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ABSTRACT 

This paper reports the findings and conclusions of Panel I1 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 frorn standing trees to pri~uary 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 terins of manpower, energy, and capital de- 
preciation involved in production and transportation to the point of use. Comparable data 
fro111 source to end connnodity were colnpiled 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 comn~odities in man-hour and capital requirements. However, the most notable 
differences between wood-based ancl nonwood-based commodities are in their energy require- 
ments. Conlinodities 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 
energy self-sufficiency in the manufacturing process attained through the use of wood resi- 
dues as fuel. 

'The authors, under the chairmanship of S. B. 1)een completed successf~~lly. Financial support for 
Preston, constituted Panel I1 of the Comlrlittee on the pnl~lication of this report was provided by the 
Kencwal~le Resources for Industrial Materials southern ~~~~~t ~ ~ ~ ~ ~ i ~ ~ ~ ~ t  station, USDA F ~ ~ -  
(CORRIM), National Awde111~ of Sciences/Na- est Service. Reproduced, in slightly revised foml, 
tional Research Council. The authors' gratitude to with of the National Academy of Sci- 
the rnany individuals in industry, education, and 

who contributed to coinpiling of encesfro~n Renewal~le Reso~irces for Industrial Ma- 

the information presentetl in this report cannot be terials ( National Research Council 1976), with the 

expressed here. Suffice it to say that addition of extensive background data not con- 

without their cooperation this report could not have tained in the National Research Council Report. 
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Because of the doiiiinancc of residential and si~nilar light-frame structures in the total 
ctr~~ctural use of wood, housing was selected for closer exaniination of the relative efficien- 
cies of \vood and wood-based products in con~parison with nonrenewal~le resource nlaterials 
through the phase of installation in the structure. Fro~n an analysis of representative roof, 
exterior wall, interior w;lll, and floor systems, sul~stantial differences I~etween alternative 
eonstn~ctions in cnergy recluireinents were revealed. In roofs, a design incorporating steel 
rafters reqniretl appoxinlately twice the energy of constructions in which wood trusses or 
rafters were used. Exterior walls sided with brick or collstructed with concrete block re- 
cl~~irecl sevcn to eight times the energy of all-wood constructions, and exterior ancl interior 
walls fra~ned with metal required approxiinately twice the energy of countelpart wood- 
fr;lmetl constructions. Floors constructed fro111 wood materials required only about ten 
p e r c e ~ ~ t  :IS iiluch energy as concrete slal, construction or one \vith steel supporting meinbers. 
LVith few exceptions, srlanpower and capital costs were not appreciably different for wood- 
I~ased ancl nonwood-based systems. 

Direct comparisons between n.ood and n~ineral-based coii~ponents pwfonning the sa~ne  
f~~nc t ion  in these designs were even Inore striking in terlns of energy consumption. For 
e x a ~ ~ ~ p l e ,  steel floor joists required 50 times as much energy as wood connterparts. Alu~ni- 
IIIIIII frailling for exterior walls was ncarly 20 times as energy intensive as wood framing, 
ant1 steel framing reclnired approxilnately 13 tirnes as much energy as wood. Steel rafters 
cxceetled woocl tiusses nearly sevenfold in energy req~irenrents and aluniinum siding re- 
cl~~irrtl  approximately five times the energy of plywood and fil)erl~oard. The energy re- 
quirement for \)rick veneer sicling was approximately 25 times that of wood-based siding ma- 
terials. No clear pattern emerged from the analysis in terms of labor or capital depreciation. 

Where consen~ition of energy is of prime importance, the advantages of wood for resi- 
tlential and light co~nmercial construction are apparent. 

Xlaterials-flow trajectories were developed for 1985 and. 2000 l~ased upon U.S. Forest 
Service projections of available timber supply. Finally, two scenarios were developed. by 
the Panel spanning a range of anticipated demaild for t i ~ n l ~ e r  from do~ucstic sources in the 
years 1985 and 2000. Requirements under these scenarios can 11e achieved nnder the 
projected materials-flow supply schednle. The potentiaI of the United States forest resource 
to meet realistic deiriands through the next 25 years is evident, but realization of this po- 
tential presents a challenge to the nlakers of forest policy, to resource managers, and to 
tlic forest-based. industries. 

hluch Inore reseal-ch in the closer utilization of resiclues at the mill and in the forest will 
I)t: needed to achieve thc potentials suggested I)y the scenarios and trajectories presented 
in this report. 

Keywords: aluniiinum, building board, building components, capital, costs, energy, 
flakeboard, floors, forest harvesting, future trends, hardl)oard, housing, insulation I~oartl, 
light-frame construction, lumber, manpower, nietals, particleboard, petroche~uicals, ply- 
wood, rencwal)le resources, research and. development, rescarch management, residential 
co~istrnction, roofs, steel, strnctnral pa~ticlel)oartl, structures, timber demancl, timber sup- 
ply, walls, wood. 

INTRODUC I ION the combined nroductioil of all metals, ce- 
ments, and plastics-that are processed 

\1700d, with very minor exceptions, is each year by the nation's forest product in- 
the only renewable resource economi- dustries (Cliff 1973), 63% is converted to 
cally suitable for structural and architectu- lumber and rigid pai~els which are, in turn, 
ral 11urlx)see" It  was attractive to primitive 

used in structures and in innumerable man- 
societies as a structural material because it 

ufactured commodities. Projections of the was easily available; it could be used in 
very nearly thc for111 in which it grew; and, U.S. Forest Service (USDA Forest Service 

if it required modification for use, it could 1974) indicate an approximate doubliilg of 

1)e workecl with very simple tools. the den~and for raw wood between the 

the ullited states today the llse of years 1970 and 2000, with lumber and rigid 
wood for these purposes, among all wood ~ > " I I C ~ S  accounting for over 50% of the total 
uscs, accounts for the greatest proportion demand. During this 30-year period of in- 
of  the timber harvest. Of some 250 million creasing wood demand, major changes will 
to~rs o f  raw wood-aplxosimately eql~al to be occurring ill the size, quality, and mix 
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of the raw-material base from the forests 
and in the envirollment affecting the manu- 
facture of forest-based commodities. 

M7ood used in lumber and panel form 
takes maximum advantage of the basic bio- 
logical structure of the parent tree and 
consecl~~ently achieves maximum benefit 
from the photosynthetic process as a ma- 
terial synthesizer. It  is when wood is used 
ill these foims that it exhibits its greatest 
advantage over most conlpetitive materials 
in terms of energy. Use of the Reference 
Materials System concept (Bethel and 
Schreuder 1976) provides ail opportunity 
to study the flow of forest-based materials 
into primary structural and architectural 
commodities and to examine energy, man- 
power, and capital requirements in the 
inanufacture of these primary products, and 
their conversion into example building sys- 
tems, as compared with selected altcma- 
tives manufactured fro111 nonrenewal~le raw 
materials. 

Inventory data classify trees, largely on 
the 1)asis of stem diameter, as sawtimber 
01- pole-size timber. Trees included in the 
first category yield logs generally con- 
sidered of suitable size and qualit). to be 
converted to luml~er or veneer, whereas 
trees in the second categoiy have been gen- 
erally considered too small for conversion 
into these two products. Techiio1ogic:al ad- 
vances in utilization, however, together 
with the economic practicalities of product 
manufacture from a given raw material 
supply, have, largely eliminated the clistinc- 
tion between these categories from a utiliza- 
tion standlmi1it. These categories will  be 
used here only because the National Forest 
Inventory still distinguishes them. Trees of 
all diameters must now be considered part 
of the raw-material base for structural and 
;n-chitectural conlmodities in the form of 
lumber or of structural timbers and panels 
derived fro111 smaller pieces of lun~ber or 
horn veneer, flakes, particles, or fibers. 
Filler for paper and other pulp-l~asecl prod- 
ucts is sitnilarly drawn from a reservoir of 

the Outlook for Timber in the United States 
(USDA Forest Service 1974). They indi- 
cate the domestic raw material base from 
which the forest products industry in 1970 
harvested 193 million oven-dry (OD) tons 
of roundwood with hark intact2. Of this, 
115 million oven-dry tons were from saw- 
timber yielding 98 million tons of sawlogs 
and 17 million tons of veneer logs. The re- 
maining 78 million tons were cut from pulp- 
wood and pole-size timber. Softwoods ac- 
counted for 135 million tons of material, 
alq~roximately 70% of the total, of which 88 
million tons were categorized as sawlogs 
and veneer logs. The remaining 58 million 
tons were hardwoods, of which 27 millioi~ 
tons were sawlogs and veneer logs. Essen- 
tially the same data are contained in the 
U.S. Forest Service's 1975 Assessment Re- 
port (USDA Forest Service 1976). 

Manufactured from this raw-material mix 
flowing into industiy were 42.8 million 
oven-dry tolls of lumber and rigid panels 
suitable for building materials. Addition- 
ally yielded from this mix were 6.8 million 
tons of cooperage, piling, poles, posts, mine 
timbers, and other miscellaneous products, 
which are dependent in part for their utility 
on mechanical strength. In all, 26% of the 
total forest tonnage harvested in 1970 
reached the market in the folm of priinary 
stiuctural products (USDA Forest Service 
1974; Phelps and I-lair 1974). 

For the purpose of this study, structural 
and architectural materials are considered 
to be thosc contributing to the form and 
structural integrity of the product. Thus, 
emphasis is given to renewable resources 
which, in primary processed form, have re- 
liably known physical and mechailical 
properties, and are dimensionally suitalde 
for structural use. Decorative and aesthetic 
characteristics, per se, are not considered. 
This study therefore concentrates on the 
processing of raw materials from the forest 
into prisms and rigid panels, and the con- 
-- 

raw 1nateria1 from 110th categories. ' This value eql~atcs with the 250 million tons Materials-flow trajectories shown in Fig. cited I , ~  cliff ( 1973 at a moistme content of 2t)C/c 
1 were derived from 1970 data reported in -approximately at fil,er satl~ration. 
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S O F T W O O D  M A T E R I A L S  F L O W  T R A J E C T O R I E S  ( A l l  d a t a  in M i l l i o n s  o f  T o n s ,  0. D. w e i g h t )  
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TABLE 1. Uses of primary uood comodities, 1970' 

Lumber Plywood B u i l d i n g  Board 
b  

Mill- Mill- Mill- 
ion ion ion 
~ons' Percent ~ o n s ~  Percent !l'onsc Percent 

C o n s t r u c t i o n  
R e s i d e n t i a l  13 .2  4  3  3.3 49 2 .3  4  3  
Non-Resident ia l  2.8 - 9 - 0.7 - 10 - 0.6  11 

T o t a l  C o n s t r u c t i o n  16 .0  52 4 .0  5 9  2.9 54  

Manufacture  
F u r n i t u r e  
O the r  

'Tota l  Manufacture  

Sh ipp ing  
P a l l e t s  
O the r  

T o t a l  Sh ipp ing  

Misce l l aneous  Uses 6 .45  21  32 0 .6  - - 2 . 1  - - - 11 - 
T o t a l  30.75 100 6 .7  100 5 .4  100 

' ~ a s e d  on d a t a  from Timber Out look (USDA F o r e s t  S e r v i c e ,  1974) and Phe lp s  and Ha i r  (1974).  
Except  f o r  b u i l d i n g  boa rd  t o t a l s ,  t onnages  a r e  app rox ima t ions  from d a t a  r e p o r t e d  i n  o t h e r  
u n i t s .  

b ~ n c l u d e s  p a r t i c l e b o a r d ,  ha rdboa rd ,  and i n s u l a t i o n  boa rd .  

'oven-dry t o n s .  

version of these materials into engineered 
building components. 

Basic primary structural materials manu- 
tactured from wood are lumber, which is 
sawn or shaped from the log, and rigid pan- 
els, fabricated by reducing wood to ve- 
neer, particles, flake\, 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- 

- - -- - - - .- -. 

C 

Frc.. 1. Softwood (upper)  and harda~ood (lower) materials flow trajectories for 1970. 

Based essentially on data provided in the Outlook Study (USDA Forest Service 1974). Conversion of 
cn ft to tons ( O D )  has been through multiplication by 0.0137 for softwoods and by 0.0164 for hard- 
woods. Except for those shown in the four "boxes" for growing stock, all valnes include bark. Ton- 
nages shown in these "boxes" for growing stock in 1970 should be increased hy 10% to allow for 
(include) hark. Data on growth and renloval reflect current inventory standards. Complete tree utiliza- 
tion, according to Keays ( 1071), would permit a commodity removal increase of 35% from the same 
growing stock, a net increase of 35.29 million tons after deduction of current logging residues from 
growing stock. 
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ties in 1970 

WOOD REQUIREMENT 

co~rnted for 7g of all lumber, 5% of all ply- 
wood, 34% of all particleboard, and 17% of 
all hardwood. Since 1970 the proportion of 
particlehoard coilsumed in furniture and 
alliccl products has increased. Currcmtly, 
ap1)roximately 60% of the rapidly cxpand- 
i11g ~roduction of particleboard is used in 
furniture and allied products with the re- 
nlai~ji~lg 40% l ~ e i ~ l g  used in construction. 
Importantly, a very high percentage of the 
l ~ m ~ l ~ e r  used in furiliture manufacture is 
hardwood, which currently has limited util- 
ity for structural and architectural applica- 
tions. 

COMMODITY 

STRUCTURAL 
I .  SOFTWOOD LUMBER 

2.  SOFTWOOD PLYWOOD 
3 .  HARDWOOD LUMBER 

4. HARDWOOD PLYWOOD 

5 .  PARTICLEBOARD 

6 .  MEDIUM DENSITY FIBERBOARD 

7. INSULATION BOARD 

8. W E T - F O R M E D  HARDBOARD 

9. STRUCTURAL FLAKEBOARD # I 
1 0 .  STRUCTURAL FLAKEBOARD# 2 (RCW) 

I I  . L A M I N A T E D - V E N E E R  LUMBER 

F l  BROUS 
1 2 .  PAPER A N D  PAPERBOARD 

MISCELLANEOUS 
13. MISCELLANEOUS INDUSTRIAL AND 

FUELWOOD 
T O T A L  

Of significance, froill 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, approxiinately 
15% of all lumber manufactured, has been 
largely attributable to the increased demand 
for pallets. Substantial increases in pallet 
consumptioi~ are projected in relation to 
growth in industrial 1~roductioi1 (Cliff 
1973). 

Sawn mainline railroad ties, which are in 

1970 

M M O.D. 

FROM 
ROUNDWOOD 

7 3 .4  1 

1 5 . 0 8  
24 .5  1 

2 . 2 8  

. I 8  

6 1 . 3 0  

16 .62  
1 9 3 . 3 8  

TONS 

FROM 
BY- PRODUCT 

2 . 6  

2 . 4  

. 2  
I .  2 

I .  I  

2 4 . 5  

3 1.9 
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PLYWOOD 

1 7 8  BILLION SQ F T  CONSUMED IN 1 9 7 0  36.8 BILLION SQ FT DEMAND PROJECTED FOR 2 0 0 0  

OTHER 

49 % 

NONRESIDENTIAL 
CONSTRUCTION 

CONSTRUCTION - 

MANUFACTURING 

OTHER rn 
2 1  % 

HOUSING 
43% 

NONRESIDENTIAL 
CONSTRUCTION 

CONSTRUCTION i ~ ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~  

39.2 B ILL ION BD. F T  CONSUMED IN 1970  6 2  1 B ILL ION BD F T  DEMAND PROJECTED FOR 2 0 0 0  

I ~ I c . .  2. Xlajor uses of plywood and lumber: 1970-2000. From Cliff (1973) 

short supply, provide another iml>o~.tant use 
for hardwoods of limited value for other 
ptxposes. Of more than one billion cross- 
ties supporting some 350,000 miles of rail- 
road track in the United States today, many 
have heen in place loilger than their ex- 
pectrd 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 11e predictal~ly high. Low-gradc hard- 
woods in solid or laminated form are well 
suitecl to this need (Howe and Koch 1976). 

Piling, poles, posts, and mine timbers, 
which are largely roundwood, coilstitute n 
significant tonnage of structural products. 
Important among these are piling, for which 
28.8 million linear feet of roundwood was 
required in 1970, m ~ d  poles, of ~ lh i ch  5.4 
million were used during the same year. 

Tal~lc 2 suminnrizes 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 millioil 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 lumbcr, 59% of all plywood, 
and 54% of all building board were con- 
sumed in constructiolr in 1970. For each 
of these conlmodities, aplxoxirnately 10%' 
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of the total volun~e 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 ill housing 
until the year 2000 (Cliff 1973). 

ANALYSIS OF MATERIALS USED I N  

HESIIIENTIAL AND LIGHT-FRAME 
CONSTHUCTION 

Panel I1 of CORRIM was concerned with 
the use of renewable resources for structural 
purlx)ses 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- 
sumptio~~s. 

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- 
pox(' 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 coilstructions 
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 rcquire- 
ments from the point of extraction of the 
raw material to erection on the building 
site. Changing manufacturing technologies 
resulting from changes in the forest re- 
source, together with accompanying re- 
search and development needs, were con- 
sidered. 

Primary materials and their use 
in building components 

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

1. Softwood lumber 
2. Hardwood lumber 
3. Softwood plywood 
4. Hardwood plywood 
5. Underlayment particleboard 
6. Medium-density fiberboard 
7. Wet-formed insulation board 
8. Wet-foimed 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 trajectoiy was de- 
veloped on the basis of one oven-dry ton of 
entering raw material. A trajectory was also 
developed for the conversion of pulpwood 
to chips. These materials-flow trajectories, 
conforming to the RMS concept used 
throughout the study, appear as Figures 
3-17. All materials-flow trajectories were 
developed for manufacturing operations de- 
signed to maximize the output of the pri- 
mary product under consideration. They 
are based on averages attained in efficient 
manufacturing plants with data supplied by 
knowledgeable industrial sources. Product 
and by-product yields are summarized in 
Table 3. 

On the basis of information from the ma- 
terials-flow trajectories, man-hours, energy 
in the form of mechanical horsepower and 
pounds of steam, and capital depreciation 
for the operation of the manufacturing fa- 
cility were prorated among the output prod- 
ucts (except for the reconstituted structural 
board described in Fig. 12, which was not 
further analyzed). For the most part-but 
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1 , :  . M u t e r i a L c  b a L a m e  s ~ u m n u r i e s   for^ wood-based  c o m o d i t i e s  ( B a s e d  o n  o n e  o v e n - d r y  ton 
i n p u t  of f o r e s t - b a s e d  r a w  mati : rziaL,  1370)  

R e c o v e r y  (Oven-Dry Ton)  

I n p u t  S o l u b l e s  
Raw P r i n c i p a l  P u l p  a n d  

P r i n c i p a l  P r o d u c t  M a t e r i a l  P r o d u c t  Lumber C h i p s  F u e l  V o l a t i l e s  O t h e r  
-- 

Wet-Formed I n s u l a -  1 / 2  b a r k -  1 . 0 4  0 . 0 5  0 . 1 0  
t i o n  k30arda f r e e  c h i p s  

1 1 2  F o r e s t  
r e s i d u a l  c h i p s  

1 :nder lnyme  t I'ar- Dry m i l l  '2 . 9 8  .11 
t i c l e b o a r d  r e s i d u e  

Wet-1:ormed I'r i- 1 1 2  b a r k -  . 8 7  . 0 5  . 1 0  
mary ~ a r d b o a r d '  f r e e  c h i p s  

1 1 2  f o r e s t  
r e s i d u a l  c h i p s  

bledium-tlc,~~. i t y  2 1 1 2  roundwood .86 . 1 7  .06 
F i b e r b o a r d  1 1 2  b a r k - f r e e  

c h i p s  

K e c o n h t i t u L e d  13,lrhv I L I ~ S  . h 4  .40 
S t r u c t u r a l  k30arde 

S t u d s  
i.umbc,r Lami a t e d  ~ i t ~ r k y  1 ~ ; s  P . 4 7  . 0 6  .29  . 1 2  
f r o m  V e n e e r  S t u d s  
S o f t w o o d  Plywood IN,II-I~\~ l o g s  . 4 5  . 0 6  . 3 0  . 1 2  
( u n s a n d e d ) '  

S t r u c  u r , i l  l'lnkt.- I< , I I - I<~  1 ~ ~ s  k .J5 . 45  . 2 2  
h o a r d  

Sof twood  I ,un~i>e  r 13~1r - I ,<  l< '$:h . .3 5 .29  . 2 1  P a r t  i c l e b o a r d  
f u r n i s h  . 1 5  

P a r t i c l e b o a r d  
f u r n i s h  .07 

P a r t i c l e b o a r d  
r u r n i s h  . 0 8  

t i a r d w o i ~ d .  Plywood ILII-I,\ I ogs . .3 0  .48 . 2 3  
(s ,ul~ded) l J ~ ~ r t i ~ l e l ~ ~ ~ c i r d  

a n d  medium- 
d e n s i t y  
f i b e r b o a r d  

i lardwuod Lumber 1;,1rky l o g s  .?8 . 2 9  . 2 3  f u r n i s h  .20 

\ - -ppp 
- --- - . - 

5. . 1 9  t o n  s t a r c h ,  wax ,  a n d  a s p h a l t  a d d e d  raw m a t e r i a l s .  M e c h a n i c a l  p u l p i n g  a s s u m e d .  
h .087 t o n  a d h e s i v e  a n d  wax a d d e d .  
c  . 0 2  t o n  a d h e s i v e  a n d  wax a d d e d .  b l e c l ~ . ~ n i c , i l  p u l p i n j i  a s s u m e d .  
d  . 0 9  t o n  a d h e s i v e  and  wax a d d e d .  M e c h a n i c a l  p u l p i n g  a s s u m e d .  
e .03 t o n  a d h e s i v e  and  wax a d d e d .  
f . O 1  t on  a d h e s i v e  a d d e d .  
f i  . O l  t o n  a d l ~ e s i v e  a d d e d .  

.024 Lon r e s i n  a n d  wax a d d e d  t o  f l a k e b o . u r d  componen t  - a s s u m e s  r ~ s c  o f  s l l a p i n g  l n t l l c  I ~ e n d r i y .  
i .O1 t o n  a d h e s i v e  a d d e d .  

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 
ca~ i t a l  depredat io~~ to the principal and 
residual products of a softwood lumber 

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 



1.0 TON b DRY PLANED LUMBER 
SAWLOGS 
(O.D. W T )  . 3 5  ( .4012  ( . 4 5 ) 3  

2 5  6 9  M M TONS'  
7 3 . 4 1  M M  T O N S '  

+ P U L P  CHIPS 

. 2 9  ( . 2 9 ) 2  ( .29 )3  

2 1 .49  M M  TONS' 

b SHAVINGS PLUS DRY END T R I M  
( For  Par t i c leboard  ) 

1 5  ( . 1 3 1 2  ( . 0 8 ) ~  

SAWDUST 1 1 . 0 1  M M  TONS'  

2 I ( .1813 

- ~ -  

TOTAL I.(%- ( 1 . 0 0 )  ( 1 . 0 0 )  

-- ~ 

I 
Tonnage f rom softwood rnater ia ls  f low t ra jectory for  the U. S, forest resource, 1 9 7 0  

2 
Predicted product  and by -p roduc t  recovery,  1 9 8 5  

Pred ic ted  product  and by-product  recovery,  2 0 0 0  

1'1(.. :3. blaterials 1)alance for softwood lu~nber I~ased on oven-dry (OD)  weight. Sawlog weight in- 
cI11(1(~s I~ark. 

to11 of niill inl)ut raw material. These data 
include requirements for harvest planning 
and layout, road construction and mainte- 
natlce, c,c[uipnlent and its maintenance, su- 
pervision and support functions, harvesting, 
; ~ n d  stuml,-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 preparatioil of the feed 
stock were i~lcluded. Harvesting data were 
derived primarily on the basis of southern 
and west coast operations, but arc con- 
sidered representative of the nation at large 
l)ec:~use of the heavv concentrations of f&- 
csts and industries in these two arcas. The 
detailed data are tabulated in Appendix I1 
and sumnlarized in Table 11-5. 

Transportation modes and distances for 
wood-based commodities fro111 the manu- 

facturing plant to the retail lumber yard, 
together with manpower, energy, and capi- 
tal requirements, were developed on the 
basis of statistic5 assembled by manufactur- 
ing and transportation associations and from 
information derived from manufacturing in- 
dustries. Infoinlation 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 I11 (Tables 1114, 111-5, and 
111-7, 111-8, 111-11, 111-14, and 111-15). 

Data comparable to those assembled for 
wood-based st~uctural and architectural 
products were developed for alternative 
building rnateridls lllai~ufactured froin non- 
renewable resources (Table 111-6). This in- 



W O O D  F O R  S T R U C T U R A L  AM1 A R C H I T E C T U R A L  P U R P O S E S  

P U L P  CHIPS 

. 2  9 

1 . 0  TON + DRY PLANED LUMBER 
SAW LOGS 
( 0 .  D WT ) . 2  8 

b 

+ SHAVINGS PLUS DRY END T R I M  

(For  Particleboard and 
Medlum- Dens~ ty  Fiberboard ) 

. 2 0  

SAWDUST 
. I 3  

F U E L  

. 2  3 

T O T A L  1 . 0 0  

I  
Based on analysis o f  manufacture of  oak f l o o r ~ n g  

I 4. Slatclrials I~alance for hartlwootl 111rnl1er I)asetl on ovcn-dry ( O D )  weight. Sawlog weight in- 
c l~~t les  11al.k.' 

PHENOL- FORMALDEHYDE RESIN 

I  0 TON 
VENEER LOGS 
( 0 . D  W T )  

SHEATHING PLYWOOD 

(Unsanded) 

. 4 5  

PARTICLEBOARD FURN lSH 

. 0 8  

STUDS 

. 0 6  

P U L P  CHIPS 

. 3 0  

F U E L  

. I 2  
-- - 

TOTAL 1 . 0  1 

1"1[.. 5. Sl;~tc,rinls 1)alanc.c for soft\\7ood pIy~\~oocl (unsandecl) baseti on oven-dry (OD)  weight. Ve- 
nc,c.r log \vcight includcs 1)al.k. 
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1 . 0  TON 
VENEER LOGS 
( 0 .  D. WT ) 

UREA-FORMALDEHYDE RESIN 
.o  1 
/ 

PLYWOOD 

. 3 0  

F U E L  

. 2 3  

P U L P  CHIPS 

. 4 8  

T O T A L  1.01 

I 5 .  hlaterials balance for hardwood ply~vood (interior paneling) I)ased on oven-dry ( O D )  weight 
\'tbnt.c~r log weight inclt~des bark. 

UREA-FORMALDEHYDE RESIN WAX 

1 . 0  T O N  
PLANER SHAVINGS, SAWDUST, 
PLYWOOD AND LUMBER T R I M  
( 0 .  D. W T  1 

' 

/ 0 ° '  

PARTICLEBOARD 

( 5 / 8  in t h ~ c k l  

,979 

F U E L  

. I  0 8  

T O T A L  1 . 0 8 7  

I 7 klaterials balance for underlaynlent particleboard I~ased on oven-dry (OD)  weight. 
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0 . 5  TON UREA-FORMALDEHYDE' WAX 

MEDIUM FIBERBOARD 

F U E L  

1 7  

VOLATl L E S  

. 0 6  

T O T A L  1 . 0 9  

I For s ~ d ~ n g  and other exter~or uses, phenol-formaldehyde i s  used In place of urea-formaldehyde. 

FIG. 8. Rlaterials balance for medium-density f i l~er l~oard based on oven-dry (01)) weight. Assu~i~es 
a nlechanical pulping process with stt.al11 pretreatment. 

0 . 5  T O N  0 .  5 T O N  
B A R K - F R E E  FOREST-RESIDUAL 
CHIPS CHIPS 
( 0 .  D. W T )  ( 0  D W T )  

WAX ASPHALT 

I o TON'  INSULATION BOARD 
MIXED SPECIES CHIPS 
( 0 . D .  W T I  1. 0 4  

F U E L  

. 0 5  

VOLATILES 8 SOLUBLES 

10 

T O T A L  1 1 9  
- - 

' ~ s s u m e s  a rnechan~col pulping process w ~ t h  steam pretreatment ( Bauer, Asplund D e f ~ b r a t o r l  

'NO more than 5 percent bark  

Frc:. 9. hlaterials balance for wet-forn~ed insulation I~oard I~ased. on oven-dry ( O D )  weight. Forest 
rc*sitll~al chips a s s ~ m ~ e d  to contain 10 percent bark.' 
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0 5 T O N  0 5 T O N  
B A R K - F R E E  FOREST-RESIDUAL 
CHIPS CHIPS 
( 0  D W T )  ( 0  D W T )  

/ 
\ 
\ 

ADDITIVES PHENOL-FORMALDEHYDE RESIN 
0 1 0 1 

\ / 
1 . 0  T O N 2  
M I X E D  SPECIES CHIPS 
( 0 . D  W T )  

HARDBOARD 

.87 

F U E L  

. 0 5  

\ V O L A T I L E S  8 SOLUBLES I . I 0  

T O T A L  1 . 0 2  

'Assumes a mechanical p u l p ~ n g  process with steam pretreatment ( Bauer, Asplund Def ibrator) .  

2 ~ o  more than 5 percent ba rk .  

I 10 \latc,rials l~alancc for wet-fonncd hart1l)oartl I)asetl OII o\,cn-dry (OD)  weight. Forcst rclsid- 
r ~ a l  chips ;~ssrlll~etl to contain 10 percent bark.' 

torination was coml~uted from census data 
A 

or extracted from the 13rookhaven Na- 
t i o ~ ~ a l  1,aboratory Data Bank. Di\tribution 
of i~onwood l~uilding materials from the re- 
tai1c.r to the buildinn site was assunled to 

u 

1)e 5irnilar to that of wood-based inaterials. 
Summarizing the results of these surveys, - 

Lunalyses, and conrputations of costs of ex- 
traction, manufacture, and transportation to 
l~uildiug. site for a wide arrav of wood-based - 
'und ilonwood-based commodities-in teilns 
of Inanpower, capital depreciation, ancl en- 
ergy-are Tables 5 (man-hours), 6 (capital 
delxeciation ) , and 7 ( energy ) . All values 
arc based on one ton of commodity. 

The data presented in Table 7 require 
some explanation. For wood-bascd com- 
~nodities, energy expended in logging con- 
sists of diesel fuel and nasoline for all forest 
activities. Manufacturing energy consists of 
t\vo parts, inechanical (electric) and pro- 
cess h a t ;  energy consumed in the maiil~fac- 

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 
Inill 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 (oil). For example, a gallon of die- 
sel fuel contains 138,336 BTU or 0.138 mil- 
lion BTU theimal (oil).  A mechanical 
horsepower-hour was assumed equivalent 
to 7,825/1O6 million BTU thermal (oil) ; 
this equivalency is based on the assumption 
that oil call l ~ e  converted to mecharlical 
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 
r e q ~ ~ i r e  about 1,455/106 million BTU ther- 
rnal (oil).  

In computing energy credits for manu- 
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PHENOL- FORMALDEHYDE RESIN WAX 
. 0 2  ,.004 

1 . 0  TON 
BARKY ROUNDWOOD 
( 0  D. W T )  

T O T A L  

S I Z E D  PANELS 

.354 

LUMBER 
(Pa l le t  Stock)  

. 4  5 

FUEL 

. 2 2  

I 
No t  in production in 1970.  lnformat lon from U.S D.A. Forest Service, 

Southern Forest Experiment S t a t i o n  

1'1~:. 11. Materials balance for structural flakeboard' bascd on oven-dry ( O D )  weight. (Assnines 
use, of shaping-lathe headrig. ) 

facturing residuals (e.g., grcen bark and 
sawdust), we have assumed that exhaust 
stcaam from turbines or steam engines will 
11e used for process steam. Thus, a non- 
condensing turbine coni~ected to an AC 
generator should corlsunle about 16.3 
po~lilds 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 suppleinen- 
tary energy ]weds after deducting energy 
available through fuel use of residues froill 
gross rnailufacturiilg energy. For example, 
net energy required for softwood lumber 
was calculated as 0.943 (logging) $- 4.846 

(gross manufacture) - 4.846 ( maxin~un~ al- 
lowable from residue) + 1.966 (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 compoilcnts 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 

. o  3 . 0 0 6  

1 . 0  TON 
BARKY ROUNDWOOD 
( 0 .  D. W T I  

ZED PANELS 

, 6 3 6  

F U E L  

. 4  0 

T O T A L  

Not In p roduc t~on  1970 .  Information f rom industrial source 

' I  1 llaterinls I~alance for reconstituted structural wood I~ascd on oven-dry ( O D )  weight-whole 
log flaking of \\rood with s11l)stantial rot.' 

PHENOL-FORMALDEHYDE R WAX 

, 0 5 5  

1.0 TON SIZED PANELS 
BARKY ROUNDWOOD rn 
( 0 .  D. WT. 1 . a 7 9  

F U E L  11 . I 7 6  

T O T A L  1 0 5 5  

I 
Not  In  product~on 1970 lnformat~on from Natlonal Part~cleboard Assoc~a t~on  

I .  1 hlaterials ljalance for strnct~n-al pa~.ticlel)oartl 1)ascd on ovcn-dry (OD)  weight-wholc log 
flaking of sound wood.' 
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PHENOL- FORMALDEHYDE 8 WAX 
.O 5 1 

1 . 0  T O N  i S I Z E D  PANELS 
BARKY LOGS 1 b 
I A r, , A , T  \ \ \ , 8 0 9  

F U E L  

T O T A L  1.051 

I 
No t  I n  productlon 1970. ln formot lon f rom Nationol Partlcleboard Assoclatlon 

I 1 Materials 1)alancc- for str11ctur;~l partic1el)oard 1)asecl 011 ove11-dr~ (OD)  \\,eight-chipping 
arltl flaking s o ~ ~ n t l  wootl.' 

PHENOL- FORMALDEHYDE B WAX 
, 0 4 8  
\ 

I 0 T O N  
BARKY ROUNDWOOD 
( 0  D W T )  

I Z E D  PANELS 

. 7 4  8 

F U E L  

. 3 0  

-- TOTAL 1 0 4 8  
I 
No t  I n  productlon 1970  Informat ion f rom Natlonol Partlcleboard Assoclatlon 

I .  5 hfatcrials I~alancc for structural particle1)oard Lased on oven-dry ( O D )  weigllt-chipping 
ant1 flaking wood with souie rot.' 
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PHENOL-FORMALDEHYDE RESIN 

0 1 

1 . 0  T O N  LUMBER L A M I N A T E D  
VENEER LOGS b FROM VENEER 
( 0  D. W T )  .47  

P A N E L  T R l M  
PARTICLEBOARD 

F U R N I S H  
SHAVINGS 8 END T R l M  

STUDS 

P U L P  CHIPS 

- 
- T O T A L  1 . 0 1  
' N o t  manufactured In 1 9 7 0  Informatron f rom U.S. D.A Forest Service, 

Southern Forest E x p e r ~ m e n t  S ta t i on  

I 1 Materials balance for dimension lumber larlllnated from 'A-inch   oft wood veneei I~ascd on 
o x  csn-(11 y ( OD) weight. Veneer log weight includes I~aik.' 

-- 
T O T A L  1.00 

I .  1 hlaterial\ balance for  oftw wood pulp chips from chip 11iill with delmrker based on oven-dry 
(01 ) )  weight. Roundwood weight includes bark. 
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,,rc,duct Ma ,,llu wcr Mechanical Steam Depreciation 
Energy Energy of  C a p i t a l  

Facilities 

,".' , r . -  -1 - . . 
, ,, . 

2 ..&' . I .. *I>,: 
.'L L!,. l? . f 5 . 2r.3 

I>escriptions of floor, roof, and wall con- 
structions": 

Floors 

1. \Vood joists ( 2  x 10 inch, 16 inches on 
center), plywood subfloor ( '/l inch) ; 
particleboard underlayment ( :K inch) ; 
carpet and pad. Total weight-0.312 
toll 

2. \Vood joists ( 2  x 10 inch, 24 inches on 
center ) ; plywood subfloor ( % inch) ; 
oalz strip flooring. Total weight- 
0.293 ton 

:3. Wood joists ( 2  x 10 inch, 16 inches on 
center, plywood combination subfloor 
underlayment ( '4 inch ) ; carpet and 
pad. Total weight-0.260 ton 

4. Concrete slab ( 4  inches thick on 
6-inch gravel base); vapor barrier; 
carpet and pad. Total weight-4.860 
tons 

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

6. Lunll~er-laminated-from-veneer joist5 
(1.5 x 7.5 inches, 16 inches on cen- 
ter) ; structural flakeboard subfloor 

' Obcn-d~p weights of individual components in 
each design are shown in Appendix 111-1. 

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

Exterior u;alls4 

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 ( W 
inch) ; insulation-board sheathing ( % 
inch) with plywood ('h 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 ( W inch). Total 
weight-0.265 ton 

6. Medium-density fiberboard siding (YJ 
inch) ; steel framing; insulation board 
sheathing ('h inch) with plywood ('A 
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; iilsulatioil board sheath- 
ing ('A inch) with plywood ( %  inch) 
corner bracing. Total weight-2.01 
tons 

Interior walls5 

1. \Vood framing ( 2  x 3 inches, nomi- 
nal).  Total weight-0.311 ton 

2. Alunlinum framing. Total weight- 
0.217 to11 

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 %inch min- 
eral wool insulation batts which confom~ed to 
building standards in the base year ( 1970). 

jAll interior walls are with %-inch gypsllrll 
board on both sides, and nonload-bearing framing 
on 24-inch centers. 
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TARI,E 5.  hlc~n-hour requirements ,'or i?xtrtrction, manuji;dtur,e, and t m n ~ j ' o r t  t o  builJin;r s i t e  o f  
? ~ - i v ~ ~ y  co~nmoilitiesn 

T r a n s p o r t  
Logging  o r  ( M i l l  t o  
E x t r a c t i o n  M a n u f a ~ t u r e  I l ldg .  S i t e )  T o t a l  

- - - - - - - - - 
iii~od-Rased Commodities 

I~l(~n-ilours ;)cr Ovcn-Drj Ton - - - - - - - - - 

Medium-Ilensity F i b e r b o a r d  
Under layment  P a r t i c l e b o a r d  
Softwood Lumber 
S t r u c t u r a l  F l a k e h o a r d  
Lumber Lamina ted  f rom Veneer  
I n s u l a t i o n  b a r d  
Softwood S h e a t h i n g  Plywood 
Hardwood Plywood 
Oak F l o o r i n g  
hlet-Formed Hardboard  

l o t a l  
P e r c e n t  o f  T o t a l  
ELean 

Grave  1 
C o n c r e t e  Slat, 
C o n c r e t e  Block 
(:ypsum Board 
Clay  B r i c k  
L i q u i d  Aspl ia l t  
A s p h a l t  S h i n g l e s  
T a r  P a p e r  
V e r m i c u l i t e  
b t e e l  N a i l s  
S t e e l  S t u d s  
S t e e l  J o i s t s  
G l a s s  F i b e r  
Aluniinum S i d i n g  
(:.irpet and Pad 
1 '1 , l s t i c  Vapor U a r r i c r  

'Tota l  
P e r c e n t  o f  T o t a l  
Mean 

'Plan-hour r e q u i r e m e ~ ~ t s  f o r  e r e c t i o n  o f  s t r u c t u r e  a r e  n o t  i n c l u d e d .  

1. Pitched roof with W-type wood 
tn~sses; plywood sheathing ( W inch) ; 
roofing felt and wood shingles. Total 
weight-0.429 toil 

2. Same as number 1 but with asphalt 
shingles. Total weight-0.493 ton 

3. Flat roof with steel rafters ("C" sec- 

'; A11 roofs arc with '-inch gypsum ceilings; 3lh- 
inch mincral wool insulation; nailed construction, 
ant1 framing nrclilbers 24 inches 011 center. 

tion, 7% inches ill depth); plywood 
sheathing ( Ih  inch), built-up roofing 
( :'/* inch). Total weight-0.410 toll 

4. Flat roof with lumber-laminated- 
from-veneer rafters; structural flake- 
board sheathing ( 'h inch) ; built-up 
roofing (:% inch). Total weight- 
0.449 ton 

For each composite 100-square-foot sec- 
tion, requirements for man-hours, capital 
depreciation, and energy from material 
source to I~uilding site were computed for 
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I 1 ,  6 .  Cri, i tu L :ie; r.t?o%~ztion reijuircncnts for primary commodities 

-- -- 
E x t r a c t i o n  M a n u f a c t u r i n g  T r a n s p o r t  T o t a l  

- - - - - - - - - 
Iqood-Uased (:ommodities 1)ol.Znrs per Ovcw-Dr:i Ton - - - - - - - - 

Softwood Lumber 
S t r u c t u r a l  F l a k e b o a r d  
Lumber Lamina ted  f rom l ' enrc  
Softwood S h e a t h i n g  Plywood 
Underlayment P a r t i c l e b o a r d  
liardwood Plywood 
I n s u l a t i o n  Board 
Oak F l o o r i n g  
Medium-Density F i b e r b o a r d  
Wet-Formed Hardboard 

T o t a l  
P e r c e n t  o f  T o t a l  
Mean 

- - - - - - - - - -  
Nonwood-Based Commodities DoZZar~s per Ton - - - - - - - - - - - 
-- 

Gravel  
C o n c r e t e  S l a b  
C o n c r e t e  Block  
Clay  B r i c k  
L i q u i d  A s p h a l t  
Gypsum Board 
T a r  P a p e r  
A s p h a l t  S h i n g l e s  
S t e e l  N a i l s  
S t e e l  S t u d s  
S t e e l  J o i s t s  
G l a s s  F i b e r  
V e r m i c u l i t e  
rlluminum S i d i n g  
C a r p e t  and Pad 
P l a s t i c  Vapor B a r r i f f  

T o t a l  
P e r c e n t  of T o t a l  
Mean 

all ~liaterials ill the design. These data pro- 
vide a basis for assessing the energy, man- 
power, and capital cost effectiveness of aI- 
temntivc designs incorporating both wood 
and nonwood materials and for ailalyzing 
the contril~ution of the various con~ponents 
within a given design to the total require- 
~iients for manpower, energy, and capital. 

The data on which this study is based are 
the best available within the time frame 
and resource limitations of this study. It is 
felt that they are adequate for the purpose 
of drawing meani~lgfuI comparisons and 
conclusions. It must be recognized, how- 
ever, that many data lack precisio~l :ind that 

all are avcmges of a highly variable base. 
Wood-processing industries are character- 
ized by excessive variability in operating 
efficiency both within and between geo- 
graphic regions. In many processing plants 
throughout the country, material that is 
residual to the primary product has limited 
or no utilization. Equipment is frequently 
obsolete and management support is often 
inadequate. Materials-flow trajectories and 
n~anpower, capital, and energy require- 
merits derived from them are considered 
representative of efficiently operated plants 
in areas in which the primary processi~lg 
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ThIILE 7 .  i;ncr':;!! rcquir%?nrents f o ~  e s t ~ u c i ; i o n ,  manufaclurc, and t ranspor t  t o  buildin:? site 
of prai'mr.:: comrotli t i e s  

Gross  lL?nufac ture  -- 
A v a i l a b l e  

(;ross Res idue  Net 
Logging E l e c t r i c  Heat  T r a n s p o r t  T o t a l  ::ncrgy T o t a l a  

- - - - - -  
Wood-llased Commodities MiZlion .3!11U ( O i l  Equivalent)  per  O -' Tun - - - 
.- - 

Sof twood Lumber 0 . 9 4 3  
Uxk l71oor ing  L.073 
Lumbc,r l a m i n a t e d  f rom Venc,cr .740 
Soi twood S h e a t h i n g  l'lywood .747 
S L r u c t u r a l  F l akeboa rd  . Y5hb 
Merlium-llensity F i b e r b o a r d  .783 
I n s u l a t i o n  Kodrd .62zc  
Hardwood Plywood 1 .041d 
Undcrlaymcnt P a r t i c l c b o n r d  4 .617  
Wet-Formed Hardboard  .743c . 

T o t a l  1 2 . 2 6 5  
P c r c e n t  o f  T o t a l  ( C r o s s )  1 0 . 4  
Mean 1 . 2 3  

Gr . ive l  
(;ypsum Board 
1,iquid A s p h d  t  
Ta r  Pape r  
A s p h a l t  S l ~ i n g l e s  
C o n c r e t e  S l a b  
C o n c r e t e  Bluck 
(:l.ly B r i c k  
V e r m i c u l i t e  
G l , i s s  F i b e r  
PL . l s t i c  Vapor B a r r i e r  
C a r p e t  and Pad 
S t e e l  N a i l s  
S t e e l  S t u d s  
S t e e l  J o i s t s  
ill uminum S i d i n g  

'Tota l  
P e r c e n t  o f  T o t a l  
Mean 

E x t r a c t i o n  P r o c e s s i n g  T r a n s p o r t  T o t a l  

- - - - -  ?.!itZion 3TU Er;ui .~~rient)  per' 'I'on - - - - - 

" ~ s s u m e s  r e s i d u e  e n e r g y  c a n  b e  o f f s e t  "lly a g a i n s t  g r o s s  m a n u f a c t u r i n g  e n e r g y  ( b u t  n o t  
a g a i n s t  l o g g i n g  o r  t r a n s p o r t  e n e r g y ) .  

b ~ n c l u d e s  l o g g i n g  p l u s  p r e p a r a t i o n  o f  b d r k - f r e e  c h i p s  i n p u t .  

' ~ l i c l u d e s  l o g g i n g  p l u s  p r e p a r a t i o n  o f  c h i p s .  

d ~ n c l u d e s  e n e r g y  i n p u t  i n  l o g g i n g  p l u s  p r e p a r a t i o n  o f  p a r t i c l e b o a r d  f u r n i s h  i n  f o rm  o f  
p l a n e r  s h a v i n g s ,  plywood t r i m  and s awdus t .  

industries are integrated. The data are rep- and architectural materials flow, and nlay 
rescmtative of those processing plants that be considered characteristic of progressive 
are ecor~omically viable and from which a processing plants throughout the United 
significant percentage of primaly structural States. 
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A 8 .  ;,'w.onar!! 3.f raeyuir'em<~nls ;'ora residential construction including 'Loj:;in:~ (or 
e ~ t r ~ u c t i o n ) ,  mantiS.;cti/re, trunsport t o  lzouse s i t e ,  (2nd erection 
(Per 100-sfjunre-foot sec t ion)  

Net C a p i t a l  
Manpower h e r g y a  I J e p r e c i a t i o n  

,;j(~n-.!our>s ,ViZ Zion BTU DolZnrs 
-- -- - - - 

1- 

1 .  W-Lype 1Jood T r u s s  wit11 Wood Shii iglc: ;  8 . 9 6  2 .44  6 . 1 4  
!. S a n e  b u t  w i t h  h s p i ~ n l t  S i i ingLes  9 . 0 4  3 . 2 2  6 . 7 2  
J .  S t c e l  R n f t c r s  ([Lag r o o f )  9 . 1 7  5 . 1 1  6 . 3 8  
i. t . l ; ~ t  Roof wit11 LVI, l i n f t e r s  a n d  I ' l . r l i e l>~~ard i '  9 . 3 6  2 . 4 5  6 . 5 9  

l , ,xLt ,r ior  W a l l s  
1. I' Lywood S i d i n g  ( n o  si i rut ir inp,)  , 2x4 Fr,lme 
2 .  M e d i u m - D ~ n s i t y  F i b e r b o a r d  S i d i n x ,  I 'lywood 

S i r e n t h i n g ,  2x4 Frame 
J .  Medium-Density F i b e r b o a r d  S i d i n g ,  112-inch 

l n s u l a i i o n  Board ,  and  I'lywood 1 'orni . r  B r a c i n g  
i. (:oncretc B u i l d i n g  B l o c k ,  no 11 i : ;u lo t ion  
i. Ai uminum S i d i n g  o v e r  Slieatliiilp, 
6 .  E.IUI' S i d i n g ,  S l ~ e ~ i t l i i t i g ,  S t e e l  S ~ u d s  
7 .  PUIF S i d  Lug, S \ w a t i i i i i g ,  hl i l rninun F r , ~ n ~ i n ) ;  
3 .  1Jric.k V c , n ~ c r  

L' , rc,rL i < > n  i . t l h L s  ~ 1 1 ~ l v ~ i i . l ~ ~ ~ ~ ~ .  ; ~ ~ l ~ ) l - i l s i n r . l l  i i ~ r l s  b n s e d  ~ 1 1 1  s i n l i l a r  1~o1lsLru~:t i i rr l  w e r c  u s e d .  

Flotc; of rnnterials in  prinzary 
processing 

Not \url>risillgly, the panel products rc- 
con5tituted from fibers that are mechani- 
cally derived largely from chips-and 
underlayment particleboard that is reconsti- 
tutcd from rnechailically reduced dr) nlill 
residue-show the highest percentages of 
pri~rcipal product recovery (Table 3) .  Also 
to bc noted is that the residue from these 
principal products does not provide raw 
material for other manutactured products. 
Conversely, con~modities requiring the 

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

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 operatio11 would 
he loarticularly useful for pallets which 
are in increa~ing demand. JVith the 
exception of the hardwood flakeboard oper- 



l<\lii i. 0 .  . , c  '!,, ,, ",; ir2izciiL:- , ';' 1 , ~  I:A<:Y.I",-~!~ ,T (wVv:; or!c'?;5.s i)z IO,? , ; , ! 7 d c ~ ~ > ( ,  .,'c L >f y,,,sidcnti(~L 
.(. r?:;Lizic.tlo7z T,,i7 r i  lii2nr:t ;l(c rL,:;i,.n:; (5 rc.7 cstr.zction ti !.xi? 'in,, site) 

--- ~ . . -.. . . 

I I L  s i g n  111corpor,1Ling L l p i  t,ll Ne t  
i :omix~nrn t F ~ l n c t i c ~ n  :inti E I ; i t e r i n l  I , ~ i I ~ o r  D e p r ~ c i . ~  t i o n  I:nc,rgy 

: i i,rr,s !.'i 1 Lion :,In[! 

- -- - - --- . .. . . .~- .-.. . -. . .. -. -- . -- -- -- - -- - . -- 

1.1 o , > r  , Io i \ :h - - -- . - . - . 
l ' l u o r  1 ,  3 S o f t w o o d  1,umhi.r 1 . 3 9 5  1 . 4 2  0 . 4 0 4  
k I o o r  6 Lamin, i ted-Vcnei :r  1.~1mht.r 1 . 1 9 5  1 . 9 7  0 . 6 4 5  
1:lour 5  S t e e l  5 . 5 6 2  1 0 . 1 3  2 1 . 1 3 4  

Sub f l o o r  ( S i n g 1  c.-l,nycr) 
- -. - 
Suf-twuod PLywood 0 . 9 9 7  1 . 6 3  
Hardwood I ~ l , i k r I ~ o . ~ r ~ l  1 . 1 9 2  1 . 9 9  
C o n c r e t c  S l a b  4 . 4 6 9  5 . 0 1  

I n t e r i o r  l i n l l  S t u d s  - - - 

l ~ i L ( , r i n r  \v'<II 1 I 2 x 3  Lumber 0 . 4 2 3  0 . 4 3  0 . 1 2 3  
i11Ler io r  1+;1ll 2  h l i ~ m i n u m  
111Lc . r io r  Wal l  3 S t e e l  

1 : x t e r i u r  i d a l l  I:!-arning 
- - - .. - . . . . 

I s t i , r i o r  Wn1 1 1 , L , 3 , 5  lZood 0 .  5 9 3  0 . 6 0  
l v t e r i u r  \ \ ' a l l  7 iilulninurn 0 . 7 9 5  0 . 8 0  
I s L t , r i o r  iu'nll h S L e e l  0 . 5 9 6  1 . 0 9  

Kouf ' S r i ~ s s e s  ul- R a f t t b r s  - -- - - . . 
1.umber ( p i t c h e d )  b P l a t e s  1 . 1 1  1 1 . 1 7  
S t c c l  ( f l a t )  0 .  7 5 1  1 . 3 7  
I.VI. ( f l a t )  0 . 7 8 9  I . 3 1  

S i i i i n g  
I x L c r i u r  Iv'all 2 , 3 , 6 , 7  112-inc11 Mediu~n-Ut ,ns i tv  

F i h e r h o a r d  0 . 7 2 8  2 .90  
l r t e r i o r  U a l l  5 ,\I urninurn 0 . 7 9 5  0 . 8 0  
I s t c r i o r  Wall 1  5 1 8 - i n c h  IJ lywo<~il  0 .997  1 . 6 3  
l r t v r i o r  ida l l  8  n r i c k ,  3-114 i n c h  7 . 6 8 8  4 . 5 6  

F l o o r i n g  -. 
I Loor  2  oak, 314 i i l c l ~  
I ' L m ~ r s  1 ,  3 , 4 , 5 , 6  Ccirpet  

S l ~ e a t l ~ i n g  - 

l . x t i . r i o r  Wal l  3 , 5 , 6 ,  1 1 2 - i n c h  l n s u L . $ t  i o n  Iio,ird 
7 , 8  p l u s  Plywood C o r n e r s  0 . 5 4 8  1 . 2 8  0 . 4 8 3  

1 . x t e r i o r  Wall 2 P lywood ,  318  i11i.h 0 . 6 0 3  0 . 9 8  0 . 3 3 0  

ation (Fig. l l),  lu~nber and plywood re- 
covery tronl hardwood is considerably 
1owc.r than that from softwood, reflecting 
thc geller,~lly lower quality of hardwood 
logs. 

Man-hozir, capitul, ant1 energ!/ 
requiretrlents for primary proclucts 

Tal~les 5 ,  6, and 7 sunnnarize, for wood- 
1):lscd and nonwood-l~ascd priniary coin- 
inodities, man-hour, capital, a i d  energy 
rrcl~~irements for extraction of the raw ma- 

terial, manufacture of the product, and 
trailsportatioil to the building site. This 
lmvides a basis for comparison within and 
between products from renewable and non- 
renewable resources. 

Wood product9 are, with fcw exceptions, 
more homogeneous in man-hour and capi- 
tal recyuirements than are the nonwood- 
based co~l?modities. 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. Although highly variable, average man- 
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hour and capital recluirements for non- 
renewable resources exceed those for 
tvood-based materials. 

The most notable differences l~etween 
wood-based and nonwood-based cornmodi- 
tics appear in total energy requirements. 
<:ommodities based on nonrenewable ma- 
tcrials are appreciably inore energy-inten- 
sive than are their wood-based counterparts. 
Among the \vood-based commoditic~s, wet- 
fonned hardboard is the most energy- 
intensive7, but, even so, it is considerably 
superior to metal and petrochemical- 
derived l~uilding materials in this respect. 
In a rclated area, Sarkanen (1976) has 
noted a similar energy efficiency for paper- 
1)oard versus synthetic polymers. 

A conzparison of manpou;er, energ!/, 
ant1 capital requirements for some 
examples of constrzlctinn designs. 

Manl)ower, cnergy, and capital dcprecia- 
tion recluirements on the basis of 100- 
struare-foot sections for alternative desiens 

c2 

of roofs, exterior xvalls, interior walls, and 
floors are summarized in Table 8. The man- 
hour recluiremcnts which are tabulated in- 
clude those involved in erection of the 
1)uilding. Detailed design data for each 
system are presented in Appendix 111. (For 
erection man-hours for each design, see Ta- 
l k s  111-8, 111-11, 111-14, and 111-15.) 

The most striking difference between al- 
terrlative constructions is in energy require- 
ments. In roofs, the design incorporating 
stecl rafters requires approximately twice 
the enerrv of the constructions in which 

L,, 

\vood trusses or rafters are used. Exterior 
wall\ sided with brick or constructed with 
concrete. block require seven to eight times 
the cwergv of all-wood constructions, and 
exterior and interior walls incor1)orating 
metal require ap1)roximately twice the en- 
ergv of counterpart wood-framed construc- 
tions. Floors constructed from wood ma- 
terials require only approximately ten 

'The high total cncrgy recluirement for wet- 
fornlccl hardl)oard (Table 7 )  nlight 1)e explained 
I)y onr sol~rce's inclusion of the secondary opera- 
tions of prrfinishing and sizing in thc manl~fact~n-  
ing operation. 

percent as much energy as the concrete slab 
co~lstruction or that with steel supporting 
members. 

lVith 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 requirerncnts do not differ ap- 
1)reciably between designs. No clear pat- 
tern emerges from capital requirements. It  
may be  observed, however, that wood con- 
structions in floor systcms appear to be 
approximately one-half as capital-intensive 
as their nonwood counterparts. 

For the purpose of comparison, several 
alternative coinpoilents serving major func- 
tions in the various designs are sun~nlarized 
in Table 9. Values in this table are for the 
lahor, 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 con~ponents. Steel floor joists, for 
example, require apl)roxin~ately 50 times as 
much energy as do wood counterparts. 
Aluminum framing for exterior walls is ap- 
~roximately 20 times as energy-intensive as 
wood framing. Energy required for stecl 
framing is approximately two-thirds that for 
aluminum. Sin~ilarly, aluminum and steel 
studs for interior walls require, respectively, 
twelve and eight times the energy of tvood 
studs to perfornl the same function. Steel 
rafters exceed wood trusses sevenfold in 
energy requirements and aluminum siding 
requires approximately fivc 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. I t  may 
be seen, howcver, that steel floor joists are 
very sul~stantially higher than wood coun- 
terparts in these two requirements, and 
that brick is more labor- and capital-inten- 
sive than all alternative siding ~naterials in 
house construction. 
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,\v.ril a b l e  lor A l l  Commodities l J o t i > n t  i,iL I !, i\v.iil~l~ l v  ior Conrmodi ty Use 
. .  - .~ -- 

Ye i l  I- Koundwood Log); i n ~  Ilesidues Kcsidues from Mortality 
- - .- -- .. -- - . - - - -- 

Si,fth,uods Hardwoods 7otCiL Softwoods Hardwoods So1 tb,i,r~ds Hardwoods 

_ . . .  . . . . 

1970  115. J 58.0 193.3 14.6 12.0 1.2 2.8 

Similar conchisions with respcct to com- 
mercial structures nlay 11e drawn from 
,I well-docmnented study by 13ingham 
( 1975). 

CIIANGlWG I'ATTERNS I N  WOO11 USE 

,IS A STRUCTURAL AND AHCIIITECTURAI, 

XIATERMI, 

\\'ood is renewable and, as is apparent 
fro111 the results of this study, has substan- 
tial advantages-particularly from the 
s t a l~d~~o in t  of energy recyuirements-over a]- 
ternative materials. This strongly suggests 
that it is ill the natio~is best interest to move 
positively toward a continued high reliance 
otl ~vood 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. 

Ilatcrials flow trajectories comparable to 
those sho\vn in Fig. 1 have been developed 
for 1985 and 2000 based on the Timber 
Outlook Study (USDA Forest Sei-vice 
1974) data on growth and potential for 
cotnmodity reinovals (Figs. 1s and 19). I11 
these trajectories, timber ill all commercial 
sizcs is pooled in recognition of the fact that 
sawtim1)er and pulpwood and pole-size tim- 
I~e r  distinctions have largely lost rnea~iing. 
l?onnd\vood totals availal~le for commodi- 
tiw as well as logging and other forest resi- 
clues, under the assumptions of the model, 
are summarized in Table 10. The possi- 
l~ilitics for iilcreasiilg available supply 
through niore inte11si1.e management as 

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

I t  is becoming increasingly clear that 
continuing rcplacement 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 
~"oducts 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 developmcnt 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 recyuirements for wood- 
based structural materials, certain external 
forces have heen identified that impinge 
upon these requirements, and predictions 
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h'lvc. been made of their combined impact 
on each of the requireinents untler the con- 
ditions of- 1) continuation of current levels 
ot research and development; and alterna- 
tively, 2 )  subst:~ntially increasing t h ~  levels 
of research and development. 

Important forces identified are: 

Forest Haroest 
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 
Ilouse Size 

Legislative Con,straints 
Forest Practices 
1I:lnufacturing and Processing (e.g., 

OSHA) 
Building Codes 

The assessillent is that the levc.1 of re- 
search and developn~ent will influence the 
impact of these forces on manpower, capi- 
tal, and energy requirements and that most 
of  thc changes will occur by 1985. Changes 
ill  the innut reauirements under the two 

inore 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 sho\vn 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 thern are 
shown here. Scenario I is derived essen- 
tially from the medium-level projection of 
the Outlook StudyH based on constant rela- 
tive prices for wood-based coinmodities 
(Table 11). A major departure from the 
Outlook Study assumptions holds dwelling- 
unit size constant at 1970 levels rather than 

levels can 11c exl?ected by 1'385 as foIIo\vs: projecting a contiiiuing increasing size 

Man-Ho~crs Capital en erg!^ 

A. Current Levels of Research and Little Substantial Small 
Development change increase decrease 

13 .  Substantial Increasc in Research Substantial Small Possible 
and Development decrease increase substantial 

decrease 

lu  the judgment of CORRIhl Panel 11, sub- based on past trends. We feel that a water- 
stantial additional change accompanying shed has been reached in this regard. 
the two research levels is unlikely between Scenario I1 assumes constant relative 
the years 1985-2000. prices but at a slower rate of pop111:1tio11 

Although it can be assumed that techno- - 
logical advances will move to~vnrd in- %Itho~igh thc Forest Service's 1975 Assess~nent 

recovery ill the form of ( USDA Forest Service 1976 ) report diffcrs fro111 

I)roduct, it appears that the the Outlook St l~dy in several of its untlerlying as- 
sumptions, the projected demands for rolmd\vood 

changing 'lunlit~ of raw material ,re changed very little from the Olltlook Study re- 
will largely offset these gains. Predictably, port. 
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NON-INVENTORIED, 

GROSS ANNUAL DEAD ROO,, ROTTEN 

GROWTH SALVABLE 
(215  5 4 1  + SAWLOGS - SOFTWOOD 

NET ANNUAL TIMBER 
( 8 0 4 1 1  LUMBER 
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HARDWOOD M A T E R I A L S  FLOW TRAJECTORIES ( A l l  do to  in M i l l i ons  o f  Tons, 0 .  D. w e i g h t )  

1 9 8 5  T I M B E R - A L L  COMMERCIAL S I Z E S  

ANNUAL 
MORTALITY 

FOREST RESIDUE 

1 3 7 0 1 1  ( 3  6 5 1  

NON-INVENTORIED, 
ROUGH, ROTTEN 

GROSS ANNUAL 
GROWTH 

( 5 3 4 1  

( 184 8 7 1  

t HARDWOOD 

NET ANNUAIL TIMBER 
LUMBER 

GROWTH GROWING 
( 1 4 7  8 6 1  STOCK 

( 4 5 7 1 1  ( 3 0 9 )  

OTHER REMOVALS HARDWOOD 

( 0 . 8 4 )  

LOGGING 
RESIDUE 

STRUCTURAL 

( 1 5 . 2 7 1  ROUNDWOOD 
FLAKEBOARD 

( 5 8  0 9 1  ( 0 4 7 1  
PULPWOOD 
( 5 7 . 6 2 1  

MISCELLANEOUS 
INDUSTRIAL 
AND FUELWOOD 
( 7 2 1 1  

I 18. Softwood (upper)  ancl hardwootl (lo\ver) inatrri>ils flow trajectol.ies for 1985. 

H a d  c%ssentially on data provicled in the Outlook Study (USDA Forest Se1.vice 1974).  Conversion of  
c.11 ft to tons (011) has heen through multiplication I)y 0.0137 for softwoods and hy 0.0164 for hard- 
\vootls. All \ralues include bark. Ilata on growth and relnoval reflect current inventory standards. Com- 
pletc tree ~~tilization, according to Keays (1971) ,  would permit a commodity rerlloval increase of 35% 
fro111 t11c S ; I I I I C .  g r o ~ v i ~ ~ g  stnck. 



WOOD FOR STHUCTUIIAL AND AHCHITECTURAL PURPOSES 

S O F T W O O D  M A T E R I A L S  F L O W  T R A J E C T O R I E S  ( A I  l d o t o  i n  M i l l ~ o n s  o f  T o n s ,  0. D w e i g h t )  
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-- 
-- -- 

( 4  9 7 )  
-- 

H A R D W O O D  M A T E R I A L S  F L O W  T R A J E C T O R I E S  ( A l l  d a t o  I n  M ~ l l ~ o n s  o f  T o n s ,  0 D w e ~ g h t )  

2000 T I M B E R - A L L  C O M M E R C I A L  S I Z E S  

ANNUAL 
MORTALITY 

D E A D  x 0 3 5  A V A I L A B L E - ~ ~ ~ ~ ~ ~  RESIDUE 
INVENTORY- DEAD 

( 3 9  7 3 1  ( 1 9 8  6 5 1  ( 6  9 3 1  ( 4  5 9 1  - 
t NON-INVENTORIED, 

GROSS ANNUAL ROUGH, ROTTEN 
GROWTH ( 4  8 7 1  
( 1  8 4  0 3 1  

t 
NET ANNUAL TIMBER 
GROWTH GROWING 
( 1 4 4 3 0 1  

( 4 8 2 7 )  

OTHER REMOVALS 
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RESIDUE 

( 7 9  3 6 1  
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FIG. 19. Softwood (ripper) and hardwood (lower) materials flow trajectories for 2000. 

HARDWOOD 
LUMBER 

HARDWOOD 
PLYWOOD 
( 3 0 9 1  

HARDWOOD 
LV  L 
( 1  5 9 )  

STRUCTURAL 
FLAKEBOARD 
( 1 .221  

PULPWOOD 
( 7 8  1 4 1  

Based essentially on data provided in the Outlook Study (USlIA Forest Service 1974). Conversion o f  
cu ft to tons (OD)  has been through multiplication by 0.0137 for softwoods and b y  0.0164 for hard- 
\voods. All vali~es include hark. Data on growth and removal reflect current inventory standards. Conl- 
plcte tree utilization, according to Krays (1971), would permit a cornrnodity re~noval increase of 3570 
f r n ~ ~ ~  thc snliic growing stock. 
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T.IIILI: 11. lITood rcc/uiicrnents front dornestic timber sources in 1985 and 2000 according to Scenario I 

growth than Scenario I-a population of 
266 million by 2000 vs. 281 n~illion as is as- 
s~lrned in the Outlook Study medium-level 
1xojection (Table 12). 

Other CORRIM Scenarios assume that 
prices of nonrenewable substitutes increase 
b y  20 to 60% relative to structu~.al and fi- 
1)rous renewable resources by the year 2000 
with population growth at the samc. low 
rate as in Scenario 11. CORRIA4 Sce- 
narios I and 11, largely on the basis of the 
Committee's interpretation of foreseeable 
utilization changes, project illcreased de- 
mands on domestic timber supplies for 2000 
ranging froin 53 to 59% (Scenarios I1 and 
I, respectively) over 1970 levels at colistant 
relative prices. The most recent Forest Ser- 
vice update of such projections (USDA 
Forest Service 1976) is for an increase of 

WOOD REQUIREMENT 

73% over 1970 in total U.S. demand for tim- 
ber products by the year 2000. Zivnuska 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 
order of 50-7070 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 I and I1 
can be achieved under the supply schedules 
of the materials-flow trajectories suminar- 
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- 

SCENARIO NO I 

COMMODITY 

STRUCTURAL 
I SOFTWOOD LUMBER 

2 SOFTWOOD PLYWOOD 

3 HARDWOOD LUMBER 

4 HARDWOOD PLYWOOD 

5 P A R T I C L E B O A R D  

6 M E D I U M  DENSITY F IBERBOARD 

7 I N S U L A T I O N  BOARD 

8 W E T  F O R M E D  HARDBOARD 

9 STRUCTURAL FLAKEBOARD # I 

10 STRUCTURAL FLAKEBOARD # 2 ( R c w )  

I I L A M I N A T E D - V E N E E R  L U M B E R  

F IBROUS 
1 2  P A P E R  AND PAPERBOARD 

M ISCELLANEOUS 
1 3 MISCELLANEOUS INDUSTRIAL A N D  

FUELWOOD 

T O T A L  

' I relclnw tl lhrhoard cores equlr den t  to veneer fmm 5 9 MM tons of vmeer logs In 1985 and 9 7 tons In 2000 Theae 
cc[i~~valrnt\  h a w  conscqnently bccn ~nbtracted fmln projected roundwood demand for aoftw~)od plywood 

- Of m h ~ c h  1 5 MM OD tona are converted to fmivhed softwc~od lilmber and 0 8 hlM O D  tons are conv~r ted  to f~nlshed 
ll'lrcl\% O l K l  l~lllll~c I 

'Of \\lilch 2 8 MM OD tona Ire converted to fm~shed s o f t ~ ~ o o d  lumber and 1 6  MM O D  ton? are converted to flrilshed 
h ~ n l n  I K I ~  l11111her 

1 9 8 5  

M M  O D  

FROM 
ROUNDWOOD 

8 0 4  

1 7 7  

3 4  5 

3 1 

0 4 

3 0 '  

1 3 0  
2 3 2  

1 0 4  2 

1 1 3  

2 5 9  9 

2 0 0 0  

TONS 

FROM 
BY- PRODUCT 

3 5 

1 4  

5 3 

0 4 

1 9  

1 9  

3 8  2 

- 
5 2  6 

M M  0 D 

FROM 
ROUNDWOOD 

6 4  6 

1 4  6 

4 2  2 

3 1 

0 6 

( 5  1 '  
'5 1 

4 4 3  

1 5 4  9 

1 2  2 

3 0 6  B 

TONS 

FROM 
BY-PRODUCT 

4 0 

1 4  

8 5 

0 6 

2 2 

2 9 

4 5  1 

- 
6 4  7 
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'I'AI~LE 12. IVood ~ ~ c ( / n i ~ e ~ n e n t ~  ~ T O I ~ L  (lO~tlestic timber sozrrces in 1985 arid 2000 uccording to Scenario I 1  

SCENARIO NO. 11 
WOOD REQUIREMENT 

1 Yielding flakc.board cores equivalent to vt,neer from 5.9 MM tons of veneer logs in 1985 and 10.0 MM tons in 2000. 
'These equivalent!, have consequently been sl~htracted f n ~ m  projected roundwood demand for softwood plywood. 
' Of wliicl~ 1.5 MSI OD tolls are converted to finished softwood lumher and 0.7 MM OD tons are converted to tinished 

l i ; ~ r ~ l ~ v ~ ~ o d  lumber. 
:'Of which 3.4 MM OD tons are converted to finished soflwood liimber and 1.2 MM OD tons are converted to finished 

h a r ~ l \ v ~ ~ o d  lumber. 

COMMODITY 

STRUCTURAL 
I SOFTWOOD L U M B E R  

2  SOFTWOOD PLYWOOD 

3  HARDWOOD LUMBER 

4  HARDWOOD PLYWOOD 

5 P A R T I C L E B O A R D  
6 MEDIUM DENSITY F I B E R B O A R D  
7 I N S U L A T I O N  BOARD 

8  W E T - F O R M E D  H A R D B O A R D  

9 STRUCTURAL F L A K E B O A R D  # I 
10 STRUCTURAL F L A K E B O A R D # 2  ( R C W )  

I  I  L A M I N A T E D - V E N E E R  L U M B E R  

F IBROUS 
1 2  P A P E R  AND P A P E R B O A R D  

M I S C E L L A N E O U S  
1 3  MISCELLANEOUS INDUSTRIAL AND 

FUELWOOD 
T O T A L  

stantially augmenting supply by imports 
antl/or capital depletion in anticipation of 
future productivity, in addition to complete 
~tilizdtioll of residues. The potential of the 
forest resource to meet realistic demands 
through the next twenty-five years is eui- 
(lent, but the realization of this pott:ntial 
presents a challenge to the makers of forest 
policy, to resource managers, and t o  the 
forest-based industries. Much more re- 
search in the closer utilization of residues 
at the rrlill and in the forest will be needed 
to achieve the potentials suggested by our 
scenarios and trajectories. 

Apart from the trend toward an increase 
ill overall demand for wood products, the 
most notable changes that are predictable 
within the next quarter century will be in 

plywood with l3roducts reconstituted from 
fibers and small wood components and a 
trend toward building up structural mern- 
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. As in 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 

the increasing replacement of lumber and product has very recently entered the mar- 

1 9 8 5  

M M  O D  

FROM 
ROUNDWOOD 

81 3 
1 6 2  

2 9  8 
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ket. Thcse ~ roduc t s  are promising not only 
in the form of structural l>a~lels or pailel 
coinponents to be used as alternatives for 
plywood or veneer but, additionally, for 
structural supporting members as alterna- 
tives to lumber. 

I11 another sphere of technological devel- 
opment-that of improved design concepts 
--current research in wood structural sys- 
terns gives promise of a potential sa\~ing in 
material of as much as one-third without 
sacrificing structural performance (Good- 
man et nl. 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 amoilg the in- 
dividual components and recognizes the ef- 
fective transfer of stress achieved by means 
of the cornmon nail. Still greater efficien- 
cies can be demonstrated through the ap- 
plication of suitable elaston~eric adhesives 
in the further developineilt of stress trans- 
ference (Hoyle 1976). 

With an assumed high level of technology 
resulting from advances through research 
and devclopment and, furthermore, assum- 
i ~ l g  an adequate, technically trained man- 
power pool, it appears safe to forecast 
that the nation's needs for structural 
and architectural materials based 011 the 
forest resource can be met, but that they 
will be met with a mix that is substantially 
different from that in current use. 

Irlformation 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 
pui-poses for years. There are indications 
that wood may regain markets that it has 
earlier lost to ilollrenewable 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 substailtially 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. 
I~nproved designs that are stiucturally Inore 
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- 
stiuctural products, fiber products, extrac- 
tive materials, chemicals, and fuels and en- 
ergy-the Committee on Renewable Re- 
sources for Industrial Materials (National 
Research Council 1976) concluded that: 

The materials available and potentially 
available from renewable resources call be 
used as alternatives to materials currently 
obtained from nonrenewable resources to 
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augrnelit national and world materials sup- 
plies, to iniprove energy co~lservation in 
materials supply and use, and to relieve de- 
L ~ e ~ ~ d e ~ l c e  upon foreign sources of energy 
a ~ l d  materials and accompanying balance of 
payment proble~ns. The orderly and ra- 
tio~lal development of a national policy for 
thcl achieveme~lt of these objectives re- 
quires refinement of methods of evaluating 
alternative materials supply systems in 
terms of resource supply, available tech- 
nology, energy require~nents, n~a~lpower rc- 
cluiremerlts, and capital recluirements. 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 11een devoted to 
nonrenewable. materials and fuels, nor is 
there a focal point in government for such 
policy issues. The diverse character of land 
a ~ ~ d  factory ownership in the renewable 
~naterials sector nlakes it unlikely that ina- 
jor advances in science and technology in 
this field will quickly emerge un1c:ss fos- 
tered by the federal government. The num- 
ber of universities engaged in significant 
research on thc, 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 aud operation 
of research programs. The few relatively 
large cornpallies in the field confiiie their 
research efforts to developments that can 
l ~ e  protected on a proprietary basis. Some 
of these corporate rescarch resources are 
very good and should 11e utilized to advance 
national goals through research co~itracted 
for by the federal government. 

Perhaps the most important resource for 
any industry is competent manpower. The 
level of research and developme~lt 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 techilologists 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 ten1110 of 
knowledge and change in the field. 

More specifically in the domain of 
CORRIM Panel 11-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, flakcboard and insulating board, 
which serve in primal? forms as building 
materials and from which innumerable 
secondary products are made. In 1970 
about 63% of all wood produced in the 
United States was used for primary struc- 
turaI 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- 
iilg 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 constructict~l 
(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 al~out 
1.7% '/cannually, compounded. 

Structural wood products should con- 
tinue to be competitive. Their technical 
suitability in residential and comnlercial 
1)uilding construction is widely recognized. 
Not only are potential supplies avail' a 11  I e to 
allow tor modest increases in production, 
but . . . wood-based structural materials 
demonstrate, on a weight basis, a clear 
superiority over most no~wood products in 
energy efficiency. More importantly . . . 
thry show a striking superiority in energy 
efficiency over nonwood alternatives in . . . 
thr, construction of roofs, walls, and floors. 
For example, steel floor joists require 50 
tin~es as much energy as their wood coun- 
tcrparts performing the same function; 
alumiumn framing for exterior walls is ap- 
proximately 20 times as energy-intensive as 
\vood framing; alun~inum siding re(1uires 
approximately five times the energy of its 
ply\vood and fiberboard counterparts, and 
I~rick 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- 
rnvrcial construction. . . . 

The degree of energy self-sufficiency of 
many wood products is very striking. Soft- 
wood and hardwood lumber and hardwood 
plywood are not orlly 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 
coii~ing 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 inanufacturing. 

'The climinishi~ig supply of largo logs suit- 
able for luml~er 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 
becn 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- 
inoval to be deteimined from site and eco- 
nomic considerations. This trend. in combi- 
nation with the driving forces influencing 
the use of wood as structural material, wiil 
result in a structural-product mix in which 
new and reconstituted wood products will 
contril~ute an ever-increasing share toward u 

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 I1 of CORRIM concludes its report 
with the followiilg 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 1)e followed by pi- 

a ion. lot plant evalu t' 
The changing raw material base for 
veneer demands that additional re- 
search efforts be focused 011 the fur- 
ther development of structural re- 
constituted products for both exterior 
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anld interior applications froin a wide 
spectrrrm of softwood and hardwood 
species. 
A substantial research cffort should be 
devoted to inventing a ~lonpetroleum- 
1)'ised exterior adhesive competitive in 
function and current price with the 
durable phenol-fomnlaldehydc adhe- 
sives which are so central to the manu- 
facture of exterior, structllral recon- 
stituted wood products. Lignin from 
wood could be a potential source for 
thc development of wch a n  adhesive. 

@ Inasmuch a \  a major portion of tho 
energy required for the manufacture 
ot wood structural materials can be 
lxovided from residue, research 
should be directed to the develop- 
ment of economical green-wood and 
lmrk burners for direct-fired driers 
;111d wood-fired \)oilers. 

0 Additionally, research and develop- 
ment mu\t 1)e directed toward devel- 
opi~ig driers, heating systems, iind hot 
presses of high thermal efficiency and 
tolvard the reduction of power con- 
sumption in all phases of logging, 
manufacture, and transport. 

@ Inasmuch as manpower, energy, capi- 
tal depreciation, and material re- 
cluired for structures are all positively 
correlated with weight, research 
should 1)e devoted to design concepts 
that are structurally inore clfficicnt. 
Research should also be de\.oted to 
decreasing weight through increasing 
the strength and stiffness of compo- 
nents from which wood strnctl~res are 
\>uilt. 
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\Ian-IIour, Energy, ant1 Capital Depreciation Req~~ircments for Pri~llary Woocl-Based Com~noclities' 

il'nhlc No. 

1-1. Softwootl LllmlIer - - - - - -  ~~ ~ - -  ----. --------.-..-------.. ----------- ~ ---- -----. ------- ~- -.---------. 

1-2. IIard\vood L ~ ~ r n I x r  - ~ - -  ------ ~ -------- - ~ - --- - --- ----- -~ -------- ~ ~~ -----.---------.-..--------. .---- 

I-:]. Softwood Plywood2 . -  - - - ~  ----... -~ ----...-----.-.--..-----.-. ~ ------.....---------.-------.--...------.--...--- 

1-4. Harclwood Ply~vood' . - -  ~- --..--- ~ ~ ---...----- .----....----....---... 

1-5. Unclerlayment Particleboard2 .----....---...---....------.-_--..-..----.-.-----. ~ -----...-----..-----....----....- 

1-6. hlcdi~ull-Density Fiberboard' .~ ~ .---.-...----... 

1-7. Wet-Formed Insulation Boartl' ---....--....--.-..----..-----..-.----....----..-----..----.-...---...-----......-.. 
1-8. Wet-Fonned Primary Hardboard? ............................................................................... 
1-8. Jlimension 1,uinbt~r Laminated from Veneer" - - ~ - ~  ~ - - - ~  ...---. ~ ..-----.----....-.....---...--.........- 

1-10. Alternative Reconstit~~ted Wood Products' ". ' 
a. Hardwood Flakeljoard-Pallet Luml~er ..- - - . ~  ----.-..----.--.----.-------...-----..------..------. 

I .  Strl~ctllral Partic1cl)oard - \Vhole-Log Flaking ..-------..------.------..----...-----..----. 
c. Strl~ctnral Particlel~oard - Chipping and Flaking Sound Wood ---...-----...-----. 
(1. Structural Particlehoard - Chipping and Flaking Wood with Sonle Rot ---.-..- 

I - .  Softwood Pulp Chips from Chip Mill ....................................................................... 
1-12. Adhesi\.es and Additives - Phenol Formaldehyde, Urea For~~~aldehyde,  Wax --.... 
1-13, Summary of Yieltl, Energy, hlan-IIours, and Depreciation for Ten Primary 

Protll~cts -- ~ ------ ~ ----...-----. ~ ------. ------.------..-------.. ~ -----..-------...-----...----- ~ ..------.-------..-----...----- 

' , \ l ; ~ n ~ t ~ r i n  phnsc only; does Irot inclndc rx~x,nrlitures for h:~rvestinl: or transport. 
' ( : I I I ~ I ) I I ~ ; I ~ ~ I I I I S  of ~n;~n-honrs,  energy, ilnd c:~pit:ll depreciation listed in thrsc comm~~di ty  tabulations ilo not inclnde 

~ninl-hours, energy, or capital depreciatirm required for manufnctnre of resins, waxes or other chemical ;~dditives. 
:' Aec.~r~se of thc predictahlc fnturr iiiilx1rtance rlf  these products, several examples of alternative processes that may 

crnvrac. nrr included. Variatir~ns in o n t p ~ ~ t  produds and by-product!. reflect differences in the amount of bark removed 
tnlm ;nrd the  ;Irn<lnnt of rot in th? input ram ~naterial and the  process used ~ I I  reduce the input raw materials to flakes, 
\tr;lnds, or particlrs. \Tit11 the exception of 10a, proccssinl: deails nre not available or have not been fully developed. 

' >l;ul-lrorl~r, enerqy, and cap~ta l  rrquiren~c,nts for reconstitnted strr~cturi~l a7r111d (Fig. 13) are not avililabla. 
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'TAULL 1-1. .,',:':.JJO i !I,:.: ,:r,: I ' r u  ,.I :r L u5:-ut an i 
rr'aYL; .>>lef, e 1 L I a ,  ,,, :ni P z; *'tc.' <2€- 
-,r.ci*iqtion i ~ ~ ; s l i ~ ~ . r ~ , c n t s  i ' lci7i  on 1 .  D 
ton  ouoz- ii:, ( '  :I) wcij;zt iv.[jui o;' 
unbnrkecl .$,iw/o,~s 

D e p r e r i . i t  ion 
Mechanic  11 Stcam o f  C a p i t a l  

I ' ruduct   anp power^ h e r g y b  l ;ncrgyc  ~ a c i l i t i e s ~  

v l '  tdns !4in-llours HP-Hours Pounds Do2 Lars 

TAnLL 1-2. ; i~r~!~lood  Lwrber l i .  e . ,  oak fzooringi:  
rr.oddzt 031:; u t  and man-hour, energy, 
m i  ca!>itol depreciation requirements 
in manufacture based on I .  0 ton (0 D 
w c i j h t )  i n r u t  o f  unharked saw2o:rs 

- - - - 
I l e p r c c i s l i o n  

Mechanic  1 Steam o i  C a p i t a l  
P r o d u c t  blanpowera Energyi: 17nergyC ~ a c i l i t i e s ~  

Oil tons Man-Hours HP-Hours Pounds DoLZars 

Ilry 
I'l.ined 
Luml~er 
0 . 3 5  0 . 6 7  21.98 977 0 . 8 6  

I l ry ,  
314- inch 
I ' laned 
F l o o r i n g  
0 . 2 8  1 .44 1 6 . 6  9 3 3  4 . 0 1  

P u l p  
C h i p s  
0 . 2 9  . 6 0  1 7 . 2  0  4 .15  

MDF 
F u r n i s h  
0 . 2 0  .72  1 1 . 9  667 2 . 8 6  

' h i e d  on 5 . 5  man-hours p e r  M hd f t  a v e r a g e  r e q u i r e d  
t o  m a n u f a c t u r e  s u r f a c e d  k i l n - d r i e d  l u m b e r .  D a t a  
s u p p l i e d  by i n d u s t r i a l  s o u r c e s .  

" ~ u , u n e c t e d  h p - h r s  a t  300 p e r  M bd f t  of  lumber  i s  
~ l n  i n d u s t r y - w i d e  a v e r a g e .  A  demand a v e r a g e  o f  60% 
u i  i.onnectcd h o r s e p o w e r ,  180 h p - h r s  p e r  E.1 bd f t  
01 luoihor sawed and p l a n e d ,  was u s e d .  

'i\n l i i d u s t r y  a v e r a g e  o f  4 l b s  o f  l o w - p r e s s u r e  s t e a m  
p c r  hd f t  o i  lumber  was u s c d  f a r  c o m p u t a t i u n s .  

' ' ~ a : , ~ d  on i n d u s t r i a l  statistics o f  $17.5  m i l l i o n  f u r  
5 1 8 i ~ L l s  w i t h  aggregate 8-hr  c a p a c i t y  of  647 E.f bd i t ,  
o p t , r , i t i n g  two s h i f t s  p e r  d a y ,  243 d a y s  p e r  y e a r ,  f o r  
.Innun1 c a p a c i t y  of  314 MM bd f t .  One-hal f  c a p i t a l  
i n v e s t m e n t  i s  d e p r e c i a t e d  o v e r  20 y e a r s  and t h e  
r ~ s t . l i n d e r  o v e r  5 y e a r s .  

& ~ n < . r ~ y  p o t e n L i n l  f r o m  f u e l :  0 . 2 1  t o n  of  d r y  f u e l  
co r re sponds  t o  840 pounds of  green f u e l .  From 
840 pc,unds of  g r e e n  Cue1 a r e  produced 1 3 4 . 0  ( v i a  
now-i-undensing t u r b i n e )  l t ~ ~ - i ~ r s  o f  m e c h a n i c a l  work 
wiLl1 2 ,184 11,s o f  e x h a u s t  s t e a m  f o r  h e a t i n g  o r  
d r y i n g .  

anasEd on f l o o r i n g  m a n u f a c t u r e r ' s  d a t a :  An a v e r a g e  
' o f  1 6  man-hours of  l a b o r ,  m a i n t e n a n c e ,  and s u p e r -  

v i s i o n  r e q u i r e d  t o  p r o d u c e  s u f f i c i e n t  f l o o r i n g  t o  
c o v e r  1000 s q  f t .  

b ~ a s e d  on f l o o r i n g  m a n u f a c t u r e r ' s  d a t a :  3 7 , 4 0 0  
t o t a l  c o n n e c t e d  hp-hours  w i t h  60  p e r c e n t  demand 
r e q u i r e d  t o  p r o d u c e  8 6 , 0 0 0  sq Zt of  f l o o r  c o v e r -  
i n g ;  e n e r g y  f a r  l i g h t i n g  a d d e d .  

' ~ a s e d  on e s t i m a t e  of  4 . 0  pounds  of  s t e a m  r e -  
q u i r e d  t o  d r y  o n e  bd i t  o f  r o u g h  l u m b e r .  

d ~ a s e d  on p l a n t  and equipment  c o s t  a f  $2.3 m i l l i o n  
f o r  a n n u a l  p r o d u c t i o n  of  4 . 5  m i l l i o n  s q  f t  of  
f l o o r  c o v e r a g e .  D e p r e c i a t i o n  b a s e d  on o n e - h a l f  
o v e r  20 y e a r s  and o n e - h a l f  o v e r  f i v e  y e a r s .  

e ~ n e r g y  p o t e n t i a l  f rom f u e l :  0 . 2 3  t o n  o f  d r y  
f u e l  c o r r e s p o n d s  t o  920 l b s  o f  g r e e n  f u e l  
which  w i l l  p r o d u c e  ( v i a  a  n a n - c o n d e n s i n g  s t e a m  
t u r b i m )  1 4 6 . 8  l ip-hrs  o f  m e c h a n i c a l  work w i t h  
2 , 3 9 2  l b s  of  r e s i d u a l  e x h a u s t  s t e a m  a v a i l a b l e  
f o r  d r y i n g  and h e a t i n g .  
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'TAB1 L 1-3. .,'c~j.t.d.,~,~i ;'l.,uo ' , 2  A I ~ ; ; ~ L ~ ~ . ~ C  i six :ii!i?!,!) : 
i i ' ~ ~ i i ( . L  out$)ut :d '?(zr.-l?our, eiii-l: 2, cnll 
',:I i t a i  .ic:~rcci~ti,~n rc j u i r c ~ ~ , c i r : ~  
'7unzef"u:̂ iii.tnre Dnoc.1 on 1.  0 ton ( 7  1 
.&,;hi) inrut  0:' lini~n~.ic : "encir ;o,;r 

F,,c ! L' 

0 .  I.' 
-- ~~~ 

2 3  .41 1,s 1. 1 0  

1 . 0 l 1  3.62 1 4 . 1 5  2775 9 . 2 6  

'13.i%,cd in, i n d u s t r i a l  dat.1: Avi.riigc of  4 m a n - l ~ a u r s  o i  
lal, , ,r  ~pl i i s  10 p e r c e n t  uf l d b o r  f o r  s u p e r v i s i o n  rc-  
qr i i rcd  p e r  1000 sil i t  of  plywood (318- inch b a s i s ) .  

"11,ised ,In i n d u s L r i . i l  d a t a :  1 7  lip-llrs,  i n c l u d i n g   fork^ 
l i f t s ,  r c q l i l r e d  t o  produc.r 1000 s q  f t  o f  plywood 
(3/X-inr.I1 i h a s i s ) ;  demand 1s 60 p e r c c n t  of  c o n n e c t e d  
l l o r i r p o w r r .  Energy f o r  l i $ i > L i n g  i s  a d r l i t i o n a l  n t  
7 . 0  Ilp-11rs demand p e r  1000 s q  f t  o f  plywood produced 
( i l d - i n c h  lha-is) l o r  a t o t a l  demand o f  1 7 . 2  hp- 
l i r s  p e r  1000 s q  f t .  

'ii:isi?d on i n d u s t r i d 1  d a t a :  1 , 1 4 0  pounds of  s t c a m  p e r  
1000 s q  f t  o f  plywood ( 3 1 8 - i n c h  b , ~ h i \ )  f o r  t11c h o t -  
p r e , s  ,'nil d r y e r  and 1 9 1  pounds  p c r  t o n  (0 I1 b a s i s )  
Tor 11c;icing v e n e e r  h o l t s .  S team r e q u i r e m e n t s  f o r  
d r v l n g  a l l o c a t e d  p r o p o r t i o n a t e l y  b y  w e i g h t  t o  p l y -  
wood, s t u d s ,  and p a r t i c l e b o a r d  f u r n i s h .  

dIj.lri,d a n  p i a n t  c o s t  of  $9 n l i l l i u n  f o r  c a p a r i t y  
( t i i r e e  s h i r t s )  o f  1 0 0  m i l l i o n  s q  E L ( i / H - i n )  : ~ n n u , ~ l  
~ ~ r , ~ ~ l ~ ~ ~  t i < > n .  ~ ~ L I L , - I I , I L I  i s  c l ~ ~ 1 ~ 1 - v ~  i ' t tcd uvc , r  2 0  y c d r s  
t ~ t t i  c ~ ~ ~ c  -t?,xI I ovc,r f i \ ,c ,  y c , a r s .  

i t .nergy p o t c n t i n l  i r n m  f u e l :  (1. I ?  t u n  of d r y  f u e l  
r . u r r e i p o i ~ d s  t o  480 i b s  o f  grc,en f u e i  w l ~ i c h  w i l l  pro-  
duct ( v i a  non-condensing t u r b i n c )  7 h . 6  lip-hrs o f  
n e c ~ i . ~ n i c . i l  work wi t l i  1248 111s of  r e s i d u a l  e x h a u s t  
s t e a m  . t v . i i l ~ i h l e  f o r  h e a t i n g  and d r y i n g .  

iAH1.E I-',. J~OIGJOQ i ; L,!~U~I.~: ii>k,!?ct c.uL; L ~ L  in: 
,-, , 1, ?- hour', cncr,:,!, (1n.i c z j i  tizl !r-:~~~cs?',~:- 
$<on r,,,'<y.ircrcnts in r~wnuf<zctnrr hnsc! 
ox :. 3 :~>n (0 3 weirhtl input :j,f LU- . . r ,  ",.xi ,: , ,~nrcr~  lo:js 

D c p r e c i , l t  i o n  
?lcrll; inic 11 Stcum o f  C a p i t a l  

1'rodut.L ~ l . i n ~ , , w ~ , r ' ~  I:nerg).i) x n e r R y C  F n c i l i C i ,  id 

l n t c r i o r  
P a n c l -  
i n g  
0 .  311 1 . 4  5 .1  2000 1. 00 

:i-h-c-d 
1 l i r . s ~  v o l u c s  a re  nd.lusted f rom suf t iuood plywood 
v a l u e s ;  t !~ey a re  not h.lsed un p l a n t  s u r v e y s .  

e ~ n r r 6 ) r  p o t e n t i a l  f rom f u e l :  0 . 2 3  Lon o i  oven-dry  
f u e l  c o r r e s p o n d s  to 920 l b s  o f  g r e e n  f u e l .  I i  all 
f u e l  i s  .issumcd t o  he  g r e e n  ( a r c u a l l y ,  . l 3  t o n  i s  
d r i e d  t o  m a n u i a c t u r l n g  r e q u i r e m e n t s ) ,  i t  w i l l  pro-  
d u c e  ( v l d  n u n - c o n d e n s i n g  t u r b i n e )  1 4 6 . 8  ll]>-hrs of  
n l e c l ~ d n i c a l  work w i t h  2392 l b s  o f  e x h a u s t  s t e a m  
,iv.iil .ahle f o r  drying: and h c a t i n g .  

' ~ n r l u d i n g  r e s i n  . ~ d h < , s i v e .  
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. . .  I 5 ; , ,". . :K: , ,,,-: ,:I,,/; j.o:i .i lI*t- . . ; , A $  ,!, i ,, : I ! - ; :  .P, , , ~ L , P  ,,,,, ;>,,: ~ : L,:; 
;, , r c . ; i t  ,or - . : A  ' , v . ' c  n i ;  :>: ,:,J,;:~J'::LLII~C 
llas<',,' 1,. . 9 ;,>,. , :> ,dc,;, ; G! a;,,, ,iL <>,I' 

si?d:>in,:.->, sn;ir!s:;t, :nl , I ,wn l , i  trim 

Heat ~ n e r g ) '  1 ) r p r e c i a t i o n  
E l e c t r i c a  N a t u r a l  (:as uL C ' i p i t a l  

IPr,,d~lr.t ~ r i n ~ o w e r '  Energ$ St- F.ir.il i t i f s d  

?W IITJ tf,izs !4an-iio'dr.s .k,ifi -r- 
- -- ! out7 lt: . .' ( a ~ ' %  

S 1 ~ d i ~ r l  
l ' i r t i c l e -  
r, l , l r d ,  
51,3-incl1 ?.4h - ~ ~ .  
0 . 9 7 9  2.29 210 1718 1 1 . 0 7  

S a n d e r ,  
Dust . ? 4  
0 .  094 , e . 2 2  2 0 i h 5  1 . 0 6  

i'u< 1 ;;;; 
.01  . -~ 

1:. [ILL 1 2 5  - .07  
1 . 7 1  

I .  7  2.52 L 1 I  190X 1 2 . 2 0  
(= 310 t l l > - I ~ r s )  

- -. 
'ili.lsed o n  1 9 7 3  N a t i o n a l  P a r t i c l e b o a r d  A s s o c i a t i o n  s u r -  

vey  o f  m a n u f a c t u r e r s .  V a l u e s  r a n g e d  f rom 1 . 8 5  t o  
7 . 7 3  m a n - i ~ o u r s l 1 0 0 0  sq f t  314- inch b a s i s .  

I1l3.aic,d on  1974 N a t i o n a l  P a r L i c l e b u ; ~ r d  A s s o c i a t i o n  s u r -  
vey u f  m a n u f a c t u r e r s .  Avcragc  e l e c t r i c a l  usage was 
284 KIdl111000 s q  f t  314- inch b a s i s .  C o n v e r t i n g  t o  
l c c o u n t  for g r e a t e r  p r o d u c t i v i t y  when p r o d u c i n g  
518- inch b o a r d ,  t h e  v a l u e  bccomfs  211 Kim, e q u i v a l e n t  
t t ,  310 h p - h r s  [per t o n  i n p u t .  

C l ' r i , < e s s  s t e a m  p l u s  n a t u r d l  g.is u s e d  i n  o p e r a t i n g  
d r i i , r s .  Based a n  1974 s u r v c y  of  N a t i o n n l  I ' n r t i c l c -  
b o a r d  A s s o c i a t i o n  m a n u f a c t u r e r s .  V a l u e s  a r e  1 , 9 0 8  
Lh s t e a m  and 2 , 6 8 1  c u  I t  n a t u r a l  gas .  

d ~ d s e d  o n  i n v e s t m e n t  o f  $12 m i l l i o n  f o r  a  p l a n t  w i t h  
.I c a p a c i t y  o f  1 0 0  m i l l i o n  sq f t l y e a r ,  314- inch 
b a s i s .  D e p r e c i a t i o n  computed o n e - h a l f  d e p r e c i a t e d  
o v e r  20 y e a r s  and o n e - h a l f  o v e r  f i v e  s c a r s .  

L i n i . r g y  p o t e n t i a l  f rom i i i e i :  , 1 0 8  t u n  u f  d r y  f u c l  
( ~ i t u a l l y  produced d r y )  w i l l  p r o d u c e  79.5  h p - I ~ r +  
&'I mechanical work w i t h  a r c s i d u a l  o i  1 , 2 9 6  l b  o f  
e x h a u s t  s t e a m  a v a i l a b l e  foi- h e a t i n g  and d r y i n g .  

T11i31.E 1-6 .  ,Mf:rEu':-~iicns~ ;'ibcr~bouri: i'~,-,,i.ncL o u l -  
; ut an l man-hour, crier.):,, .znd r , , ; ; ' i t l r l  

ie;>rcciation requi>,ernents in ri(~nzJacLirc 
LLzscLi on 1.0 ton (0 D wci-~htl ini,xt o: 
53-50 rnircturc of :hips and : ~v'?. ,  1' Y r .  ;- 
i d 0 0 d  

D e l ' r e c i a t i u n  
t l c ~  t r i c a t  H e a t  of  C a p i t a l  

P r o d u c t   enp power' Eneray ~ n e r ~ y '  i : , i c i l i t i e s d  

. - 
3, Llns I~!~rn-Jaurs . ! L -  "our; :v&: dT11 :'!,) ; ,~r, , ;  

MDF 
42- lb  
P;inel 
0 . 8 6  1 . 8 8  3 2 2 . 5  4 .334 1 7 . 9 2  

a ~ a s e d  o n  a v e r a g e  o f  t h r e e  i n d u s t r i a l  o p e r a t i o n s  
( 3 . 6  man-hours p e r  1000 s q  f t  of  314- inch p a n e l ) .  

b ~ a s e d  on a v e r a g e  of  t h r e e  i n d u s t r i a l  o p e r a t i o n s  
(462 kw-hours p e r  1000 s q  f t  of  314- inch p a n e l ) .  

'Based on r e q u i r e m e n t s  f o r  a p l a n t  wi t t i  91,00U- 
t o n  annu; i l  p r o d u c t i o n  c a p a c i t y .  

*Based o n  $19.125 m i l l i o n  t o  b u i l d  a  p l , in t  w i t h  
9 1 , 0 0 0 - t o n  a n n u a l  c a p a c i t y ,  o n e - h a l f  d e p r e c i a t e d  
o v e r  20 y e a r s  and o n e - h a l f  o v e r  f i v e  y e a r s .  

e ~ n e r g y  p o t e n t i a l  f rom I u c l :  .17  t o n  o f  d r y  f u e l  
c o r r e s p o n d s  t o  680 l b s  of  g r e e n  f u e l ,  which  w i l l  
p r o d u c e  ( v i a  n o n - c o n d e n s i n g  s t e a m  t u r b i n e )  1 0 8 . 5  
h p - h r s  of  merlianic.11 work wit11 1 , 7 6 8  Ihs of  
r e s i d u a l  s t r a m  n v ; i i l . i b l e  i o r  d r y i n g  and h e a t i n g .  

f ~ n c l u d i n g  r e s i n  and wax 

I n c l u d i n g  r e s i n  and wax. 



TABLE 1-7 .  , , i ~  L-fi,rma ! insuL;  t i o n  L ' J J ~ ' , ~ :  I ,~,ndu(:t ou t -  TAHLE 1-8. !.let-formed {~rirnary hrdboard:  t'r~oduct 
: ' ~<t  and ma?-hour, cwr;:,, fznl c a r i t a l  dc- output  and man-hour, energy, (2nd c a p i t a l  
: '~ . i . c ia t ion  requir7ements i n  manufacture . i ep~ 'ec ia t ion  requirements i n  manufacture 
haned on 1 .  $ ton  (0 P weight)  i y u t  of based on 1.0 ton  i d  D weight )  inpu t  o f  
~ l . z c d  chi;>s mized chipsa 

I l c l ~ r e c i a t i u n  
~ n e r ~ y ~  o f  C a p i t a l  

l ' r u d u t  t ?lcin]~averh (Demand) Heatd  ~ a c i l t i i e s ~  

' ' tors :)m-,joxr's i:P-Hour% .!4M C!? 701 lops 

Ins,,- 
L a t i o n  
!\<>.lrd, 
112 i n .  
1 . 0 4  7.85 565.68 i . 0 4  2 0 . 2 3  

~ e c h a n i c a l '  D e p r e c i a t i o n  
Horsepower  o f  C a p i t a l  

P r o d u c t  Manpower (Demand) s t e a m d  ~ a c i l i t i e s '  

4 5 - l b .  
Hard- 
b o a r d ,  
118-1". 
0.87 1 0 . 9 0  9 4 0 . 1 3  7.22 35.44 

S o l u b l c s  
and 
V o l a t i l e s  
0 .10  1 . 2 5  lsfi .83 
- .- 4.07 . .- 

1 . 0 2 '  1 2 . 7 8  1 1 0 2 . 2 1  8 .47 4 1 . 5 5  

''ikiserl 11" a v e r . i g e s  f rom two i n d u s t r i a l  s o u r c e s  ( 2 . 6 8  
m.in-l~nurs p c r  1000 s q  f t ,  1 1 2 - i n r h  b . i s i i ) .  

' I\.ised ,,n . ivcr.ixc\ f r o m  three i n d u s t r i a l  s o u r c e s  
(259. 3 lii'-llc,~irs p e r  1000 st1 i t ,  112- incl l  h ~ s i s ) .  

d l i . ~ i c ~ d  o n  o ~ i i ,  i n d u s t r i r i l  estim.lLe ( 2 .  31 PPL BTU p e r  M 
f t ,  112-incI1 l b , $ $ i s ) .  

'-fi.licd or? two e s L i m . ~ t c s  (:ivcr.iRe S l h . 2 0 5  m i l l i o n )  
f o r  p l .1nt5  wiLli 9 1 , 0 0 0 - t o n  , innual  c . lp . ic i ty .  Unc- 
1l.1 l i ~ i ~ , p r c t  i.iLc,d o v e r  LO vi..lrs and one-1131 f  o v e r  
r i v e  i i . a r s .  

' l.ni.r::\. [x1L~,nt1,ll  f rum f u c l :  0 . 0 5  t u n  of  d r y  f u e l  
, i , r re ,ponds  LI I  LOO 11,s c , i  gr-el.n i t ie! ,  w i ~ i c h  w i l l  pro-  
duc.c (\,I,! no!,-rr>ndcniing t u r h ~ n i , )  11.'1 t ~ p - h r s  of  
m~~c11~ini i . i l  worl, k i t11  520 l l l i  of rcsidu.11 ste,lm whicli  
<.in h i ,  used  [ o r  ll<,:rting. 

a,\ssumes n  maximum of  5  p e r c e n t  b a r k .  

b ~ s s u m e s  3 .44 man-tluurs p e r  1000 s q  i t  (118- inch 
b a s i s ) :  a v e r a g e  f r r l m  t l i r e e  i n d u s t r i a l  s o u r c e s  nd- 
j u s t e d  t o  i n c l u d e  m a i n t c n a n c c  and s u p e r v i s i o n .  

'hssumes  296.97 hp-ilr dcmand p a r  1000 s q  f t  (118- 
inc i l  h a s i s ) :  a v e r a g e  f rom t h r e e  i n d u s t r i a l  sources .  

d ~ l s s u a e s  2 . 2 8  MI BTUs r e q u i r e d  p e r  1000 s q  f t  (118- 
i n c h  b a s i s ) ;  e s t i m a t e d  f r o m  o n e  i n d u s t r i a l  s o u r c e  f o r  
a  p l a n t  w i t h  a n  a n n u a l  c a p a c i t y  of  9 1 , 0 0 0  t o n s .  

'Bascd on d a t a  f rom i n d u s t r i a l  s o u r c e s  f o r  two r e -  
c e n t l y  b u i l t  p l a n t s  ( a v e r a g e  c o s t  $26.855 m i l l i o n )  
w i t h  a n  a n n u a l  c a p a c i t y  o f  300,000 s q  i t  o f  118-  
i n c h  b o a r d .  One-half d e p r e c i a t e d  o v c r  20 y e a r s  and 
o n e - h a l f  a v e r  f i v e  y e a r s .  

f ~ n e r g y  p o t e n t i a l  f rom f u e l :  0 . 0 5  t a n  o f  d r y  f u e l  
c o r r e s p o n d s  t o  200 l b s  r,F g r e e n  f u e l ,  v h i c l ~  w i l l  
p r o d u c e  ( v i a  n u n - c o n d e n s i n g  t u r b i n e )  31 .9  l ~ p - h r s  of  
meci ranica l  work w i t h  520 I b s  of r e s i d u a l  s t e a m  w h i c h  
c.in be u s e d  f o r  b e a t i n g .  

'including r e s i n  and a l l d i t i v e s .  
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TABLE 1-9. Dimension lwnber 2,znimted from veneer 
(1 /4-inch softwood) : Product outliut and 
man-hour . energy, and capi ta l  de;.reciation 
requirements i n  manufacture baso? on 1.0 
ton 10 D weight) input o f  unbarked veneer 
logs 

M e c h a n i c a l  D e p r e c i a t i o n  
i lorsepuwerh o f  C a p i t a l  

I 'roduct ~ a n ~ o w e r ~  (Demand) s t e a m c  F a c i l t i t i e s d  

OD tons !Yen-8ours i!P-Hours Pounds Do 1 Lars 

L u n ~ b e r  
Lantin- 
a t e d  
f rom Veneer  
0 . , ' 7  1 . 6 9  6 . 5 9  21157 4 . 3 2  

"li.iscd o n  ~ n d u s t r i a l  d a t a :  Average  of  4 man-hours o f  
l a b o r  p l u s  1 0  p c r c e n t  u f  l a b o r  f o r  s u p e r v i s i o n  r c -  
quirc.d per 1000 s q  F t  O F  pl iwood ( 3 1 8 - i n c h  b a s i s ) .  

blicised ,In i n d u s t r i . 1 1  d a t a :  1 7  l~ i>- l i r s ,  i n c l u d i n g  f a r k -  
l i f t s ,  r e q u i r c d  t o  p r o d u c e  1 0 0 0  s q  f t  of  plywood 
( 3 1 8 - i n c h  b a s i s ) ;  demand i s  60 p e r c e n t  of  c o n n e c t e d  
l t o r s e p a w r r .  Encrgy Lor l i g h t i n g  i s  a d d i t i o n a l  a t  7 . 0  
lip-llrs dcmand p e r  1000 sq f t  o f  p1ywood produced 
( 3 1 8 - i n c h  b a s i s )  f o r  a t o t a l  demand o f  1 7 . 2  h p - h r s  
p e r  1000 s q  C t .  

i l iasad u n  i n d u s t r i , r l  d a t a :  3 , 1 4 0  l b s  of s t e a m  p e r  
1000 s q  i t  o f  plywood ( 3 / 8 - i n c h  b a s i s )  f o r  t i le  h a t -  
l ' r e s s  and d r i e r  and 191 l b s  p r r  t o n  ( 0  D b a s i s )  Car 
Ibcnt ing  v e n e e r  b o l t s .  S team r e q u i r e m e n t  f o r  d r y l n g  
is a l l o c a t e d  p r o p o r t i o n a t e l y  by w e i g h t  t o  plvwoiid, 
, , t u d s ,  and p a r t i c l e b o a r d  f i t r n i s l l .  

TABLE I-lOa. ilarhood s t ruc tural  f lakeboarf--  pa l le t  
lwnber: Product output and man-hour, 
energy, and capi ta l  depreciation re- 
quirements i n  manufacture based on 1.6' 
ton 10 D weight)  input of unbarked 
r-uunLiwood - 

M e c h a n i c a l  D e p r e c i a t i o r  
~ o r s e p o w e r '  S team C a p i t a l  

P r o d u c t  Planpowerb (Demand) h e r g y d  F a c i l i t i e s e  

OD tons :,Tan-ilours HP-HOUY'S Pounds Dollars 

Flake- 
b o a r d  
P a n e l s ,  
1 1 2  I n .  
0 . 3 5 4  1 . 0 8  1 9 . 2 2  1 5 9 0  2 . 8 1  

' ~ u t  i n  p r o d u c t i o n  1970.  D a t a  d e v e l o p e d  by USDA 
F o r e s t  S e r v i c e ,  S o u t h e r n  F o r e s t  Exper iment  S t a t i o n ,  
f u r  p r o c e s s  u t i l i z i n g  s h a p i n g - l a t h e  h e a d r i g  t o  make 
f l a k e b o a r d  w e i g h i n g  4 5 . 3  l b  p e r  c u  f t  ( 0  D  b a s i s ) .  

' ~ a s e d  on p l a n t  r e q u i r i n g  1 2 0  workmen ( t o t a l  f o r  a l l  
t h r e e  s h i f t s )  w i t h  d a i l y  consumpt ion of  308 O  D t o n s  
of  1inh~1rki.d roundwaod;  i . e . ,  3 . 1 2  man-hours p e r  0  D  
t u n  i n p u t .  

'nased o n  t o t a l  o f  1 1 8 8  c o n n e c t e d  horsepower w i t h  :.n 
a v e r a g e  demand o f  60  p e r c e n t  Fur t h e  a b o v c  p l a n t .  

*includes f l a k e - d r i c r  r e q u i r e m e n t  (1200 l b s  s t e w ; )  
b a s e d  on wood a t  75 p e r c e n t  m o i s t u r e  c o n t e n t  and two 
l b s  of  s t c a m  r e q u i r e d  t o  e v a p o r a t e  o n e  pound o i  
w a t e r ,  and h o t - p r e s s  s t e a m  (600 l b s )  b a s e d  o n  l h 0 0 -  
pound r e q u i r e m e n t s  p e r  1000 s q  f t  of  I l l - i n c h  heal-d. 

e ~ s s u m e s  p l a n t  a n d  equipment  c o s t  o f  $ 7  m i l l i o n ,  o l ~ c r -  
a t i n g  350 d a y s  p r r  y e a r  w i t h  308 O U t o n s  o f  round-  
woud consumed p e r  d a y .  One-half i s  d e p r e c i a t e d  o v e r  
20 y e a r s  and one-hal f  o v e r  f i v e  y e a r s .  

f ~ n f r g y  p o t e n t i a l  Crom f u e l :  0 . 2 2  t o n  u f  d r y  f u r l  
c o r r e s p o n d s  t o  880 lbs o f  g r e e n  f u e l ,  which  w i l l  1x0- 
d u c e  ( v i a  n o n - c o n d e n s i n g  t u r b i n e )  1 4 0 . 4  hp-hrs  o f  
m e c h a n i c a l  work w i t h  2288 l b s  of  r e s i d u a l  s t e a m  
. , " a i l a b l e  f o r  h e a t i n g  a n d  d r y i n g .  

' l n r l u d i n g  p l ~ e n o l - f o r m a l d e l i y d e  r e s i n  and wax. 

Li n e r g y  (patenLi.iL F r ~ t n r  f u r  L:  0.12 t u n  of ciry f u e l  
,rirre.;l,,,tlcls 1,) $80 l h s  c l i  ):rri.n f u e l  w l l i c l ~  w i l l  p r o -  
duct ( v i a  non-condensing t u r b i n e )  7 6 . 6  lip-lrrs uf 
l l e c l r ~ n i c n l  work w i t h  1248 l b h  r l i  r r s i d u d l  e x I ~ . i u s t  
: . t c ~ m  ~ v ~ i i l , l b l i ,  [or h e a t i n g  and d r y i n g .  

I Lni l  ud lnc,  pilenu l - turmaldel tydc  r e s i n .  
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1 1 e p r e c . i a ~ i u n  
L l e c t r i c , ! l  -- o r  C a p i t a l  

' I  L I Energy Steam ~ a c i l i t i e s ~  

I li.isi,,I on l i i .rnt w i t h  . lnounl  c a p a c i t y  i ~ f  6 8  m i l l i o n  
I I L - i I  1 .  T u t ~ i l  p l ~ i ~ r ~  i n v e s t m e n t  
6 1  . '\ 1811 I1 ~ L > I ) ,  ,>>IL,- IL~I  1. d c l ~ r ~ ~ t  L I L C ~  ovt,r 211 \ ~ , , t r +  , t nd  
~~ni-11.11 f iovcr iivc y c ~ r s .  

'TABLE I-1Or. i i r . u c t u r ~ ~ L  ,~irr~ti~.LeLuurvl -- chipipin:j 
r,..: f lnkLn!~  aourid wood: Product out- 
put land man-horn, energy, nn*i capi ta l  
t!cpreciation requirements i n  manu- 
;ircturc nuserf on 1.0 ton 10 D weigh t )  
d n p ~ t  oj" anbarked logsa 

Energy 
-. 

~, i t , ,rr , l  D e p r e c i d t i u n  
E l e c t r i c a l  has of  C a p i t a l  

P r o d u c t  ?lanpower Energy Steam ~ a c i l i t i e s ~  

% A n ,  

i;;l tons .'dc,n-iiour~s . .. .-,I . 
, . , , I  -- -- :%3 .',A0 L L<l1% 

Bark ) . ? 7  
0 . 0 8  I . I 1  25 2 X  .Y2 

bLlns.lndcd s i>eat l i in j i  h o , t r d ,  40 l b  p e r  c u  i t  d e n s i t y .  

' ~ a s e d  on p l ; i n t  w i t h  .uxnilal c a p a c i t y  of  68 m i l l i o n  
s q .  i t  o f  314- inch b n . l r d .  T o t a l  p l a n t  i n v e s t m e n t  
S 7 .  8 mil  L i g ~ n ,  ~ > n ~ , - l ~ i l  I- d c ~ ] > r ~ , c  i , ~ L e ~ l  < ? v c r  20 ><>drs a ~ d  
uric-l~~~lf o v e r  i i v e  ye.nrs.  

' i ~ v a i l r l b l e  .IS f u e l :  0 . 2 4 2  t o n .  

i l n c l u d l n g  r e s i n  and wax. 
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T.\BLF I - l 0 d .  StructmaZ ;/U~ticzilboapd -- chipl,inJ TABLE 1-12. ildhesives and addi t ives  -- phenol 
and flakin,: wood wi th  sor-c r o t :  Fro- ,rormaZdehyde, urea JomaZdehgde and 
.duct output a n i  man-hour, ener3;!, an<i LUX: man-JLGUPS, energy, and cnjjitaZ 
capi ta l  depreciation requirernents i n  cos t  rt,quirements per ton  o f  pro- 
innnufacture based on I. 0 ton 10 3 ilui?tior 
weight)  input of unbarked 2oi;sa . . 

- 
Energy , , D e p r e c i a t i o n  Elei.liauic,il D e p r e c i a t i u n  

l < l c c t r i c ~ ~ l  -- (;'IS n i  C d p i t a l  Harscpower  Steam o f  C a p i t a l  

p r , ,duc t  ,.,anpower l ' r o d ~ ~ c t  .El~npowt.r (Demand) Energy ~ a c i l i t i e s "  

s t ruc-  Urca- 

ti l l: ,  I Formal - 

L30.irdh 3.50 dehyde 
0.!4X 1 .05 231 2137  R . h i  R e s i n  0 . 7 4  36 419 15  

' l%,!\~,ci , , I I  ) , I , L ~ L  W L L I I  :inntt,11 V , I I > , I ,  iLv $ 1 1  (~t! ~ n l l l i < x ~  
5'1 i t  o i  3/4-int.I, 1ho:lrd. 'Tot,i 1 pl . lnt Invt , s tn i .nr  
57 .8 I I I ~ ~  i i t > n ,  t > 1 1 - i 1 , % 1  I  c l t ~ l , t r ~ ~ ,  i c L L ~ I  ,,>:< 1- + I T I C I  
tl>rt,-liG~l i tlver f i v e  yc . , r s .  

I , , I L >  I 
0 .  I ?  . O H  ~ - 1 . 3 4  -- 0 . Ill 

--  - 

I .'JO . 7 0  1 2 . 1 7  (1 1 . 4 4  

. i , i i ln!ei  100 l ie r r i .n t  m o i s t u r i  c i m t i v ~ t  o f  wood .ind 
li i r k .  1%-lied u n  anc m i l l  prodilcina 50(1 t o n +  i:rccn 
I - t i ips  (250 tms  O.l).)  p e r  day (two s l ~ i i ~ s )  wit11 
p r o d t l r t i v l t y  oi !1.70 m a n - l ~ o u r s  jper 0 I )  t o n  of  c l l i p s .  

''l)cl>rcc i , l t l o n  e s t i n ~ n t r d  a t  onc- l ia l f  u i  i n v i s t m e n t  i n  
L O  yr:lrs and  c,nr-ii:!li i n  f i v p  ye;lrs. C a p i t a l  invei;L- 
merit :ishumcil was $1 mil  l i o n  f o r  a r c s i n  p l a n t  :lnd 
450.!100 ior  n w n x  p l . l n t .  
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~ - ~ 
- .- . . . - - - - - - - 

Elotor Energy P r o c e s s  C a p i t a l  
l n p ~ l t  , , f  Wood\. 11eolandcd i n  S t c n m  Plan-llours 1 ) e p r e c i a t i o n  
i 'u rn is l r  t o  C o n v e r s i ( i n  S c r d e d  t o  t \ l l o c n t e d  A l l o c a t e d  t o  

I Yii,Ld 1 . 0  tcri~ t o  Y i c l d  i d  1.1 ti, P r o d u r t  P r i m a r v  
I < , I w  u f  l ' r i n ~ , ~ r v  1 . 0  t o n  n f  Lt>n , > r  a n d  12rs idu . i l  I ' r u d u ~  t and 

(.clllirnr~d i t v  >l,iL<,ridl l ' r , ) d ~ t c t  P r o d u c t  I>~.oclt~ct I‘ui-1 K e s i d u n l  F u e l  

-- 

Cross ~ e t ~  C r i , s s  NetC 

I . ' ) ~ , . '  ," - : ~ O ~ A I ~ , S  ; ' , i n  :c . 'r,:,~-..s ,:tz>:; 
. ~ . . ~  ~ ~ -- 

S i , f t i  ~ ~ o i l  I .IIIIIIIC,~ I3,irki 2 .  Sf1 1 7 4  (203)  i , 4 H r  ( 2 , 2 5 1 )  3 .  011 
1 o,,q 
L I , ~ , '  

I !~!nI>c r I.,I~ILII,I ~ , d  Ij,?rLv F 2 . 1 3  30 ( I ?  I )  5,904 l , L h c l  4 . 5 1  1 1 . 5 1  
i ! - i> rn  \'vnc.c.r l,>;;s 

I I I  &.irk? 3 .  57 212 (113)  5 ,714 ( 2 , 8 2 9 )  8 . 0 7  26.07 
I , > g s  

I ~ t l  liLirk! ,> .~ . .~ ,, - 31. (139)  6 ,  167 3 , 3 9 3  4 . 5 3  1 1 . 6 2  
i 1 I I I t i# .  

tl.irtlh.,~i)tl li.irki 3 .  j 3  57 ( 4 3 1 )  H, 333 360 8 . 0 0  17.67 
1'1, \!<h><Ii L,,}:.; 

I ' I ~ ~ L , I  I ,IV~IC.TIL i> I , ~ n c ? r  1 .OL 3Lh 2'15 1 , 9 5 4  h 2 i d  2 .57  1 2 . 4 h  
I'.iwL i t . I r r  s l l . rv ings ,  

bc~, i r<l i  i ~ w d u s  t , 
p L>w"oil 
t  r i  ill 

SLru, ti l1.11 t!,rrky 2 .  RL"  1 5 7  ( Z f 1 0 )  5 .084 ( 1 ,  179) 4 .94  1 2 . 8 5  
~l.fikci,c, . lrd'  l o g s  

I n - u  nc io l i '  Elixed .<I6 022 592  l.Rl!+ 3 , 7 1 4  5 . 8 9  2 0 .  38 
f\,>,tr<I s l ~ c c i r s  

, h i p s  

Wc,t-I urntcJ Elixcd I . l i  l , 2 h 7  1 , 2 3 0  h . h 9 3  6 , 0 9 5  11.25 43.08 
I d r  i p e c i e s  

cI1ips 

blc~dittm- 50% c i ~ ~ p , -  I .  l  h  475 + 4,191 2 ,335 2 .62 2 4 . 9 5  
IJrni I t )  5OX hdr l cv  
I i r l l '  l,>,li,dwol,d 

.. ---- - - -. . . - - . . ~ - .~- -- - 

J l l v r ~ i - d r v  wi- ig i~t  b a s i s  o f  lhutl> i n p u t  ,?rid p r o d u c t .  

h'l.tlesr dzita a p p l y  t o  t h e  p r o c e s s  o f  n ianufnct i i re  f rom l o g s  ( o r  c i ~ i p s )  t n  y.ird tltrougll l o a d i n g  p r o d u c t  a n  
c a r x - i e r  i u r  s l ~ i p m e n t :  t h e y  du n o t  i n c l u d e  maripuwer, e n e r g v ,  o r  c a p i t a l  deprem. in t ion  i n v o l v c d  i n  manu- 

- -- 

f . i c i u r r  c,f p r i ~ d u c t  c % d d i t l v e  ( 1 . e .  r e \ i n s ,  wax, s t a r c h ,  o r  a s p l > a l t ) .  See Tab182 1 - 1 2  f o r  s u r l i  i n f o r m a t i o n .  

Citsstarles t l i d t  grcr l i  b a r k  and saiidust.11-i, b u r n e d  a t  6 6 . 5  p e r c e n t  c f f i c i e n c v  t o  g e a e r a t c  s t e a m  t o  d r i v e  n 
nun--condensing t u r b i n e  c o n n e c t e d  to a n  * \ . C .  g e n e r a t o r  d r i v i n g  e l e c t r i c  m o t o r s ,  and t h a t  l o w - p r e s s u r e  
ex11.1ust s t c a m  i s  u t i l i z e d  f o r  p r o c e s s  h e a t .  Net c n c r g y  i s  t h a t  r e q u i r e d  i n  amidi t ion  t o  c n e r g y  produced 
tro111 r e s i d u e  f u e l .  Values i n  p a r e n t h e s e s  r e p r e s e n t  e n e r g y  g e n e r a t e d  i rom r e s i d u c  f u e l  i n  e x c e s s  of  
L ~ J L  r e r j t i i r r d  f o r  p l a n t  o p e r a t i o n .  

" l n  ~ d d i t i o n  t o  t h i s  proci . ss  q t r a n l ,  2 . 7 7  m i l l i u n  RTD u f  n a t u r a l  gas  a re  n e e d e d  t i ,  prucluce 1 . 0  t u n  (0  U 
wciqlrt  b a s i s )  o f  p r o d u c t .  

' I n  i d d i t i o n ,  1 . 2 7  Lons ((1 U weigl i t  b a s i s )  u T  p a l l e t  lumber  a r c  vie1dt .d  rrom t l i e s e  l o g s .  

fl:ner>;y b.tl.rnces f u r  t h e s e  p r o d u c t s  d o  n o t  i n c l u d e  e n e r g y  consumed i n  m a n u f n c t ~ l r c  o f  r e s i n s  o r  waxes. 
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TAI3LE 11-1. Forest hr79est in.r :  >;,rv,-;:o~cv re,xsirc- I'.$BLT. 11-3. ','r,+e,q; i -~;~ves t in , r :  ?r?nar:, J"riel con- 
vi.ni:: (1972)' '  3Ar'. '  $;OX !137?)" 

- -- ---. - -- 

l ' a r i f i c  Nortliwest S o u t h  ,ic.lilc S a r t h w e s t  S o u t h  -- p . '  ' 

!.g e- "-,.,,.s .'.'cl~-aol~i~:; - ,. i l .L: . .  . - ; I i ~ r c ~ ~ Z  %I!'.?. ih'<?se: 

$ .  . . . 
: PP ' i.P . i r L i v i t i e s  

. , t l \  , i I,... 3 .TI to,: ;'p,><.pnt 1' .'I 1 .n 'cr..,>j.L 
:r 0 ,-I t,ii! ? ~ p ?  e ?  ;) tc>n 

-- . . . . - - - -- - 
- - . - . - 

H a r v r s t  
i'l ,inn inj i  iL 
1. ivir t l t  . 0s 4.5 . O h  

Stlimp-to M i l l  ' T o t C x l ~  4 .17 4 . 3 5  
H ~ n d l i n g  1 .12 58.0 2 . 2 1  74 ~ - - - - - -- - - - - -- - . . . - - - 

TAII1.I: 11-2 .  i:or~.st ?nr~i~<.st7:7!, : ~ ' ' ~ ~ ~ ~ , ' t t z /  1q ~ ~ - < / l t f o r z  
r~cr!?rircr?oi! z !1!'7;!) '~ 

-- 

P a c i f i c  Nur t l rwest  Soutli  
- .- .-, - - - -. pT- 

A> L   UP^ 'wr'  N1'S ~'1~1' 

Ac L i v  ~t i c s  f1 ,7 t,w 7 ? tcirl 

Ri,.id C o n s t r u c t i o n  
h M a i n t e n a n c e  .07  

Stump-to-Mil l  
H.!ntll i n a  1. 54 2 . 2 1  

Eqllipment 
M r ~ i n t e n n n c e  .01 

-- .. 

T o t a l s  1 .64 2 . 2 1  

T,!I\l,l: I1 - 4 .  ,'8rr)(l~:, c,: ;'o~cct lb7~7~cst?n,:: j.!L~n-ho&~>, 
, irrr,:,!, i:mi c.7. '! 71 r j ~ ; ~ ~ ~ ~ Z 7 1 ? ~ n  PC- 

i~ircvczls , i r' . ' , ' ton 01 i,ilu?z,iw,ou l 
?.or R:W~ tl> " i l :  (1.17.) 

-. . . 
P a c i f i c  
Nor thwest  S o u t h  A v e r a g e  

pp . - -- - 

Pl~n- l loors  1 . 9 2  2 .98 2 . 4 5  
C ~ l p i t i l l  1 ) e p r e c i : l t i c n  

( D u l i a r s )  1 . 6 4  2 . 2 1  1 . 9 3  
Dic ,se l  F u e l  

( ( ; n l l o n s )  4 .17  4 . 3 5  4 . 2 6  
( ~ l i l l  i o n  B T D ) "  , 5 7 6  . 6 0 1  .5KY 

'1:nsrd on i n d u s t r i a l  d a t a .  
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TABLE 11-5. Forest hamestin,;: :*?clcln-hour, cnpitrzl ie; ~ ' : , ~ i ( z l i o i ;  :r%: inep,J:r rcf~:,irrr?cnts per 
G n ton of i iz t~~?>ic. i iat~? n,z<! ; ' i , z l zZ  ?roductU 

Manpower C a p i t a l  E n e r g y  

Nan-ilours !lo 1 2ar.s >@,; r<TLr 

I ; ,> r< , s t  Rc3sidual ( I i . ~ r k y )  Cll ills 

13:1rI<-I~rc,~~ ( '1 , ips 

SII f  wood I.unlbi,r 

Il,lrdwood Flakebo:irri 

Har~lwoocl l.uml,i,r 

IAurnher Laniinatchd From V r ~ i c t , r  

Sof twood  1'1 ywood 

Harriwood l 'lywoud 

I .~idcrL;iymcnt ~ ' a r t i c 1 c b u ; i r ~ i l '  

bledium-llensi ty ~ i b e r b o , l r d ( '  

kt-l 'c1rmi.d I n s u l a t i o n  l ioa rdd  

WeL-Formed P r i m a r y  H a r d b o a r d  
d 

"~ ; ln - l1our ,  c a p i t a l  d e p r e c i a t i o n ,  and  e n e r g y  r e q u i r e m e n t s  Eor i n p u t  raw m a t e r i a l s  f r o m  t h e  
s tump t o  ~ l r e  m a n u f a c t u r i n g  p l a n t  a r e  t h o s e  a s s i g n e d  t t 1  t h e  p r i m a r y  p r o d u r t  and  t i l e  f u e l  
d c r i v e d  i n  p r o c c s s i n g .  R e q u i r e m e n t s  i n c l u d e  c h i p p i n g  wilere c i i i p s  a r i a  t h e  raw matcxri ; l l  
i n p u t  t u  t i l e  m d n u f a c t u r i n g  p r o c e s s  ( S e e  F i g u r e s  3 -16) .  

"i\ssunIrs f u r n i s h  d e r i v t , d  o n e - t h i r d  From p1;iner  s h a v i n g s ,  o n e - t h i r d  f rom q n w d t ~ s L .  

and <ini,-t!li r d  f rom plywoo<l t r i m .  

C ~ s s i l m e s  F u r n i s h  d e r i v e d  o n e - h a l f  f r o m  b a r k y  roundwood and  o n e - h a l f  f r o m  b a r k - f r e t z  r i l i p s .  

d 
2 i s s i ~ ~ n c s  f u r n i s h  i i e r i v r i l  onc-hn l  f i rom f o r e s t  r e s i d u a l  c h i p s  and  < ~ n c - l i a l i  f r o m  h a r k - f r e e  
c l i i p s .  





52 C O R R I ~ I  PANEL II 

APPENDIX 111 

hlaterials, hlan-Hours, Energy, and Capital Rerll~ireinents for Alternative Floor, Roof, and Wall Con- 
structions ( 100 Square Feet) 

111-1. Ilrscriptions of Floor, Roof, and \Val1 Constrnctions . . .  . 53 
111-2. Snmmary of Requirements for 100 square feet of Construction for Alternative 

Drsigns . . . . . . . . . . . . . . . . . . .  . .  - - - - - - -  ~ -... 55 
111-5. Some Co~nparisons of Rcquireinents for 100 square feet of Construction for 

Alternative Dcsigns . . . . . . . . .  . . . . . . . .  . .  56 
111-4. Shipping Distances and Modes fro111 Fal~rication Plant to Retail Yard - Wood 

Prodi~cts . . . . . . . . . . . .  57 
111-5. ,\Ian-Honrs, Capital Depreciation, and Energy Requirements per Ton-Mile 

from hlill to Retail Yatd . . . . . . . . . . . . . . . . . . . . . . . . .  57 
111-6. Shipping Distances and Modes from Fabrication Plant to Retail Yard - Non- 

Wood Prodi~cts . .  .------------------.-......-.----------------...------------------.. . 58 
111-7. Capital Depreciation, Energy, ancl Man-Hours Required per Ton of Product to 

Deliver M'ood Commotlities f ro~n Retail Yard to Bililding Site 58 
111-8. hlan-Hoi~r Re(pirements for Components in Each Floor Systein ............ 59 
111-9. Energy Reclniren~ents for Components in Each Floor System ........----------------.... 60 

111-10. Capital Depreciation Reqnirements for Cornponellts in Each Floor System .---. 61 

111-11. Man-Hour Reqi~irements for Components in Each Exterior Wall System . 62 
111-12. Energy Requirements for Components in Each Exterior Wall Systen~ ----------..-... 64 
111-13. Capital Depreciation Reqnirements for Components in Each Exterior \Val1 Sys- 

tem . . .  ~ .~.~----------------------..-.....-...-.---- 66 
111-14. Slan-Hour, Energy, ancl Capital Depreciation Requirements for Components in 

Each Interior Wall System .---.--..-... . . . . .  ~ ----------------- ~ ----.............-------. 68 

111-15. Rlan-Honr Rccluirements for Con~ponents in Each Roof Systern .................... 70 

111-16. Energy Req~~irements for Conlponents in Each Roof System . .  ..........--. 71 

111-17. Capital Depreciation Requirelnents for Components in Each Roof Systenl 72 



W001) FOR STHUCTURAL AX11 AHCHITECTURAL PURPOSES 

TABLE 111-1, ..'rL;f;u~d 

r ; ~ t - l , i , r *  w ~ ~ l s ,  i ~ 7 . t .  

F l o o r s  
- 

1. iSoud j o i s t ,  s u b i l o o r  and u n d c r l a y m c n t .  2  x 1 0  
j o i s L s ,  16 i n .  OC? 1 1 2 - i n .  plywood s u b f l o o r ,  
3 1 8 - i n .  p a r t i c l e b o a r d  u n d e r l a y m e n t ,  c a r p e t .  

J o i s t s  0 . 1 3 9  t o n  
Plywood 0 . 0 7 3  " 
P a r t i i i ~ b o a r d  0 . 0 7 0  " 

C a r p e t  6 p.,d 0 . 0 2 8  " 

N a i l s  0 .0019 " 

2 .  i\'r,od j i > i s t ,  s u h f l o o r ,  o a k  f i n i s h  i l o o r .  2  x 1 0  
j o i s t s ,  24 i n .  OC, 1 1 2 - i n .  plywood s u b f l o o r ,  
314- in .  o a k  s t r i l l  i l o o r i n g .  

.T~ists  0 . 0 9 3  t o o  
I'lywuod 0 . 0 7 3  " 
Oak F l o u r i n g  0 . 1 2 5  " 

N a i l s  0 .0019 " 

3 .  ',iuild joist, s i i l f i l c  I . iycr  I i u n r .  2 x 1 0  j o i L i ,  
I h  i n .  O C ,  5 1 8 - i n .  l ~ l v w o u d  u n d c r l a y m e n t ,  c a r p e t  

. J o i s t  0 . 1 3 9  L O N  

l'lywood 0 . 0 9 1  " 

L a r p e t  Ec pdd 0 . 0 2 8  " 

N a i l s  0 .0019 " 

4 .  C o n c r e t e  s l a b ,  4 i n ,  t h i c k ,  o n  6  i o .  g r a v c l  b ~ s c .  

Cvncre  t e  2 . 3 3  t o n s  
( ; r a v e l  2 . 5 0  " 

Vapor b a r r i c r  0 . 0 0 1 5  " 

C a r p e t  & pad 0 . 0 2 8  " 

5 .  S t e r l  j u i s t ,  2-4-1 plywood. S t e e l  "C" j u i s t s ,  
4 8  i n .  OC s i m p l e  s p a n ,  1 1 1 8 - i n .  plywood com- 
h i n a t  i o n .  

J o i s t  0 . 4 2  t o n  
Plyw<,i,d 0 .164 " 
C a r p e t  & pad 0 . 0 2 8  " 
N a i l s  0 .0019 " 

6 .  C o n s t r u c t i o n  same a s  i. ' lw>r N o .  3 e x c e p t  L V L ~  
j o i s t ,  1 6  i n .  OC, and 518 i n c h  f l a k c b u a r d  i n s l c d d  
n f  i'lvwood. 

1 . 5  i n .  x  7 . 1  i n .  0 .112 t o n  
j o i s t  

F l a k e h a n r d ,  518 i n .  0 . 1 1 8  " 

C.irpet & pad 0 . 0 2 8  " 

N a i l s  0 .0019 " 

E x t e r i o r  W a l l s  -- 

1. flywuud s i d i n g  ( n o  s h e a t h i n g ) ,  2  i n .  x 4  i n .  
f r a m e  

S i d i n g  - 518- in .  plywood 0 . 0 9 1  t u n  
B u i l d i n g  p a p e r  0 .0075 " 

F r a m i n g ,  24 i n .  OC, t u p -  
b o t t o m  p l a t e s  0 . 0 5 9  " 

I n s u l a t i o n ,  m i n e r a l  wool  
* - i n .  b a t t s  0 . 0 2 7  " 

Gypsum b o a r d ,  1 1 2  i n .  0 . 0 2 7  " 

N a i l s  0 .0019 

2 .  Medium-densi ty  f i b e r b o a r d  s i d i n g ,  1,lywuod 
s l r e a t l ~ i n g ,  2  i n .  x 4  i n .  i r a m c .  

S i d i n g ,  1 1 2 - i n .  MDF' 
42 l b s l c u  i t  0 . 0 8 7  Lun 

S t r e a t l ~ i n g  318- in .  plywuod 0 . 0 5 5  " 

B u i l d i n g  p a p e r  0 . 0 0 7 5  " 

F r a m i n g ,  24 i n .  OC, t o p -  
b o t t o m  p l a t e s  0 . 0 5 9  " 

I n s u l a t i o n ,  m i n e r a l  wool 
? - i n .  b a t t s  0.027 " 

Gypsum b o a r d ,  1 1 2  i n .  0 .104 " 

N a i l s  0 . 0 0 2 5  " 

3. Medium-densi ty  i i b e r b o a r d  s i d i n g ,  1 1 2 - i n .  
i n s u l a t i o n  b o a r d ,  1 / 2 - i n .  plywood c o r n e r  
b r a c i n g ,  2 i n .  x 4  i n .  f r a m e  

S i d i n r ,  1 1 2 - i n .  MDF 0 . 0 8 7  t u n  
S h e a t h i n g ,  plywood 

( 2 5  s q  f t )  0 . 0 1 8  " 

S h e a t h i n g ,  i n s u l a t i o n  b o a r d ,  
20 l b s l c u  f t  (75  s q  f t )  0 . 0 3 2  " 

B u i l d i n g  p a p e r  0.0075 " 

Framing,  24 i n .  OC 0.059 " 

I n s u l a t i o n ,  m i n e r a l  wuul 
2 - i n .  b a t t s  0 .027 " 

Gypsum b o a r d ,  112 i n .  0 .104 " 

h ' a i l s  0 .0025 " 

4 .  C o n c r e t e  b u i l d i n g  b l o c k ,  no  i n s u l a t i o n .  

W a l l ,  2-cure  b u i l d i n g  b l o c k  
8 i n .  t i t i c k  1 . 8 8 7  Luns 

F u r r i n g  s t r i p s  - s i x  
1 i n .  x 2  i n .  0 .0066 t o n  

Gypsum b o a r d ,  112 i n .  0 .104 " 

N a i l s  0 . 0 0 1 3  " 

5 .  Aluminum s i d i n g ,  u v e r  s h e a t h i n g ,  2  i n .  x 4  i n .  
f r a m e .  

S i d i n g  - , 0 2 0  i n .  t h i c k ,  
168 I b l c u  F t  0 . 0 1 5  t o n  

l i u i l d i n g  p a p e r  0 . 0 0 7 5  " 

S i ~ e a t h i n g ,  plywood 
1 1 2  i n .  c o r n e r  b r a c i n g  
( 2 5  sq  f t )  0 . 0 1 8  " 

S i ~ e a t h i n g ,  i n s u l a t i o n  bodrd  
1 1 2  i n .  ( 7 5  sq IL)  0. 032 I '  

I 'ritming, 24 i n .  0 C  0 . 0 5 9  " 

I n s u l a t i o n ,  m i n e r a l  wool 
2 - i n .  h a t t s  0 .027 " 

Gypsum b o a r d ,  1 1 2  i n .  0 .104 " 

N a i l s  0 . 0 0 2 5  " 

6.  Medium-densi ty  f i b e r b o a r d  s i d i n g ,  sheathing, 
s t e e l  s t u d s .  

S i d i n g ,  MDF 0 .087 t o n  
B u i l d i n g  p a p e r  0 . 0 0 7 5  " 

S h e a t h i n g ,  plywood, 1 1 2  i n .  
c o r n e r  b r a c i n g  ( 2 5  sq  i t )  0 . 0 1 8  " 

S l l e a t h i n g ,  i n s u l a t i o n  b o a r d ,  
1 1 2  i n .  ( 2 5  s q  i t )  0 . 0 3 2  " 

Framing,  s t e e l ,  24 i n .  OC 0 . 0 4 5  " 
I n s u l a t i o n ,  m i n e r a l  wool 

2 - i n .  b a t t s  0 . 0 2 7  " 
Gypsum b o a r d ,  1 1 2  i n .  0.104 " 

N a i l s  0 . 0 0 2 5  " 
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l ' ivvu<id i . u r n c r  I>r . ic lnA,  
112 i n .  0 .  018 " 

I < U L  Icling 1p'~per 0. 0075 " 

i I - . in~in>;  2 i n .  x 4 i t , .  , 
2 &  ill. Oi; 0 . 0 5 9  " 

i ~ ~ \ ~ ~ l ' c t i c > t ~  2-1n .  I ) ~ ~ L L >  
11, lncr'i I woc,l 0 .027 " 

i:vpsttm h o a r d ,  112 ~ n .  [I. 1 0 4  " 
N . 1 1  1s 0 .  002.5 " 

I ~ l L c ~ r i ~ ~ r  '!4,11 I s  
-- . . - ---- - - 

I : V ~ > + U ~ I  h o ~ ~ r d ,  112 i n .  
b ~ r t l l  h i d e +  0 . 2 0 8  t u n  

Fr.imirlg 2 i n .  x 4 In. -- 
l i~.iil  Ibcnring 0 . 0 5 9  " 
tor 2 i n .  \ 3 i n .  -- n c n -  
l t ~ , ~ ~ l  I > , , , , r i n g  11.042 " 

N , i i l s  0 .0019 " 

2 .  . \ i u m ~ n ~ m  f rdmlng ,  I!, i n .  r l c :  

( . i , p s r ~ n ~  b u . ~ r d ,  112 i n .  
I I U L I ~  \ i d e s  r1.208 t u n  

Fr.lei!ig, non- load lli,'irini: 0 . 0 0 7 1  " 

N.i i l s  0 .  001 9 " 

3.  S t c c l  i r . i m i n ~ ,  L4 i n .  Oi:. 

(:yl>hun> h o , ~ r d ,  112 111. 
Ihil I) s i d c s  0 . 2 0 8  to t ,  

I'r,iming. non- load be.arii,g O.OL1 " 

N:iils 0.001') " 

1. ir'-tvllc wood t r u s s ,  2 8 - i t  s p i n ,  24 i n .  U C .  

l ' r u s s  Lumber 0 .107 
'Truss  p l . i t e s  -- 1 . 0 5  l h i /  

LTlliS I!. 0029 
I(u<ri a l ~ e ~ t l i i n g  114 scl i t  

112- in .  plywood 11. OX 3 
~ : ~ , , ) t  i,,g ~ C L L  0 .0086 
iOixiii h l l i n g l r s  -- 1 . 1 4  

srjrl.it-es 1 1  LZR I b s / s q  0 . 0 7 3  
12vpsum boa rd  c e i l i n g ,  

100 s q  f t  0 .104 
I 1 1 s i i l . % t i o n ,  3 .  5 i n .  l o u s e  

m i n c r . i i  woul  0 .  048 
X. l i l s  0 . 0 0 2 5  

2 .  Sdllli. ,15 NII. i n b u v e  e x c e p t  a s p l ~ a l  t i n s t e d d  01 
woslii s i ~ i n g l c s .  

3. S t c c L  r.if L < . r  (I'1.1t r o o f ) .  

K.%iters, "(:" beam, 7 1 1 2  i n .  
d e e p ,  14 i t  s i m p l e  s p a n ,  
24 in OC 0.057 t u n  

(Load h e a r l n g  c e n t e r ,  
2  i n .  x 4  i n . )  0 . 0 1 7  " 

S l l e a t i ~ i n g ,  1 1 2 - i n .  p lywi~od 0 .073 " 

Muil t -up  r o o f i n g ,  318- in .  
t h i c k  70 Ibs!crc 1 t 0 . 1 0 9  " 

(;ypsurn boa rd  c e i l i n g ,  
100 s q  f t  0 .104 " 

I n s i ~ l . i t i o n ,  3.5  i n . l o o s c  
m i n c r a l  waul 0 . 0 4 8  " 

N l l i l s  0.0025 " 

4 .  I..iminLiLed vcnecr l u m b i r  j o i s t s  ( F l a t  r o u i )  

1 . 5  i n .  x 7 . 6  i n . ,  1 4 - f t  
s p a n ,  24 i n .  OC j o i s t s  0 .074 Lvn 

(LuLid b e a r i n g  c e n t e r  w.il 1, 
2 i n .  x 4 i n .  f r a m i n g )  0 .017 " 

FlLiBcbaard  s l ~ e a t h i n g  4 5 . 3  
l b l r t i  f t ,  112 i n .  0.094 " 

I i u i l t - u p  r o o f i n g ,  SIX i n .  0 . 1 0 9  " 

(;ypsum board c e i l i n g  0 . 1 0 4  " 

I n s u l a t i o n ,  3 . 5  i n .  l o u s e  
mine r c i l  wool 0 . 0 4 8  " 

h"i i l s  0 .0025 " 
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TAIiLE 111-2.  Swmnary o f  requirements for 700 square f e e t  o f  construction for a l ternat ive  
designs iincZuding e.rtraction, manufacture, transport t o  building s i t e  and 
erect iona) 

Net C a p i t a l  
Manpower Energyb  D e p r e c i a t i o n  

Man-Hours Million RTU UoZ Lars 

Floo r s  - ( a l l  w i t h  c a r p e t  and p a d ,  e x c e p t  No. 2 )  

1 .  Wood j o i s t ,  plywood s u b f l o o r ,  and  p a r t i c l e -  
b o a r d  under laymcnt  

2 .  Wood j o i s t ,  plywood s u b i l o o r ,  o a k  f i n i s 1 1  f l o o r  
3. Wood j o i s t ,  " s i n g l e - l a y e r  f l o o r "  
4 .  C o n c r e t e  s l a b  
5 .  S t e e l  j o i s t ,  2-4-1 plywood 

6 .  L V L ~  j o i s t  and f l a k e b o a r d  d  

E x t e r i o r  W a l l s  .- 

I .  Plywood s i d i n g  (no s h e a t h i n g ) ,  2x4 f rame 
2 .  Medium-density f i b e r b o a r d  s i d i n g ,  plywood 

s h e a t h i n g ,  2x4 f rame 
3 .  Medium-density f i b e r b o a r d  s i d i n g ,  1 1 2 - i n .  

i n s u l a t i o n  b o a r d ,  and  plywood c o r n e r  b r a c i n g  
4 .  C o n c r e t e  b u i l d i n g  b l o c k ,  no i n s u l a t i o n  
5 .  Aluminum s i d i n g  o v e r  s h e a t l ~ i n g  
h .  PlLlF s i d i n g ,  s h e a t h i n g ,  s t e e l  s t u d s  
7 .  MLIF s i d i n g ,  s h e a t h i n g ,  aluminum f r a m i n g  
8. B r i c k  v e n e e r  

I n t e r i o r  Wal l s  

1 .  Wood f r a m i n g  
2 .  Aluminum f r a m i n g  
'3. S t e e l  i r a m i n g  

Kools 
-- - 

1 .  W-type wood t r u s s  w i t h  wood s l ~ i n g l e s  
2 .  Same b u t  w i t h  a s p h a l t  s h i n g l e s  
3 .  SLeel  r a f t e r s  ( f l a t  r o o f )  

4. F l a t  roof  w i t h  L V L ~  and f l n k e h o a r d d  

--  - -- - 

 or c i < , s i g ~ ~  d e s c r i p t i o n s ,  s e e  111-1. 

11 
Energy f rom wood r e s i d u e s  c r e d i t e d  ~- o n l y  a g a i n s t  g r o s s  e n e r g y  r c q u i r c m c n t s  o f  m a n u i n c t u r i n g  ~ 

pllasc7, not a g a i n s L  l o g g i n g  o r  t r a n s p o r t  o f  wood components.  

' ~ a m i n a t c d  v e n e e r  lumber .  

<I 
E r c c t  i u n  m; in-h i~r~rs  un . ivn i la l i l e .  i ' ipproximat ions  i ~ a s c ( l  nn s i m i l a r  r c > n s t r t l r t  i o n s .  
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TAII1.1: T11->. ."u7r!e (.orr::)~l?.:sons 3:' ~~,,i;.uii~er,,ents .TOT. 100 square T e e t  c,f cons t r~nc t ion  for aZter8- 
nrztloc' :li,:ti~:?.s fpr'v:,: c ~ : ~ ~ ~ ; c i i o n  t o  the buildiri.7 s i t e ,  hut not incZudincq 
e ~ c c l i o r ~  : 

C a p i t a l  Net 
l i e s i g n  from Tnhle  IIT-1 l ; l lnction and  M a t e r i a l  Labor D e p r e c i a t i o n  Energy 

!Ian-Jiours Lo2 l n r s  Pfi.llion RTU 

T l o o r  J o i s t s  

Suf  twood 1.~1mber 
1.aminatt.d-\'t,neer Lumber 
S t c c l  

S u t ) f l o o r  ( S i n g l e - L a y e r )  

Softwood Plywood 
Hardwood F l a k e b o a r d  
C o n c r e t e  S l a b  

> l o o r  3 
F l u o r  h 
F l o o r  4 

i n t e r i o r  Wal l  s u d s  

2 x 3 Lumher 
Aluminum 
S t e c l  

I n t e r i o r  Wall 1 
LnLer ior  Wall 2 
I n t e r i o r  Wal l  3  

E x t e r i o r  idall  12raming -- 

Woild 
A1 uminun~ 
S t e c l  

E x t e r i o r  Wall 1 , 2 , 3 , 5  
E x t e r i o r  Wal l  7 
E x t e r i o r  Wall 6  

Roof T r u s s e s  o r  K a i t e r s  

Lumber(pi  t ch t -d)  & P l a t e s  
S t e e l  ( F l a t )  
1,VL ( F l a t )  

Kouf 1  
1ioor 3 
Kliof 4 

S i d i n g  -- 
Medium-ilensity l 'iber- 

b o a r d ,  112 i n c h  
Aluminuni 
Plywood, 518 i n c h  
B r i c k ,  3-114 i n c h  

E x t e r i o r  Wall 2 , 3 , 6 , 7  

E x t e r i o r  Wal l  5 
I - x t e r i o r  Wal l  1 
E x t e r i o r  Wall 8 

F l o o r i n g  

Oak, 714 i n c h  
C a r p e t  and pad 

SheaLhing  

112- inch  I n s u l a t i o n  Eoard 
p l u s  Plywood C o r n e r s  
Plywood, 318 i nch  

E x t e r i o r  Wall  3 , 5 , 6 , 7 , 8  

E x t e r i o r  Wal l  2 



' I  ,1131 I; T r 1-4. m ji~br.ir:,rtirin : l i n t  to rctnil , ~ - t r ~ , i  -- woo! 

(:omrnodi Ly - - -- -- Itil i 1 
Average 
1 ) i s t ance  Quan t i t y  

.'*'i LES P e r c e n t  

SO! t~rooii  iiurnt3crn 

s<> Ytl<,l,>~l P I  \,,$<>,,<I~~ 

O , ~ I \  ~ ~ c m r i n ~ "  

i ' : i l~tivli .~>oardh 

I n s u l a t i o n  13oardC 

Truck -- - - -- 

Average 
D i s t ance  Quant i ty  

iVIi Los P e r c e n t  

S h i t  & Other -- 
Average 
D i s t ance  Quanr i ty  

Miles  Pe rcen t  

5 ,  O O o e  3 .2  

5,000' 1 .8 

0 0 

0 0  

l .un~t~cr  1 .uminn tcd  from 
Vt.ni,er ---------------------y3mt> as lumber -------------------- ' 

ll,~! dwood Plywood ...................... as o ? k  flooring ....................... 

"1i:is~,d o n  d a t a  from tile Nat ional  F o r e s t  P roduc t s  Assoc i a t i on  

"i3t1.:t,<1 ~ 1 1 1  J , I L , I  1 ~ O I , I  X I [  i ~ ) 1 1 , 1 1  i 1 , ~ r 1  i c , l  t , lx>,~rd  Assoc i a t i on .  

' 1  1 <1111 , I  l h 1 1 t w ~ ' l  ~~di ' i . , i I>l i~  i11111l5t ~ 1 1 1 1  \oI1ri-i'. 

LI 
A i . s ~ ~ r n r r i  t o  be Lhc samt, a s  wet-formed h i~ rdboa rd .  

175.~ irnatc frixn knowledjie,~hle i n d u s t r i a l  sou rcc .  

I'tjfiLi. 11 1-5. ,:!an-i.ou~s, c . rn i t n l  d e y r r c i a t i o n ,  a n d  ener:t!l r equ i r emen t s  p e r  ton-mile from . ., , ' ILLL ti) ."c,ti~^17 , r ~ d  

'i r a n s p o r t  mode C a p i t a l  Deprec i a t i on  Manpower Energy ( d i e s e l  f u e l )  

Do LZars ,J!an-Rours I4M BTU 

"off-loariin:, ; i ~  t h e  r e t a i l  yard i n c r e a s e s  t h e s e  va lues  (millt ip1 ied  tiy m i l e s  hau l ed ) :  

C a p i t a l  d e p r e c i a t i o n  per  t on :  $ . 4 1  
Man-Hours per  t on :  . 20 
Energy per  ton: . I 25  m i l l i o n  RTU 

h13;lqed on dnt:i f o r  a l l  r a i l r o a d s  from Assoc i a t i on  of American Ra i l roads .  

C ~ i a s c d  on d a t a  rrom a kni,wledgrable i n d u s t r i a l  sou rce .  

d 
Es t imated va lues .  
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TABLE 111-6. Shipping distances and r~iodes frori fabrication plant t o  r e t a i l  gard -- non- 
wood products,' 

R a i l  --- - - . T r u c k  - - - -- - . S h i p  -- -- - . - 
A v e r a g e  A v e r a g e  A v e r a g e  

Comnodity D i s t a n c e  Q u a n t i t y  D i s t a n c e  Q u a n t i t y  D i s t a n c e  Q u a n t i t y  

:"files Perccni. ? f i l e s  Percent !,.files Percent 
- .- - - - 

N a i l s  ( s t e e l )  532 35 282 6 4  1 , 5 1 8  1 

S t e e l  S t u d s  6 5 3  2  2 367 7 7  7 2 1  1  

Conc . rc te  S l a b  ------ Same a s  g r a v e l  ( i . ? . ,  p i t  t o  r e a d y m i x  plant)--------- 

C a r p e t  ~ n d  Pad 969 1 9  634 8 1 0  0 

Cypium Board 349 17  120 81 1 8 9  2  

C o n i . r e t e  El ock  -----------------yarne . . .  Is 'v psum hoard-.---------------------- 

A s p l ~ a l t  S l i i n g l e s  '335 1 5  1 7 1  6 8  559  1 7  

C l a v  Ar i c k  458  2 5  1 6 3  7 5  0  0 

C l a s s  F i b e r  I n s u l a t i o n  7  39 54 285  4  0  7 9  h 

T a r  P a p e r  ( i m p r e g n a t e d  f e l t )  ----------------- Same a s  a s p l l a l t  shingles------------------- 

L i q u i d  i \ s p h a l t  ----------------- Same as a s p h a l t  shingles------------------- 

Blowll I n s u l a t i o n  (vermi~.illite)-------------Same 3s  g l a s s  f i b e r  i n s u l a t i n g  hatts----------- 

G r a v e l  
b 

1 0 0  4  0 2 5  40  1 0 0  2 0  

P l a s t i c  Vapor H a r r i e r  
( 6 - m i l )  5 3 3  4 5  2 2 1  37 498  18 

aBased o n  d a t a  f r o m  t h e  Bureau  o f  C e n s u s .  

b ~ n o w l e d g e a t > l e  e s t  i m a t e .  

TABLE TI1-7.  Capita7 Jepreciation, encry;!], and man-hours required per ton of product t o  
deZiver ?mod comoditiers ! . w m  r e t a i l  !!art? t o  buildin!! .sitea 

-- - -. 
Yard  Number Weigh ted  

1 2 3  4  5  6 7b xc 9 A v e r a g e  
D e p r e c i a t i o n  
p e r  0 D  t o n  o f  
Commodity 
T r a n s p o r t e d ,  
1 ) o l l a r s  2.21 .7 /+  . 7 9  . 6 9  . 2 6  .4h  .2h  . 8 3  . 2 8  .68 

Mil  l im  B'l'Ud 
p e r  0 D t o n  . 2 5 6  .200 . I 8 9  . 2 4 0  .092  . 0 7 0  , 1 4 0  . h 4 3  . l 6 7  .214  

Man-Hours p e r  
O D t o n  1 . 2 4  1 . 0 6  . 8 6  1 . 2  .50 .35  . 2 8  1 . 3  .28  .74  

3 ~ a s e d  o n  s u r v e y  o f  g e o g r a p h i c a l l y  w i d e l y  d i s p e r s e d  r e t a i l  y a r d s  ( D i s t r i c t  o f  Columbia ,  
C a l i f o r n i a ,  I d a h o ,  L o u i s i a n a ,  M i c h i g a n ,  M i n n e s o t a ,  New J e r s e y ,  Rocky M o u n t a i n  s t a t e s ,  U t a h )  

b ~ o m p o s i t e  o f  v.11-ds i n  L o s  A n g e l e s ,  New J e r s e y ,  and  S e a t t l e .  

' ~ o m ~ o s i t r  o f  many Rocky M o u n t a i n  y a r d s .  

d ~ a s o l i n e  l i a s  BTU c o n t e n t  o f  2 1 , 4 0 0  B'rUllb 
. I 7 1 1  g a l l l b  = 1 2 5 , 0 7 3  BTU/gal .  
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TABLE 111-8. Man-hour requir7ernents for components i n  100 sqmrze feet  of etrch floor. system 

0 D Ext rnc-  Manu- Trans-  
Component Weight t i o n  f a c t u r e  p o r t  E r e c t i o n  T o t a l  

Tons Ibfan-Hours 
- - -- -. 

F l o o r  No. 1 :  Wood j o i s t ,  s u b f l o o r  and under lnyment  

Joists 0 .139 0 .545 0 .425 0.425 I .  395 
Plywood , 0 7 3  .226 .332 .242 .800  
P a r t i c l e b o a r d  .070  .353  . I 8 5  ,139  .677 
C a r p e t  & pad .028  .045 2.624 .083  2.752 
N a i l s  .0019 - .002 , 0 1 9  .004 .025 

T o t a l  0.3119 1 . 1 7 1  3.585 0 .893 3.500 9.149 
P e r c e n t  1 2 . 8  39 .2  9 .7  3 8 . 3  100.0  

F l o o r  No. 2: Wood j o i s t ,  s u b f l o o r ,  oak  f i n i s h  f l o o r  

Oak f l o o r i n g  0 . 1 2 5  0 .558 1 . 0 0 9  0.334 1 . 9 0 1  
Plywood .073  .226 .332 .242 .a00  
J o i s t s  .093  .365 .285  .285 .935 
N a i l s  .0019 .002 .019  .004 .025 - 

T o t a l  ,2929 1 . 1 5 1  1 . 6 4 5  0.865 4 . 8 5 0  8 .511 
P e r c e n t  1 3 . 5  1 9 . 3  10 .2  5 7 . 0  100.0  

F l o o r  No. 3:  Wood j o i s t ,  " s i n g l e  l a y e r "  f l o o r  

J o i s t s  0.139 0 .545 0 .425 0 .425 1 .395 
Plywood .091  .282 .414 ,301  ,997  
C a r p e t  & pad .028 .045 2 .624 .083  2.752 
N a i l s  .0019 .002 .019  .004 - - -- ,025  

-- 

T o t a l  0 .2599 0.874 3.482 0 . 8 1 3  2.600 7.769 
P e r c e n t  11 .2  4 4 . 8  1 0 . 5  33.5 100.0  

F l o o r  No. 4: C o n c r e t e  s l a b  

C o n c r e t e  1 . 3 3  0 .221 1 . 8 4 8  2 .400 4 .469 
G r a v e l  2 . 5 0  . I 9 5  0 2.575 2 .770 
Vapor b a r r i e r  .0015 . 0 6 1  . I 4 5  .002 . I 4 9  
C a r p e t  & pad .028 - .045 - 2.624 .OX3 2.752 

T o t a l  4 .860 0.462 4.617 5.060 1 .480 11 .619 
P e r c e n t  4 . 0  39.7 43 .6  12 .7  100.0  

F l o o r  No. 5 :  S t e e l  j o i s t ,  2-4-1 plywood 

J o i s t s  0 .42  0.375 4.242 0.945 5 . 5 6 2  
Plywood , 1 6 4  .508 .746 .543  1 .797 
C a r p e t  & pad .028 .045 2 .624 .083  2 .752 
N a i l s  .0019 - .002 .019 .004 .025 - 

T o t a l  0 .6139 0 .930 7 .631 1 . 5 7 5  1 .830 11.966 
P e r c e n t  7 . 8  63 .8  1 3 . 1  100.0  

F l o o r  No. 6 :  LVL j o i s t  and f l a k e b o a r d  p l u s  c a r p e t  and pad 

J o i s t s  0.112 0 . 3 4 5  0.507 0.343 1 .195 
F l a k e b o a r d  . I 1 8  .468  .471  .253  1 .192 
C a r p e t  and pad .028 .045 2.624 .083  2.752 
N a i l s  0019 .002  .019 .004 .025 - 

T o t a l  0.2599 0 .860 3 .621 0 .683 3 . 5 0 0 ~  8.664 
P e r c e n t  9 .9  41.8 7 . 9  40 .4  100.0  

a ~ o m m o d i t y  from t h e  f a c t o r y  t o  r e t a i l  y a r d  t o  h o u s e  s i t e .  

b ~ o t  i n  p r o d u c t i o n .  Assumed t o  be t h e  same a s  F l o o r  No. I .  
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7.ARI.E 111-9. Ener~:li requirs.nents for co,nponents i n  130 square fee t  o j  each fzoor svstem 

OD - Manufac tu re  Gross  Iicsicluc N,,i 
Component h'rigirt E x t r a c t i o n  E l e c t r i c  ~ e a ;  T r a n s p o r t a  T o t a l  I:lrirgv 

-- 
T , , C , , l "  

Ton.: lliZZion BTLI foil equiualent) 
--- - - - - - - - .- - -- - - - - -- 

F l o o r  No. I:  Ir'ood j o i s t ,  s u b f l o o r  and u n d e r l n y n e n t  

J o i s t s  0 .1  39 1 1  0 .109  0 .564  0 .273  1.077 1.156 0.404 
Plywood . n 7  3 , 055  , 0 1 1  , 4 9 1  . I 5 2  .709 .270 ,439  
P a r t i c l e -  

boa rd  .070 .323 , 1 7 5  ,392  .OX4 .9 74 . I 0 7  ,867  
Carpe t  & pad .028 ,185 -----. 803  ----- . 053  1 .041  .000 1 . 0 4 1  
N a i l s  . n o 1 9  ,005  ----- 088 ----- . 00?  .096 - - -- .000 .- .096 

T o t a l  0.1119 0 .699  2 .633  0.565 3.897 2.847 
P e r c e n t  

( o f  g r o s s )  1 i . 9  67.6 1 4 . 5  100 .0  

F l o o r  No. 2: i4ood j o i s t ,  s u b f l o o r ,  o a k  i i i ~ i s h  fLour 

Oak f l o o r i n g  
l'lywood 
Lumber 

j o i s t s  
N a i l s  

TOtCll  
P e r c e n t  

(of  g r o s s )  

F l o o r  No. 3 :  Wood j o i s t ,  " s i n g l e  l a y e r "  f l o o r  

J o i s L  
Plywood 
Carpe t  b pad 
Nails 

Tot 11 
P e r c e n t  

( u f  g r o s s )  

F l o o r  No. 

Concre te  2.33 
fGravc1 2 .50  
Vapi~r  b a r r i e r  0 .0015 
( :nrpet  b pad ,028- 

'ToLaL 4.859 
P e r c e n t  

(of- i:r<>ss) 

F l o o r  No. 

J o i s t  0.h2 
i'lywoud ,164 
(:arpeL & pad ,028  
NaiLs .0019 -- 

'Total  0 .6139 
I 'ervcnt  

( o f  g ross)  

4 :  C o n c r c t e  s l a b  

1 . 2 1  17 .70  
,129  ------- 0------ 

0 .007  0 .038  
. I  85 ----- 503  ------ -- 

1 . 5 3 1  18 .54  

5:  S t e e l  j o i s t ,  2-4-1 plywood 

F luor  No. 6: LVL j o i s t  ,ind f l n k t , b ~ > . i r i l  p l u s  c a r p e t  and pad 

J o i s t  0 .112 0 .083  0.016 0.722 0 .220  1 .041  0 .396  0 .645  
1'L:lkeboiird ,118  , 1 1 3  .068  ,818  .155 1.154 1 .017  .268 
Carpe t  & pad .028 , i ~ j  ----- 803----- , 0 5 3  1 . 0 4 1  0 1 . 0 4 1  
N a i l s  .0019 

-- 
, 005  ----- 088 ----- . 003  - - , 096  .096 0  __- 

T o t a l  0 .2599 0.386 2 .515  0.431 3.332 2.050 
P e r c e n t  

([if g r o s s )  1 1 . 6  75.5 1 2 . 9  100 .0  

' I~umrnodity From rile f a c t o r y  t o  r e t a i l  ya rd  t o  house  s i t e .  

h,!ssurnes ene rgy  from r e s i d u a l s  can be i n t c r n n l l y  uscd o r  exclrzinged i n  m a n u f a c t u r i n g  p h a s e  o n l y  
( n o t  Lo$:ging o r  t r a n s p o r t ) .  
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TABLE 111-10. Capital depreciation requirements for components i n  100 square f e e t  o f  each 
fZoor sy s t em 

Component 
0  D 
Weight E x t r a c t i o n  Manufac ture  ~ r a n s ~ o r t ~  Tota l -  

Tons Do ZZars 

F l o o r  No. 

J o i s t s  
Plywood 
P a r t i c l e b o a r d  
C a r p e t  & pad 
N a i l s  

Tot  a 1  
P e r c e n t  

1 :  Wood j o i s t ,  s u b f l o o r  and  under layment  

0 .139 0 . 4 3  0.54 
.073  .18  .88  
.070 .47 .96  
, 0 2 8  . 2 3  2 . 9 1  
,0019 - . 0 1  - . 03  

0.3119 1 . 3 2  5 .32  
1 7 . 4  70.2 

F l o o r  No. 2 :  Wood j o i s t ,  s u b f l o o r ,  oak  f i n i s h  f l o o r  

Oak f l o o r i n g  0 .125 0.44 3 .26  
Plywood .073  .18  .88  
Lumber j o i s t s  .093  .29 .36  
N a i l s  .0019 . 0 1  . 0 3  -- 

T o t a l  0.2929 0 . 9 2  4 . 5 3  
P e r c e n t  14 .4  70.8 

F l o o r  No. 3 :  Wood j o i s t ,  " s i n g l e  l a y e r "  f l o o r  

J o i s t s  0.139 0 . 4 3  
Plywood .091  .22  
C a r p e t  & pad .028  . 2 3  
Nai 1s .0019 . 0 1  

T o t a l  0.2599 0 .89  
P e r c e n t  1 4 . 1  

F l u o r  No. 4: C o n c r e t e  s l a b  

C o n c r e t e  2 .33  0 . 4 3  1 . 8 5  
Gravel 2 . 5 0  .46  0  
Vapor b a r r i e r  0 .0015 .1 .18 
C a r p e t  6 pad .028  - . 2 3  2 .91  

T o t a l  4 . 8 6 0  1 . 1 3  4.94 
P e r c e n t  9 . 6  4 1 . 8  

F l o o r  No. 5 :  S t e e l  j o i s t ,  2-4-1 plywood 

J o i s t s  0 . 4 2  2 . 0 1  6 .97  
l'lywood . I 6 4  . 4 0  1 . 9 8  
C a r p e t  6 pad .028  . 2 3  2 . 9 1  
N a i l s  .0019 . 0 1  .03  - -- 

T o t a l  0.6139 2 .65  11 .89  
P e r c e n t  1 6 . 2  72 .8  

F l o o r  No. 6 :  LVL j o i s t  and f l a k e b o a r d  p l u s  c a r p e t  and pad 

. J o i s t s  0 .112 0.27 
Flnkcboard  . I 1 8  .37 
C a r p e t  & pad .028 . 2 3  
N a i l s  .0019 . 0 1  

T o t a l  0 .2599 0 .88  
P e r c e n t  1 2 . 2  

'commodity from t h e  f a c t o r y  t o  r e t a i l  y a r d  t o  house  s i t e .  
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B E  111-11 ?Jczn-izour r e q u i r e m e n t s  j ~ o r  components i n  200 squurc fee t  of e a c h  cxterior 
waZZ s y s t e m  

0 1) 
Compone~it Weiglit E x t r a c t i o n  - Manufac ture  -_ ' ~ r n n s ~ o r t ~ ~ r c c t i c ~ n  ~ u i a l  

'i'ons :dun-;'ours 

E x t e r i o r  Wall  No. 1: Plywood s i d i n g  (nu s l i ~ ~ a t l l i n g ) ,  2  x  4 i r a m e  

S i d i n g  0 . 0 9 1  
l i i ~ i l d l n g  p a p e r  .0075 
I'r.iminy .059  
L n s n L ~ t i u ~ t  .027 
Gyl'sum .104 
N a i l s  .0019 - 

T o t a l  0 .2904 
P e r c e n t  

E x t e r i o r  Wall  No. 2:  Medium-density board  s i d i n g ,  plywood s l ~ e ; l t l i i n g ,  2  x  4  f rame 

S i d i n g  0.087 
Shent l i ing  .055 
b u i l d i n g  p a p e r  .0075 
Fr.iming .059 
I n ~ u l ~ ~ t i o n  .027 
G i  l ,hu~n . I 0 4  

K , l ~ l s  .0025 .- - 
T o t a l  0.3420 
P e r c e n t  

E x t e r i o r  Wal l  No. 3: Medium-density b o a r d ,  1 / 2  
plywood c u r n e r  b r a c i n g  

i n c h  ~ n s u l a t i o n  bodrd  arid 

S i d i n g  
Shc .a th ing ,  plywood 
S h e a t h i n g ,  i n s u l -  

a t i o n  board  
B u i l d i n g  p a p e r  
Framing, lumber 
I n s u l a t i o n  
Gypsum board  
Nai 1 s  

T o t a l  
P e r c e n t  

E x t e r i o r  Wall  No. 4 :  C o n c r e t e  b u i l d i n g  b l o c k ,  no i n s u l a t i o n  

B u i l d i n g  b l o c k  1 . 8 8 7  0 .179 3 .302 2 .340 5.821. 
F u r r i n g  s t r i p s  .0066 .026 .020  .020 .066 
(;ypsum . I 0 4  .036 . I 8 1  . I 2 9  .346 
N a i l s  .On13 __ .001  , 0 1 3  - -- -. .017 

T o t a l  1.9989 0.242 3.516 2.492 12 .200 18 .450 
P e r c e n t  1 . 3  1 9 . 1  1 3 . 5  6 6 . 1  100.0  

E x t c r i o r  Wall  No. 5: Aluminum s i d i n g  o v e r  

S i d i n g  
B u i l d i n g  p a p e r  
S l iea t l i ing ,  plywood 
S h e a t h i n g ,  i n s u l -  

a t i o n  board  
Framing 
I n s u l a t i o n  
Gypsum 
N a i l s  

T o t a l  
P e r c e n t  
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TABLE 111-11, continued 

0  D 
Component Weight E x t r a c t i o n  M a n u f a c t u r e  ~ r a n s ~ o r t ~  E r e c t i o n  T o t a l  

Tons Man- Hours 

E x t e r i o r  Wall  No. 6 :  S i d i n g ,  s h e a t h i n g ,  s t e e l  s t u d s  

S i d i n g ,  MDF 
B u i l d i n g  p a p e r  
Shedt i l ing ,  plywood 
S h e a t h i n g ,  i n s u l -  

d t i v n  board  
Framing, s t e e l  
I n s u l a t i o n  
Gypsum 
N a i l s  

T o t a l  
P e r c e n t  

E x t e r i o r  Wal l  No. 

S i d i n g ,  MIIF 0 .087 
B u i l d i n g  p a p e r  .0075 
S h e a t h i n g ,  plywood .018  
S h e a t h i n g ,  i n s u l -  

a t i o n  board  .032 
Framing, aluminum .015 
Gypsum . I 0 4  
N a i l s  ,0025 
I n s u l a t i o n  .027 -- 

T o t a l  0.2930 
P e r c e n t  

7: S i d i n g ,  s h e a t h i n g ,  aluminum f r a m i n g  

1 ; x t e r i o r  l h l l  No. 8:  B r i c k  v e n e e r  

l i r i c k s  ( c l a y )  
S h e a t h i n g ,  plywood 

c o r n e r s  
S h e a t h i n g ,  i n s u l -  

a t i o n  h o a r d  
Framing, lumber 
l luil  d i n g  p a p e r  
I n s u l a t i o n  
(:ypsum board  
N a i l s  

T o t a l  
P e r c e n t  

"~ommodi ty  from ti le f a c t o r y  t o  r e t a i l  y a r d  t o  house  s i t e .  

hLissumed t o  be t h e  same as  f o r  c o n c r e t e  o r  c i n d e r  b l o c k .  
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TABLE 111-12. Energy requirements for components i n  100 square feet  of each ex ter ior  
waZ2 system 

A v a i l a b l e  
O D  Manufac ture  Gross  Res idue  ~~t 

Component Weight E x t r a c t i o n  E l e c t r i c  Heat T r a n s p o r t a  T o t a l  Energy ~otal' 

Tons MiZZion RTU ( o i l  equivaZenti 

E x t e r i o r  Wal l  No. 1: Plywood s i d i n g  (no s h e a t h i n g ) ,  2 x 4 f rame 

S i d i n g  0 .091 0.068 0 .013 0.612 0 .189 0 .882 0 .336 0 . 5 4 6  
B u i l d i n g p a p e r  .0075 , 0 0 1  -----.038----- .005 .044 0  .044 
Fr,iming .059 .056 ,046  .240  . I 1 6  .458  .490 . I 7 2  
L n s u l a t i o n  .027 .017 -----. 721 ----- .025 . 7 6 3  0  .76?  
Gypsum . l o 4  ----- 284----- .068 .367 0  .367 
N a i l s  .0019 , 0 0 5  ----- 088----- , 0 0 3  - -. .096 O -  .096 

T o t a l  0 .2904 0.162 2.042 0.406 2.610 1 .988 
P e r c e n t  

(of g r o s s )  6 .2  78 .2  1 5 . 6  L O O . O  

E x t e r i o r  \ $ a l l  No. 2 :  Medium-density f i b e r b o a r d  s i d i n g ,  plywood s l l r a t l ~ i n g ,  
2  x  4  f rame 

S i d i n g  
Sheat l i ing  
B u i l d i n g  paper  
Fr.iming 
I n s u l a t i o n  
Gypsum 
N a i l s  

'LoLal 
P f r c e n i  

( o t  g r o s s )  

Nu. 3: Medium-density f i b e r b o , i r d ,  112 
and plywood c o r n e r  b r a c i n g  

incli insi11aLioo board 

S i d i n g  0 .087 
St iea t l i ing ,  

plywood .018  
S h c ~ t h i n g ,  i n s u l -  

d t i u n  board  ,032  
B u i l d i n g  paper  .0075 
Framing .059 
lnsu1 , l t ion  

(2-  inc11 h a t t s )  .027 
Gypsum bo.lrd ,104  
N a i l s  ,0025 

' lot ,~L 0.3370 
P e r c e n t  

(of g r o s s )  

1 : x t e r i o r  Wall Nu. 4 :  C o n c r e t e  b u i l d i n g  b l o c k ,  no i n s u l n t i o ~ ~  

B u i l d i n g  b l o c k  1 .587 0 .98  ---14.34----- 1 . 2 2 3  16 .543 0  16 .543 
F u r r i n g  s t r i p s  .0066 , 0 0 6  .005 .027 .013  .051  , 0 5 5  , 0 1 9  
(:ypsum . l o 4  . O L j  ----- , 284  .068 ,367  0  .367 
N a i l s  .0013 --- ,006  ----- .004 . I 2 6  

- 
. I  16---- .- -- 

. I 2 6  0  - 

Tot,il 1.9989 1 .007 14 .767 1 . 3 1 3  17.087 17 .087 
I ' e r r e n t  

( o f  g r o s s )  5 . Y  86.G 7 . 7  1 0 0 . 0  
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lAl31.L 111-12,  L C ? L L L ~ L ~ ! L  

A v ~ j i l  , ~ l ) l  c- 
011 1 . l ~ u ~ ~ ~ ~ ~ g ~  ( . r o s s  Kesiduc Xct  

Cumpi~ncnt  i . lcigilt  I . x t r . ~ c t i u n  E l e c t r i c  ileat ' ~ r a l i s ~ u r t ~  'Total E n e r g y  - T o t n l b  .- . . - 

.Foils ".,. , ,. , . , b . .  ?? +:-- ( ( , , ' 7  ~ , 7 d i . > , I l < ~ ? 7 f , !  - -- 
x t r i r  I  Xu. 5: Aluminum + i d i n g  ovcr  shi.:i:lring 

5 :  ,:... . L U L ~ L ~  0 . 0 1 5  0 . 4 0 1  ---- 2 .  580----- O. 025 3.007 0 3.007 
R u i l d i n g  p ~ l i r r  .Oil71 , 0 0 1  ----- ,038----- . 0 0 5  .044 0  ,044 
S l i e a t l , i n g ,  

p lywoor i  . 0 1 8  , 0 1 7  .OOJ , 1 2 1  . 0  1 7  , 1 7 4  . Oh7 , 1 0 7  
S i i e d t l i i n g ,  i n s u l -  

a t i o n  h o a r d  , 0 3 2  , 0 2 0  . l 5 7  , 1 8 0  , 0 4 0  . 197 , 0 2 1  , 3 7 6  
Fr.iming . 0 i 9  , 0 5 6  , 0 4 6  , 2 4 3  , 1 1 6  .458 , 4 9 0  , 1 7 2  
I n s u l a t i o n  .027 . [ j l 7  721 ----- , 0 2 5  763 0 , 7 6 3  
C. . .?i'sum , 1 0 4  .015 ----- 284----- . 068 , 3 6 7  0 , 3 6 7  

N ~ i l s  , 0 0 2 5  - - . OOh 116----- -- ,004 , 1 2 6  , 1 2 6  0  .- 

l u t . i l  0 . 2 6 5 0  0 . 5 3 0  4 . 4 8 6  0 . 3 2 0  5 . 3 3 6  4 . 9 5 3  
P e r c e n t  

( o l  g r o s s )  9 . 9  84.1 6 . 0  100 .0  

ExLc.riur i 4 ~ 1  I Nu. 6 :  

Sl i i  i n g  0 . 0 8 7  0 . 0 6 8  
i l i r  .(I075 . 0 0  1  
S l ~ e ~ i t l ~ i o g ,  

plywood . 0 1 8  , 0 1 1  
S l i c u t l l i n g ,  i n s u l -  

. i t i o n  b u a r d  , 0 1 2  , 0 2 0  
F r a m i n g  , 0 4 5  , 1 1 0  
T u s u 1 ; i t i o n  , 0 2 7  , 0 1 7  
(;ypsum ,101, ,013 
S a i l s  , 0 0 2 5  , 0 0 6  

i'ci t ~ i  I O . ? L I U  0 . 2 5 0  
I '~~TC' .LIL 

(cii  g r o s s )  4 . 9  

ExL<,r ior  ),i~111 N<>. 7 :  

S i d i n g  0 . 0 8 7  0 . 0 6 8  
B u i l d i n g  p n p c r  , 0 0 7 5  ,001 
S l ~ c d L l ~ i n g ,  

plywood , 0 1 8  , 0 1 3  
Si lc . i th ing ,  i i i s u l -  

l a t i u n  b o a r d  , 0 3 2  , 0 2 0  
Fr.iming . O l i  . 4 0 2  
1 ~ l i u l . l t  i o n  .027 , 0 1 7  
Gypsum . I 0 4  , 0 1 5  
N.iil h - . o n 6  , 0 0 2 5  

'Tc t  A 1  0 . 1 9 3 0  0 . 5 4 1  
P e r c e n t  

( o f  g r o s s )  9 . 3  

,LIIlF s i d i n g ,  s I ~ i . . ~ t l i i n g ,  s t e e l  s t u d s  

MUF s i d i n g  s l ~ c ~ , ~ t l i i n g ,  11 ~iminum fr.imini; 

i k t e r i u r  C a l i  S o .  8 :  

i i r i c k s  ( c l a y )  1 . 7 6  0 . 9 9 6  
S l ~ c a t h i n g ,  

p lyv i lod  . 0 1 8  . i l l 3  
SI ,eLl t l r ing ,  i n s u l -  

~ ~ t i c m  b o , i r ~ l  , 0 3 2  .(I20 
Vr'mnit~g .U59 , 0 5 6  
I i u i l d i n i :  p a p e r  , 0 0 7 5  , 0 0 1  
l n s u l a t i n n  , 0 2 7  .017 
( :ypsui l  . 1 0  '4 ,015 
N . i i  I s  , 0 0 2 5  _ -  - - , 0 0 6  

1 a L d l 2.0100 1 . 1 2 4  
P E r c r n t  

( < > I  );TOSS) 17 . 2  

. -- - 

"(:c~mmadit) i r o m  t h i  t.i<.Lc,ry t o  rcL. t i l  

l i r i i k  veneer 

---13.605----- 
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TABLE 111-13. Capital depreciation requirements for components i n  100 square feet  of  each 
exterior wall system 

0 11 
Component Weight - E x t r a c t i o n  Manufac ture  ~ r d n s ~ o r t ~  T o t a l  

Tons Do 2 Lars 

C x L c r ~ o r  W d l l  No. 1: Plywood s i d i n g  (no  s h e a t h i n g ) ,  2 x 4 f rame 

S i d i n g  0 . 0 9 1  
B u i l d i n g  p a p e r  .0075 
Framing .059 
I n s u l a t i o n  (2- inch  b a t t s )  .027 
Gypsum . l o 4  
N a i l s  .0019 

T o t a l  0 .2904 
P e r c e n t  

E x t e r i o r  Wall  

S i d  Lng 
S h e d t h i n g  
B u i l d i n g  paper  
Franiing 
I i i s u l a t i o n  
Gypsum 
N a i l s  

T o t a l  
PercenL 

No. 2:  

E x i e r i o r  W , i 1 1  No. 3: 

S i d i n g  0 .087 
S h e a t h i n g ,  plywood .018 
S h e a t h i n g ,  i n s u l a t i o n  board  .032 
B u i l d i n g  p a p e r  .0075 
Framing .059 
insulation (2- inch  b a t t s )  .027 
Gypsum . l o 4  
N a i l s  .0025 

T o t a l  0.3370 
P e r c e n t  

Medium-density board  s i d i n g ,  plywood s h e a t h i n g ,  
2 x 4 f rame 

Medium-density b o a r d ,  112  i n c h  
plywood c o r n e r  b r a c i n g  

i n s u l a t i o n  board  and 

Iiuil d i n g  b l o c k  1 .887 0 . 3 5  
F u r r i n g  s t r i p s  .0066 .02  
Gypsum . l o 4  .04 
N a i l s  .0013 . 0 1  

T o t a l  1 .9989 0 .42  
P e r c e n t  7 . 5  

E x t e r i o r  Wall  No. 4: C o n c r e t e  b u i l d i n g  b l o c k ,  no i n s u l a t i o n  

E x t e r i o r  Wal l  No. 5 :  

S i d l n g  0 .015 
Boil  d i n g  p a p e r  .0075 
S h e a t h i n g ,  plywood .018  
S h e a t h i n g ,  i n s u l a t i o n  b o a r d  .032 
Framing, lumber .059 
I n s r ~ l a t i o n  .027 
Gypsum . l o 4  
N a i l s  .0025 

T o t a l  0.2650 
P e r c e n t  

Aluminum s i d i n g  o v e r  s h e a t h i n g  

0 . 0 3  .73  
. 0 1  .04  
.04  .22  
.12 .77 
.18  . 2 3  
.03  .89  
.04  . 6 5  
. 0 1  .04  - 

0.46  3.57 
1 0 . 0  77.4 
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TABLE 111-13, continued 

U D 

Component Weight E x t r a c t i o n  Manufac ture  R a n s p o r t a  T o t a l  

Tons Do Z Zars 

E x t e r i o r  Wall  No. 6 :  S i d i n g ,  s h e a t h i n g ,  s t e e l  s t u d s  

S i d i n g  0.087 
B u i l d i n g  p a p e r  .0075 
S h e a t h i n g ,  plywood .018  
S h e a t h i n g ,  i n s u l a t i o n  board  ,032  
Framing .045 
I n s u l a t i o n  .027 
Gypsum . I 0 4  
N a i l s  .0025 

'Total  0 .3230 
P e r c e n t  

E x t e r i o r  Wall  No. 7:  

S i d i n g  
B u i l d i n g  p a p e r  
S h e a t h i n g ,  plywood 
S h e a t h i n g ,  i n s u l a t i o n  
Framing, aluminum 
I n s u l a t i o n  
Gypsum 
N a i l s  

Tot  a 1  
P e r c e n t  

0 .087 
.0075 
.018  

board  .032  
.015 
.027 
. I 0 4  
.0025 -- 

0.2930 

S i d i n g ,  s h e a t h i n g ,  aluminum f r a m i n g  

E x t e r i o r  Wall No. 8: B r i c k  v e n e e r  

B r i c k s  ( c l a y )  
S h e a t h i n g ,  plywood 
S h e a t h i n g  i n s u l a t i o n  board  
Framing, lumber 
B u i l d i n g  p a p e r  
I n s u l a t i o n  
Gypsum 
N a i l s  

T o t a l  
P e r c e n t  

d~:ommodity from the f a c t o r y  t o  r e t a i l  y a r d  t o  h o u s e  s i t e .  
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TABLE 111-14. .'.:lrn-h07n~, i?rlcI:;~,, ,zr.d , :ni~i tnL dci>r>eciution r~uquircr.lcnts .?or components i n  
i:tr;ch intc~r.ior w!zZZ .s;stevi 

0 T) 
Component Weight - E x t r a c t i o n  Mariutacture ~ r . i n s ~ o d  E r e c t i o n  T o t a l  

Tons .'"inn-llour>.j. 

T n t e r i u r  Wall No. 1: 

I n t e r i o r  Wall No. 2 :  

I n t e r i o r  Wall No. 3:  

Wood f r a m i n g  

Aluminum f r a m i n g  

S t e e l  Framing 

A v a i l a b l e  
Manufac ture  Gross  Res idue  Net 

Component E x t r a c t i o n  E l e c t r i c  Heat  rans sport^ Tot a 1  Energy ~ o t a l "  

-- -- 
:i'ilZion RTD ( o i l  equivaLentl 

I n t e r i o r  Wall  No. L :  iv'ood f r a m i n g  

C,yp:;um 0 .029 ---- 0.568----- 0 .135 0 .732 0  0.732 
!'ranling ,040  , 0 3 3  . I 7 1  .083  .327 .350 . I 2 3  
N a i l s  ,005 ----- 088----- -- . .09h , 0 0 3  pp O -  .096 

T o t a l  0.074 0 .860 0 . 2 2 1  1 . 1 5 5  0 .951 
P e r c e n t  

(of g r o s s )  6 .4  74.5 1 9 . 1  1 0 0 . 0  

I n t e r i o r  Wall  No. 2 :  Aluminum f raming 

Gyp:,utn 0.029 ---- 0.568----- 0.135 0 .732 0  0.732 
Framing , 1 9 0  ---- 1.221----- .012 1 . 4 2 3  0  1 . 4 2 3  
N a i l s  .005  ----- 088----- .003  -- .096 .096 - - 0 -  

T o t a l  0.224 1 . 8 7 7  0 .150 2 .251 2 .251 
PC r c e n t  

(of g r o s s )  9 . 9  8 3 . 4  6.7 100.00  

I n t e r i o r  Wall  No. 3: S t e e l  f r a m i n g  

Gypsum 
Framing 
N a i l s  

T o t a l  0 . 0 8 5  1 .626 0 . 1 7 3  1 . 8 8 4  
P e r c e n t  

(of  g r o s s )  4 . 5  8 6 . 3  9 . 2  1 0 0 . 0  



WOOD FOR STRUCTUHAL AND ARCI-IITECTURAL PURPOSES 

TARLL LII-14, (.ontinu('* 

Component Extraction Manufacture ~ r a n s ~ o r t ~  Total 

- 
Do Z Lars 

Interior Wall No. 1: Wood framing 

Gyl~sum 0.08 1.30 0.31 1.69 
Framing .13 .16 .14 .43 
Nails .O1 .03 .O1 -- -- .05 

'Lot a1 0.22 1.49 0.46 2.17 
Percent 10.1. 68.7 21.2 100.0 

Interior Wall No. 2: Aluminum framing 

Cypsum 0.08 1.30 .31 1.69 
Fr;~ming .02 .35 .02 .39 
Na~ls .01 .03 .01 - - -- .05 

Total 0.11 1.68 0.34 2.13 
Percent 5.2 78.9 15.9 100.0 

lnterior Wall No. 3: Steel framing 

C y l ~ s u m  0.08 1.30 .31 1.69 
Framing .10 .35 .06 .51 
Nails .01 .03 .01 .05 - - .- 

Total 0.19 1.68 0.38 2.25 
Percent 8.4 74.7 16.9 100.0 

a~clmmodity from the factory to retail yard to house site. 

b~ssumes energy from residuals can be internally used or exchanged in manufacturing phase 
only (not logging or transport). 
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TABLE 111-15. Man-hour requirements for components i n  100 square feet of each roof syste,r? 

0  D 
Component Weight E x t r a c t i o n  Manufacture r r a n s p o r t b  E r e c t i o n  T o t a l  

Tons Man-Hours 

Roof No. 1: W-type wood t r u s s ,  wood s h i n g l e s  

T rus s  lumber 
Truss  p l a t e s  
Roof s h e a t h i n g  
Roofing f e l t  
Wood s h i n g l e s  
Gypsum c e i l i n g  
I n s u l a t i o n  
Na i l s  

T o t a l  
Pe rcen t  

Roof No. 2: Same a s  No. 1 ,  bu t  s h i n g l e s  a r e  a s p h a l t  

T rus s  lumber 
T rus s  p l a t e s  
Roof shea th ing  
Roofing f e l t  
Asphal t  s h i n g l e s  
Gypsum C e i l i n g  
I n s u l a t i o n  
N a i l s  

T o t a l  
Pe rcen t  

Roof No. 3: S t e e l  r a f t e r s  ( f l a t  r o o f )  

R a f t e r s  
Load-bearing c e n t e r  

wall-lumber 
Sheathing 
Bui l t -up roo f ingC  
Gypsum c e i l i n g  
I n s u l a t i o n  
Na i l s  

To ta l  
Pe rcen t  

noof No. 4 :  F l a t  

0.074 

roof  w i t h  LVL 

0 .228  

and f l akeboa rd  

LVL h o r i z o n t a l  r a f t e r s  
Load bea r ing  c e n t e r  

wall-lumber 
Flakeboard  
Bui l t -up roo f ingC  
Gypsum c e i l i n g  
I n s u l a t i o n  
N a i l s  

T o t a l  
Pe rcen t  

" ~ o r i z o n t a l  p r o j e c t i o n  of  roof s t r u c t u r e s .  

b~ommodi ty  from t h e  f a c t o r y  t o  r e t a i l  yard  t o  house s i t e .  

'50% r o o f i n g  f e l t  and 50% a s p h a l t  by weight .  

d ~ o t  i n  p roduc t ion .  Assumed t o  he  t he  same a s  Roof No. 3. 



TABLE 111-16. Energg requirements for components i n  100 square f ee t  o f  each roof stjstema 

A v a i l a b l e  
0  D Manufac tu re  Gross  Res idue  Net 

Component Weight  E x t r a c t i o n  E l e c t r i c  Hea t  T r a n s p o r t  T o t a l  Energy ~ o t a l '  

Tons MilZion BTU f o i l  equ iva len t )  

Roof No. 1: W-type wood t r u s s ,  wood s h i n g l e s  

T r u s s  lumber 0.107 
T r u s s  p l a t e s  .0029 
Roof s h e a t h i n g  .083  
R o o t i n g  f e l t  .0086 
Wood s h i n g l e s  .073  
Gypsum c e i l i n g  . I 0 4  
I n s u l a t i o n  .048  
N a i l s  . a025  

T o t a l  0 .4290  
P e r c e n t  

Roof No. 2 :  Same a s  No. 1, b u t  s h i n g l e s  a r e  a s p h a l t  ( n o t  wood) 

'Truss lumber 0.107 
T r u s s  p l a t e s  .0029 
Roof s h e a t h i n g  . 0 8 3  
Koof i n g  f e l t  , 0086  
A s p h a l t  

s h i n g l e s  . I 3 7  
Gypsum c e i l i n g  . I 0 4  
I ~ i s u l a t i o n  .048 
N a i l s  . 0025  

T o t a l  0 .4930  
P e r c e n t  

Roof No. 3 :  S t e e l  r a f t e r s  ( f l a t  r o o f )  

R a f t e r s  0.057 
Load-bea r ing  

c e n t e r  w a l l -  
lumber  .017 

S h e a t h i n g  .073  
B u i l t - u p  

r o o f i n g d  . I 0 9  
Gypsum c e i l i n g  . l o 4  
I n s u l  a r i o n  ,048  
N a i l s  .0025 

T o t a l  0 .4105 
P e r c e n t  

Roof No. 

I.VI, h o r i z o n -  
t a l  r a f t e r s  0 .074  

Load b e a r i n g  
c e n t e r  w a l l -  
lumber .017 

F: akebrrard .094 
B u i l t - u p  

r o o t i n g d  ,109  
Gypsum c e i l i n g  . I 0 4  
I n s u l a t i o n  .048 
N a i l s  .0025 

T o t a l  0 .4485  
P e r c e n t  

4 :  F l a t  r o o f  w i t h  LVL and f l a k e b o a r d  

a ~ o r i z o n t a l  p r o j e c t i o n  o f  r o o f  s t r u c t u r e s .  

'commodity from f a c t o r y  t o  r e t a i l  y a r d  t o  h o u s e  s i t e .  

' ~ s s u m e s  e n e r g y  f rom r e s i d u a l s  c a n  b e  i n t e r n a l l y  used  o r  exchanged i n  m a n u f a c t u r i n g  p h a s e  

Only ( n o t  l o g g i n g  o r  t r a n s p o r t ) .  

d  
50% r o o f i n g  f e l t  and 50% a s p t l a l t  by w e i g h t .  
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.?~II:I.C 111-17.  Cryital ;ieprwciution requirements for components i n  100 square f e e t  of each 
foof sL7JsteniZ 

0 D 
Weight E x t r a c t i o n  M a n u f a c t u r e   rans sport^ T o t a l  

Tons 30 Z Zurs 
-- 

!+-type wood t r u s s ,  wood s h i n g l e s  lioof No. 1 :  

? r t~ss  lumher  
T r t ~ s s  p l a t e s  
Rot>£ s h e a t h i n g  
11ot)ring T e l t  
i\ro,>d s h i n g l e s  
C:y,)sum c c i l i n g  
T n - u l d t i o n  
N ; i i l s  

Koof No. 2 :  Same a s  N o .  1, b u t  s h i n g l e s  a r e  a s p h a l t  

TI-uss lumher 
T r u s s  p l a t e s  
Rc~of s l l e a t h i n g  
l iuof ing  i e l t  
~ \ > , p h a l t  s l ~ i n g l e s  
(:!rpsum c e i l i n g  
1 1 1 s u l a t i o n  
N a i l s  

T o t a l  
P e r c e n t  

Itoof No. 3:  S t e e l  r a f t e r s  ( f l a t  r o o f )  

R , ~ l t e r s  
I.o,id b e a r i n g  c e n t e r  

w a l l  -- lumber 
SheaLlling 
li!lil t -up  r o o f i n g C  
(:]rpsum c e i l i n g  
I n s u l a t i o n  
N a i l s  

T o t a l  
I ' e rcen t  

Koof No. 4 :  F l a t  r o o f  w i t h  LVL and f l a k e b o a r d  

0.074 0.18 0.89 0.24 1.31 I,':I, I r o r i z o n t ~ l  r a f t e r s  
1,oad b e a r i n g  c e n t e r  

w a l l  -- lumber 
F Lalieboard 
U u i 1 ~ - u p  r u o f i n g C  
C!7psum c e i l i n g  
I n s u l a t i o n  
N d i l s  

T o t a l  
P e r c e n t  

tlorizontal projection of roof s tn~c t r~res .  
"(:,rnt~r~odity f r t ,n~  the factory to rt.t;~il yard to  honw sitc. 
'' 50 percent nmtinj: fclt ; ~ n d  .50 p,.rccnt asphalt l,y weight. 




