
r__I , .
A D—A 053 272 CONSTRUCTION ENGINEERING RESEARCH LAB (ARMY) CHA*AI— ETC F/S 13/3 -

~~~~

FEASIBILITY Off STRUCTURAL FOAM/CONCRETE BUILDING FOR flEATER OF—ETC ( U )
MAR 78 A SMITH

UNCLASSIFIED CERL—TR —P4—231

END
ow”

FIL$EO

6 —78
obC

a



- - ~~c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ construction
TECHNICAL REPORT M.231engineering March 1978

Foam Material Application in Theater

~ research of Oi~~~tio~~

~ laboratory 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

FEASIBILITY OF STRUCTURAL FOAM/CONCRETE BUILDING
FOR THEATER OF OPERATIONS USE

by
‘ Alvin Smith

C..)

L&J

CD

/

III Ill

WM

Approved for public refease ; distribution unlimited.



____ -~ -- -~~~~~~~~~~~~ --~

The contents of this report are not to be used for advert ising, publication, or
promotional purposes. Citation of t rade names does not constitute an
official indorsement or approval of the use of such commercial products.
The findings of this report are not to be const rued as an official Department
of the Army position, unless so designated by other authorized documents.

1

DES TROY THIS REPORT WHEN Ir is NO L ONGER NEEDED
DO NOT RETURN IT TO THE ORiGiN 4 TOR

7

___________________ 3



S. - .—~~~~— .—,- .---. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - - 

—~~~~~ .‘ = :~~~~
:-- -

~~

IJNCLASS I FlED
S E C U R I T Y  CLASSIFI CATIO N OF THIS PAGE (IThe~ 0.1. Knt.r.d)

REP”~
T rsn&”IILAEkITA11AkI PACE READ INSTRUCTI ONS
“ ~~~~~~~~~~~~~~ “I ~~ I I’-~~ ~ BEFORE COMPLETENG FORM

- ORT NUMBER 2 . GOVT ACCESSION NO. RECi PIENT’S CATA ,..OG NUMBER

CERL-TR-M-231 -1
~ ______________________________

(~ f_ ~~As IB ILIT Y OF~~TRUCTURA L~~OAM/~ONCRETE~~ 1 ILDING J FINAL 
~~~~~~

4. TITL E (end SubtIti.I — I •
~~I ~~~~~~~~~~ .~-.-Bjoc COVE RED

V P ’ThR 1~1EATER OF QPERATIONS~~~E. j  ~ 1
- 6. PERFORMING ORG. REPORT NUMBER

7. A THfl~~(-~ 6. CONTRACT OR GRANT N(JMBER(t )

~~~ 
j
~~vi n/Smith~~~~

9. PERFORMING ORGANIZATION NAM E AND ADDRESS 0. PROGRAM ELEM • .IECT , TASK

CONSTRUCTION ENGINEERING RESEARCH LABORATORY I’ 
)~~~~A REA & WORK U BERS

P 0 Box 4005 4A7627 19AT4 1 8 002
Champaign,_ IL_61820 ____________________________

II . CONT ROLLING OFFICE NAME AND ADDRESS ‘~

Mar.1R78 
-

~I3. NUMIj ROF P 
GESJ~~~~

14. MONITORING AGENCY NAME & AODRESS(SI dI U.r.n t f rom Contro lling OflIc.) IS. SECURITY CLASS. ( —IF7

Uncl assified
IS.. DECLASSIFICArION/ DOW NGRAD,NG

SCHEDULE

16. DISTRIBUTION STATEMENT (of tAt . Report)

Approved for public release ; distribution unl imi ted.

II. DISTRIBUTION STATEMENT (of th. ab.tr.ct entered In Block 20, ii dlff . ,wt  f rom Report)

IS. SUPPLEMENTARY NOTES

Copies are obtainable from National Technical Information Servi ce
Springfield , VA 22151

19. KEY WORDS (Contlnu. on rsv.r.I .id. If n.c. ..my end Id.nttfy by block nim,b.r)

polystyrene foam
theater of operations
Army Facilities Components System

20. A~~~TRACV ~~ m ,v.r.. .f ~~ IS n~~~~ wy wd tdenf liy by block number)

‘~This study was performed to assess the feasibility of using preformed polystyrene foam
building blocks to construct shelters in noncombative areas of the Theater of Operations
(TO).

A structure in which t he principal wall mater ial was polystyrene foam blocks was
designed, constructed , and eva luated on the basis of logistics requirements , manpowe r
time , required skill levels, and costs.

It was concluded that the polystyrene foam block building required less than half the
man-hours and slightly lower skill levels than were necessary to erect a similar-s u ed Army

DO 
~~~~~7S 1473 EDITION OF 1 NOV 65 IS OBSOLETE P~”1~t UNCLASSI FlED

SECURITY CLASSIF ICATION OF ThIS PAGE (Wh.re D.ta Ent.r.d)
_ _ _ _ _ _ _

— —.—— —. 5- .— --S _. .i_•_*_._1_.__, _ - - —5—- - 
-



-~ -——-—-—,-. 
- ~—.- — - ,—-,----———-- ---- . 

—..~~~ .~~~~~

UNCLASS1 Fl ED
SECURITY CLASSIFICATION OF THIS PAGE(WtI .n b.*. Ent.r.d)

Block 20 continued .

Facilities (‘omponents System timber building. However , t he foam block building has a
75 percent greater shipping volume in the expanded l’orm . and a 300 percent greater
materials Cost. Based on these conclusions, it is recommended that the foam block system
he use d ill the TO only if the expansion and molding equipment is established within the
area of planned usage .

1~
4 -

UNCLASSIFIED
SECURITY C L A S S I r I C A T I O N  OF THIS PAGE(Wli.n DMa Ent.r.d) ‘ -

-- ~~~~~~~~~~ - - -  — - -- 5. ----—— --- -—— -.-- .-— 
.
.

~~~~~



—5 —-- ‘ —-
~ -- .-- ‘—“—— ‘‘“ .

~~~~. 
-S.——-— - 

—~~~~.—,— ~~~~~~~~ ~~~~~~~~~~ ,- -~~~~~~- “~-. ~~~~~~~~~~

4

FORE WORD

This investigation was conducted for the Directorate of Facilities Engineering, Office of
t he (‘hief of Engineers (OCE), under RDT&E Program 6.27.02, Project 4A762719A14 1,
~Research for Base Development in the Theater of Operations”; Task 08, “Base Develop-
ment Design and Construction”; Wor k Unit 002, “Foam Material Applications in Theater
of Operations Construct ion.” The OCE Technical Monitor js Mr. Ed McWhite.

The work was performed by the Construction Materials Branch (MSC), Materials and
Science Division (MS), U.S. Army Construction Engineering Research Laboratory (CERL).
~lr. Harvey Barrett ’s contributions to this work are gratefully acknowledged.

(‘OL .J. E. h ays is Commander and Director of CERL, and Dr. L. R. Shaffer is Tech-
nical Director. Dr. ci R. Wi lliamson is Chie f of MS. and Mr. P. A. Flowdyshell is Chief
of MSC.

FACC~ SION for
NTIS Wkite S.ctl..
DDC Buff SEtIOB 0
UNANNOUNCED
JUSTIFICATION

BY - - S —
S UISTRI9UIION(AVML*LITT ~ IIU

3

—— - 5 - -  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~ _ _ _ _ _ _



S.- , 
~~~~~~~~ ~~~~~~~~~~~~~~ 

‘-S-S
~
-S5-

~~’ ”  ~~~~~
-S
~~~~~~•-S~• ~~~~~~~~~~~~~~~~ 

CONTENTS

DO FORM 1473 1

FOREWORD
LIST OF FIGURES AND TABLES 5

INTRODUCTION 
Background
Objective
Approach
Mode of Technology Transfer

2 POLYSTYRENE FOAM BUILDING SYSTEM 7

Development
Erection

3 E V A L UA T I O N  
8

Performance
Logistics
Man.Hours and Skill Levels
Costs
Problems Encountered

4 CONCLUSIONS AND RECOMMENDATIONS 9

FIGURES
APPENDIX: Molding of Polystyrene 22

DISTRIBUTION

4

_ _ _  
._~~~~~~~~_ _~~~~~~~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~ 

S
. .

~~~~- . --5—-- -- -S ~~~S_-S



—— — - ‘—S -S -S-S
~

_

~~ 
— —-— —-U-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~
“

~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
————‘-— — .“— — ‘ 

-S

FI GUR ES

Numbe r Page

I Plan of Model Structure 10

Floor and Foundation II

3 Polystyrene Foam Block Showing Column Holes 12

4 1- reLt Iull of Walls 12

S I’ rec tion of Walls 13

6 Erection of Walls and Bracing 13

( ‘~ iiipIciek Erected Exterior and Interior Walls
Including Bracing 14

~ Door l’iiit in til it ~ Room 14

() Door h u t . 1)etail 15

10 Location of Concr ete Studs 15

11 Mortar Columns and Reinforced Beam 16

12 Arrangement of Reinforced (‘oncrete and
Suvr euue Foam Blocks 17

13 Wood Truss Roof Support System 18

14 Nailer Strips on Roof Trusses 18

IS Completed Structure wit h Collector Panels on
South-Facing Roof 19

16 Front View of Structure Showing (‘ollector Panels 19

17 Foam Broken by Mortar Weight 20

Al Diagrammatic Sketch of Typical Expandable
Polystyrene Molding Operation 22

TABLE

Number Page

I Man-Hours Required to Erect Model Structure 9

S

- 1. , . .



FEASIBILITY OF STRUCTURAL POLYSTYRENE FOAM
FOAM/CONCRETE BUILDING FOR BUILDING SYSTEM
THEATER OF OPERATIONS USE

Development
Structural Foam, Inc. has developed and patented1 INTRODUCTION a foam building system that can be used to erect single

and multistory buildings.3 Tests of building compo-
nents conducted by independent testing laboratories

Background for t he company have shown a performance level in
The Anli Facilities Components System IA FCS) is excess of the Federal Housing Administration (FHA)

a militj uv engineerIng support system for commanders design codes required for residential housing.
and military planners to use in selecting t’acilities and
uru ,tallat ions for military theaters of operations (TO). CLRL contracted with Structural Foam, Inc. to
loamed plast ic materials show potential tor augment- provide walls , doors , window frames , trim, and gable
ing the iuiaterials used in the AECS . They offer exce l- ends for a 624 sq ft (58 m2 ) structura l foam building
lent strengt h.uo-weight re lationships . possess the best as shown on the floor plan in Figure j •

4

therm al insulating properties available , and can be
readil y erected at a low cost . 2 Erection

The building was erected using polystyrene foam
Objective modules ( Figure 2) consisting of foam blocks 6 in.

The objective of this study was to assess the feasi- wide by 12 in. high ( 152 by 305 mm), with lengths
bility of using preformed polystyrene foam building ranging up to 20 ft (6.1 m). The foam was expanded
blocks for constructing shelters in noncombative areas and preformed into blocks in a manufacturing plant ,
of t he TO. This study is one part of an overa~l program using heavy metal equipment and presses. The blocks
investigating the use of low-density plastic foams as were formed with 3 in. (76 mm) diameter holes on
construction materia ls in the TO. 6 in. (152 mm) centers through the 12 in. (305 mm)

direction (Figure 3).
Approach

A structure in which the principal wall construction At the site , the blocks were formed into modules
material was polystyrene foam blocks was designed, with the holes aligned. The entire structure was built
constructed , and eva luated on the basis of logistics on a conventional concrete block foundation and
requirements , manpower time , required skill levels, wood joist , plywood floor system. A channel block
and costs. used for the top course of the foundation was filled

with concrete reinforced with two No. 3 reinforcing
Mode of Technology Transfer bars. No. 3 dowels were placed at 24 in. (610mm) on

The information contained in this study , if adopted center throughout the length of the foundation to
fur use by the Army, will impact on the following match every fourth hole in the wall modules. A No. 3
technica l manuals: TM 5-30 1-1 . 2 , 4, AFC’S Planning: reinforcing bar was placed in the holes where a dowel
Temperate . Tropical and Desert Regions. TM 5 302 1, had been set and the holes were filled with sand mor-
2 (

~S I) esign. and TM 5-303 , .IFcS Logistic Da ta tar to form a reinforced concrete stud every 24 in.
and Bills of Material. (610 mm) throughout the entire building exterior.

The interior partitions were constructed in the same
manner , except there was no concrete block founda-
tion under t hem and thus no dowel to tie the stud to
the foundation.

~R 4 I 5-1 6 . I r’ni l’ai ,lu tie.c Cuniponeti t s  Sy ste m [)epa ru-
incil I , it ’ the A rn~~ - I Octobe r I 975) .

tare u/ the In Sti,du’s On I / I t  f leielupniei i f  of In dustria l-
i:ed Ili, i, t i , i .  in the I ,,iteJ Sratec as Related to the Role of’ the
Civil t.’nguieer . Project Numbe r 714 ( t e xac A&M Research U. S. Patent . 3.566 .568 to Structural l oam . Inc.

I ,undatj iin . 197 1L 4 Uontract IM(’A 88-74-1)1)54 . (‘I.RL, 18 June 1974 .
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Figures 4 through 7 show the building in various The exter ior walls were finished with aluminum
construction stages. Door and window units were in- siding.
stal led as the walls were erected (Figures 8 and ~)
IIgIII e It) shows the arrangeit iet it of the mortar studs
in the s all systems . A mortar beam reinforced with
t~~~t i  N~ . 3 bars w as cast around the entire top perilu- 3 EVALU ATION
ete r i i i the walls as indIcated 10 l-t guie s II and 12.
Foam drIll kIll g c’ U[)S c c’ re inse r ted in the to~

)s ut t he
tici les whe re concrete s as not desired to form studs Performance
( I- ig i i tc I I ) .  Mortal scas placed Illaliuall\ in the model Il ie buIlding has been occupied h~ a solar heatin g
buIlding. a lt h ough a plaster pump is normally used for and coolIng (ac u Ity l’Iguies IS and I ot b r  I 1/ 2 eats
t ills purpose . ,iit d is pert (iltii lng ssell .  The h i g h ‘‘R’’ va lue * i t f  the

foam scal ls (I  ~.S ). as contpaie d to that of conventiona l
T he  roi l .,s stein cons isted of I) recolis tructed ~s oct d c i i t t s t ruc t i o n wi th  3 l~’2 in. “bait insulation (d) .71

truss e s ( l - t iz ute 13)  set on 24 in. (610 iI111) ) c e nte :s  aiid per t t l l t te d t h e  use of ’ a losset capac it~ ene igy col lectio n
secure d to tile sc . ills b~ meta l at lcilo rs that had been set and s t o , a e c ’ 5% S kIll .

iii the beam at the top o1 t h e  wa lls. Nailer snips sc ete
at i.L hed Iii the t lUssc s at I -~ in. (45 7 tu t u ) inte rval s Logistics

h tguie l4 ) .  (,.u Ivat lI/ ed c i iu rt i ga ied s te e l  s~as nailed I li~ slnppine v~ luIule of t h e  building materials ssas
to t he s I l l ) )  .un d a ridge cap secure d along t h e  rid ge li e. ahinit ~‘~ U eli f t  ( 2 1 . 3  n~ ) . .  \ st tt i i la r \FCS building4

t i l t  uu g. ite d ste el rooting was used, sl uice it is cuuni:totilv ( CCupit’s about 420 cu it  ( I I .7o m3 
). I l te manufacture

u s ed ill the IC). of polysty reite involves a dual thern ial process in which
t h e  material undergoes a tota l expansion of up to 60

flue underneath side ut tile root was insu lated b~ times its original vo lume . T he  nuateria l is formed during
spra\ l u g  it W Ith a 2 in. (5 I ill)) ) iflhI)iIiIUttl thickness of the second expansion process , which requires extensive
pok uue( l)a i)e l’oani. Adhesloti of the foam to the it ietal heating and molding eQuipment . The shipping volume
an d nailer strips was exce lle nt . The am bIent temper- of ’ the materials required for the building in this study
atute range d from 30~F - I ~( )  to 40~F (4 .4~(’ ) during can he reduced by 65 percent if t h is process is ac-
Ioatn applIcation . hut preset lIed only mutto r problems complished Ott equipillent erected in the TO. (The
by retar dIng the fuatiting of t h e  ituui ia l deposition of appendix describes the process.)
spray . Subsequent sprayed layers foamed normally.
After the foal)) was app lied, a 1/4 in. (6.35 mitt ) 11111)- Man-Hours and Skill Levels
imum thickness of gypsum plaster was sprayed over It Erection time for t h e  building was 248 man-hours
to act as a flre.resistant coating. The plaster adhered (Table I) . compared to a planned time of 540 ti an-
welt , since the foam was suf ticiently rough to permit hours for all AF(’S building of the same sii.e. The wails
mechanical locking. cati he erected by unskilled laborers , but foundation .

roofing, and finish work re qu ire the same skill levels
The building interior was finished by applying as a typical AFCS structure.

gy psum ss ailboard to the walls and ceilings of two
rooms, the corr idor, and the bathroom: the other Costs
two rooms s~ere finished with paneling on the walls T h e  cost of materials f’or the 624 sq ft (58  01

2

and latt ice suspended ceilings. Nailers were installed foam ‘concrete building was S4 ISO . compared to SQ72
along the top and bottom of the wa lls to attach the
gypsum board and pane ling. An adhesive compatible 

______________

wit h the polystyrene foam was also used to adhere *..R” is the resistance to heat transl~r tt irough .i material or
the sheets Io tile wall. Prior to application of the fin ish , material system. It is the reciprocalof the “K” (condlietatwe)
grooves (or electrical w ires we ie routed in the foam : value which is stated in tt uu sq ft /in, thickness per hour. ‘rhe

svulttshiiiwcver . the empty 3 in. dianeter holes in the walls Itleiric equivalent of K would he 5.67 - and of R
could a lso be used for running utility lines.

1.176 ~ It) I ) 
meter 2 S. K itueler 2 K

Walt -

I-hour coverings consisted of linoleut -n tile in t he +AFCS facil ity number 7221 2 t .  Qtrs . t- ’emale Employees.
rooms wit h gypsum wallboard, and low-pile “indoor- 20’ 30’ Wood, was selected for comparison , since area and
outdoor ” car pet in the rooms with paneled walls , plan are so similar to (‘I-RI foam/concrete building.

8



-~~~~~ ,-.------ - . -S — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ —-‘I’

Table 1 blocks so that interior finish panels could be more
Man-Ilours Required to Erect Model Structure easily applied.

l’ound.ition /l tour 32 4. Use of foam for partition walls was expensive
Setting Wall Module’, 16 5 5

(‘oflc rcte Studs and Beams 52 and did not provide a good backing for paneling. Con-
Roo f Trusses (Building and Installation) 24 ventional walls for partitions would be somewhat less
M~ta1 Roof Placement 16 expensive , and would form a better backing.
l oam Spray tnsulation 16
Plaster Spraying 32
Interior Finish, Including Wiring 64

TOTAL 248 CONCLUSIONS AND
RECOMMENDATIONS

for a comparable-area AFCS building. Cost per square
foot of floor space for the CERL building was $10.79,
including all work except the solar heating/cooling I. The polystyrene foam block building described
planl . By comparison, the Texas A&M study showed in this report required less than half the man-hours
a 1200 sq ft (111.5 m2 ) house being completed in 400 necessary to erect a similar-sized AFCS timber building.
man-hours in 8 working days from initial grading to
readiness for occupancy . Cost per square foot for the 2. The insulation value of the foam walls, R = 18.5 ,
building was $8.64, including site preparat ion, founda- is far superior to that of plywood/stud/batt insulation
tion, erection, and finishing work. This difference is walls, R = 9.71.
attributab le to the labor and overhead rates being
higher at CERL in 1973-74 than were common in 1970 3. The shipping volume of the polystyrene building
in t he construction industry , as presently constructed is 75 percent greater than that

required for a similar AFCS structure ; however, if the
Problems Encountered expansion and molding equipment is available in the

Problems encountered in constructing the building TO, the shipping volume can be reduced by 65 percent.
were as follows:

4. Required skill levels are slightly lower than those
1. Pouring mortar to form the studs caused buckling for a comparable AFCS building.

of the exterior finish and breaking of the unsupported
interior face of some foam blocks in three areas near 5. The material costs for the polystyrene building
the bottom of the wall (Figure 17). are over 300 percent greater than the costs of a com-

parable AFCS timber building.
2. Door frames were distorted during the building

process and had to be reworked before interior doors It is recommended that the polystyrene foam block
could be hung. building construction system described in this report

be used in the TO only if the expansion and molding
3. App lication of nailer strips was time consuming. equipment is established within the area of planned

Nailer strips should be included in selected polystyrene usage.
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Figure 17. (Cont ’d)
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APPENDIX: Molding expandable polystyrene beads is a two-
MOLDING OF POLYSTYRENE stage process. First , t he virgin beads are pre-expande d

to the approxintate desired denstty by the application
Psil) sty tene is ati inexpensive plastic . essnuinercia lly of heat , usually in the f’orm of ’ steam. The process is

available in large quantities . It IS easi l~ processed at a continuous one. Pie-expanded beads aie allowed to
re lat ive l ) lists temperatures and pressures , and its sol- age and dry before being used to mold shapes. The
uhility c ha rac t c t i s tu c s permit the use of matty solvents molding process requires a second heating of the pre-
as ei.pandittg agents. Expandab le polystyrene is pro- expanded beads in a confined space. Again. steabu is
duced in the torm of free-f lowing beads resemb ling the preferred heating agent , but ot her methods can be
rahk sa lt , symm etrical shapes, and strands containing used, The total process is comp letely d’~tined and the
an iiutegial blowing agent such a n-pentane . When equipm ent readi ly available. Figure Al is a diagram-
expose d to heat without restraint , these partic les nuat uc sketch of the process and the required equip-
expand from a bulk density of 35 lb/cu ft (0.99 nr’ ment. The com plete molding operation could be
to as low as 0.25 lb/cu ft (0.007 m3 ). When used for I ransporled in a standard tractor-trailer unit , wit h an
molding products . t he particles are held to a minimum additional facility provided for storage and aging of the
density of 1.0 lh cu ft (0.028 rn 3 ). pre-expanded beads.
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Figure Al. l)iagratnmatic sketch of typical expandable polystyrene molding operatIon .
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