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‘*his report also presents the results of a field test on a
foam/wood panel i zed building system conducted at Fort Rucker using mi l-
itary personnel . The result indicates the competitiveness of the system
in comparison with AFCS Facility 3403; up to 40 percent reduction in
l abor requirements can be reached.
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A FAMILY OF COMPONENTS FOR THE WOOD
PAN E L I Z E D  P R E F A B R I C A T E D  B U I L D I N G  SYSTEM

1 INTRODUCTION

Background

The need for improved construction techniques which are responsive
to user and functional requirements in a Theater of~ Operations (TO) has
been recogni zed by the Corps of Engineers (CE). Shel ter constructed to
house military activities has traditionally been provid ed by either of
two methods. In one method , pre-engineered , relocatable buildings are
prefabricated outside the TO and shipped to the site where they are
needed. Because initial cost of these buildings is high , they must be
reused in other locations if they are to be cost effective. Unless such
buildings have been stockpi led , they may not be ava i lab le  in the desired
quantit ies because of the long l ead times necessary to produce them .
The shippi ng volume may be high unl ess they are shipped in a knocked-
down or panelized form. The major benefit of these buildings as corn-
pared to other types is the reduced labor requ ired for their erection in
the TO.

The other method of providing shelter is to prefabricate the corn-
ponents in the TO from material either acquired local ly  or shipped in.
Prefabrication and panel ization are improvements over s t ick—bui l t  con-
struction from a labor standpoint . Al so , because a rel at ivel y small —

number of simpli f ied components are used , it is feasibl e for non -CE
troops to assume responsibi lity for erecting the structures. The vol ume
of riaterial which must be shipped in is reduced from that required for
rel ocatable buildings. Finally, material and labor cost s can be con-
trolled as austerity, which is dependent on the desired standard of con-
struction , is enforced.

This report is directly concerned with the second method -—the
design of a building system constructed from components panel ized and
prefabri cated from local or shipped -in materials to meet facility and
user needs in the TO.

Objective

The technical object ive of this study is to develop an expedient
and economical structural system that can be used to construct a large
percentage of the fac i l i t ies  requ ired in the TO. The purpose of this
report is to descri be the structural concept chosen to meet this objec-
tive and its application as part of a specific building system .

9
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The des i gn of the bui ld in g System described in thi s report was

based on computer ized structural analyses Once developed fhe struc-

tural concept was refined through field testing . Several field tests

have been conducted to date on a bui ld in g with a 24-ft (7.3-rn) width .

The des i gn presented in thi s report Shows how this concept is expanded

to buildings of increased w idt h and eave hei ght.

It  is  a n t i c i pated that th is building 5ystem wi l l  imoact on ~FCS

through A my Tech nical Manuals 5-301, 
~-302 and 5~ 3Q3~~l The res ults

of the project wil l be transferred to users through field demonstra

tions , reports , and the Amy Training Literature Progr~~

Department of the An~y,

- 1
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2 DEVELOPMENT OF THE B U I L D I N G  SYST EM D E S I G N

Design Criteria

Design criteria for the wood prefabricated panel ized building
system described in this report were ~ieri ved from the pri nc ip les of con-
struction in the TO found in TM5-333. Those principles include :

1. Speed of construction through the standardization and sim-
plification of building components and construction activities , the in-
corporation of minimum essentials (maximum austerity), minimum life ex-
pectancy , and phased construct i on

2. Economy of construction in the use of materials , equipment , and
personnel

3. Flexibility in meeting changing TO conditions.

The cri teria drawn from these pri nciples of construction to guide the
development of the building system are :

1. Maximize rapidity of fabrication and erection of components

2. Max imize simp l i city of fabr i cati on and erecti on of componen ts

3. Design for temporary standard of construction

4. Design for phased construction

5. M inimize material cost

6. Minimize equ ipment requ irements and sk i l l s

7. Minimize construct i on skills

8. Minimi ze l abor effort

9. Minimize wei ght and volume log i sti cal requ ir ements

10. Minimize total construction cost for material and l abor

11. Ma i ntain a high degree of flexibility to meet operational con-
ditions

2 Headquarters , Department of the Army , Cons truction Management , TM5-
333 (Februar y 1972).

11
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In addition , the technical objective suggests further criteria related
to func t i onal requ i rements:

12. Provide a group of cornnon cladding components which are usable
without modification for each bu i ldi ng confi gura ti on i n the sys tem

13. Provide sufficient space and floor — load capacity to house ad-
m i n i s t r a t i v e , supply, barracks , mess , hosni tal , warehouse , and cer ta i n
ma i n tenance  f u n c t i o n s

14. Provide climatic options

15. Base the structural syst -~m for all configurations on one gen-
eral concept

Finally, two additional cr i ter ia were based on AFCS recoirniendations:

16. Incorporate the recormiended material design pro perties for
lum ber and plywood

17. Take into account in the design the recomended environmental
and live l oads as wel l as loading combinations.

Desig n Evol uti on

This project has comprised two general areas of study. One focused
on experimentation with the use of polyurethane foam and dimensioned
lum ber in various combinations. The other , which grew in importance as
the use of foam materials was eliminated , concen trated on the use of
plywood in pl ace of foam as a cladding and structural material in com-
bination with l umber.

A parallel study ex plored several other bu i l di n g systems i ncorpo-
rating the use of cardboard , metal pi pe , and several different types of
panels. Those efforts are discussed in a separate publication. 3 The
wood bu i l di ng system was chosen for further devel opment after eval uati ng
and comparing all the systems studied .

Wood prefabricated panel i zed buildings have been field tested at
two sites: Fort Rucker and Fort Belvoir. Both field tests were conduc-
ted using a building 24 ft (7.3 m) wide. Results of the Fort Rucker

A. M. Kao and J. Cook , Al terna ti ve Theater of Operat i ons Bu i l di ng Sys-
tems: Progress Report, Special Report C-8O/ADAO4231 2 (Construction
Eng ineer ing Research Laboratory [CERL], 1977).

12
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test are documented in the Appendix; the Fort~Belvoir test and earlier
effort s have been published in other reports.

As the structural concept and erection methods were refined , work
began in early 1977 on the development of a system of building using
these methods but with increased widths and eave heights for greater ef-
ficiency. Desirable building widths , he i ghts , an d expans i on mod ules
were determined on the basis of (1) anticipated ca~abil i t 1 e~ of the- structural concept and materials to carry required loads , (2) recom-
mended building configurations from the PLAST study ,5 and (3) modular
dimensions imposed by the use of standard 4-ft b.y 8-ft (1.2-rn by
2.4—rn) plywood sheets. The configurations selected included structure s
with the fol lowing dimensions:

(1) Widths: 24 , 36 , and 48 ft (7.3 , 10.9 , and 14.6 m).

(2) Clearspans: 24 and 36 ft (7.3 and 10.9 rn).

(3) Baysi zes:
— 

(a) 24— and 36—ft (7.3— and 10.9—rn) widths , c l e a r s p a n , by the
desired number of 8-ft (2.4-rn) expansion modules.

(b) 48 ft (14.6 m) width with a 24-ft span by 24-ft (7.3-m by
7.3—rn) expansion module.

(4) Eave heights: 8 and 12 ft (2.4 and 3.7 ii) .

Buildings of larger widths were not considered as they were not
compatible with the structural concept developed.

Reconinendations on material design cr i ter ia and on environmental
and floor l ive loads from the current AFCS contract effort to develop a
paneli zed building were incorporated . The loading criteria are shown in
Table 1 and the material design criteria are l isted in Tab le 2. The

- 
A. M. Kao , T. M. Whiteside , A. Smith , and R. L. Trent , P r e f a b r i c a t e d
Expandable Foam /Wood Structure for the Theater of Operations , I n t e r i m
Report C-45 /ADA 344991 (CERL 1977 ); R. L. Trent , T. M. W hiteside , and
J. Robertus , Field Exper iment on a Prefabricated Expandable Foam/Wood
S t r u c t u r e , Interim Interim Report C—5 0/AD A0 32726 (CERL , 1976); and R.
L. Trent , 1. M. Whites ide , an d J. Robertus , Erection Procedures for
Prefabricated Expandable Foam/Wood Structure , Technica l Report

~ 
C-521ADA02 7382 (.~ ERL , 1976).
U.S. Army Engineer School , Pre—eng i neered Logistic and Administrativ e
Structures (PLAST) (16 August 1973). —

13

- ---

~ 

- .-
~~~
- — ~~~~~~~ -~~~-=~~~~~-~- 

--- -- -
~~~

—-



CERL des ign was based on a standard for temporary construction. As a
r e su l t , the loads defined by AFCS for Standard 2 temporary structures
(simpl e prefabricated wood buildings with a desi gn l i fe of up to S
years) were used in the structural analysis. However , CERL personnel
fel t that the snow loading was excessivel y high , part i cularl y when re-
ductions were not permitted subject to roof slope .

Table 1

Environmental Design Loads Recomended by AFCS

Temperature/Frigid Tropical /Desert
Wind Load (mi/hr) 50 (80.5 km/ hr) 50 (80.5 km/hr)

— Snow Load (psf) 40 (195.2 kg/rn2 ) -- 2Floor Live Load (psf) 100 (488 kg/rn2) 100 (488 kg/rn

Material design criteria val ues were somewhat more critical . The
criteria specifi ed by AFCS were drawn from an earlier CERL report by R.
H. Heidersbach .6 The criteria for beams and stringers and for plywood ,
as given in Table 2 , were used for the CERL structural analysis. Tabl e
3 compares the AFCS criteria with those coninonly applied in civilian
design CONUS. The comparison shows that the a l lowable stresses spec i-

— fied by AF CS are substantially l ower.

To der ive the reduced val ues given in Tabl e 2, Heidersbach first
determined which l umber species were available through the AFCS logisti-
cal system . From this list he selected the species with the controlling
(lowest ) al l owable stresses. The allowable stress for that species then
defined the cr i ter ia for each structural application after being ad—
justed for duration of loading and the removal of safety factors. The

- rationale for this procedure was to insure that material shipped to the
TO woul d meet m i n i mum structural cr it eri a, given indeterrninant stress
grading and the possibility of deterioration caused by shipment and
storage.

The controll ing species selected for beams and stringers were
northern white cedar (for extreme fiber in bending, Fb , compression
parallel to grain , Fc , and the modulus of elast i city, E) and balsam fir
(for the remaining allowable stresses). Heidersbach ’s process p roduces
a very conservative design since cedar and balsam fir represent only 1.5

6 R. H. Heidersbach , Jr., Wood Design Parameters for Theater of Oper-
at ions Applications , Technical Report M-80/AD#780800 (CERL , 1974).

14
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and 3.1 perc ent , respectively, of the standing timber volume in CONUS of
those lumber species avai lable through AFCS for beams and stringers. 7
There is a strong probability that species with higher al lowable
stresses wou ld be avai lable in the TO.

In any case , the AFCS a l lowable stresses for beams , stringers , and
plywood were used to the extent possibl e in the CERL analysis. In
several cases when the structural members desi gned us i ng AFCS crit eri a
were fe lt to be overly conservative , they were modified and redesigned
by checking against the civ i l ian code s. The STRESS computer program was
used to analy ze the frames and structural concept described in Chapter
3~~

8

Criteria for the CERL building system were established to provide
designs for three climates--temperate , tropical , and desert . The re-
su its of a CERL research project on vertical construction in desert and
tropic regions suggested that there was enough difference in tropi cal
and desert c limates to justify separate designs or options for each cl i-
mate. Recomendat ions and conclusi ons from that project have been in-
corporated in to the development of the CERL building system.9

• 1

American Society for Testing and Material s “Standard Method s for Es-
tab l i sh i ng Clear Wood Strength Values ,” Annual Book of ASTM Stan-

8 dards , D2SSS-76 (1976).
The Structural Engineering Systems Solver Users Manual (Department
of Civil Engineering, University of Ill inois , Urba na , I L , 1968 ).
A. Kao and J. Cook , Prel iminary Design and Constructi on Guidelines
for Vert ical Construct ion in Desert and Tropical Theaters of Qper-
‘
~tTons, Interim Report C-74/ADA 032 124 (CERL , 1976).

17 - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-• - - .  

. — L.~~~~ -~~ • 
_ _ _ _ _ _ _ _ _ _— -



3 BUILD ING SYSTEM DESCRIPTION

Structural Concept s

The CERL building system is based on the use of wall columns and a
pitched roof truss joined by rigid connections (Figure 1). A center
col umn is used to reduce the size and weight of the truss for the 48-ft-
wide (14.6—rn-wide) building. General details for the 24- and 36-ft
(7.3— and 1O.9—m) buildings are shown in Figure 2. Components include a
rai sed wood or concrete floor ~ ‘stem , wall column s, clearspan trusses , a
wall header , roof panels , and wa ll panels. Components for the 48-ft
(14.6-rn) bu ilding , shown in Figure 3, include a raised wood or concrete
fl oor system , wal l and center span columns , a wall header , a ridge box
beam , truss halves , roof panels , and wall panels.

Structural and panel components are connected by means of a 3/4-
in . (1.9-cm) space at the centerl i ne of each 8-ft (2.4-n) increment in
len gth. Plywood , dimensioned l umber , or steel connec tors fit nto this
space , which extends compl etely around the building in cross section as
shown in Figure 4. Each component f i ts into or interlocks with adj acent
components and is bolted or nailed in place. Figures 5a and Sb show how . 

-

the wood raised floor system , lam i nated g i rder , and wall column are con-
nected with a metal strap. Figures 5c and 5d show how the center truss
gusset fits into the wail col umn at the eave. Figures 5e and 5f show
how roof panel s are connected to the roof truss through a plywood web at
the panel ends. Floor panel s are installed in a similar fashion. When
a concrete foundat i on i s des i red , a metal plate anchored to the founda-
tion fits up into the 3/4—in. (1.9—cm) space in the wal l column .

Component Concept s

The array of individual structural and cladding components  i s  shown
in Figure 6. These components are discussed below .

floor Sya tern

1. The concrete strip foundation and a slab on grade (Figure 7)
are used together , or the strip foundation can be used alone in phased
construc tion. The slab thickness may be 2, 4, or 6 in. (5.1 , 10.2, or
15.3 cm), depending on the anticipated floor loads. A metal connector
is attached to the foundation with an anchor bolt which also passes
through a sill plate as a connection for the wall column .

18 
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3/4-in. (1.9-cm) space around building

////////////////// //////////////////////~///A 1/F V
Figure 4. Cross-sectional for connect ions .
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2. Posts for the raised wood floor (Figure 8) are built up from
two 2-in , by 8-in. (5.1-cm by 20.3-cm) and 1-in , by 8-in. (2.5-cm by
20.3-cm) boards. The posts extend a minimum of 3 ft (0.9 m) below grade
and are positioned on 12-ft (3.7-rn) centers. The laminated girder is
bu ilt up from two 2-in, by 10-in. (5.1-cm by 25.4-cm) board s and 3/4-in.
(1.9-cm) plywood . The plywood extends above the girder to provide a
connec tion for the floor panels. The girders are located on 8-ft (2.4-
ii) centers. A metal strap extends from the outside posts through the
fl oor panels to tie the wal l column to the post.

Wall Columns

Sidewall columns are built up from 2-in. (5.1-cm) l umber. The
column size depends on the building width , as indicated in Figure 9.
Edge members of U’e wal l  panels serve to complete each column . When the
system is designed to be used for open storage , the col umn is built up
from four pieces of 2—in. (5.1—cm ) l umber. Endwa ll col umns consist of
doubl e (nominal) 2-in , by 4-in. (5.1- by 10.2-cm ) l umber. The end col-
umns are i ntended for use in open storage bui ld i ngs. When wall panel s
are i nstalled , edge members of the end panel s meet to form thi s column .

Wall Panels

The wall panels are fabricated from two sheets of 1/2-in. (1.3-cm)
pl ywood and framed with nominal 2—in , by 4-in. (5.1— by 10.2-cm) l umber ,
as shown in Figure 10. These panel s are singl e faced , the plywood lap-
pi ng the floor panels , wal l column s, and header above. Windows and
doors may be prefabricated or installed at the site.

Headers

For an 8-ft (2.4-rn) eave hei ght , the smal l header (Figure 11) con-
sists of a sing le ply of 1/2—i n. (1.3-cm) pl ywood and a built-up section
of nominal 2—in , by 4-in. (5.1-cm by 10.2-cm) l umber and 1/2—in. (1.3-
cm) plywood . A box beam is constructed for the 12-ft (3.7-rn) eave
height from nominal 2-in , by 4-in. (5.1-cm by 10.2-cm) l umber and two
1/2— in. (1.3-cm) plywood faces. Each header spans 8 ft (2.4 rn) between
wall columns. The top of each header is nailed to the roof panel s after
the latter are installed .

Trusses for the 24- and 36-ft (7.3-rn and 10.9-rn) build ings provide
a cl ear span interior space (Figure 12). These trusses and the corn-
ponents for the 48-ft—wide (14.6—rn-wide) building are sloped “I” beams
built up as dimensioned l umber flanges and plywood webs. The 24-ft
(7.3—rn) truss has doubl e 2—in ,  by 4-in. (5.1—cm by 10.2-cm) flanges and
a singl e 3/4-in (1.9—cm ) web. The 36—ft (10.9-rn) truss has double 7-in.
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Building
W idth

48-ft J~~~~ 
Double nomina l 2-in , by 4-in , and 2-in , by 8-in .

(14.6 M) ~~~ (5.1- by 10.2-cm and 5 .1- by 20.3-cm) luriter

36 f t  Double nominal 2-in. x 4- in , and 2-in , by 6-in ,

(10 M) ~~~ (5.1- by 10.2-cm and 5.1- by 15.3-cm ) l umber

24 ft Four nom inal *

(7 3 ~ 
2 in. by 4 ~~ ~~~~ — Two nominal 2-in , by 4-in.

- 1 (5.1 by 10.2 cm) (5 .1— by 10.2-cm) luriter

_~— 3/ 4 ln (1.9 c m)
snacers

‘C
C 4.)

_~~~Edae member of
wal l  colurin~~~~~

a. Sidewall column b. Endwail column

Fig ure 9 . Wall columns.
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by 6— in. (5.1—cm by 15.3—cm ) flanges , a 3/4—in. (1.9—rn) web , an d outer
pl ys of 1/4—in. (0.6-cm) plywood . In both trusses , a plywood gusse t i s
added to the wall col umn so that it extends below the bottom chord to
connect the wal l  co lumn to the truss.

The structural support for the roof system of the 48-ft (14.6-rn)
building is composed of two 24—ft (7.3—rn) truss halves , a 24—ft (7.3-rn)
ridge box beam , and columns on 24—foot (7.3—rn) centers (Figure 13). The
truss half is built up from 2— in , by 4— in. (5.1—cm by 10.2-crn) l umber
and 3/4-in. (1.9—cm) pl ywood . The box beam is built up from 2-in , by
12—in. (5.1—cm by 30.5—cm) l umber , a 1/2—in. (1.3—cm) pl ywood center
web , and two outer webs made from two plies of 3/4-in. (1.9-cm) plywood .

Dur i ng erec ti on , the truss halves are joined at the column by nail-
ing flange members to a 3/4—in . (1.9-cm) plywood web at the column
(Figure 14a). The box beam is then erected between these components .
The truss halv es are connected to the box beam by two 3/4-in. (1.9-cm)
pl ywood pieces which pass through the box beam . Flange members are then
nailed to the plywood to compl ete the splice (Figure 14b).

Floor and Roof Panels

Five fl oor panel s and two roof panel types are required as shown in
F igure 15. Floor panels may be fabricated for either a 40 or 100 psf
(195.2 kq/m2 or 488 kg/rn2) live load usin g 2-in , by 4-in. (5.1-cm by
10.2-cm ) or 2— in , by 6—in. (5.1-cm by 15.3—cm) joist material . Roof
panel s are fabricated from 2-in , by 4-in. (5.1-cm by 10.2-cm) material.
Floor panels are fabricated with joists on 16— in. (40.6-cm) centers.
Jo ists for the roof panels are on 24-in. (61.0-cm) centers. Bearing
support for wall col umns and wall panel s is provided by multipl e joists
at the building perimeter. The number of these joists is dependent on
the size of the wal l column . The thicknes s of the plywood used for the
fl oor and roof panel s is 3/4—in. (1.9—cm) and 1/2—in. (1.3—cm), re-
spectively. The plywood in both panel types laps the plywood i n the
truss or l aminated girder. The panel s are flush at the building ends.

F n~~ a 7 7  Components

F ig ures 16 and 17 show eleva ti ons and fram i ng sect i ons for the
truss and endwall panels. Figure 18 shows sections cut through the
endwall for each eave height . The endwa ll panels are similar to the
sidewall panels. A l ayer of 1/2—in. (1.3—cm) plywood covers the end
truss. The wall panel s lap the bottom chord in buildings with an 8-ft
(2.4—rn) eave he i ght and the bottom of the header in those with a 12-ft
(3.7-rn) eave height. The endwall header for the 12-ft (3.7-rn) eave
height laps the bottom chord of the end truss.
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Climatic Options

In addition to providing for facilities of various sizes , this
building system was also designed to accon~ odate alterations required
for use in differing climates. Suggested material and component options
for temperate , trop i cal , and desert climates are presented in Table 4.
As mentioned previously, these options are based on the results of an-
other research projec t in progress at CERL. ’° Typical configurations
for the three climates are shown in Figure 19 , which indicates the mate—
rial s and components that should be added to each structural config-
ura tion for use in a particular climate.

For the temperate option , either wood or concrete floor systems are
feasible. Common structural components can he installed without change.

— 
Insulation board should be installed on the interior face of wall and
roof panels. Awning —type windows and screens should be fabricated and
installed . Fel t roofing nailed to the roof panels serves as the water-
proofing membrane.

It is recomended that tropical buildings be erected on raised wood
fl oor systems when loading conditi ons permit to provide maximum venti-
la tion. Standard structural components are used , al though the top truss
chords should be extended 4 ft (1.2 m) as an eave to shade the building
wa l ls  and protec t th em from ra i n. Shee ts of co rrugated metal shoul d be
added to the exterior surface of the roof panels for additional protec-
tion from rain and so l ar radiation. The metal should be whitewashed pe-
riodically to maximize reflectivity. A ceiling should be installed
using insulation board . The presence of the ceiling provides an air
space which is naturall y ventilated at the roof peak and the eaves to
reduce interior ceiling surface temperatures. In areas subject to high
wi nd damage , a tie-down kit (cyclone bolt) should be provided to anchor
the roof , wall , and floor components. Window openings should be
screened and equipped with an awning-type pl ywood protective cover. A
hooded vent at the floor level should be provid ed for ventilation.

Buildings in desert climates should be erected on concrete slabs on
grade to take advantag e of the relatively cooler ground • Asbestos -
cement sheets should be added to the w al l panel exterior surfaces to
protect them from dust and wind. Batt insulation should be installed in
the wall panels to resist heat pen etration. A 4—ft (1.2—rn) eave should
be provided to protect the walls from solar radiation. W ind ow coverings
should be hinged so that they can be opened during evening hours for
ventilation , and they should be filled with hatt insulation. The ceil —

10 A. Kao and J. Cook , Preliminary Design and Construction Guidelines for
Vertical Construction in Desert and Trop ical Theaters of Operat ion. 

-

Interim Report C—14/ADA032124 (CERL, October 1976).
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Felt rooflnl_ Louver

a. Temperate
Vent Louver _____________________________________

_____ ________ 
Corrugated meta l rooflnq

_ __ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

b . Tro p i cal

___  _ _ _ _ _  
Felt rooflnq

~TJ~~I~ L !n~ulafe4n;~~~~~[~~~

Slab-on-qrade
c. Desert

Figure 19. Climatic options.
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ing should al so be equipped with batt insulati on. A whitewashed felt
roof shou ld be used to reflect sol ar radiati on. The presence of a ven-
tilated air space between the ceiling and the roof reduces heat buildup,
and the ceiling insulation stores remaining heat. Figures 20 through 22
show wall sections for the three climatic options.

System Funct i on

Throu gh the use of expansion modules (see Figure 23), this building
system is designed to maintain a high degree of flexibili ty for the com-
mander , mili tary p lanner , and construc tion supervisor. The basic
recommended logistical data base for this system would contain a catalog
of B ills of Material (BOMs) listing individua l components grouped ac-
cord ing to expansion modules. The BOMs for each module would include
both structural components and panels. The catalog would also include
BOMs for the different floor systems and climatic options.

The user of this building system would establish requirements for a
fac i li ty or i nstal la ti on accor d ing to TO conditi ons and func ti onal re-
quirements. The overall dimen sions for each facility would be deter-
mi ned by selec ti ng one of the two ava i lable eave he ig hts and the des i red
number of expansion module s. First , the end bays , endwal ls , and inter-
mediate bays would be selected. One of the alternative floor systems
woul d then be chosen. Finally , cl imatic options would be added. The
final BOM for a facility or installation would consist of a list of all
options , endwalls , and bays desired .
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Figure 20. Wall section for buildings in tempe rate climates.
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Figure 21 , Wall sections for tropical buildings .
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14 CONCLUSIONS AND R EC OMMEND AT IONS

Concl us ions

The resul ts of this project indicate that it is feasible to con-
struct paneli zed plywood buildings up to 48 feet (14.6 ru) wide without
the use of special equipment. Panel s can be fabricated with a minimu m
of components. The building system designed allows for phased construc-
tion and provides the user a high degree of flexibility to meet various
operational conditions. The system provides for three c l imat ic  options
(temperate , tropi c , and desert) and can be used to house admin istrative ,
supply, barracks , mess , hospital , and certain maintenance functions.
This system will satisfy at least 95 percent of the total TO building
requ i rements.

Recommend ations

Because of the rather unconventional detail ing of the building
system ’s main structural components , it is recorrrnended that they be sub-
jected to load tests to determine their adequacy. It is also reconren-
ded that the building design be field tested to insure that the design
i s sa ti sfactor y in terms of workable detailing, cos t , labor factors , and
performance.

—-  .~~~~~~~~~~~~~~
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APPENDIX :

FIELD EXPERIMENT ON A PREFABRICATED PANELIZED
FOAM/WOOD STRUCTURE AT FOR T RUCKER AL
1 INTRODUCT I~N

Thj~ appendix documen ts the Augu st 1976 fiel d test of the pre-

fabricated panel ized foam/wood structure at Fort Rucker AL , compares

the results with those of the Fort Belvojr field test , and evaluat es the
labor and cost s

field test results in comparison to an AFCS Faci li ty 3403 in terms of2 DESCRI pTI0~ OF FIELD TESTS

The Fort Be lvoir bu i ld in g was erected in September 1975 by troops

as s i gn~~ to the U.S. Amy Engineer School (USAES), Department of

Engineering Sciences (D-E/S) The bui ld in g size iS 24 by 40 ft (7.32

by 12,12 m). Floo r wal l  and roof panel components were Prefabricated

at CERL and shi pped to Fort Belv ojr Structura l components_ _the founda~

tion bents and trusses_ _were fabricated by schoo l personnel Fi gure Al

is a Photograph of the completed bu ild jng
Member of the 46th Engineer Combat Ba tt ali on (Heavy ) erected the

Fort Rucker bui ld in g between May and August 1976. The bui ldj09 Size was

expanded to 24 by 80 ft (7,32 m by 24.24 m). This bu il di ng is sim il ar

to the Belvoir bu il din g except for the add it ion of ameni ties such as

w i ndows 
~oub 1e doo rs , an eave , fini sh floor ing , and inter ior par—

t~tjon5 Another difference between the two bui ]din 95 was caused by the

terrain at Fort Rucker; there is an approximate 4 ft (1.21 m) Slope over

the length of the building Panel and structura l component fabricati on

were handled in the same fashion as at Fort Belvoir The Fort Rucker

bu ild in g is used as a classroom for the Survjvaj Escape , Res i s tance ,

and Evas i on Course Fi gure A2 Shows the bui ldi ng exterior and Fi gure A3

is an isometric drawing (eave not Shown ) of the bu ildi ng System.Both field test bui ld in gs were completed with sPray app~~~ pol y-

urethan e foam insul ati on i n the floor wal l , and roof panels S i nce

both bu 11di095 were to be used as classrooms -_ and to meet the fire

codes in the CONUS -- gypsum wal lboard was added to the wal l and roof

panel s to serve as a fire_retardant barrier . The Wal lboar d was 3/8-in.

(0.95 cm) and 5/8-~~, (l .59-cm) thi ck at Forts Belvoir and Rucker re-
quire d  i n  t he  TO,
sPectivel y. It should be noted that the Pol yurethane foam i s no t re-

an

- ~~
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3 CONSTRUCTION COST AND LABOR DATA

Both buildings were fabricated and erected similarly ; i.e. , holes
augered ; bents and floor panels installed ; concrete footing poured ; wall
panels , t rus ses , and roof panels insta l led ; and f inishing operations
completed . Figures A4 through All , photographs taken at Fort Rucker ,
illustrate the general nature of the building system and the operations
which occurred during erection.

Since this building system is expected to have some impact on the
AFCS , AFCS Facility 3403, which is similar to the Fort Belvoir building ,
was chosen for comparison . Table Al suniiiarizes material cost , labor ,
and logistic requirem ents for the AFCS and Fort Belvoir buildings. The
results of the comparison indicated that althoug h there was no signifi-
cant reduction in material , there was s ign i f icant  reduction (48 percen f )
in l abor requ i rements for fabricating and erecting the building. The
detail of the compari son between the Fort Be lvoir Building and AFCS Fa-
d u t y  3403 is documented in a previous report .’1

The total material cost for the Fort Belvoir building was $4,695.
Prefabrication of the floor , w a l l , and roof panel s was accomplished at
CERL in 141 manhours (MH). Fabrication of bents and trusses at Fort
Belvo ir requ i red an additional 27 MN . The building was then erected in 

. -122 MN , bringing the total prefabrication and erection l abor time to 290
MH.

The total material cost of the Fort Rucker f ie ld test was $11 ,349.
Floor , w a l l , and roof panels were fabricated at CERL in 247 MN with pre-
fabrication of bents and trusses at Fort Rucker requiring an additional
96 MN. The building was then erected in 584 MN , bringing the total
labor time to 927 MH. The material cost and labor requ i red for th i s
building are considerably hi gher than those for the 24 by 40 ft (7.2 x
12.0 m) building at Fort Belvoir primarily because they include addi-
tional material and l abor required for installing conrercial windows and
doors , interior partitions , eaves , and a more el aborate staircase. In
addition , some of the wa l l s  were erected at night and less skilled per-
sonnel were used.

Ta b le A2 sumar i zes cons truc ti on cost and la bor da ta for the two
buildings.

11 R. L. Trent , 1. Whiteside , J. Ro ber tus , Field Experiment on a Pre-
fabricated Exp andable Foam/Wood Structure , Interim Report
C-5O/A0A032726 (CERL , October 1976).
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Based on cojijilents from the project officer at Fort Rucker (See
Annex ), it appears that the basic building components shell was com-
pl eted without excessive difficulty except for the foundation bents.
Provision of a numbered sawing template would eliminate the difficulty
in bent construction. Several minor problems were encountered during
the finishing operations such as installing comm ercial doors and windows
because of improper openings provided .

From this perspective , it is antici pated that labor required for
the CERL building will fall somewhere between the results of these two
field tests. It is expected that labor requirements will be reduced ap-
proximately 40 percent as compared to the AFCS building, since the Fort
Rucker building requ i red approximately 25 percent less labor to fabri-
cate and erect. The material cost of the Fort Rucker building should be
the same as that of the Fort Belvoir building if commercial wi ndows and
doors , interior partitions , and other amenities are excluded from the
Fort Rucker building. Therefore , the material cost of the basic Fort
Rucker building without polyurethane foam would be about the same as the
AFCS building.

The results of the Fort Rucker fiel d test have also substantiated
the results of the Fort Belvoir field tests. The two tests have d emon-
strated the competitiveness of the CERL system in comparison with a corn-
parable AFCS Facility 3403.

4 RESULTS OF ANN UAL INSPECTION

The annual inspection of the Fort Ruck er building was conduct el on
8 Dece mber 1977. All parts of the building, including found ation bpri s ,
fl oor pa nels , wal l panels , roof panels , we re clos ely inspected and f~~un1
to be s tructurall y sound and in excel l ent conditi on. Un l i ’ e the Fort
Belvoir building, ’2 no ra inwater seepage was observed , possibly because
the joints between the wal l and the floor panels were cau lked and eaves
are provided in the building.

Neither the i nterior nor exterior of the building exhibited any de-
terioration , primarily because the building has not been used as a
classroo m as or igi nally p lanned ; it has been used during the paY year
primarily as a storage facility.

12 A. M. Kao , J ,  Cook , Al ternat ive TO Building Systems: Progress k : ~~~~~~~~

Special Report C—80/A0A042312 (CERL , 1977). — 

-~ ----



5 CONCLUSIONS

The two field tests of the CERL panel i zed building system have pro-
vided data which indicate the competitiveness of the system in com-
parison with AFCS Facility 3403. The primary benefit is to be found in
labor savings. It has been found that up to 40 percent reduction in
la bor requirements can be achieved . If polyurethane is not used for in-
sula tion , the material costs of the two systems are comparabl e. Resul ts
of the annual inspection indicate that the building system should reach
the expected 5-year design life without probl em.
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Table Al

Com parison of Construct ion Cost , Labor , and Log ist ic Data
Between Fort Belvoir Build ing and AFCS Fac ility 3403

Ma ter i al Labor Logistic Data
S/sq ft (S/rn2) Requ i rements STON MT

Fo rt Belvoir Bldg $2.29 290 MFf 11.4 20.5

24 X 40 ft (7.32 X 12.12 m) ($24.65)

AFCS Fac i l i ty 3403b $2.32 556 MH 11.8 26.2

960 sq ft (89.2 n~~) ($24.97) 

- — -

d. Unit cost of each mater ial item is based on Sept 76 SIMF
Listing. Pol yurethane ~as exclude d from calculation for the
Fort Bel vo ir building.

b. Consists of Facil i ties 140321 , 340322 , 340361 , and 340374.

Material cost , labor , aid lo gist ic requireoeflts were

calCu ld ted based on 20 X 40 ft (6.06 X 12.12 m) bu ilding ,
then adjusted to 960 sq ft (89.2 m2) bu ilding.

Ta ble A2

Summa ry of Construction Cost and Labor Data

Materi~1 Labo r Tota~ Cost per
Cost Requirement Cost Sq Ft (rn 2)

— — — — — — — — 

For t R ucker $11,349 927 MH $14,918 $1.17

24 x 80 ft ($83.64)

(7.32 X 24.24 m)

Fort Belvoir $ 4 695b 290 MH S 5,812 S6.0~
24 x 40 f t  ($61.h)

(7.32 X 12.12 m)

aActual cost ol one building inc luding polyurethane fo ~~m . gypsum

board (3/8 in. at Belvo ir and 5/8 in. at Rucker), and preassembl ed

doubl e-hung wi ndows at Rucker.

b inc ludes cost of m a t e r i a l s  to field fabricate windows not provided

in Fort Belvoir test.

CLabor costs were uniforml y set at $3.85 per hour for all mi litary

sk ills and pay grades.
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ANNE X : USER EVALUATION OF FOR T RUCKER BUILDING

DEPARTMENT OF THE ARMY
COMPANY B , 46TH ENGINEER BATTAL ION (COMBAT)(HEAVY)

FORT RUC K ER , ALABAMA 36362

AFF R-EB- B 7 Oct 76

SUBJECT : Evalua tion of CERL Buildin g

Mr Kao :
Enclose d are the sta tements of my senior carpenters concerning

the erection of the CERL building. Each is a highly skilled crafts-
man whose comments deserve care ful consideration. I am currently on
TOY status for a demolition prolect in Al i ceville Alabama and althou qh
the major ity of my figures and notes concerning the building h ave
been fo rwarded , some remain at Fort Rucke r where I w ill forwa rd them
to you upon my return .

Work ing on this proj ect was a challenge and a pl easure . Many
skeotics of the polyurethane foam have been totally converted. ‘l v
onl y concern is that of the feasibility of acquiring such capabilit ies
to apply the foam should the building have to be built from scratch .
Obviously, delive ry as we received woul d eliminate this concern .

The construction sequence and methods called for in the booklet
you provided were followed as closely as possible , (even when the
carpenters disagreed ) and any discre pancies are as noted.

The absence of a numbered sawinq template impeded the bent cons-
truction . This also proved to be the most difficult aspect of the job ,
and the al ternate concrete foundation deserves consideration.

Minor problems were encountered w i th the i n s t a l l a ti on o f the
doors and windows due to the openi ngs provided in the panels and the
~ram inq plans .

The ins tallation of the floo r panels , w a l l s , roof trusses , and
roof panels was quite simple and quickly accomplished. Some of this
wo rk was done at night . Most of the time only a few carpenters were
on site to supervise the other workers (truck drivers , masons, elec-
tricians , plumbers), who improved their skills as the project pron’-es-
sed .

The ma jor problems encountered concerned the construction and
i nstal lat ion of the bents , an d the “finish” work - door and window
frarnes~ overhanqs , bat tens , etc.
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SUBJECT: Evalua tion of CERL Building

Many of the suggestions and cons i derations throughout constructi on
were not tailore d to the fact that this is a Theater of Operations
buildin o (with a generally temporary lifespan) and was desi gned as
such.

My major concern with the building concerns the foam insulat ion
and the ca pa bi li ty to i nsure a sa fe , non- fi re haza rd structure . The
ove rall erection (as with most prefab structures) was relativel y fast
simple. Problem areas (as mentioned) warrant inspection in order tc
improve the fi na l structure design and erection procedures . This
building concept deserves consideration as an addition to the I~i-~vsinventor y provided the problem of fire p roofing can be solved.

If I can be of any further assistance please contact me:
2LT P A T R I C K  W P L I S O W S K I
CMR 1 BOX 18381
FT RUCKER , AL 36362

I am sorry I was not able to meet you at the project site , I
appreciate the opportunity to participa te in this project. It was
very benef ic ia l  to me an d my p latoon and I ho pe the resul ts a re
beneficial to you .

PATRICK W P LI SOWSKI
2LT CE
B Co , 46th En g r Bn
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