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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 instructed 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-

WOOD AND FIBER

panded demands for materials based
on them. Delineation of the energy,
environmental and social conse-
quences of such increases. Interna-
tional aspects.

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

. 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.

. An evaluation of relevant federal and

regional legislation and regulations
that influence the effectiveness of the
development and utilization of re-
newable resources.

. Improvement in materials properties

and performance.

. Improvement in the yield of raw ma-

terials and in the efficiency of pro-
cessing.

. 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.

. Consideration of the energy and en-

vironmental characteristics associated
SPRING 1976, V. 8(1)
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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

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, Harvesting the Forest Re-
source, was also prepared by a member of
Panel 11

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 Informa-
tion Service.

S. B. PRESTON
Chairman, Panel 11
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ABSTRACT

This paper reports the findings and conclusions of Panel II on Structural Purposes, Com-
mittee on Renewable Resources for Industrial Materials (CORRIM ), 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 projections 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 structural materials including steel,
aluminum, concrete, brick, and petrochemical 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 resources are appreciably more energy inten-
sive per ton of product than are their wood-based counterparts. In part, this is the result of
grgy sefluf-esiufﬁclency in the manufacturing process attained through the use of wood resi-

es as X

1 The authors, under the chairmanship of S. B.
Preston, constituted Panel II of the Committee on
Renewable Resources for Industrial Materials
(CORRIM), 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
without their cooperation this report could not have
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been completed successfully. 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 Council 1976), with the
addition of extensive background data not con-

tained in the National Research Council Report.

SPRING 19876, V. 8(1)
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TABLE 1 Jees of primary wood commodities, 1970%
Lumber Plywood Buﬂdigjoatdb
NiLL- Mill- Mll-
iom ion , ion
fons  Peroent Tons  Peroent Tons Percent
Construction
Residential 13.2 43 3.3 49 2.3 43
Non-Residential 2.8 ] 0.7 10 0.6 i
Total Construction 16.0 52 4.0 59 2.9 54
Manufacture
Furniture 2.2 ? 0.34 s
Other i3 - 0.26 4 —_— —_
Total Manufacture 3.7 12 0.60 9 1.9 35
Shipping
Pallets 2.5 8
Other 21 1
Total Shipping 4.6 15
Miscellaneous Uses 6.45 2 2,1 2 0.6 A3
Total 30.75 100 100 5.4 100

6.7

8p.sed on data from Timber Outlook (USDA Forest Service, 1974) snd Phelps and Hair (1974).
Except for building board totals, tonnages are approximstions from data reported in other

units.
b

Includes particleboard, hardboard, and insulation board.

°0m-dry tous.

version of these materials into engineered
building components.

Basic primary structural 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 formed are broadly classified
as plywood—fabricated from veneer—and
building board that consists of an array
of sheet products under generic classifica-

+*

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-

Fic. 1. Softwood (upper) and hardwood (lower) materials flow trajectories for 1970.

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. Exocept for those shown in the four
nages shown in these “boxes” for growing
(include) bark. Data on growth
tion, according to Keays (1971),
growing stock, a net increase of
growing stock.

“boxes” for growing stock, all values include bark. Ton-
stock in 1970 should be increased by 10% to allow for
and removal reflect current inventory standards. Complete tree utiliza-
would permit a commodity removal increase of 35% from the same
35.20 million tons after deduction of current logging residues from
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TasLe 2. Demand for domestic roundwood and by-products for manufacture of wood-based commodi-
ties in 1970

WOOD REQUIREMENT

1970
COMMODITY MM O.D. TONS
FROM FROM
ROUNDWOOD |BY- PRODUCT
STRUCTURAL
|. SOFTWOOD LUMBER 7341 2.6
2. SOFTWOOD PLYWOOD 15.08
3. HARDWOOD LUMBER 2451
4. HARDWOOD PLYWOOD 2.28
5. PARTICLEBOARD 2.4
6. MEDIUM DENSITY FIBERBOARD .18 .2
7. INSULATION BOARD .2
8. WET-FORMED HARDBOARD 1.1
9. STRUCTURAL FLAKEBOARD # |
10. STRUCTURAL FLAKEBOARD# 2 (RCW)
11. LAMINATED-VENEER LUMBER
FIBROUS
12. PAPER AND PAPERBOARD 61.30 24.5
MISCELLANEOUS
13. MISCELLANEOUS INDUSTRIAL AND
FUELWOOD 16.62
TOTAL 193.38 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 attributable 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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PLYWOOD

17.8 BILLION SQ.FT. CONSUMED IN 1970

36.8 BILLION SQ FT. DEMAND PROJECTED FOR 200Q

HOUSING

§ HOUSING
- 49%

NONRESIDENTIAL
CONSTRUCTION

NONRESIDENTIAL
CONSTRUCTION

44%

/

MANUFACTURING

LUMBER

P N
(/ornen N
[ 21%

[T——___ | HOUSING

43%

SHIPPING |- (5% T

NONRESIDENTIAL

C
CONSTRUCTION MANUFACTURING

39.2 BILLION BD. FT. CONSUMED IN i970

NONRESIDENTIAL —

CONSTRUCTION MANUFACTURING

6€2.1 BILLION BD. FT. DEMAND PROJECTED FOR 2000

F16. 2. Major uses of plywood and lumber: 1970-2000. From Cliff (1973).

short supply, provide another important use
for hardwoods of limited value for other
purposes. Of more than one billion cross-
ties supporting some 350,000 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 1978).
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 2000 (Cliff 1973).

ANALYSIS OF MATERIALS USED IN
RESIDENTIAL AND LIGHT-FRAME
CONSTRUCTION

Panel II 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 2000 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:

Softwood lumber

Hardwood lumber

Softwood plywood
Hardwood plywood
Underlayment particleboard
Medium-density fiberboard
Wet-formed insulation board
Wet-formed hardboard.

The remaining four, (1) structural flake-
board, (2) reconstituted 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

00 NI UL LB
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TABLE 3.

11

Hateriale balanoe summarigs for wood-besed commoditier (Based om ome gven—dry ton

inrut of forest-basged nme material, 1870)

Recovery (Oven-Dry Top)

Input Solubilen
R Principal Pulp andd
Pringipal Product Marerial Product Lunber Chips Fuml Volatiles Other
Wet-Formed Insula- 1/2 bark- 1.04 0.05 G.10
tion Board” free chips
1/2 forest
residunl chips
Llnderllyn-_«gr. Far= Dry mill « 38 will
cieleboard residue
Hor-Formed Pri- 1/2 hark- 47 L] +10
nary Hardboard” free chips
1/2 forent
regldual chips
Mediun-Dengicy 1/2 toundwood .11 =k <06
Fiberboard 1/2 bark-free
chips
Beconstitutad Barky logs ok -40
Structural Board®
Atuds
Lunbar Lamigated Barky logs T +06 +29 £12 Farcicleboard
from Veneer® Exndy furniah .07
Softwood ?&}mn-ud Barky logs A5 i 30 «12 Particloboard
{unsandsd) furnish .08
Srmcﬁuﬂl Fluke- Barky luga 35 43 i1
board
Softwood Lumber Batky loge 33 28 2L Particleboard
furnish .15
Hltd'uuud_l?iywond Barky lugs + 30 48 23
xontaci Particleboard
and medium-
density:
Fiberboard
Hardwood Lumber Barky Logs <28 «ag 23 furnish 20

087 con adhesive and wax added.
02 ton adhesive and wax added:
00 ton edhesive and wax added.
03 ton sdbesive and wax added.
01 ton adhesive added.
01 ton edhesive added.
024 ton Tesin and wax added to
i .0l ton adhesive added.

LR O - S -

not in all cases—proration was based on the
weight of each product. Input requirements
are considered reasonable averages for ef-
ficient manufacturing plants and were de-
rived from manufacturers and knowledge-
able industrial sources. Table 4 illustrates
the assignment of man-hours, energy, and
capital depreciation to the principal and
residual products of a softwood lumber

1% ton scarch, vax, and asphalt added sav materials.

Mechanical pulping assused.

Hechanloal pulping assumed.
Hechanical pulping assumed.

finkeboard component = sssumes use of whaping lathe headrig.

mill. Comparable data for each of the com-
modities studied are tabulated in Appendix
I together with explanatory footnotes. Ta-
ble 1-13 summarizes these data.
Requirements for man-hours, energy, and
depreciated capital were developed for har-
vesting and transport from stump to mill for
the raw material supplied to the manufac-
turing plant on the basis of one oven-dry
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1.0 TON s DRY PLANED LUMBER
SAWLOGS
(0.0.WT) .38 (40)2

73.41 MM TONS'

25.69 MM TONS'

e

- PULP CHIPS

.29 (2912

21.49 MM TONS'

# SHAVINGS PLUS DRY END TRIM
{ For Particleboard )

.18 (132 {083
SAWDUST 11.01 MM TONS'
Al —_—_—
(.08)3 —|_.
{.08) ,....t FUEL
.21 (1812
18.42 MM TONS'
TOTAL .00 {1.001 {1.00)

1
Tonnoge from softwood materiols flow trajectory for the U.S. forest resource, 1970

Predicted product ond by-product recovery, 1985
Predicted product ond by-product recovery, 2000

Fic. 3. Materials balance for softwood lumber based on oven-dry (OD) weight. Sawlog weight in-

cludes bark.

ton of mill input raw material. These data
include requirements for harvest planning
and layout, road construction 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 southemm
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 1I
and summarized in Table II-5.
Transportation modes and distances for
wood-based commodities from the manu-

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. Information 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 III4, III-5, and
I11-7, 111-8, I11-11, III-14, and III-15).
Data comparable to those assembled for
wood-based structural and architectural
products were developed for alternative
building materials manufactured from non-
renewable resources ( Table I1I-8). This in-



1.0 TON
SAWLOGS
(0.0.wWT)
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DRY PLANED LUMBER
.28

PULP CHIPS
.29

# SHAVINGS PLUS DRY END TRIM
{For Particleboard and
Medium- Density Fiberboord )

.20
SAWDUST
I3
~ FUEL
- ’ .23
TOTAL 1.00
' Bosed on onalysis of monufacture of oak flooring.
Fic. 4. Materials balance for hardwood lumber based on oven-dry (OD) weight. Sawlog weight in-
cludes bark.!
PHENOL~ FORMALDEHYDE RESIN
1.0 TON
VENEER LOGS
(0.D. WT.)

FUEL

SHEATHING PLYWOOD
(Unsanded)
.45
—
>
-
o
0 ‘
™
PANEL TRIM & REJECTI
.07 PARTICLEBOARD FURNISH
SHAVINGS & END TRIM _ .08
\ .0l
— STUDS
.06
e ¥
CHIPS
\\ 04 - ' PULP CHIPS
— .30
©
-4 . ;
neer log weight includes bark.

12
Fic. 5. Materials balance for softwood plywood (unsanded) based on oven-dry (OD) weight. Ve-

TOTAL 1.0}
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UREA-FORMALDEHYDE RESIN

1.0 TON
WENEER LDGS
(0.0 WT)

PLYWOOD
.30

FUEL
23

PULP CHIPS
4B

TOTAL 1.01

Fic, 6. Materials balance for hardwood plywood ( interior paneling) based on oven-dry (OD) weight.
Veneer log weight Includes bark.

UAREA-FORMALDEHYDE RESIN WA
a8 ooT
1,0 TON \ PARTICLE BOARD
PLANER SHAVINGS, SAWDUST, (578 In. thick)
PLYWOOD AND LUMBER TRIM 279
[0, 0. WT) 3
FUEL
= 108

TOTAL i.087

Fic. 7. Materials balance for underlayment particlebonrd based on oven-dry (OD) weight.



MEDIUM-DENSITY FIBERBOARD
.86

WOOD FOR STRUCTURAL AND ARCHITECTURAL PURPOSES
0.5 TON UREA-FORMALDEHYDE'  waAX
BARK-FREE CHIPS 08 ol
(0.0. WT) \ )
LS Ll
’ ! 3 o
\ \ \e
4 . Z
\ Zz
\B, \ %
/ \z i Ne
L4 5
0.5 TON > AT S
ROUNDWOOD \5
{0.D.WT) @
[
g
-\&
9,.\6

.’(s-‘q:':k
a1

= FUEL
[ Ir 4
a
%
S
)
z
%
VOLATILES
.06
TOTAL 09
' For siding ond other exterior uses, phenol~formaldehyde Is used in place of urea- formaldshyde.
Fic. 8. Materials balance for medium-density fiberboard based on oven-dry (OD) weight. Assumes
a mechanical pulping process with steam pretreatment.
0.5 TON 0.5 TON
BARK-FREE FOREST-RESIDUAL
CHIPS CHIPS
(0.D0. WT.) {0.0.WT)
\
STARCH WAX ASPHALT
.03 e R
S \ /
1.0 Town? \

MIXED SPECIES CHIPS T
(0.0. WT.) 1\

INSULATION BOARD
Y 1.04
\, OV
.J\n';_' A
l"‘.Lt 1! H‘——"‘ z FUEL
u% .08
o\
o

)

'Assumes @ mechaenical puiping process with steam pretreatment { Bauer, Asplund Defibrator).

No more than 5 percent bark.

.10
residual chips assumed to contain 10 percent bark.

TOTAL
Fic. 9. Materials balance for wet-formed insulation board based on oven-dry (OD)

VOLATILES & SOLUBLES

weight. Forest

15
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0.5 TON 0.5 TON
BARK-FREE FOREST-RESIDUAL
CHIPS CHIPS
(0.D. WT.) (0.D.WT)
ADDITIVES PHENOL-FORMALDEHYDE RESIN
.0l .0l
N ¥
2
1.0 TON HARDBOARD
MIXED SPECIES CHIPS -
{0.D. WT.) \ .87
A
. '?a o\2
% ¢
’ FUEL
%
‘; .08
.% %
&
> VOLATILES & SOLUBLES
. 10
—-*
TOTAL NY.:
'A a honical pulping process with steam pretreatment { Bouer, Asplund Defibrator)

2No more thon 5 percent bark.

Fic. 10. Materials balance for wet-formed hardboard based on oven-dry (OD) weight. Forest resid-

ual chips assumed to contain 10 percent bark.!

formation 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 terms
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 million BTU
thermal (0il). 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 7,825/10% 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 1,455/10% million BTU ther-
mal (oil).

In computing energy credits for manu-
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PHENOL- FORMALDEHYDE RESIN  WAX
.02 004
BARKY ROUNOWOOD FLAKES ) -l SIZED PANELS
(0.0. WT.) -3%4
CANTS
8 \/
®
A’
FUEL
22

lNo' in production in 1970. information from U.S.D.A. Forest Service,

Southern Forest Experiment Stotion.

Fic. 11.
use of shaping-lathe headrig. )

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

Materials balance for structural flakeboard® based on ovem-dry (OD) weight. (Assumes

(gross manufacture) - 4.846 (maximum al-
lowable from residue) + 1.968 (transport)
= 2.909 (net total) million BTU (oil equiv-
alent) per OD ton.

To provide a base for comparison be-
tween alternative structures, designs were
developed for four roof, eight exterior wall,
three interior wall, and six floor construc-
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.
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PHENOL- FORMALDEHYDE WAX
.03 )OOG
1.0 TON \ » SIZED PANELS
BARKY ROUNDWOOD
(0.D. WT.) .636
. \R
> 2
- 40
1038

"Not in production I1970. Information from industrial source.

Fic. 12. Materials balance for reconstituted structural wood based on oven-dry (OD) weight—whole
log flaking of wood with substantial rot.!

PHENOL - FORMALDEHYDE & WAX

.055
\
1.0 TON \ SIZED PANELS
BARKY ROUNDWOOD = ‘ - -
{0.0. WT.) -879
A
2
z
@ o\
-\
=) *\%
ﬁ% ?:\'

FUEL
"y 176

TOTAL 1.095

"Not in production 1970. Information from National Particieboard Association.

Fic. 13. Materials balance for structural particleboard based on oven-dry (OD) weight—whole log
flaking of sound wood.
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PHENOL- FORMALDEHYDE 8 WAX
051
1.0 TON SIZED PANELS
BARKY LOGS
(0. 0. WT.) -809
A
B,
3
3
2\
)
FUEL
- 242
1.081

‘Noi in production 1970. Informoation from National Particleboard Association.

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

PHENOL- FORMALDEHYDE & WAX

.048
1.0 TON \ SIZED PANELS
BARKY ROUNDWOOD
(0.D.WT) -T48
\e &,
o\ w
o\F
FUEL
.30
TOTAL 1.048
'Nof in production 1970. Information from Notional Particleboard Association.

Fic. 15. Materials balance for structural particleboard based on oven-dry (OD) weight—chipping
and flaking wood with some rot.*
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PHENOL-FORMALDEHYDE RESEN

|3 TON LUMBER LAMINATED
VENEER LOGS - FROM WEMEER
(0.0 WT ) 47
PANEL TRIM
= — PARTICLEBOARD
< FURMISH
SHAVINGS 8 END TRIM
= o7
e
= STUDS
= 06
CHiPS =
04 s PULP CHIPS
N &1
7 -
o\
B
s
b l FUEL
- A2
—_— TOTAL 1.2
Mot manufaciveed in 1970 Informatien from U5 DA Foras! Sarvice,
Southern Forest Experiment Slalion
Fi. 18. Materials balance for dimemsion lumber laminated from %-inch softwood veneer based on
oven-dry (OD] weight, Veneer log weight inclodes bark.?
I3 TON
PULPWOOD ROUNDWOOO <A R e
(0.D.WT. ) 83
%
B\
Fia. 17.

FUEL
i

TOTAL 1.00
Materials balance for softwoad pulp chips from chip mill with debarker based on oven-dry
(0D} weight. Roundwood weight includes bark,
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EJ

oquirements for manpover, energy, ond
oapital depreciation in the mowfaoture of
fiwood Lumber (Based om 1.0 ton

0D) weight input of loge - 1870)

a2

2

Macrhanica'

Many Enexgy
M- P= .
Nowre Bosre D

0.36

5fe
{:
£l

Floors

Wood joists (2 X 10 inch, 16 inches on
center ); plywood subfloor (% inch);
particleboard underlayment (% inch);
carpet and pad. Total weight—0.312
ton

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

Wood joists (2 X 10 inch, 16 inches on
center; plywood combination subfloor
underlayment (% inch); carpet and
pad. Total weight—0.260 ton
Concrete slab (4 inches thick on
6-inch gravel base); vapor barrier;
carpet and pad. Total weight—4.860
tons

Steel joists (“C” section, 48 inches on
center); plywood subfloor (1%
inches); carpet and pad. Total weight
0.614 ton
Lumber-laminated-from-veneer joists
(1.5 X 7.5 inches, 16 inches on cen-
ter); structural flakeboard subfloor

2 Oven-dry weights of individual components in
each design are shown in Appendix III-1.

(% inch); carpet and pad Total
weight—0.260 ton

Exterior walls*

1. Plywood siding (% inch) without
sheathing. Total weight—0.290 ton

2. Medium-density fiberboard siding
(% inch); plywood sheathing (%
inch). Total weight—0.342 ton

3. Medium-density fiberboard siding (%
inch); insulation-board sheathing (%
inch) with plywood (% inch) corner
bracing. Total weight—0.377 ton

4. Concrete block without additional sid-
ing or insulation. Total weight—1.999
tons

5. Aluminum siding (0.02 inch); insula-
tion board sheathing (% inch). Total
weight—0.265 ton

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

7. Aluminum framing with siding and
sheathing as in number 6. Total
weight—0.293 ton

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

Interior walls®

1. Wood framing (2 X 3 inches, nomi-
nal). Total weight—0.311 ton

2. Aluminum framing. Total weight—
0.217 ton

3. Steel framing. Total weight—0.231
ton

¢ All walls except numbers 4, 6, and 7 are stan-
dard framed walls with 2- X 4-inch (nominal)
studs, 24 inches on center; with top and bottom
plates; building paper, and gypsum board interior
panels. All constructions are nailed. With the ex-
ception of number 4, all walls contain 2-inch min-
eral wool insulation batts which conformed to
building standards in the base year (1870).

5 All interior walls are with Y-inch gypsum
board on both sides, and nonload-bearing framing
on 24-inch centers.
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TABLE 7.
of primry commoditian

CONAIM PANEL It

Energy requirementa for setegetion, monyfacture, and tranepert fo building aite

Gross Manufacture Avellable
Gross Residuoe Bet
Logging Electrlc Heat Transpore Total Energy Total™
T et et - =t Million BTD (01l Equivalent) per 0 0 Ton - - =
Softwood Lumber 0.943 0.786 4.060 1.966 7.755 §3.313 2.909
Dak Flooring 1.073 JO4Y 4 BAT Lo9rr B.7T41 11.388 3.050
Lusber Laminated from Venser 740 S84 BG4 L.966 9.293 3. 540 5153
Softwood Sheathing Plywood N +145 6.726 2.081 9.699 1687 6.002
Structural Flakchoard a955h S5T8 h.933 1.314 9.7181 B.616 2.270
Medive—Denslcy Fiberboard 783 3,748 5.355 1.146 - 11.232 2. ThE 8.&81
Insulation Boacd -ﬁIZt 4920 5.6189 1,243 12.404 AT 11.737
Hardwood Flywoeod l,ﬂ&ld Coh4 9,908 L8977 1i.260 10.629 3.0148
Underlayment Particleboard 4,617 2.503 5.59%8 1.198 13.91& 1.529 12.387
Wer-Formed Hardboard ,?ﬁ%c 8,318 9,743 1.156 21.551 787 20.754
Total 12265 23,831 A5.522 16.014 117.632 51.917 T6. 371
Percent of Total (Gross) 10.4 20,3 55:7 13.6
Mean 1.2 2.38 B.55 1.60 11,76 5.192 764
Extraction Procesaing Transport Total
Hon=Woodbased Commodities = = = =~ = Million BT (0Ll Egquivalent) per Ton - - - —
Gravel Q.05 - 040 0.&5
Gypsum Board 14 .73 .65 .52
Liquid Asphalt .00 3,70 .73 3.83
Tar Faper <20 5.00 I3 5.93
Asphalt Shingles L03 S+70 713 b.ab
Conerete §lab e 7.60 ] B.52
Copcrete Block 52 T.60 05 B8.77
Clay Brick 57 Fa 73 - 76 5.06
Vermiculite 04 14,20 92 15:16
Glass Fiber B2 26.70 .92 28.24
Plastic Vapor Barrier 4. &9 25:10 W75 30.34
Carpat and Pad 6.60 28,69 1.50 37.1%
Steel Hails 2:45 i6,20 L.48 50.13
Skesl Studs .55 46,20 1.67 50.32
Stael Joistm 245 &6.20 167 50.32
Aluminus Siding 2i. B0 172.00 1.67 200.4&7
Toral 41,093 L4 85 16.03 S0B.81
Fercent of Total 9.4 BY. & i
Moan 2.99 27.80 1.00 31,89

Hpssumes Tesidue energy ¢an be offset only against gross manufacturing energy (but not
against logging or transport energy).

b

“lneludes logging plus preparation of chips.

Includes logglng plus preparation of bark-free chips input.

I"1111r_ll.|r:1mi enargy input in logging plus preparation of particleboard furnish in form of

planer shavings, plywood trim and sawdurt.

industries are integrated. The data are rep-
resentative of those processing plants that
are economically viable and from which a
significant percentage of primary structural

and architectural materials flow, and may
be considered characteristic of progressive
processing plants throughout the United
States,
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TABLE 8. Swmary of requiremente for residential construotion ineluding logging (or
extraction), mamifacture, transport to house eite, and erection
(Per 100-square-foot section)
Net Capital
Manpower Energy Depreciation
Man-Hours Million BTU Dollars
Roofs
1. W-type Wood Truss with Wood Shingles 8.96 2.44 6.14
2. Same but with Asphalt Shingles 9.04 3.22 6.72
3. Steel Rafters (flas roof) c 9.17 s.11 6.38
4. Flat Roof with LVL Rafters and Flakeboard 9.36 2:45 6.59
Exterior Walls
1. Plywood Siding (no sheathing), 2x4 Frame 7.99 “1.99 4.15
2. Medium-Density Piberboard Siding, Plywood
Sheathing, 2x4 Frame 9.86 2.54 6.4
3. Medium-Density Fiberboard Siding, 1/2-inch
Insulation Board, and Plywood Corner Bracing 9.26 2.69 6.7%
4. Concrete Building Block, no Insulation 18.45 16.53 5.56
5. Aluminum Siding over Sheathing 9.83 4.95 4.61
6. MDF Siding, Sheathing, Steel Studs 9.89. 4.79 7.20
7. MDF Siding, Sheathing, Aluminum Framing 11.26 5.53 6.91
8. Brick Veneer 22.00 17.89 8.37
Interior Walls
1. Wood Framing 3.87 0.95 2.17
2. Aluminum Framing 3.99 2.25 2.13
3. Steel Framing 3.53 1.88 2.25
Floors (all with carpet and pad, except No. 2)
1. Wood Joist, Plywood Subfloor, and Particleboard
Underlayment 9.13 2.85 7.58
2. Wood Joist, Plywood Subfloor, Osk Finish Floor 8.5 1.19 6.40
3. Wood Joist, “Single-Layer Floor" . 2.09 6.32
4. Concrete Slab 11,62 22.06 11.81
5. Steel Joist, 2-4-1 Plywood 11.97 23.26 16.34
6. LVL Joist and Flakeboard 7,76 2.05 7.23

aEuergy from wood residues credited only against gross energy requirements of manufacturing
phase, not against logging or transport of wood components.

bminated veneer lumber.

cBrectiou costs unavailable.

Flow of materials 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

Approximations based on similar construction were used.

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-



26
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TABLE 9. Soma aompariacns of reguiremsmts for

conptruction for alternative designs

PANEL 1T

sompangets in 100 pquars feet of residential
(From extraction to building eite)

Design Incorporating Capital Het
Componant Funccion and Material Labor Depreciation Enetgy
Mom-fours  Pollare Milldon BTV
Eloor Joistp
Flpar 1,3 Sofewood Lumber 1.395 1.62 0,504
Floor 6 Laminaced-Veneer Lumber 1.195 1.57 0.645
Floor ‘5 Seeel 5.562 10.13 21.13%
Subfloor (Single-Layer)
Floor 3 Soltwood Plywood 0. 997 1.63 0.546
Floor & Hardwood Flakeboard 1.192 1.99 0. 268
Floor & Concrete Silab 4,569 5:01 19. 849
Incecior Wall Studs
Interior Wall 1 2 '3 Lumber 0. 4523 0.43 0.123
Interior Wall 2 Aluminum 0.376 0.3% 1.423
Interior Wall 3 Steel 0. 278 0.51 1.056
Exterior Wall Framing
Exterior Wall 1,%,3,5 Wood 0.593 0.6 0.172
Exterior Wall 7 Alumisnum 0.795 0.B0 3.007
Exterior Wall 6 Steal 0.596 1.09 2. 364
Roof Trusses or Rafters
Roof 1 Lusber (pitched) & Mlates 1.111 1:17 0. 457
Roof 1 Steal (flat) 0,751 1.37 2.868
Roof & LVL {fiac} 0. 7649 1.31 0.426
‘Siding
Extorior Wall 2,3,6,7 1/2-inch Medium-Densicy
Fiberboard 0.728 2.90 0.739
Exterior Hall 5 Aluminum 0.785 0. B0 1.007
Exterior Wall 1 5/8=inch Plywood 0.993 1.63 0. 546
Exterior Wall B friek, 3-1/4 inch T.688 4,58 15.932
Flooring
Floor 2 Oak, 3f4 1ach 1901 4.09 0. 383
Floors 1,3,4,5,6 Carpet 2.752 3.22 1.041
Sheathing
Exterior Wwall 3,5,6, 1/2=-inch Insulation Board
1.8 plus Plywood Corners 0,548 1.28 0.483
Exterior Wall 2 Flywood, ‘3/B inch 4.&803 n.om 0.330

ation (Fig. 11), lumber and plywood re-
covery from hardwood is considerably
lower than that from softwood. reflecting
the generally lower quality of hardwood

logs.

Man-hour, capital, and energy
requirements for primary products

Tables 5, 6, and 7 summarize, for wood-
based and nonwood-based primary com-
modities, man-hour, capital, and energy
requirements for extraction of the raw ma-

terial, manufacture of the product, and
transportation to the building site. This
provides a basis for comparison within and
hetween products from renewable and non-
renewsable resources,

Wood products are, with few exceptions,
more homogeneous in man-hour and capi-
tal requirements than are the nomwood-
based commodities, Without exception, har-
vesting the forest resource and transporting
it to the mill are more demanding in labor
than is extraction of nonwood raw materi-
als. Althongh highly variable, average man-
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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-
intensive?, 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 designs

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 Appendix III. (For
erection man-hours for each design, see Ta-
bles III-8, 11I-11, III-14, and III-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

"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.

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.
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TABLE 10.

CORRIM PANEL 11

Swwary of materiale flow from gross cwmual growth (million oven-dry tons)

Available for All Coumpdities

Potentially Available for Commodity Usas

Year Roundwood Logging Residues Residues from Mortality
Softwoods Rardwoods Total Softwoods Hardwoods Softwoods Hardwoods
1970 135.3 58.0 193.3 14.6 12.0 1.2 2.8
1985 156.1 103.7 259.8 12.7 15.3 2.6 3.6
2000 173.4 133.4 306.8 12.0 16,2 3.2 4.6

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

CHANGING PATTERNS IN WOOD USE
AS A STRUCTURAL AND ARCHITECTURAL
MATERIAL

Wood is 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
on each of the requirements under the con-
ditions of 1) continuation of current levels
of research and development; and alterna-
tively, 2) substantially increasing the levels
of research and development.

Important forces identified are:

Forest Harvest

Tree Size

Natural Stands vs. Plantations

Species Mix

Location of Forest Relative to Mill

Specification of Forest Utilization
Standard

Fuel Constraints
Availability and Cost of Fossil Fuel

Societal Changes

Type of Product Demanded
Environmental Awareness
House Size

Legislative Constraints

Forest Practices

Manufacturing and Processing (e.g.,
OSHA)

Building Codes

The assessment is that the level of re-
search and development will influence the
impact of these forces on manpower, capi-
tal, and energy requirements and that most
of the changes will occur by 1985. Changes
in the input requirements under the two
levels can be expected by 1985 as follows:

more accurate sawing in combination with
reduced saw kerf will increase lumber yield
from a given log size. Improved centering
devices may slightly increase veneer yield.
Accurate sawing, market acceptance of par-
tially surfaced lumber, increased applica-
tion of abrasive planing, and improved sur-
facing with equipment based on cutter
heads will substantially decrease the loss of
lumber in surfacing. Improved control in
manufacture throughout will work toward
reducing residuals from the primary prod-
uct. Because of the anticipated decrease in
log size and quality, however, the materials-
flow trajectories that have been developed
on the basis of current operations are not
likely to change significantly except in the
case of softwood lumber in which a higher
yield of primary product can be expected,
as shown in Fig. 3.

Several scenarios have been developed by
CORRIM to span a wide range of antici-
pated demand for wood-based products de-
rived from domestic timber sources in the
years 1985 and 2000. Two of them are
shown here. Scenario I is derived essen-
tially from the medium-level projection of
the Outlook Study® based on constant rela-
tive prices for wood-based commodities
(Table 11). A major departure from the
Outlook Study assumptions holds dwelling-
unit size constant at 1970 levels rather than
projecting a continuing increasing size

Man-Hours Capital Energy
A. Current Levels of Research and Little Substantial Small
Development change increase decrease
B. Substantial Increase in Research Substantial Small Possible
and Development decrease increase substantial
decrease

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,

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

8 Although 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 dota in Millions of Tons, O.D. weight)

1985 TIMBER-ALL COMMERCIAL SIZES

ANNUAL DEAD AVAILABLE
MORTALITY 8y INVENTORY —~ 2= DEAD (e esioue
(42.97) * 1214.87) (6.49) :
N NON-INVENTORIED,
GROSS ANNUAL DEAD — ?_,?:’g;"' ROTTEN
GROWTH SALVABLE -
(2;15.54) (3.91) \ SAWLOGS sorTwo00
NET ANNUAL TIMBER TOTAL COMMODITY “""”“” LUMBER
GROWTH GROWING
SROwTH SRow REMOVALS At s N VENEER LOGS___ SOFTWOOD
. - 165,79} taron (l9 10) | " PLYWOOD
(6620) (16s. - (17.67)
OTHER REMOVALS ‘3'3*"_7‘”000
.02
(6.02) \ (1.43)
e . STRUCTURAL
FLLAKEBOARD
(12.70) HI Rﬁuggrooo (5.54)
PULPWOOD
k (46.99)
MISCELLANEOUS
INDUSTRIAL

AND FUELWOOD
(4.11)

HARDWOOD MATERIALS FLOW TRAJECTORIES (All data in Millions of Tons, O.0D. weight)

1985 TIMBER-ALL COMMERCIAL SIZES

ANNUAL DEAD e AVAILABLE , _
MORTALITY ayis INVENTORY —220—+ DEAD e
(37.01) ¥, (185.06) (5.53) (3.65)
' = N NON-INVENTORIED,
GROSS ANNUAL DEAD ?:ggl;. ROTTEN
GROWTH SALVABLE
ren e NQ SAWLOGS  _ HARDWOOD
NET ANNUAL TIMBER TOTAL COMMODITY _/:| (34.48) . LUMBER
GROWTH GROWING d
(147.86) —STOCK  [——=REMOVALS REMOVALS R L06s s
(4571) G17.22) (96.51) : (3.'0"09)
OTHER REMOVALS HARDWOOD
(5.43) LVL
(0.84)
ResiDuE \ STRUCTURAL
(15.27) ROUNDWOOD fo e omro
(58.09) -
PULPWOOD
{57.62)
MISCE LLANEOUS
INDUSTRIAL
AND FUELWOOD
(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 reflect current inventory standards. Com-
plete tree utilization, according to Keays (1971), would permit a commodity removal increase of 35%
from the same growing stock.
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SOFTWOOD MATERIALS FLOW TRAJECTORIES ( Ail dota in Millions of Tons, O. D. weight)

2000 TIMBER - ALL COMMERCIAL SIZES

ANNUAL DEAD AVAILABLE
MORTALITY s INVENTORY 2232 . 0eaD _.{gf:gT RESIDUE
(44.88) A (224.42) (183) -

NON-INVENTORIED,
ROUGH, ROTTEN

GROSS ANNUAL DEAD (439)
GROWTH SALVABLE .
(219.74) (4.68) saw
4 — LOGS SOFT w000
NET ANNUAL TIMBER ‘ TOTAL COMMOOITY N (64.56) —" LUMBER
GROWTH *J GROWING VENEER LOG! SOFTWOO0D
(174.86) - SToek e REMOVALS REMOVALS N N UEKESR Loas_ soF
es7a) | (182.40) (164.38) - m""°°°2)
I OTHER REMOVALS SOF TWO00
(6.02) :'zv;s ,
LOGGING
L se ey
{12.03) ROUNDWOOD (s.07)
(8B.431 -
\ PULPWOOD
L] (7738}
MISCELLANEOUS
INDUSTRIAL
AND FUELWOOD
(4.97)

e
HARDWOOD MATERIALS FLOW TRAJECTORIES (All doto in Millions of Tons, O.D. weight)

2000 TIMBER-ALL COMMERCIAL SIZES

ANNUAL DEAD AVAILABLE

X.035 FOREST RESIDUE
MORTALITY . W /ENTORY = DEAD — pa
(39.73) A B (198.65) \‘5‘ 3) (4.59)
NON-INVENTORIED,
GROSS ANNUAL DEAD (R‘ogg;‘ ROTTEN
GROWTH SALVABLE
184.03
¢ 's ! . (234 \ SAWLOGS  _ NARDWOOD
NET ANNUAL TIMBER oTA CONMODITY (42.16) LUMBER
GROWTH GROWING L MOD!
(14430) — | sTOCK [——=REMOVALS REMOVALS \\ z’fggf" wes__ :Amuwooo
(4827) {147.86) (126.21 || \\ (3.09)
OTHEI: REMOVALS | \\ tctm
543 -
¢ AN (1.59)
e \ \ STRUCTURAL
(16.21) ROUNDWOOD f};‘;‘)”“""
LTS 36] -
' PULPWOOD
y (78.14)
MISCELLANEOUS
I NDUSTRIAL
AND FUELWOOD
(72N

Fic. 19. Softwood (upper) and hardwood (lower) materials flow trajectories for 2000.

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 reflect current inventory standards. Com-
plete tree utilization, according to Keays (1971), would permit a commeodity removal increase of 35%
from the same growing stock.
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TanrE 11.

Wood requirementy from domestic timber sources in 1985 and 2000 according to Scenario |

WOOD REQUIREMENT

SCENARID NO. L

1985 2000
COMMODITY MM 0D TONS MM 0.0 TONS
FROM FROM FROM FROM
ROUNDWOOD |BY- PRODUCT | ROUNDWOOD | BY-PRODUCT
STRUCTURAL
1. BOFTWOOD LUMBER B0 1.5 64,6 40
2. SOFTWOOD PLYWOOD 1 7.7 4.6
3 HARDWOOD LUMBER 345 1.4 42.2 i .4
4. HARDWOOD PLYWOOD 4 3
5. PARTICLEBOARD 5.3 B.5
6 MEDIUM DENSITY FIBERBOARD 0.4 04 0.6 0.8
7. INSULATION BOARD 1.9 2.2
B. WET-FORMED HARDBOARD 1.8 2.8
9 STRUCTURAL FLAKEBOARD # | 30 -
0. STRUCTURAL FLAKEBOARD # 2 [RCW) 3.0 -I:.'r I
I1. LAMINATED-VENEER LUMBER 2 32 4.4
FIBROUS
12. PAPER AND PAPERBOARD 1042 3z 154.9 451
MISCELLANEOUS
I3 MISCELLANEOUS INDUSTRIAL AND
FUELWOOD 11.3 e j2.2
TOTAL 759.9 526 3068 Ba.T

 Yielding flakshoard cores equivalent to veoeer from 5.9 MM tons of veneer bogs in 1955 and 0.7 tons o 2000. These

piitivalents have consequently been subtrocted from proje

cted reundwood

dirmand for softwood plywood,

0 which 1.5 MM O tons ure converted to fnihed softwood honber and 0.8 MM OD tons are converted to finkshied

handwood Jumbeer.

2 0f which &8 MM OD mns are converted to Tinished softwood hamber and 1.6 MM OD tons are converted to Enished

hardwood fumber.

growth than Scenario I—a population of
266 million by 2000 vs. 281 million as is as-
sumed in the Outlook Study medium-level
projection ( Table 12).

Other CORRIM Scenarios assume that
prices of nonrenewable substitutes increase
by 20 to 60% relative to structural and fi-
brous renewable resources by the year 2000
with population growth at the same low
rate as in Scenarioc II. CORRIM Sce-
narios 1 and II, largely on the basis of the
Committee’s interpretation of foreseeable
utilization changes, project increased de-
mands on domestic timber supplies for 2000
ranging from 53 to 59% (Seenarios IT and
I, respectively ) over 1970 levels at constant
relative prices. The most recent Forest Ser-
vice update of such projections (USDA
Forest Service 1978) is for an increase of

73% over 1970 in total U.S. demand for tim-
ber products by the year 2000. Zivouska and
Vaux (1975) have reviewed other reports
including that of Resources for the Future
( Fischman 1974) and Vaux (1973) which
project increased demand by 2000 on the
arder of 50-70% over that of 1970. An ear-
lier projection ( Nathan 1968) prepared for
the Public Land Law Review Commission
foresaw consumption by 2000 at a level 87%
above that actually achieved in 1970.
Requirements under Scenarios 1 and 11
can be achieved under the supply schedules
of the materials-flow trajectories summar-
ized in Table 10, The assumptions of the
scenarios based on higher relative prices for
nonrenewable substitutes were considerably
less realistic, and requirements under those
conditions could not be met without sub-
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TasLz 12 Wood requirements from domestic timber sources in 1985 and 2000 according to Scenario 11
WOOD REQUIREMENT

SCENARIO NO. I

1985 2000
COMMODITY MM 0.D. TONS MM 0.D. TONS
FROM FROM FROM FROM
ROUNDWOOD |BY- PRODUCT | ROUNDWOOD | 8Y-PRODUCT
STRUCTURAL
I. SOFTWOOD LUMBER 81.3 33 75.1 40
2. SOFTWOOD PLYWOOD 18.2 18.6
3. HARDWOOD LUMBER 29.8 L4 31.7 1.4
4. HARDWOOD PLYWOOD 38 43
5. PARTICLEBOARD ) 4.5 6.3
6. MEDIUM DENSITY FIBERBOARD 0.3 0.3 0.5 0.5
7. INSULATION BOARD .9 2.7
8. WET-FORMED HARDBOARD 2.0 ‘ 2.7
9. STRUCTURAL FLAKEBOARD # | 3.0' 5.1
10. STRUCTURAL FLAKEBOARD # 2 (RCW) {s.o 5.1
I 1. LAMINATED -VENEER LUMBER 2.22 4.6°
FIBROUS :
12. PAPER AND PAPERBOARD 96,3 38.0 139.6 55.6
MISCELLANEOUS
1 3. MISCELLANEOUS INDUSTRIAL AND . 11.6
FUELWOOD —_— :
TOTAL 247.8 51.4 296.2 73.2
1 Yielding flakeboard cores equivalent to MM tons in 2000.

tad

These ly been sub

from 5.9 MM tons of veneer logs in 1985 and 10.0
o Aennd d d for softwood

% Of which 1.5 MM OD tons are co

from proj
d to finished softwood lumb

plywood.
and 0.7 MM OD tons are converted to finished

hardwood lumber.

3 Of which 3.4 MM OD tons are converted to finished softwood lumber and 1.2 MM OD tons are converted to finished

bardwood lumber.

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
presents a challenge to the makers of forest
policy, to resource managers, and to the
forest-based 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

plywood with products reconstituted from
fibers and small wood components and a
trend 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 com-
ponents of trees of any species, size, and
quality. Asin the case of lumber-laminated-
from-veneer, technology now exists for such
products, and their movement into the mar-
ket is on the immediate horizon. In fact,
an oriented-strand reconstituted wood panel
product has very recently entered the mar-
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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 of a potential saving in
material of as much as one-third without
sacrificing structural performance (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 demonstrated 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.

Information 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

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.

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

The industries 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.

SUMMARY AND CONCLUSIONS

On the basis of the studies of several of its
panels each concerned with its particular
area of utilization of renewable resources—
structural 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 fromn renewable resources can be
used as alternatives to materials currently
obtained from nonrenewable resources to
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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 underfinanced. 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

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 83% 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 2000 (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
2000 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-1960s,
annual lumber consumption has risen about
20% since that latter time. The (relative)
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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

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 2000, with the upper limit of re-
moval to be determined from site and eco-
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.

RECOMMENDATIONS

Panel II of CORRIM 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

Man-Hour, Energy, and Capital Depreciation Requirements for Primary Wood-Based Commodities®

Table No.

I-1. Softwood Lumber : _ 3¢9
J-2. Hardwood Lumber - crapmspess e e 30
13. Softwood Plywood® - i L 2L 40
I-4. Hardwood Plywood® i it 2 £ . 40
I-5. Underlayment Particleboard® EUEENSNY SIS GRESrCt VU SRR R § |
I-8. Medium-Density Fiberboard* TSIOREEE NI CESE T A LE S TS S |
I-7. Wet-Formed Insulation Board® bt L 42
1-8. Wet-Formed Primary Hardboard® i T . 42
I-9. Dimension Lumber Laminated from Veneer® _ — 43

I-10. Alternative Reconstituted Wood Products® * ¢ '
a. Hardwood Flakeboard-Pallet Lumber 43
b. Structural Particleboard — Whole-Log Flaking 4
c. Structural Particleboard — Chipping and Flaking Sound Wood .. ... 44
d. Structural Particleboard — Chipping and Flaking Wood with Some Rot ... 45
1-11. Softwood Pulp Chips from Chip Mill 45
I-12. Adhesives and Additives — Phenol Formaldehyde, Urea Formaldehyde, Wax ... 45
1-13. }s‘:ﬂm of Yield, Energy, Man-Hours, and Depreciation for Ten Primary N
ucts 46

1 Manufacturing phase only; does not include expenditures for harvesting or transport.
’WdMMWZMWWMWhMMWhMM

man-hours, epergy, or capital required for manufacture of resins, waxes or other chemical additives.

3 Because of the predictable futy import, ofthelep’ y ral ples of altemative p that may
emerge are induded. Variations in output products and b ducts reflect diff in the t of bark removed
from and the amount of rot in the input raw material lnd !ho used to red the input raw materials to flakes,

strands, or particles. With the exception of 10s, processing dedhmnotavnﬂnbkothnnotheenhnydweloped.
¢ Man-hours, energy, and capital requirements for recomstituted structuml wood (Fig. 12) are not available.
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TARLE I-1. Sofswood lumbars Pmcﬁw outrut ond
mqmuirr enengy (tal de-
r.Trc’ sad on 1.0
ton oven-diy (0 D) seight Tnput of
unbarked saulage

TARLE 1-2. Rarduood lumber (.., ook flooringl:
Product output dnd mor-hola,  @RErgy.
und oapital depreciséion requirenents
in marufostura based am 1.0 fem (0 D
weighel impud of wcbarked souloge

Depreciacion
g Mechanlegl Sramm of Capical
Product Hanpower Energy Energy Faciliclas

Depraslatlon
g Mechanical “Stenm  ef Gaplcal
Prodect Hanpower Enmcgy Emargy” Facllicies

09 tong Mon-foure EP-Nolrs  Pounds Dol lare GO tome Mim-Fours SFP-Sours fouside Doliaes
Dey
by,
s 3/ kmtneh
Lurhe Flaned
0.3 O.A7 21.98 817 0.856 Flooring
Pulp o286 T I&.6 13 4.01
Chips Pulj
0.19 0.5 18,21 o o.10 Chipa
0.29 JB0 17.3 o §.15
Farcticle=
board B G
Furaldh : 0.20 12 1.9 657 2.86
0,15 0.9 942 419 0.36 . 2 * "
Fou2®
Funl 0,23 B2 13.4 a 3.39
2.4 28 1318 = 231 1.00 3.58 54,3 1400 1431
1.00 1.92 62,80 1396 2.4

®fased oo 5.3 san-hours per H bd fr average required
to mapufacture surfaced kiln-dried lusber. Daca
wappiled by induscrial sources.

] bp=hrs ar 300 per W bd ft of Lomber iw
an induscry-wide average. A desand avarags of BIZ
of coppected horsspowsr, 180 hp—~hre per H bd o
af limbar saved and plamed, was used.

Shn fndustry average of 4 lbs of lov-prousurs steam
par bd £t of lusher was used for sompucations.
dl.u-d on industrial statiscles of $17.5 million fox
5 mille with aggregate B=hr capacicy sf B4T H bd fc,
operating ewo shifvs per day, 243 days pec year, foF
annual capacicy of L4 MH bd Ft. Ome=hall capital
fovestment 18 depracfated owar 10 years and the
rmsainder over 5 years.

!:nlt‘_l{ potential from fueli 0.21 ton of dry foal
corresponds £o B40 pounds of green fual. From
B40 pounds-of green foel sre produced 134.0 (via
non=condensing turbine) hp-hrs of mechanical work
with 2,184 lhe of exhaust steas for heating or
drying.

Uhyssd on flooring manufacturec's data: An average
"of 16 man-hours of labor, saincenance, and super-
vinion required to produce sufficient flooring o
cover 1000 ag ft.

e on Flooring masufactuter's datar 37,400
total compected hp—hours with 60 peccent demsnd
required to produce 86,000 sq ft of floor covar-
ing; eoergy for lighting added.

“Hamed on estimita of 4.0 pounds of stesm e
qulred o dry one bd fe of rough lusber.

Apaned oo plant acd equipment cont of $2.3 milllen
for anmoal produccion of 4.5 million wq fr of
flogr coverage. Depreslation based on one-hall
over 20 yeors and one-half over five ysars.

“Enargy potuntisl from Foslt 0.23 com of dry
fuel corresponds bto 320 1bs of gresn fuel
which will produce {via & ron-condensing stess
turbhim) 146.8 hp—hrs of mechinical werk with
2,992 1bs of residual exhausc scesn available
for drylmg and heating.
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TABLE T-3. Softweed plhwwoed Tunsomded sheathing):
gl dapesietion v T
ta © to -3
e iotoey tosd oy 1S A (05
weright) fmput of wnbarked tenear loge

CORRIM PANEL 11

TARLE T-4, Hardkicsd plinoad: Produst cubput and
mEm=hour, eeargy, and capital deprecia-
tion requiresents in momufocture bosed
on 1.0 tom [0 D weight) {mpct of un-
barksd veneur logs

Bapraciation Dapreciation
Machan: 1 Bteam of Capital Hachandcal = %5t { Capital
Product Manpower® Emesgy  Dnergy”  Facilitles Fondise a ;ﬁ"n'ti P . ‘;.“-L:i‘::‘
00 foms Min-Boure SP-Bours Pounds ollare OF tona Mon-lours HP-Bowrs  Pownds Dellars
tnnanded Interior
Sheath= Fanel=
ing Eng
Plywood 4.3 1.4 5.1 2000 3.00
0.45 1.83 B 3L 2056 w13 -
Fuel
Studa _ .13 1.0 3Ly &0 2.30
.06 .21 - Bi T4 1]
Fulp
Pulp Chips
thipe 0,48 1.1 2.0 440 &.70
0.30 1,08 .20 57 .75 mu' 4.5 17.0 2500 10,00
Farticlie-
‘toard a=b-ged
Furnlah These values are sdiusted from scftwood plywoocd
o.08 -l | 112 365 o 5 walumi; they are cot based on plast surveys.
Fuel® 'l.q-r;g- potential from fuel: 0.23 tom of owvep-dry
p.12 Al 1.68 13 1.19 fuel corvesponds to 920 Lba of green fuel. TP all
LI:II‘ 3,82 14,15 1175 9,05 fuel Ln asnumed to be green {actunlly, .13 ten du

.M.l!d oo indoscridl data: Average of & man-hours of
laber plus 10 percent of labor for supervision ce—
quired pee 1000 aq £ of plywood (3/B-Loch basis).

hl-l-d. of industrial daca
Mfen, rvequired to produce LODD sy fr of plywood
(1/8=inch basis): demand is B0 percent of connscted
boteepouer. Ensrgy for lighting iz addirional at

7.0 bp-bre demand per D0 sg ft of plysoed produced
(3/B-inch Basin) Per m gocal demand of 17.1 hp-
hra per 1000 &g fr.

“Based on Industrial datas 3,140 pounds of steas per
1000 sq ft of plywced ()/8-inch basis) for the het=-
grafs and dryver and 191 ppunds par con (0 D basis)
for heacing venesr boits. Siean requirementn for
dryiog wilecated proportionately by weight to ply-
wopd, studs, and parcicleboard furnish,

d’.ud oo plan: cosr of §9 million for capacity
{three shifts) of 100 million »q Fe{3/B=in) arnual
prodoction. Ope-half is deprecisted over 20 vestr
and ime=half over (lve yeatn.

“tmeegy potentisl from fuet: ©.17 ton of dey fuel
correepends to 480 1hs of gresn fuel which wlll pro-
duce (vin nos-condensing turbine) 76.6 hp=hre of
mechanical work with 1248 1bs of tesidual sxhausr
stean avallable for hearing apd drying:

Eneid ing phenol=-forsaldahyde resln.

17 hp=hre, Includieg fork-

dried to manufacturing requiressnts), it will pro=
duce (via son-condenning surbize) 1468 hp-hre of
mechanical work wich 1391 lbe of exhaust stesm
avallsble for deying and heacing.

rlm:luﬂnl renin adhssiva.



TAHLE I-3.

WOoOD FOR STRUCTURAL AND ARCHITECTURAL PURPOSES

Urndarlapmant porefolebogrd: Proded owt-

put and man-hour, wnergy, ool eepital
depreciation raquirents 0 scrufooting
bepad on 1.8 ton [0 D oeighi) {eput of
shavfegs, asadust, ond plipsced sris

Heat !nltﬂt Depreciation

o Electrical Katural Gas of Capital

Product Monpower Enecgy Staam Faclileles

Y tona Man=Nourg KW €. e 1L

Sinaded

Parcicle—

toard,

3/ 8=1inch 1.h6

0,579 1.9 10 1718 11.07

Sander

Sust ]

0,094 22 n 16% 1.06

Fuel®

Sawr—

duaat +01

0,014 .01 —F 23 07
£ .0

L. 08T 1.52 231 1308 1220

(= 310 Rp=hra)

"Based on 1973 Hatiooal
vey of manufacturers.
1:73 man-laars/ 1000 &

Y haned o 1974 Hutlsnad
wey of manufacturaTs.

Particleboard Association sur—
Valies tanged frem 1.85 ta

[t 3/&-inch basis.

Particlebiard Asdoclatlon sur-
Average electrical usage wvas
286 KWAS1000 s Ee 3/d-inch banin. Converting ca
sgemant for groster peoductivity whan producing
5/8=inch board, the value becomes 231 ¥WH, equivalent
ta 310 hp=hrs per toun input.

“Process nteam plos natural gas used in operaclng

driers.

1b stean and 2,580 cu Ft natural gus.

Basad on 1974 survey of Hativoal Particle—

board Aspociacion munufaccurars. WValues are 1,708

dl.lud on investment of $12 milliom for a plant with
a eapacicy of 100 militon aq Fefyesr, 3fd-inch

banis.

“Enargy poroncial from fuel:

Deprociation computed ane-half doprecisred
owpp M) years and one—hall ever [ive years.

-108 pom of dry fucl

{octually produced dryd will produce 753 hp=brs
of machanlcal work with & residusl of 1,296 1b of
exhaust steam available for heating amd dryipg.

E[rvn!.ur.tin; regin and wax.

TABLE I-6,  Modium=damsity fiberboard: Produst oute
Fit and man-hour, ensrgy, and copital
depreciation requirenents in mmufaoture
based on 1.0 ton (0 D oeight] input of
50-50 mizture of ohipe and Barky round-

wond
Deprecistion

o Electeical  Heut al Capleal
Product Manpower tnecgy Energy” Fucilicies
00 tona Map=RHourn - NP-Houra W AT miliarn
HEF
42-1k
Fanel
0.85 .68 32I.5 5,353 1r.93
Luoss
0.04h «13 3.5 -302 1.25
Funl®
0,17 <37 537 BT 3.5%4
1ot T WOBT %493 $27L

"Rased on sverage of three industrial operacioms
(3.6 man=hours per 1000 Ag ft of 3f&-inch ponsl).
hhlmi on average of three industrial operacioma
(462 e-hours per 1000 sq £t of 3/4=inch panel).

“Based on reguiremants for & planc wich 91 ,000=
ton annual produection copacity,

Yhinad on 519.12% million to bulld & plant with
91,000-con annual capacity, one-half depreciated
oyt 0 years and one-half over five years,

®Energy potential from fuel: .17 tom of dey Fuel
corresponds to BED 1be of green fuel, which will
produce (via nop-condensing steem turbine) 108.%
hp=hre of mechanical work with 1,768 lbo of

rasidual ncoam aveilable for drying and hasclng:

rLﬂ.:!I.l.u!:.-ni. resin and wax.
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TABLE 1-7 Wet-formed insulation board: Product out-
put and mov-hour, energy, and oapital de-
based on 1.0 tom (0 D M‘;kt) input of

on 1. [
mized chipcg
c Depreciation
p TereyY of Capital

Prod Manp (D d) Heat Taciltiies

OD toms Man-BHoure HP-Boure MM BYV Dollars

Insu-

lation

Board,

1/2 ia.

1.04 5.85 345.68 5.04 20.23

lmlf

0.05 27.20

Solubles

and

Volatiles

0.10 : 56 363 1.95

1.19% 6.69  647.27 23.18

%sssumes maximum of 5 percent bark.
l’lu-tl on averages from two industrial sowrcas (2.68
san~hours per 1000 oq ft, 1/2-inch basis).

CBased on averages from thres industrial sources
, (259.3 HP-hours per 1000 sq ft, 1/2-inch basis).

dlaud on one industrial estimate (2.31 MM BTU per M
oq ft, 1/2-inch basis).

®3ased on two estimstes (average $16.205 million)
for plants vith 91,000-ton annual capacity. Oone-
half depreciated over 20 ysars and one-half over
five years.
fpaergy potestisl from fuel: 0.05 tom of dry fuel
corresponds to 200 lbs of green fusl, which will pro
duce (via non-condensing turbine) 31.9 hp-hrs of
mechanical work with 520 lbs of residual steam which
can be used for heating.

S1ncluding additives.

TAMLE I-8 Wet-forwed primary hardboard: Product

output and man-howur, my,mduap‘ﬁal
depreciation requirements in mamifacture
bandonlgean{obutghe) bputo!

mized

o Machanical® Depreciation

b Horsepover d of Capitsl
Product Menpower  (Demand) Steam Pacilities
0D tons Man-Boure BP-Houre M BYY Dollare
45-1b.
Nard-
board,
1/8-1n.
0.87 10.90 940.13 7.22 35.44
roarf
0.05 63 54.03
Solubles
and
Volatiles
0.10 1.25 108.06 .83 4,07
1.022 12,78 102.2 a.ss

Srssumes & meximm of S percent bark.
bjasumss 3.44 men-hours par 1000 sq ft (1/8-inch
basis); sverage from three industrisl sources ad-
justed to include maintensnce and supervision.

CAssumes 296.93 hp-hr demend per 1000 oq ft (1/8-
inch basis); average from three industrial sources.

‘Auu-e- 2.28 WM BTUs required per 1000 sq ft (1/8-
inch basis) estimated from one industrial source for
a plant with an amnual capacity of 91,000 toms.

®pased on data from industrial sources for two re-
cently built plants (averags cost $26.855 wuillion)
with an annusl capacity of 300,000 sq ft of 1/8-
inch board. One-half deprecisted over 20 years and
one-half over five years.

Eaergy potential from fusl: 0.05 ton of dry fuel
corresponds to 200 1u ot green fusl, vhich will

d (via wnon turbine) 31.9 hp-hrs of
mhnntul work with 520 nn of residual steam which
can be used for heating.

$Including resin and sdditives.



TARLE 1-9 Dimsnsion lumber lawinzted from venser
(1/4-inch softwood): Product output and
man-hora , emergy, and ocapital atl
Foquiremen manufacture based on 1.
&(ODWM) input of wunbarked venser

Machani Depreciation
Horsapower e of Capital d
Product Manpower™ (Demand) Steam TFaciltities
QD tons Man-Hours EP-Bours Powunds Dollare
Lumber
Lamin-
ated
from Veneer
0.47 1.6¢ 6.59 4.32
Particle-
board
Purnish
0.07 .25 99 %3 64
Studs
0.06 .83 .53
Pulp
Chips
0.29 1.04 4.06 56 2.65
Fuel®
Q.12 —43 L6823 100
1.af 3.62 1615 2778 .26

®Sased on industrisl data: Average of & men—hours of
labor plus 10 percent of labor for supervision Te-
quired per 1000 sq ft of plywood (3/8-inch basis).
Yhased oo industrisl dats: 17 hp-hrs, imcluding fork-
1ifrs, required to produce 1000 sq ft of plywood
(3/8-inch basis); d d is 60 p of d
horsepower. Energy for lightiag is additional at 7.0
hp~hrs demand per 1000 sq ft of plywood produced
(3/8-inch basis) for s total demand of 17.2 hp~hrs
per 1000 sq ft.

®based oo industrial data: 3,140 lbs of stesm per
1000 sq ft of plywood (3/8-inch basis) for the hot-
press and drier and 191 lbs per ton (O D basis) for
heating venser bolts. Stesm requirement for drying
1s allocated proportionately by weight to plywood,
studs, and particlebosrd furaish.

‘luod on plant cost of $9 million for capacity (three
shifts) of 100 sillfon sq ft (3/8-inch basis) annual
production. One-half is depreciated over 20 yesars
and one-half over five yesrs.

“Energy poteatisl from fuel: O0.12 tom of dry fuel
corresponds to 480 lbs of green fuel which will pro-
duce (via non-condensing turbine) 76.6 hp-hrs of
machanjicel work with 1248 lbs of residual exhaust
steam available for heating and drying.

fIncluding phenol-formaldehyde resis.

: Product and man-howr,
onergy, and oapitul depreciation re-
y in W based on 1.0
tom (0 D weight) input of wmbaried
rownchiood
- - =
b Horsepower Stesm ¢ Capital .

Prod Manp (D d) BEaergy VTacilities
OD tons Man-Soure EP-Sows FPownds Dollare
Tlake-
board
Panels
1/2 in,
0.354 1.08 1590 2.81
Rough
Lumber
0.43 1.%7 248.44 [ ] 3.57
mlf
0.22 1 A9 210 1.74
1.024% a2 55.6 1800 812

%got in production 1970. Data developed by USDA
Porest Service, Southern Yorest Experimemt Statiom,
for process utilizing shaping-lathe headrig to maks
flakeboard weighing 45.3 1b per cu ft (O D basis).

t'lne(l on plamt requiring 120 worimen (total for all

three shifte) with daily consumsption of 308 O D tons

of unbarked roundwood; 1.s., 3.12 man-hours per 0 D

ton input.

“Based on total of 1188 connected horsepover with aa
age 4 d of 60 pe for the above plant.

9 ncludes flake-drier requirement (1200 lbs stesm)

based on wood at 75 percent moisture content and two
1bs of steam required to evaporste one pound of

water, and hot-press steam (600 1bs) based on 1600~
pound requirements per 1000 sq ft of 1/2-fmch bosrd.

®Assumes plaat and equipment cost of $7 million, oper-
ating 350 days per yesr with 308 0 D tons of round-
wood consumed per day. One-half is depreciated over
20 years and one—half over five years.

Lenersy potemtial from fusl: 0.22 toa of dry fuel
corresponds to 880 1bs of green fusl, which will pro
duce (via non-condensing turbine) 140.4 hp-hrs of
mechanical work with 2288 lbs of residual stesm
sveilable for heating and drying.

$1ncluding phencl-formaldehyde resin snd wax.
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TABLE 1-10b. Strwotwral partioleboard -- whole
log flaking: Produot output and man-

howr, energy, and capital depreciation
¥ in mowfactae based on

1.0 tom (0 D weight) imput of wn-
barked
mi} 1 Depreciation
Electrical & of Cnpiulc
Product Manpower Energy Stean Yacilities
0 tons Mvlowe oy Rl ot
Struc~
tura
lotr«llh 4.12
0.879 200 2747
Bark 238
0.08 10 250
Trim,
Process
Losses 245
0.09 12 2 300 3
1.085" 1.3 39 '31';; 12.16

%pata developed by the Mational Particleboard
Association.

Ynsanded sheathing board, 40 1b per cu ft demsity.

Spased on plant with snaual capacity of 63 million
oq ft of 3/4-inch board. Total plant imvestment
$7.8 million, one-half depreciated over 20 years and
one-half over five years.

dxvailable as fuel: 0.176 ton.

®Including resin and wax.

TABLE 1-10c Strwctwral particleboard -- chipping
and flaking sound wood: Produot out-
put and man-howr, energy, z:dcquul

nnﬁuhndml.atgnlonuiﬂ)
{nput of wmbarked loge™

Imergy
....ﬁl Depreciation
Electrical of Capital
Product Maspower Energy Stesm Pacilities
® toms Nov-dowe PR Dollare
Strue-
twulb
Board 3.719
0.809 1.14 2528 9.13
Bark . .37
0.08 0 .92
Process
Losses 216
9.162 -3 20 _306 1-87
4.92
1.051* 1.48 325 28k 12.12

%pats developed by the National Particleboard
Associstion.

Bynsended sheathing board, 40 1b per cu ft density.

“Based on plmt with smoual capacity of 68 millfon
#oq. ft of 3/4-inch board. Totsal plant investment
$7.8 million, one-half deprecisted over 20 yssrs and
one-half over five yesars.

davailable as fuel: 0.242 ton.

‘nduuu resin snd wax.
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TASLE I-10d. ESteurtural partisloboand - ehipping
and flaking wod with some rof: Pro-
diict output and man-hour, gnergy, oad
oapital depramiation requirements fn
mamfaetg baned on 1.0 fem :9 )
weight! input of unbarked Log

TaetET,  Daprecistten
Elecerdeal Gas of Capital
Produst Manpowey Energy  Steam Facilities®
g
00 foma Mon-Hours KT s Pl fuva
Struc—
Tura;
Bua.rdLh 3.50
D.748 1.08 231 3337 B.51
Batk A7
T q1 73 ‘Ii’ﬂ 52
d
Frocess
Lasses 1.03
0.22 F 1 £ H Z.54
4 430
1.048 L.AT 34 EF[ 13.09

*Dita developed by che Hational Parriclabaard
Ascociation.

bul'l-lahdbﬂ sheathing board, & Ib per cu ft density:

“Raced on plant with annual capuglty of 66 milldon
aq fr of Mlé-inch board, Total plant fpvesbtmsot
§7.8 milllon, sae=hnlf depriciated owver 20 vears and
ane-half ower five years.

dﬁwilahlz as Fuyel: 0,30 tem.

Il'Imr:lud:htg. reskn and swax.

TABLE 1-11, ‘Seftuccd pulp ekips from chis wilis
Produst sutput and meon-hour, snengy,
dnd capital depraciasion pamdremenia
in maonafacture bdsad on 1.0 fon (0D
wetgke) imput of wibarded rouncuand

TABLE 1-12, Adhesives and additives -- phensl
Jormaldahyde, uraeq forea] and
masy  man-howrn, @Rengy, popitgl
ecat reguiremonss per fom of pro-

K!l:'hnn.icn].b Depreciation
Horsepouer SEoam of Capital
Prodict Manpower (Demand)  Energy Facilicies
08 zong Min-Hours  HP-Hours Fonenclz: Dollare
Fulp
Chipa
G.8o B 10.83 ] 1.28
Fual
0.11 L 0 o il
1,00 W70 .17 Y Lo4a

“assumes 100 peccanc malsture. content of wood and
bark. Enaed on ene will producimg 500 LohE pradn
chips (250 tons 0.D.] per day {two shifrs) with
productivicy of 0.70 man-hours per 0 D ten of chips.

Uhaned on average tequiremsnts for two plants,

“Hasad on data from tes plants vith approximate
eapital requitesents of $750 thousand and annoal chip
production of B5,000 0 D vons. One-half deprecliated
over 20 years and coe—half over five years.

duntian

MeEchanical Depreclacion

Horsppower — Hibses of Capital
Produoct Manpowar (Demand}  Raergy Facilltles

Man-flourp AP-Houre  Founde Dol lare

Ures-
Farmal-
dehyde
Resin o, 74 36 4149 15
Phenol-
Foragl=
dehyde
Resin Lo £ 194 2]
Wax 168 335 6T ¥

"Depreciativn estimsted at one-half of Investment in
20 yaars snd eme-half &n five years. Copltal invesc—
ment assumed was 51 million for o resin plant and
550,000 for a wax plant.
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TAMLE 1-13. Swwary of ylald, ewergy, man-hours and deprecizoion in momufocture for ten prisory wood-

Baped product
Matoy Erergy Brocann Capital
Input of Woady Demanded Ln Steam Man-Woura Bepracintion
Turninh to Converslan Heedad to Allooated Allocaced to
Form of Tield 1.0 com to Yield Tisld 1.0 o Prodece Frimary
Eaw of Primary 1.0 ten of con. of ond Residusl FProduct and
Commodity Harerial Prodoce Froduct Froduct Fual Reaidual Foel
GrOGE Hlt.: Gross  Met-
Of Tons NP fourn Ponirule M- Dallore
Softwood Limber Earky .86 17% (301 1,908 {2,251} 1. 08 L%
lemg
logs.
Lusber Laninspad Barky .13 0 (AN 5,004 1,269 4.5 11.53
from Vemeer logs
Qak Flooring Barky 1.37 2 um 5,714 (2.629) B8.o7 6,07
logs
Sofevood Shtn.ih- Barky .12 i (139 6,167 1.393 4.5 11.62
ing Plywood Logs
Hardwood Barky 3.33 57 (433) 4,331 380 8.00 17.47
Plywood! logs
Underlayment  Planer 1.02 us 15 onuet et oy 11,46
Farticle= ahavings,
board eyt
pLyerotd
trim
Structural £ Batky 7.82% 157 (T b ] 5,084 (L,379) W3 12.8%
Flakeboard laga
Insulaticn’ Hixed 35 [ F 52 1.806 3.3 5.0 .18
Board Efecisn
chips
We b-Formed Mived 1.15 1,267 1,130 6,693 6,095 13,23 AL 0n
Hutrﬂmﬂ:t'i.t species
thipa
Hedlua= 51 chips 1.1& 475 uy 4,59 1,335 .62 34,53
Denmity 0% harky
Fiberboard! Toumdunid

lﬁm-—d-:y wierlght baais of both input and produoct.

Brhese data apply to the proceds of menulacture from logs lor chips) ia yard through loading product on
carrisr for shipsent: they do ot include manpower, energy, of capitml depreciation lnvolved in masu-
facture of preduct additive (f.a. resine, vaw, sgsrch, or asphalt), Bee Table I-12 for such informatiom.

Chsgunes thot green bark and mawfustare burned at 6.9 porcent afficlency to gonerate wtemm to drive a
nan-eondenning turbine connected to an A,C. penerator driving slectric motors, and that low=pressures
exhanst steas ls wcilized for process heat. Hat energy 18 that required in addition to energy produced
from realdwn fusl. Values in parenthesas cepresent enmryy geoetated from residue Fuel Un excess of
that Tequired for plant operaciom.

‘“t.n addition to this process ateam, 2.77 millicn BIU of matural gaw are nesded o produce 1.0 eon (0D
weight basis) of product.

*In addicion, 1.27 conn (0 D welght basin) of pallet lusber are yielded from thesa logs.

{Efu!” balances for chess preducts do sot include enargy consused in sanufacturs of resios or waxos.
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APPENDIX 11

Man-Hour, Energy, and Capital Depreciation Requirements for Forest Harvesting
Table No.

II-1.
II-2.
I1-3.
4.

I-5.

Forest Harvesting — Man-Hour Requirements
Forest Harvesting — Capital Depreciation Requirements
Forest Harvesting — Primary Fuel Consumption

Summary of Forest Harvesting: Man-Hour, Energy, and Capital Depreciation
per O D Ton of Roundwood from Stump to Mill

Forest Harvesting: Man-Hour, Capital Depredation, and Energy Requirements
per O D Ton of Intermediate and Final Product

49
49
49

49
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TABLE 11-1. Forest hareegeing: MNom-lour Peguire- TABLE 11-3. Foree? harvastigs: Primory fuel son-
marEs rE.F?.tJE oumpedon (1572)
Facific Morciwest Sauth 3 South
::**W" ﬁ”’"" Gale, Plessl Gale. [iesel
Aezivici
Activiclon O 0 fom  Tersent O 0 fom  Paroent i il per 00 ton per 0 D ton
Stump-to=-Hill
iarvenc Handling 1.8% 4.00
Planning &
Laymur O 4.5 O 2 Rpad Canwtrud=
tion &
Road Camn= HalnEenance 20 a a0
struccion &
Haintanance .19 1.8 /o0 2 Supervisicn i3 =213
Stump—rto Mill Totals 4.17 .0
Randling 112 280 131 Th
Equipment a ”
Hotntenance .38 19.5 .59 19 AN S0 SRS A A
Soperviston .15 2.0 .10 _3
Totsla 1.%2 100.0 .08 100

"Baned on induscrial dsta,

TABLE IIl=i., Juemary of ¢ lermmatdag: - Me-hour,
ARENTi, mn‘maﬂ deprociation re-
quiraments per.J 0 fon of moundicad
Jrom piump to mill (1570)

PFacific
Norghweas fouth  Awerage
TARLE 11-2. Foreat harvesting: Copdtal fation Kan-Hours 1.92 .88 2.45
requiremanta HEI‘J P Capital Depraciation
- (Dullacs) 1.64 221 1.93
st ey 4,17 &35 b2k
{Gallonn) A 23 H
EactCis Mortamat b (MilLion BTU)" T8 .80l 589
Tollars per Tt lars per
herivigies 0D ton a0 gon
Road Comstruction “masod on 118,336 BTU/gallem.
b Malncenanca A7
Spusp=co=MI11
Handling 1.5 .21
Fquipment
Mainteaance .I:I!
Totals 1.k .21

“Sased on Industrial deta.
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TABLE II-S. go?ct;h:;v::ﬁng mﬁm{W and energy requirements per
Manpower Capital Energy
Nan-Hours Dollars NN BTU
Barky Roundwood 2.45 1.93 .589
Torest Residual (Barky) Chips 1.29 4.39 .536
Bark-Free Chips 3.45 3.60 .7157
Softwood Lumber 3.92 3.09 .943
Hardwood Flakeboard 3.97 3.13 .956
Hardwood Lumber 4.46 3.51 1.073
Lusber Laminated from Veneer 3.08 2.42 .740
Softwood Plywood 3.10 2.44 747
Hardwood Plywood 4.33 3.41 1.041
Underlayment Particleboard® 5.04 6.72 4.617
Mediux-Density Fiberboard® 3.43 3.1 .783
Wet-Formed Insulation Board? 2.28 3.84 .622
Wet-Formed Primary lhrdbo.rdd 2.72 4.39 . 743

'lhn-hour, capital deprecistion, and energy requirements for input raw materials from the
stump to the manufacturing plant are those assigned to the primary product and the fuel
derived in processing. Requirements include chipping where chips are the raw material
input to the manufacturing process (See Figures 3-16).

bAnu-u furnish derived one-third from planer shavings, one-third from sawdust,
and one-third from plywood trim.

®Assumes furnish derived one-half from barky roundwood and one~half from bark-free chips.

dAnt-'u furnish derived one-half from forest residual chips and one-half from bark-free
chips.
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APPENDIX I

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

Table No.

III-1. Descriptions of Floor, Roof, and Wall Constructions 53

II-2. Summary of Requirements for 100 square feet of Construction for Alternative
Designs 55

III-3. Some Comparisons of Requirements for 100 square feet of Construction for
Alternative Designs 56

III-4. Shipping Distances and Modes from Fabrication Plant to Retail Yard — Wood
Products 57

III-5. Man-Hours, Capital Depreciation, and Energy Requirements per Ton-Mile
from Mill to Retail Yard 57

II1-6. Shipping Distances and Modes from Fabrication Plant to Retail Yard — Non-
Wood Products

II-7. Capital Depreciation, Energy, and Man-Hours Required per Ton of Product to
Deliver Wood Commodities from Retail Yard to Building Site
III-8. Man-Hour Requirements for Components in Each Floor System
III-9. Energy Requirements for Components in Each Floor System
III-10. Capital Depreciation Requirements for Components in Each Floor System _____
1I-11. Man-Hour Requirements for Components in Each Exterior Wall System .
II-12. Energy Requirements for Components in Each Exterior Wall System
1-13. Capital Depreciation Requirements for Components in Each Exterior Wall Sys-

I1I-14. Man—Hour, Energy, and Capital Depreciation Requirements for Components in
Each Interior Wall System

III-15. Man-Hour Requirements for Components in Each Roof System
II-168. Energy Requirements for Components in Each Roof System ______
HI-17. Capital Depreciation Requirements for Components in Each Roof System ..______

8238 8 282388 &
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TABLE III- Desoriptions of floor, roof, and wall
oongtruotions (Mzxterial requirements
per 190 oq ft)

. Noors

1. Wood joist, subflgor snd underlaymeat. 2 x 10
joists, 16 in. OC, 1/2-in. plywood subfloor,
3/8-1u. particleboard underlayment, carpet.

Joists 0.139 tom
Plywood 0.073 *
Particleboard 0.070 *
Carpet & pad 0.028 "~
Rails 0.0029 "

2. Wood joist, subfloor, oak fimish floor. 2 x 10
joists, 24 in. OC, 1/2-ia. plywood subfloor,
3/4-ia. ocak strip flooring.

Joists 0.093 ton
Plywood 0.073
Oak Flooring 0.2 *
Nails 0.0019 *

3. Wood joist, single layer floor. 2 x 10 joists,
16 in. OC, 5/8-in. plywood underlayment, carpet.

Joist 0.139 tom
Plywood 0.091 "
Carpet & pad 0.028 "
Nails 0.0019 "

TAMLE I1I-1, ocoméimued
Exterior walle, ocomt.

4. Councrete

slab, 4 in thick, on 6 in. gravel base.

Coucrete 2.33 touns
Gravel 2.50 "
Vapor barrier 0.0015 *
Carpet & pad 0.028 "

S. Steel joist, 2-4-1 plywood.

Steel "C" joists,

48 in. OC simple span, 1 1/8-ia. plywood com
bination.

Joist 0.42 tom
Plywood 0.164 *
Carpet & pad 0.028 "
Hails 0.0019 *

6. Construction same as Floor No. 3 except I.Vl.b

joist, 16 in. OC, and 5/8 inch flakeboard instesd
of plywood.

1.3 in. x 7.5 in. 0.112 ton
Joist

Flakeboard, 5/8 ia. 0.118 "

Carpet & pad 0.028 "

Nails 0.0019 "

Exterior Walls

1. Plywood siding (no sheathing), 2 in. x & ia.
frame

Siding -~ 5/8-1in. plywood 0.0%1 tom
Building paper 0.007% "
Framing, 24 ian. OC, top~

bottom plates 0.059 »
Insulation, mineral wool

2-ia. batts 0.027 "
Gypsum board, 1/2 in. 0.027 "
Nails 0.0019

2. Medium~density fiberboard siding, plywood
sheathing, 2 in. x 4 1in. frame.
Siding, 1/2-1n. WOF°

42 1bs/cu ft 0.087 toa
Sheathing 3/8~in. plywood 0.055 "
Building paper 0.0075 "
Framing, 24 in. OC, top-

bottom plates 0.0359 "
Insulation, mineral wool

2-in. batts 0.027 "
Cypsum board, 1/2 ia. 0.104 -
Nafils 0.0025 "

3. Medium-density fiberboard siding, 1/2-im.
insulation board, 1/2-im. plywood cormer
braciag, 2 ia. x 4 in. frams

Siding, 1/2-ia. ¥WOF 0.087 tom
Sheathing, plywood

(25 oq f¥) 0.018 "
Sheathing, insulation board,

20 1be/cu ft (75 sq ft) 0.032 "
Building paper 0.0073 "
Praming, 24 in. OC 0.059 .
Insulstion, minersl wool

2-in. batts 0.027 -
Gypsum board, 1/2 1a. 0.104 "
Kails 0.0025 "

4. Concrete building block, »o insulation.
¥all, 2-core building block

8 in. thick 1.887 toms
Furting strips - six

1 in. x 2 4m. 0.0066 ton
Gypsum bosrd, 1/2 ia. 0.104 "
Kails 0.0013 "

5. Alusisum siding, over sheathisg, 2 in. x 4 im.
frame.

siding - .020 fa. thick,

168 1b/cu ft 0.015 toa
Building paper 0.0075 "
Shesthing, plywood

1/2 in. corner braciag

(25 sq ft) 0.018 -
Sheathing, insulatiom board

1/2 ia. (75 sq ft) 0.032 -
Framing, 24 in. OC 0.059 b
Insulation, mineral wool

2-1in. batts . 0.027 "
Gypsum board, 1/2 ia. 0.104 "
Nails 0.0025 ~

6. Medi density fiberboard siding, sheathisg,
steel studs.
Siding, MDF 0.087 ton
Building paper 0.0075 "
Sheathing, plywood, 1/2 in.

coraner bracing (23 sq fr) 0.018 -
Sheathing, insulatiou board,

1/2 in. (25 oq ft) 0.032 "
Framing, steel, 24 ia. OC 0.045 "
Insulation, mineral wool

2-in. batts 0.027 "
Cypsum boerd, 1/2 ia. 0.104 "
Nails 0.0025 ~
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TABLE III-1, comtinued
Eztertor walls, cont.

7. Medium- demsity fiberboard siding,
aluminum framing.

All components same as ¥os. 3 and
except

Framing, slwminum, 24 in OC

CORRIM PANEL I

sheathing.

6 above

in place of other framing 0.0135 tom
8. Brick vemeesr.
Brick veoneer 1.76 cons
Sheathing: insulation
board, 1/2 in. 0.032 «on
Plywood cormer bracing,
1/2 in. 0.018
Building paper 0.0075
Framing 2 in. x & in.,
24 fa. OC 0.059
Insclation 2-in. batts
minersl wool 0.027 !
Gypsum board, 1/2 in. 0.104 !
Rails 0.002%
Interior Walls
1. Wood framing, 24 ia. OC.
Gypsum board, 1/2 in.
both sides 0.208 ton
Framing 2 in. x 4 in. -~
load 0.059 "
or 2 in. x 3in. — non-
load bearing 0.042 "
Nails 0.001% "
2. Aluminue framing, 24 in. OC
Gypsum board, 1/2 in.
both sides 0.208 ton
Frasiag, noo-loed bearing 0.0071 "
Nails 0.0019
3. Steel framing, 24 im. OC.
Cypsum board, 1/2 in.
both sides 7 0.208 tom
Freming, won-load besrisg 0.021 "
Rails 0.0019 *

Roofs
(30 1b/sq ft 1ive load)

1. ¥-type wood truss, 28-ft spen, 24

Truss lumber .

Truss plates — 3.05 1be/
truss

Roof sheathing 114 sq ft
1/2-1n. plywood

Boofing felt

VWood s es — 1.14
squares @ 128 1bs/sq

Cypsum board ceiling,
100 sq ft

Insulation, 3.5 in. loose
mineral wool

Nails

ia. OC.
0.107 tom
0.0029 *
0.08) "
0.0086 "
0.073 "
0.104 "
0.048 "
0.0025 ™

2. Same a3 No. 1 sbove except asphalt instead of

wood shingles.

Asphalt shingles -- 1.14
squares @ 240 lbs/sq

0.137 twa

TABLE 11I-1, continmued
Roofs, oont.

3. Steal rafters (Flat roof).

Rafters, "C* besm, 7 1/2 ta.
deep, 14 ft simple spem,

24 1a OC 0.087
(Load bearing center,

2 ia. x & 1n.) 0.017
Sheathiag, 1/2-1a. plywood 0.073
Built-wp roofing, 3/8-iu.

thick 70 1lbs/cu ft 0.109
Gypsumn board ceiling,

100 oq ft 0.104
Insulation, 3.5 ia. loose

nineral wool 0.048
Nails 0.002%

4. Laminated veneer lumber joists (Flat roof)
1.5 in. x 7.6 in., lé-ft

span, 24 in. OC joists 0.074
(Loed besring center wll,

2 fa. x & in. framing) 0.017
Flakeboard sheathing 45.3

1db/cu ft, 1/2 ia. 0.09%
Bullt-up roofimg, 3/8 in. 0.109
Cypsum board ceiling 0.104
Insulation, 3.5 in. loose

mineral wool 0.048
Nails 0.002%

%0u centér.

bl.—iund veneer lumber.

“Mediva-density fiberboard.

1
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TABLE 1I11-2 Swwmry of requirements for 100 squars feet of oonstruction for alternative
designs &}mluding extraction, mmufacture, transport to building eite and

Net Capital
Manpower Energyb Depreciation

7 7 Man-Hours Milliom BTU Dollars
Floors (all with carpet and pad, except Wo. 2) -
1. Wood joist, plywood subfloor, amd particle-

board underlayment 9.15% 2.85 7.58
2. Wood joist, plywood subfloor, oak finish floor 8.51 1.19 6.40
3. Wood joist, "single-layer floor" 7.717 2,09 6.32
4. Concrete slad 11,62 22.06 11.81
5. Steel joist, 2-4-1 plywood 11.97 23.26 16.34
6. vt joist and flnkeboatdd 7.76 2.05 7.23
Exterior Walls
1. Plywood siding (no sheathing), 2x4 frame 7.99 1.99 4.15
2. Medium-density fiberboard siding, plywood

sheathing, 2x4 frame 9.86 2.54 6.41
3. Medium-density fiberboard siding, 1/2-in.

insulation board, and plywood cormer bracing 9.26 2.69 6.7
4. Concrete building block, no insulation 18.45 16.53 5.56
5. Aluminum siding over sheathing 9.83 4.95 4,61
6. MDF siding, sheathing, steel studs 9.89 4.79 7.20
7. MDF siding, sheathing, aluminum framing 11.26 5.53 6.91
8. Brick veneer 22.00 17.89 8.37
Interior Walls
1. Wood framing 3.87 0.95 2.17
2. Aluminum framing 3.99 2.25 2.13
3. Steel framing 3.53 1.88 2.25
Roofs
1. W-type wood truss with wood shingles 8.96 2.44 6.14
2. Sams but with asphalt shingles 9.04 3.22 6.72
3. Steel rafters (flat roof) 9.17 5.11 6.38
4. Flat roof with LVI..c and flakebo‘rdd 9.36 2.45 6.59

Syor design descriptions, see I1I-1.

bliutgy from wood residues credited only against gross energy requirements of manufacturing
phase, not against logging or transport of wood components.

“Laminated veneer lumber.

dltection man-hours unavailable. Approximations based on similar constructions.
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TABLE 111-3. Some comparisone of requirements Jfor 100 square feet of conatmueiion for alter-
rative dagiong (from extraciion to the butlding site, but wot inoluding

ersction)
Capical Het
Design from Table ITI-1 Function and Material Labor Deprecisticn Enargy
Man=Hours Dollars Miilton BTV
Floor Joilsts
Floor 1.3 Sof tvoud Lumber 1,3%5 1.42 LA
Floor & Laminated-Veneor Lumber 1.195 1.97 « b5
Floor 5 Steal 5.5862 10.13 21,19
Subfloor- (Single-Layer)
Floor 1 Softwood Plywood 997 1.63 B
Floor 6 Hardwood Flakeboard 1.192 1.99 - 2h8
Flowr & Concrete Slab b 559 .01 19.889
Interior Wall Studs
Interior Wall 1 2 x 3 Lumber <423 «43 123
Interior Wall 2 Aluminum 376 . 38 1.4213
Interior Wall 3 Sreel 278 +51 1.056
Exterior Wall Framing
Exterior Wall 1,2,3,5 Wood 5593 ) 173
Exterior Wall 7 Alusinus -195 .80 3.007
Exterior Wall & Steel + 596 1.09 2,264
Roof Trusees or Rafters
Roof 1 Lusber (pitched) & Flates 1.111 1.17 45T
Roof 1 Steel (Flac) <751 1.37 2. B6B
Boaf & LVL (Flae) +TB9 1.31 h26
Eiding
Exterior Wall 2,3,6,7 Hedlve-Denaity Flber-
board, 1/1 inch 728 2.50 +739
Exterior Wall 5 Aluminus 185 -80 1.007
Exterior Wall 1 Plywood, 5/8 inch 57 1.63 .4k
Exterior Wall 8 Beick, 3-1/4 inch 7,688 i, 56 15,932
Flooring
Floor 2 Oak, 34 inch 1.901 4.09 + J81
Floor 1,3,4,5,8 Carpet and pad 2.7152 .22 1.041
Sheathing
Exterior Wall 3,5,6,7,8 1/2-1inch Insulation Board
plus Plywood Corners <548 1.28 AB3

Extarior Wall 2 Plywood, 3/B ingh LE01 .98 .30
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TABLE I1I-4 Shipping distances and modes from fabrication plant to retaill pard -- wood
products :

Cemmodity Rail _ Tywek @ Ship & Other
Average . Average Average
Distance Quantity Distance Quantity Distance Quantity
Miles Percent Miles Percent Miles Percent
Softwood Lumber” 1,750 52.4 670 4.4 s,000" 3.2
Softwood Plywood‘ 1,560 73.5 1,170 24.7 5,000c 1.8
Oak Flooring® 1,200 40.0 700 60.0 0 o
Particleboard’ 742 58.0 425 42.0 0 )
Insulation Board® 976 58.0 385 42.0 1] 0
Medium-Density d
Fiberboard 870 70.0 400 30.0 0 ]
Wet-Formed Hardboard® 870 70.0 400 30.0 0 °
Structural Flakeboard® 1,000 50.0 400 50.0 0 o
Lumber Laminated from ) o
Veneer Same as 80ftwood lumber ———wuwwanmeitim
Hardwood Plywood - ———=Same a8 08k flooring = ————memvmn—imaaic.

“Based on data from the National Forest Products Association.
bgased on data from National Particleboard Association.
SFrom a knowledgeable industrial source.

dAssu-ed to be the same as wet-formed hardboard.

eBstinate from knowledgeable industrial source.

TABLE 1II~5 Man-hours, capital reciation, and energy requirements per tom-mile from
mill to retatl

Transport mode Capital Depreciation Manpower Energy (diesel fuel)
Dollars Man-Hours N BNV

Ra11® 0.0009785 0.001253 " 0.000652

Truck' .00331 .00230 00260

sn1p? .0005 0006 .0003

aOff-londing at the retail yard increases these values (multiplied by miles hauled):

Capital depreciation per ton: $ .41
Man-Hours per ton: .20
Energy per ton: .125 million BTU

bBased on data for all railroads from Association of American Railroads.

“Based on data from a knowledgeable industrial source.

dEstiuted values.
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TABLE I11-6. Skipping distances and modes from fabrication plant to retafl yord -- nom-

wood produsta®
Rail Truck Ship
Avarage Averaga Average

Comand ity Distance Quanticy Distance qu.l.ul.hj_r Distance Quantclty
Milgw  Farcent Miles FParcent Nilee  Poreant

Railw (steal) 532 5 282 B4 1,518 1

Steel Studs 653 2 ELY 17 721 1

Steel Jolsts —=Sane a5 steel ALUdf=m——cmme———————————

Congrace Siab

Same as gravel (l.e., pit to ready-mix plang)-—-—-—

Carpet and Pad 969 19 634 Bl a (1]
Gypsum Board 380 17 120 Bl 189 2
Concrate Block —e———————————=fane 85 RYPSum board
Asphalt Shingles 335 15 171 68 539 17
Aluminum ‘Siding ———eee—Bane a8 steel studs
Clay Brick 458 s 163 75 o 0
Glasm Fiber Insulmtion Tag 54 285 40 1% [
Tar Paper (impregnated felt) -—————ce—ce——e——_Sane as asphalt shingles
Liguid Asphalc Some as asphalt shinglew
Blown Insulatfon (vermigulite)-—————==—s=— Same as glows [iber insulacing barrs——-—e-———
Gruwlh 100 a0 25 40 100 0
Plascic Vapor Barrier

{6-mil) 531 45 118 37 han 18

‘H-aud on data from the Bureau of Census.

bmhdaenble estimate.

TABLE III-7.. Capital depreciation, mergy, ond man-hotrs required par of product to
et ioar wod samodiiies S Tetett pnd 1o WULilag REIE

Tard Nusber N Welghted

i 2 3 [ 5 f 1 g o A¥Erage
Depreciation
per O D ton of
Commodicy
Transporoed,
Bollars 2.11 T4 79 .69 « 26 ) <26 .83 «28 « 68
Million BT,
per 0 D ton 236 <200 189 .340 .092 070 140 L643 . . 167 214
Man-Hours per
0 D ton 1.24 1.06 B 1.2 «50 35 28 1.3 +28 «Th

“Based on survey of geographically widely disperaed retail vardn (District of Colushia,
Californin, Idaho, Loulsisnn, Michigan, Minnesota, New Jerzey, Rocky Mountain scates, Utah)

hhlpﬂil‘-t of varde in Los Angeles, Wew Jersey, and Ssattle.

cl!mqmlite of many Rocky Mountain yards,

ﬂﬁa-lnlin: has BTU content of 21,400 BTU/1L

L1711 gal/ik = 195,073 BTt/gal.



WOOD FOR STRUCTURAL AND ARCHITECTUBAL PURPOSES

TABLE T11-8. Mam-hour raguiremsiis for components in 100 equare feet of ecah floor ayoten

oD Excrac— Manu- Trans-
Component Welght tion fncture port” Erection Total
Tone Man-Hours
Floor No. 1t Wood joisr, subfloor and underlayment
Joists 0.139 0.545 0.415 0.425 1.39%
Plywood 073 226 <332 242 B00
Particleboard M ] .353 <185 L1308 L)
Carpet & pad 028 T 2.624 DB )
Hails 0019 002 019 O 025
Total 0.3119 1.171 3.585 0.843 3. 500 9.149
Fercent 1z.8 3.2 9.7 38.3 100.0
Floor Ho. 2: Wood jolst, subfloor, cak finish floor
Oak Flooring 0.125 0.558 1,009 0,334 1901
Flywood 073 226 332 262 <800
Jolats <093 -365 «285 « 285 935
Hails L0018 002 019 . DO .025
Tocal + 2029 1.151 1,645 0. B63 4,850 B.511
Fercent 13.5 18.3 16.2 57.0 100.0
Floor Wo. 31 Wood joist, "single layec" floor
Joiats 0.139 0.543 0.425 0.425 1.295
Flywood 081 .2p2 L - 301 L5997
Carpet & pad 028 L0485 2,624 LK 2.752
Ralls L0019 L002 L019 < O S
Total . 2595 0. 874 3.4B2 0,813 1.600 7789
Percent 11.2 LT 105 335 100.0
Floor Mo. &: Concrete slab
Concrote 2+:33 0.221 1.848 Z.4&00 4. 468
Graval 2.50 - 195 o 2:575 2.270
Vapor barrier 0015 D61 i -1 002 149
Carpet & pad 028 ] 2. 0625 083 2.75d
Total 4. 8E0 0,462 6. B1T 5.060 1.4B60 11,619
Fercent 4.0 39.7 536 12:7 100.0
Floor Mo. 5: Steel joist, 2-4~1 plywood
Joiscs 0.2 0.37% &, 242 0.945 5.562
Plywood 164 =508 Tl 5k 1.797
Carpet & pad «0z8 <045 1.624 083 1,752
Hails 0018 . 002 019 . D04 025
Toral 0.6139 0.930 7.631 I.575 L.830 11.966
Fercent 7.8 631.8 1.1 100.0
Floor Ho. 6: 1LVL jeist and flakeboard plus carpet and pad
Jolsts 0.112 0.345 0.507 0.343 1.195
Flakeboard « 118 JAEE AT 253 1.182
Carpet and pad 028 LGS 2.624 .083 2.752
Hails 0019 002 0108 .004 .025
Total 0.25599 0.860 3.621 0.683 3-500 8. 664
Fercent 9.9 k1.8 7.2 40,4 100.0

| Commodity from the factory to retail yard to house site.

bﬁn: in production. Assumed to be the same as Floor No. 1.



CORBIM PANEL II

TABLE 1I1-8. Energy requirements for components in 100 squake feet of scok floor systam
Avallable
od Hanufacturs a Grosa Restdue Heg
Compornant Welght Extraction Electric Heac Transport Total Energy Total
Tona Miiivon BIY (ofl equipaient)
Fleer No. 1: Weod foisc, subfloor and underlaymont
Jolats 0. 139 0.231 . 109 0. Sigk 0273 1.077 L.156 0 804
Flywoad 073 055 -011 491 -152: <709 <170 419
Particle _ _
board .ot 323 LTS .392 084 AT 107 -BET
Carpet & pad .08 «1B5 ——— 053 1.041 +G00 L.041
HKails L0018 005 ——— . (B -003 =098 . 000 -096
Tocal 0.3119 0. 639 2.633 0.565% 3.897 1847
Percent
(of grosa) 17.% &7.6 14.5 1D06.0
Floor Ro, 2t Wood joist, subhfloor, oak finlsh floor
Oak Flooring 0.12% 0.134 0. 106 0. 605 0247 1.092 1.424 0. 381
Flywood 073 D55 011 491 132 709 - 270 -E30
Lusbar
Jaises 093 <08 073 < A78 B3 112 « 773 171
Nails <0019 _.005 e, 08 ———m 003 J09E o 056
Total 0.292% D.282 1.752 0.583 2.419 1.187
Fercent
(of gross) l0.8 65.9 It.3 100.0
Floor Wo. 31 Wood joisc, "mingle layer" floor
deist 0,139 0.131 0.10% 0, 56 0.273 1.077 1.156 O.404
Flywood 091 MR L0133 612 . 189 881 «336 « 546
Carpet & pad- .02a «185 B0 Frmen «053 L.041 a 1.041
Kails - 0015 005 et | 003 096 ] A 094
Toral 0.25%% 0. 389 2189 0.518 1.096 2.087
Fercent
{of gross) 1.6 T0.7 16.7 100.0
Floar Ho. 4: Concrete alab
Concrete 1.7 1.1 17.10 0.5 19.84 o 15.84
Gravel .50 129 — e ] 1.137 ] 1.137
Vapar barrier O0,0015 0.oa7 0.038 .00 0,046 ] 0. Db
Carpat & pad _.028 18% R LU 053 1.041 0 1.041
Total b 59 1.531 18,54 1.982 6439 12.054
fercent
(of gross) &.3 B4, 1 9.0 100,00
Fleor Mo. 51 Steel joist, 2=4=i plywood
Joint 0.4 1.029 =1 G ——— 0,701 21.134 L] 21,13
Flywaad - Lk 133 028 1,103 2341 1.501 GG +385
Carpec & pad 028 <185 ——— Bl e 053 1.041 ] 1.041
Kailw -001% ] - . O#f——— 003 <098 ] =056
Total &.6139 L.342 21422 1.0948 23. 882 23.25
Farcont
{of gross} 5.6 9.8 4.6 100.0
Floor Ho. i1 LVL joist and flakéboard plus carpet and pad
Jalst 0.112 0.083 0.016 0.722 n.220 1.041 0. 796 0. 6435
Flakeboard «1k8 =113 068 A1E - 155 1.1% 1.017 «d68
Carpet &k pad  .028 185 B0 e +053 1.041 a 1.041
Nailw 0015 005 ——=, 088-——r 003 086 1] -096
Total 0. 2599 0. 386 2,515 0.431 .33 2.05%0
Parcent
{of gross) 118 5.3 12.9 100.0

“Commudity from the factery co recatl yard to house site.

bh-unu energy from reslduals cap

(eet logging or transpor:).

be internally used or exchanged in manufacroring phane only



WOOD FOR STRUCTURAL AND ARCHITECTURAL PURPOSES

TABLE IIT-10. Capital depreciation requirements for components in 100 square fest of each
floor system

Component

Joists
Plywood
Particleboard
Carpet & pad
Rails

Total
Percent

Floor 