ia. partic1811ou4 Illldal'1a~t, ca"Pat.

Joiat. 0.139 toa
'1~ 0.073 .
'al'tic1e-rd 0.070 .
Cal'Pet , pa4 0.OZ8 ..
Iai18 0.0019 "

Z. WoocI joi.t, .ubfloor, 0- fi818b flool'. Z X 10
jouU, Z4 18. OC, 1/2-18. p1~04 ."flool',
3/4-ia. oK .trip flool'iIIa.

Jouta 0.093 t-
'1~ 0.073 ..
~ Ploorilla 0.115 "
..i1. 0.0019 "

3. Wood jout, .iq1e la781' floor. Z x 10 joi.t.,
1'1.. OC, 5/8-1.. p1~ ""l'l~t, ca!'pet.

JoUt 0.139 t-
Pl~ 0.091 "
Carpet' pa4 0.028 "
..i1. 0.0019 o.

4. ~nt. .1_, 4 1-. tloick, - 6 1.. pavel ba8e.
'-"nte 2.33 t-
Gra_l Z.SO "
V8pO1' Mnier 0.0015 "
Cal'pat . pa4 0.028 "

5. Steel joi.t. 2-4-1 pl~. 'tae! "CH joiats..
U 18. OC .~la a_, 1 1/8-18. p1~ -
lt1aatlOD.

Jo1.t 0.42 t-
'1~ 0.164 ..
Carp.t & ped 0.028 ..
..11. 0.001' ..

6. CoMtrKt~ - .. nMr 80. 3 UC8pC LVL b
jot.t. 16 ia. CX:. ... 5/8 iKh fl.abMrd iD8tud
of p1~.

1.5 1B. x 1.5 111. 0.112 taD
jo1.1:naUboard. 5/8 18. 0.118 ..

Carpet & pM 0.028 "
8ail. 0.001' .

2. lledi~it'1 fiberboard .UiDa. pl~
8baathiDl. 2 in. x 4 ia. fr_.

SUi... 1/2-in. .,c
42 !be/cu ft 0.~7 e-

Sheathi.. 3/1-in. pl~ 0.05' "
BuildiDI paper 0.007' n

rr881AI. 24 in. OC. top-
bote. plat. 0.05'"

lD.ulat~. _ral _1Z-in. batta 0.027 "

c.,,- board. 112 in. 0.104.
Rail. 0.002' .

3. lledi-",,_ity fiberboar. .idinl. 1/2-iD.
inaulat~ board. 112-in. pl~ c_r
braci8&. 2 18. x 4 18. fr-

Sidi... l/Z-18. ., 0.~7 t-
~thiDa. pl~(Z' .q ft) 0.018 .
SbaathiDa. iD8ulati- board.ZO lba/cu ft (7' aq ft) 0.032 "
luildiDa paper 0.007' .

rr Z4 in. OC 0.059.
1aaulat~. m-r.l -1Z-ia. bates 0.027 .

aype.. board. 112 ia. 0.10."
Rail. O.OOZ' n

4. Coacrat. buildiDa block. ao i~t1oe.
Vall. Z-core bu1l4iDa block

8 ia. tMck 1.187 ~
r""iDa at ripe - a18

1 iD. x Z iD. 0.0066 tOG
G'1p." board. l/Z ia. 0.10."
Raila 0.0013 "

,. Al~ .Ut... aver 8I88athi8&. 2 ia. & 4 1..

f~.
S1di.. - .020 ia. thick.

168 lb/cu ft 0.01' t-
Buildi.. paper 0.007' "

SheathiDa. pl~
l/Z iD. ~ braci8&(25 8q ft) 0.011 .

~tht... 1JI8Ulatt. board
l/Z 1D. (758q ft) 0.03Z.

rr8i8l. Z4 ia. OC 0.05'"
lDaulatiOll. maaral _1Z-1D. ba£ta 0.OZ7 "

O'f..- board. l/Z 18. 0.104"
*ila O.OOZ' "

6. lledt--.s_ity fiberboari aU188. ~thi8&.
a£-l at""a.

Sidial. laIr 0.087 tOG
IuildiDa paper 0.007' "
~thi... pl'fWGOd. 112 ia.co~r bract.. (25 ~ f£) 0.018 "

~th1... 1JI8Ulatt. l/Z ia. (25 ~ f£) 0.032"

Frat... atHl. 24 18. OC 0.045 "

ID8ulat1oD. maaral _1Z-ia. batta 0.027 "

Gypa.. board. 112 ia. 0.10."881l8 0.002' "

Exterior Walls

1. Pl~ .idilll (~ .heethin.). Z in. K 4 in.
fr-

SidiDI - 5/1-1-. pl~ 0.091 toaIuU4iaI .-r o. ., 5 w

lr-tol. 24 in. «. top-bott- plat. 0.059 w

l".u1etioB. 81a8ral _1:-in. betta 0.027 It

G7pe.- ~ri. 1/2 ia. 0.027"
.il. O.~t
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tAIL8 Ill-I. -~

-.of., _to

tABU 111-1, -~

~ wtz.. ~t.

3. St..l "aft.". mat "oof).

laft..,a. 'COO --. '7 1/2 Sa.
1-.. 14 ft a.l. 24 18 ~ 0.DS7 1

~ bea"SaI ceata".
2 Sa. . 4 18.) 0.017

lbeetlaiel. 1/2-18. pl~ 0.073
1u11~-.. I'OOfiAl. 3/1-11&.

thick 70 lbe/cu ft 0.109
0,..- ~ ceUiAI.

100 ~ ft 0.104
Ia8u1at~. 3.5 Sa. '1-..

u-".1 wo1 0.04.
laila 0.0025

4. r-iutad -" 1~ joiat. (n.t I'OOf)

1.5 iD. x 7.6 iD.. 14-f~
.-. 24 11&. ~ joia~. 0.074.

~ ~"taa ~t8" _11.
2 ia. x 4 11&. f~ 0.017

nabboa"d .hea~hiDI 45.3
Ih/cII f~. 1/2 Sa. 0.094

hU~-.. I'OOlieI. 3/1 Sa. O.IOt
c,,- boa" c.iltaa 0.104
ID8111.~iol\. 3.5 ill. 1_..

u-".1 wol 0.048
laila 0.002'

7. *4~ d-.1ty ftben-rd .UiDI. .Maw..,
a1~ fr8illl.

All cG8pOD8tlt. .- .. 10.. 3 ... 6 8bon
8SC8pt

rr .1~. 24 ill OC
111 place of other fr~QI 0.01' tOIl

8. Irick _r.
Ir1ck _r :.
Sheethilll: in8u1atiOll

board. 1/2 111.
P1~ cor.r br8C1IIa.

1/2 ill.
Build1111 paper
'r~ 2 111. Z 4 ill..

24 ill. OC
l...alatioa 2-18. "tta

8111era1 ~1
Cype- board. 1/2 111.
..118 i

1.76

0.032

0.018
0.007'

0.059

0.027
0.104
0.002'

-
.-

IDC.r1or Walla

1. Wood fr-.., 24 1e. Ix:.

Gyp... board, 1/2 1D.
both .1de.

rr-.. 2 18. a 4 18. -
1084 -ariaa

or 21ft. a 31ft. - --
load Mar181

..11.

2. Al~- fr~DI, 24 1D. Ix:

Gyp... board, 1/2 18.
both .1d..

rr-.., _1084 b8arlaa
..11.

3. St..l fr-.., 24 18. Ix:.

G,..- board, 1/2 18.
both .u..

rr~, _load MU18l
.u.

--
~~.r.
b~t84 .._r l.-er.
~~1~J l1Mr'-ri,

0.208 tOft
0.0071 .,

0.0019 "

0.208 t-
0.021 .,

0.'-19 ..

Ioof.
(30 1b/eq ftllve 10M)

1. II-tJpe ~ t~. 21-ft 24 ta. OC.

Tr l.-er 0.107 t-
TrU88 plata - ).05 ne/

truaa 0.0029 "
Ioof ah.athina 114.q ft

1/2-iD. pl~ 0.08) "
IoofiDI f.lt 0.0016 "
- akiaa1- - 1.14

.quar- . 128 1b./~ 0.073"
gyp... board eeUi...

100 .. ft 0.104 "
~Uoe. ).5 ta. 1-

a1a8r.l -1 0.048 "
"U- 0.0025 ,.

2. S- .. ... 1 above -pc upbalt 1a8c-.. of
-" .hiDll-.

Mphalt -hi..l.. -- 1.14~- . 240 1M/.. 0.117 ~

0.208 tOG

0.059 .

0.042 '0

0.0019 .
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s-rr of HqII:l.~u foJ' 100 8q1«lN f..t of _tl'l.at~ fop at~tiN
a.rigu ",:,.,twdtl!S' ~tiOII. -tMR.r.. ~ to Mtdift9 .iu aNd
~)

TAILI 111-2

Capital
Depl"eciatiOD

Dotl4P8

Net
Hanp_r ~rayb

Ikm-Bouzoa III.ttion BfV

2.85
1.19
2.09

22.06
23.26

2.0S

7.58
6.40
6.32

11.81
16.34

7.23

9.15
1.51
7.77

11.62
U.97

7.76

4.15

6.41

6.71
5.S6
4.61
7.20
6.91
8.37

7.99

9.86

9.26
18.45
9.83
9.89

11.26
22.00

1.99

2.54

2.69
16.53
4.95
4.79
5.53

17.89

~ (all with carpet aDd pad. except 10. 2)

1. YDod jo18t. plywood .ubfloor. ... particle-
board uDderla~t

2. WOod joi.t. plywood .ubfloor. oak fin18h floor
3. Wood joi.t. "sinale-lay.r floor"
4. C-crete .lab
S. Steel joi.t. 2-4-1 plywood

6. LVLc jo18t aad flakeboe~dd

Exte~ior Walla
1. Plywood aidina (no ahaathing). 2x4 fr...
2. lledi~enaity fibe~board aiding. pl~

aheathiJlS. 2x4 f~-
3. lIed1U8-denaity fiberboerd aiding. 1/2-ia.

iaaulation board. and plywood corne~ bracing
4. Concret8 buildina block. no in.ulation
S. Aluminum siding OV8r sheathing
6. MOP aidina. ahe8thing. ateel atuda
7. HOP aidina. ahe8th1ng. aluainua fr88ing
8. Brick veaeer

Interiar WaUa
1. WOod fr88ing
2. Aluain\8 fr..ing
3. Steel fr88ina

~

2.17
2.13
2.2S

3.87
3.99
3.53

0."
2.25
1..

2.44
3.22
5.11

2.45

6.14
6.72
6.38

6.59

8.%
9.04
9.17

9.36

1. ¥-type wood trua8 with wood 8h1Dal-
2. S- but with ..phalt 8hiD&1.8
3. St~ r8fter8 (fl8t ~f)
4; Flat roof with LVI. c aDd flakeboardd

-- -- ~

a
'or deai8D de8criptioaa, 8e. 111-1.

11~rcy fr- wood r..14...8 credited .2!!I. 8aainat &1"088 -cy requlr-t8 of .aufacturiaa
ph..e, DOt aaaiD8t louina or tranaport of ~ ~t8.

c
Laainated veDaer l\l81l.r.

dIrectioo -.a-hour8 unavailallle. Appl"Oxiatioaa baaed on 818ilar eOQ.truet1~.
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TABLE 111-4 Shipping diatanceB and IIk>deB ~ fabPWtio.. pZ-t to ~t~ -- Wad
pJ'odNCfU

~tty ~ Ship' Other
Average
Di8tance Quantity

Ntz.B PBl'Csnt

..il
Averale
Distance ~tity

Nit.. p~

Averale
Distance Quantity

lliu. PBl'C~t

5.000.
5.000.

0
0
0

1.750

1.560

1.200

742

976

52.4

73.5

40.0

58.0

58.0

670

1,170

700

425

385

44.4

24.7

60.0

42.0

42.0

3.2
1.8

0
0
0

870

870

1,000

70;0

70.0

50.0

400

400

400

30.0

30.0

so.o

0

0

0

0

0
0

~.~ s- as softwood 1ll8ber , ,

---S- as oak flooring ---,.-i"..'i,ci

a
Softwood Lu8er

SOftwood Plywooda
aOak Floorinc
bParticleboard

c
Inaulation Board

Mediua-DenaitYd
Fiberboard

bWet-Fo~d Hardboard
e

Structural Plakeboard

Lullber Laminated froa
Veneer

Hardwood Plywood

QBased on data fro. the National For.at Products Association.

buased on data fro. Rational Particleboard Association.

cFrom a knowledgeable industrial source.

dAssU8ed to be the S88e as wet-for.ed hardboard.

eEatiaate fro. knowledgeable industrial source.

TABLE III-5 Mzn-1IOJll'e, aapita~ 4sPre~, and M6l'gy ~'-" ,.,. toI £t. ,...
~~~ to Ntai~ yard'

Transport DKlde Capital Depreciation

Do~Za2'.

Manpower

Jtm-H0IAl'8

Bnercy (die..l fuel)

»IBftI

RaUb 0.0009785

.00331

.0005

0.0012'3

.00230

.0006

O.OOO6S2

.00280

.0003

Truck'

Sh1pd

- -

a
Off-loading at the retail yard increaaes these val-. <-ltiplied by .ilea heuled):

Capital depreciation per ton: $ .41
*-)k)ura per ton: .20
Energy per ton: .125 811lioo BTU

b
Baaed on data for all railroads fro. Association of Aaerican lailroads.

:Baaed on data fro. a kDovledgeable industrial source.

d
Est1uted values.
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~taZ ~tiOrJ ~ fop ~ '" 100 .".- f~ of _II
fZoop aret.

!AIL8 UJ:-1O

0 D

We1ahf.

~

a
Ixt~.ct1Oll MaDufacture T~&UDO~t- Total

DotZaPe
~t

noor Bo. 1 Wood jo18t, ..floor aDd aII4.rla~t

0.139 0.43 0.54
.073 .18 .88
.070 .47 .96
.028 .23 2.91

~ --:.Q! -:..Q1.

0.3U9 1.32 5.32
17.4 70.2

Wood jo18t, ..floor, oak f1Diah floor

0.125 0.44 3.26
.073 .18 .88
.093 .29 .36

~ -:.Q! -:.Q.!

0.2929 0.92 4.53
14.4 70.8

Wood jo18t, ".iD&1. layer- floor

0.139 0.43
.091 .22
.028 .23
.0019- .01.

1.4%
1.n
1.58
3.%%
-:..2!

7.58
100.0

JO18t8

Pl~d
Particlabo8rd
Carpet . pad
1ail8

0.45
.25
.15
.08

-:.2l
0.94

12.4
Total
Percent

fioor ~. 2
4.09
1.31

.95
-:.9J..

6.40
100.0

0.39
.25
.30

-:.9.!
0.9S

14.8

08k floorina
Plywood
Ll8er jOi8t8
88118

Total
rercant

noor *. 3:
O.4S

.31

.08
-:..9.!
o.es

13.4

1.42
1.63
3.22
~
6.32

100.0

0.S4
1.10
2.91
-:on
4.51

12.5

Joists
Plywood
Carre t . pad
"Us -

0.89
14.1

-
0.2599

Coacrete 81ab

2.33
2.50
0.0015

.028

Total
Percent

noor ~. 4:
2.73
2.93

0
~
5.74

48.6

5.01
3.39

.19
l:.E.

11.81
100.0

0.4'
.46
.1

-:J1
1.1'
9.6

1.1S
0

.18
.!:.!!
4.94

41.1

-
4.860

Steel jot.t. 2-4-1 plywood

0.42 2.01 6.97
.164 .40 1.98
.028 .23 2.91

~ -:.Q.!. :.9].
0.6139 2.65 11.89

16.2 72.8

LVL jo18t aDd flakeboard p1U8 carpet aa4 pM

0.112 0.27 1.34
.118 .37 1.34
.028 .23 2.91

-:-QQ!! -:.Q.!. ...:..2!
0.2599 0.88 5.62

12.2 77.7

CoIIcr.t.
Gra~
Vapor barrier
c.rpet&pad

Total
'arc.at

Floor ~. 5
1.15

.56

.08
-&1.
1.80

11.0

J~iat8
Plywood
Carpet' pad
BaUa

Total
Percent

Fl_r Bo. 6:
1.97
1.99
3.2.2.
-:9}.
7.2.3

100.0

0.36
.ZI
.08

-:.91
0.71

10.1

JO18t8
rlakeboard
Carpet' p,
Iau.

Total
Percent

ac-di.ty fr- the factory to ntaU yard to bou88 ai.ta

10.13
2.94
3.22

~
16.34

100.0
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TABLE 111-11. *"'"~ ~t8 f~ ~-*a '" .zOO ~ f~ of _11 ~
wll .,.t.

OD
Weight

2'OIIS

c-poaeot ExtractiOll Manufacture Tr8D8DOrta Erecti" Tout

bt-s-.- -
ExteriorVaU .. 1: Pl~ .idiAl <- .beatbiAa>. 2 x 4 fr-

Sidina 0.091 0.282 0.414 0.301 0.997
Bui1dinl paper .007S .OOS .030 .010 .04S
Framing .OS9 .231 .181 .181 .S93
lD8u1ation .0%7 .030 .473.046 .549
Gypsua .104 :036 .181 .129 .346
hlls ~ ~ -:..2!! ~ - ~

Total 0.%904 0.S86 1.%98 0.671 S.430 7.98S
P8rcent 7.3 16.3 8.4 68.0 100.0

Ext8rior Wall .. %: &di~ity board .idiDa. pl~ 8heatbiaa. % x 4 f~

0.087 0.%98 0.%49 .181 0.721
.OSS .171 .2S0 .182 .603
.007S 'OOS .030 .010 .045
.OS9 .231 .111 .181 .593
.027 .030 .473 .046 .549
.104 .036 .181 .129 146

~ ~ -:lli ~ ~
1 0.3420 1.389 0.73S 9.IS7

: 14.1 7.5 100.0

Sidina
Slleathina
IuUdina pape%
haaina
Insulstion
Gyps...
Bails

Total 0.773 --
Percent 7.8 --J

Exterior Wall 10. 3: M8diu.-deneity board, 1/2 inch ineu1etion board and
p1~ corner brac1l1a

0.087 0.298 0.249 0.181
.018 .056 .082 .060

.032 .073 .209 .068

.0075 .005 .030 .010

.059 .231 .181 .181

.027 .030 .473 .046

.104 .036 .181 .129
~ ~ ~ ~

Total 0.3370 0.731 1.430 0.681
Perceot 7.9 15.4 7.4 -- -

Exterior Wall Mo. 4: Concrata bui1diaa block, DO ineulation

1.887 0.179 3.302 2.340
.0066 .026 .020 .020
.104 .036 .181 .129

-:..QQ!1 .001 -:.91:1- --:..Q9.1

3.516 2.492
19.1 13.5

-
6 . 9{.11

70.1

0.728
.198

.350

.045

.593

.549

.346
-:.ill
9.262

100.0

~

Siding
Sbeathina. plywood
Sheathing. iD8ul-

atioa board
Building paper
rr~na. lll8ber
Illaulation
Oypa- board
Bails -

6.420
"oJ

5.821
.066
.346

~
18.450

100.0

luildina block
Furriog strips
Gyp--
Rails -

12.200
66.1

Total 1.9989
Percent

bterior Wall Bo. 5: AlI81D- aiding over eheath1ng

O.OlS 0.009 0.752 0.034
.007.5 .00.5 .030 .010
.018 .056 .082 .060

.032 .073 .209 .068

.059 .231 .181 .181

.027 .030 .473 .046

.104 .036 .181 .129

.0025, -:..Q9.! ~ ~
J 0.442 1.933 0.,534

4.5 19.7 5.4

-
0.242
1.)

0.795
.045
.198

.350

.593

.549

.346
:.91l

9.828
100.0

Sidioa
Buildina papar

Sheathina. plywood
Sbeathina. iDaul-

atiOG board

Fruina
Insulation
Gyps..
Mails -

6.92070.4Total
PerC81t

-
O.265t
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tAaLE III-U. -"'-'

OD
Wei&bt

2'OtI8

Available
Ia.idue Bet b
!Daru Total~t Extraction

Enerior Vall 10. 5:

S1c1ina 0.015 0.402
~1c1i111 paper .001S .001
Sb.- th1aa .

p1~ .018 .013
Shaatbina. iDaul-

at1oa boarcl .032 .020
rr~ .059 .056
Iaaulat~ .021 .011
Gypa.. .104 .015
1811. ~ ~

O.S)(,

,.,

~8Cture Gr088
anec:trlc Beat ~_rt focal

Nillion 82'V (oil ~t...t)

Al-- aUiIII - ChiAI
-2.SIO-- 0.02S
-.038-- .OOS

.00) .w .037

.U7 .Im .040

.046 .240 .il6
-.721- .02S
-.284- .~
-~ ~

3.~7
.044

.174

.397

.458

.763

.367
J»

0
0

.067

.021

.490

0.2650 , 4.486 0.320 5.336

-. 84.1 6.0 100.0

Iat.8rior *11 a». 'I ., .Uiq. .lIeathiq. .t..l .tude

0.087 0.068 0.326 0.483 0.100 0.977
.0075 .001 - .038--- .005 .044

.018 .013 .003 ..L I .037 .174
1-

.032 .020 .157 .' J .040 .397

.045 .UO - - .075 2.264

.027 .017 -. - .025 .763

.104 .015 -. - .068 .367

.002.5, ~ -c--c ,-- ~ ~
0.250) 5.U2

4.9! 100.0

Total
rercat

(of ar-)

).007
.044

.107

.)76

.172

.763

.)67
~

4.953

Sid1.Da
Iuildiftl paper
Shaathiftl.

plY'N)Od
I1oeatb iDa . iD8U

atiOD board
rraaiDI
laaulation
Gypa-
lalla

o.z"
0

.067

.021

0.739
.044

.107

.376
%.%64

.763

.367
...:om
4.786

.

.

.

Total
"~t

(of ar->

-
O.J2:MJ

In

..81'
1.079--- 721-

286-
-=:.ill~-- -

4.Su. 0.354

11.2 6.9 ~ .w.. ."'U1aa. 8l~ fl'-ma

0.326 0.483 0.100 0.977
-.038- .005 .044

.CO3 .121 .037 .174

.157 .180 .040 .397
-2.580--- .OZS 3.007
-.721- .OZS .763
-.284-- .068 .367

,&&i-- ~ -:.m
0.304 5.855

,-, 100.0

.067

,021
0
0
0
0

Exter1« Vall 10. 71

Siding 0.087 0.068
1u11dina paper .007S .001
Sbeathina.

p1~ .018 .013
Sbeatbina. ill8ul-

1ation board .032 .020
PraaiD& .01S .402
1DaulatiOD .027 .017
c,.-- .104 . 01S
Bails ~-:S.

TotAl 0.2930 0.S42 S.OO9
Percent

(of &rM8) t.3 8S.S

Exterior *1110. 8: Irick-

tricks (clay) 1.76 0.996 ---13.605---Sbeatbina. .

p1~ .011 .013 .003 .U1
Sbeathina. iuul-

at~ board .032 .020 .lS7 .180
Pr881D1 .OS9 .OS6 .046 .240
luildiDl paper .007S .001 -.038--
Ia8u1atioa .027 .017 -. nl-

Gypa- .104 .01S -.284 "Us ~ -:.9 ~

Total 2.0100 1.124 lS.Sll
Percent

(of lroe.) 6.2 84.9

0.739
.0.4

.107

.376
3.007

.763

.367
-:.ill.
5.5%9

1.331

.037

.040

.116

.005

.025

.068
~
1.626

8.9

15.932

.174

.397

.458

.044

.763

.367
-:.Y!

11.261

100.00

is.'>>

.107

.376

.172

.0.4

.763

.367

ill.

17.887

0

,067

.on
.4~

0
0
0
.

a~it7 fr- the factor, to retail yard to ~ eite.

bAae.-e _rlY f,,- r..Uuale call be intemally uaed or eachan,- in _utacturin, ,hue
only <_t 10111-. or tr8D8port).
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TABLE 111-15. »IIt-"'- NqV£p-.,ate fop ~ (II 101 ..- f.t of -" ~f q8tJ

0 D
Weight

!'one

Ixtraction Manufacture Tr8D8POrtb Erection Total

»DI-BOIao8
~t

1.073
.038
.910
.050
.732
.346
.600

_-:.911
5.180 8.962

57.8 100.00

0.327
.006
.275
.OU
.223
.129
..2

~
1.059

U.8

--I 10. 1: v..type ~ tr1M8, ~ .h1a&l"

fnI8. l\8ber 0..107 0.419 0.327
Tru.. plat.a .0029 .003 .029
--I 8beatbtDi .083 .257 .378
--ftDi felt .0086 .005 .034
Wood abiD&1" .073 .286 .223
c,p.ua ca1liDi .104 .036 .181
ID.ulat1oa .048 .004 .514
lalls ~ ~ ~

Total 0.4290 1.012 1.711
Perc-t 11.3 19.1

--I Ro. 2: S-..~. 1, but .hi.Dale. are asphalt

0.107 0.419 0.327
.0029 .003 .029
.083 .257 .378
.0086 .005 .034
.137 .025 .603
.104 .036 .181
.048 .004 .514

~ ~ --,-025

Total 0.4930 0.751 2.091
rerc_t 8.3 23.1

--I Ro. 3: Steel rafter. (flat roof)

0.057 0.051 0.576

.017 .067 .052
.073 .226 .332
.109 .040 .452
.104 .036 .181
.048 .004 .514

~ ~ - .025

Total 0.4105 0.426 2.132
'erceat 4.6 23.3

--f ~. 4: nat roof vi.tb LVL aDd flabboard

LVL boriaoDtel rafter. 0.074 0.228 0.33S
Load beari.q cuter

vall-lu8ber .017 .067 .OS2
Flakeboard .094 .373 .375

cBui.lt-up roofiD& .109 .040 .452
Gypa" celli.q .104 .036 .181
ID.ulati.oa .048 .004 .514
lai.ls ~ -:.991 .02S

0.4485 0.750
8.0

0.327
.006
.275
.011
.182
.129
.082

~
1.018

11.3

1.073
.038
.910
.OSO
.810
.346
.600

-:.911
9.040

100.0

~\18. l.-b8r
~\18. plate.
Ioof u-thiq
IoofiDI felt
Aapbalt .binll..
Gyp'- CeiliDI
ID8ulation
RaJ.l8 -

5.1~
.57.3

0.124

.052

.242

.145

.129

.082
...:.99§..

0.780
8.5

0.751

.171

.800

.637

.346

.600
-:..Ql1.

'.168
100.0

Rafters
Loa4-beariDI center

~1-1"'r
SheathiDI

c
Built-up roofina

Oyps- c8111o1
Inau1ation
Rat-1s -

5.830
63.6

0.226

.052

.201

.145

.129

.082

~
0.841
9.0

0.789

.171

.949

.637

.346

.600
.033

-d-
.5.830 9.35.5

62.3 100.0
Total
Percent

-
1.934

20.7

~ri&ODta1 projectiOD of roof atructur...

bc-d1tY f~ tile factory to retail yard to house aita.

cSOI roofiDI felt 8Dd 501 .spbelt by veilht.

~t 1A productiOil. A8a~ to be the -- .. Ioof ~. J







INFORMATION FOR AUTHORS
EDITORIAL POLICY

Wood and Fiber is the official publication of the Society of Wood Science and
Technology, and accordingly publishes papers with both professional and technical content.
Original papers of professional concern, or based on research dealing with the science,
processing, and manufacture of wood and composite products of wood or wood fiber origin
will be considered. Papers will be judged on the basis of their contribution of original data
and ideas or interpretation. Any manuscript submitted must be unpublished research
not being offered for publication elsewhere. Upon acceptance and publication by Wood
and Fiber, a manuscript must not be published again in any form without written consent
of both author and editor.

Papers will be reviewed by referees selected by the editor and will be published in
approximately the order in which the final version is received. All manuscripts are to be
in English.

FORM OF MANtJ~S

Submit the manuscript in quadruplicate, typed and double-spaced throughout. Ten
double-spaced manuscript pages reduce to approximately four printed pages. Tbe CBE
Stille ManllDl, Third Edition; GPO Stille ManllDl, and Webrter's Third New InternGtional
Dictiona1'l/ are useful guides for matters of form, style, and spelling. Sequence of material:
Title page, abstract, text, references, footnotes, table legends, tables. figure legends, and figures.
nTLE PACE. Include title, each author's name, affiliation, and complete mailing address.
Provide a condensed running bead of no more than 00 letters and spaces.
ABSTRACT. Limit to 3% of length of article. A concise, infonI:1ative, results-type abstract
suitable for reproduction in an abstracting journal is required.
XEYWORDS. List beneath abstract tOOse keywords relating to major methods or results of
study.
TEXT. Aclmowledgments are best made in the introduction or as a footnote to the title.
Make certain each figure and table is referred to, in order, in the text.

REFERENCES. Make all references in text by author and year of publication. For three
or more authors, cite the first only and use et aI. List all refere~ alphabetically by first
author under tbe heading REFEBENCES.

Article: Garratt, G. A. 1969. Continuing educamn-the antidote for professional
obsolescence. Wood Fiber 1(1):3-6.

Book: Ellis, Eo L. 1964. Education in wood science and technology. Society
of Wood Science and Technology, Madison, WI.

Chapter: DeZeeuw, C. 1965. Variability in wood. Pages 457-471 in W. A. ~,
ed. Cellular ultrastructure of woody plants. Syracuse Univ. Press, Syracuse,
NY.

FOOTNOTES. Avoid excessive use of footnotes. Number consecutively those that are
necessary and type on a separate page following references.
EQUATIONS. All equations to be set off from tbe text must be nuJDbered.
PLANNING TABLa AND FiGURES. Tables and figures should not exceed 20% of the total
length of the paper. Keep in mind the proportions of the priIited page, 139 X 206 mm.
Figures and tables will be printed either one column (67 mm) or full page (139 mm) in
width. Artwork up to 200 mm wide with 5-mm lettering can be reduced to single-column
width. Label all material clearly on back with crayon or soft pencil.
TABLES. Camera.ready tables are required by the printer upon acceptance of the pa~.
Carbon ribbon typescript is preferred, but machine or "mb-on'. lettering is acceptable. if
neatly executed. Contact editor for guidance. Type each table on a separate sheet of pa~
with solid line at top, followed by the boxheads, another single solid line, the fields, and
a single solid line at the bottom. Type table legends on a separate page.
FIGVRES. Type figure legends on separate page following tables. Figures must be camera
ready.

PACECHABCES
All papers are charged $40 per page. Extensive changes in proof will be billed to the

author at $1 per line. Folded inserts, envelope inserts, and colored illustrations can be
Printed only when paid for by the author. Articles are acx:epted for publication on the
basis of scientific or technological merit. In those exceptional cases where an author bas
no financial support for his work, the Society may consider a grant for page charges. Such
requests must be made when the manuscript is first submitted.

SUBMISSION OF MANUSCIUPTS
Address all manuscripts and correspondence concerning editorial matters by airD1aiI to

the Editor, Robert W. Meyer, Engineering Extension, College of Engineering, Washington
State University, Pullman, WA 99164.



ISSN 0043-7654
CODEN WOOFAJ

JOURNAL OF THE SOCIETY OF WOOD SCIENCE AND TECHNOLOGY

SPRING 1976 NUMBER 1VOLUME 8

CONrENrs

PRFsroN, S. B. Committee on renewable ~ for industrial ma-
terials ( CO RRIM ) 1

BoYD, CoNOR W., PETER KOCH, HERBERT B. McKEAN, CHARLES R. MoR-
SCHAUSER, STEPHEN B. PRF3roN AND FREDERICK: F. W ANGAAIU>. Wood for
SU\lctural and architectural purposes ' 3




