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I .  Spray-applied polyurethane foam is an expedient means of repairing damage d
I - buildings . The buildings must be structu rally sound , since the foam will contribute mini-

mally to the strength of the building.

2. The foam will adhere to almost any building material and a variety of materials may
be used to apply the foam to the opening. Plywood scraps , cloth , cardboard paper , and
wire mesh were shown to be satisfactory substrate materials .

3. Troops with no prior experience in using foam equipment can become proficient
foam sprayers with a minimum of instruction.

4. The foam can form satisfactory patches under adverse weather conditions.
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DAMAGED BUILDING REPAIR WITH Tests were conducted to demonstra t e the adequ acy
POLYURETHANE FOAM of the fabricat ion techni ques and m a te r ia l s  ( ( ‘h apte t  3) .

Part of the testing involved a de nmtmn s t ra  n o n  at CI: RI.
in which an experimental  building was damaged to
simula t e combat-in f licted damage . Troops fwm a localI INTRODUCTION Army National Guard uni t  were briefly t ra ined and
perfor m ed ti m e necessary hui ldi iig repair (Chap i em 4) .

Background Scope
The use of existing buildings for  various types of This stu dy was limited to the evaluation ut poly.

occupancy (command posts , hospitals , communication urethane foam , which provides t im e greatest potent ia l
centers . etc.) has long been a common practice during ( low shipping volume , easy conversion to foam . and
war. Iii many cases , although buildings retain adequate low skill level r equirements 2 ) for repairing da m aged
structural  integrity after bombard m ent by arti l lery or s t ructures .
minor fires , they may not be habitable because they
are not sufficiently weather t ight . E fforts at making Mode of Technology Transfer
such buildings usable often result in makeshift repairs The m es ul ts  of this study may have an impact on the
using any available materia l s, following technical manuals:

Foamed plastic materials can be used to augment the TM 5-30 I , Army Facilities ~‘omponent S swm
present methods of Theater of Operations (TO) base Planning
development. ’ Foam material can be shippe d in a dense
(approximatel y 70 lb/cu f t  1100 kg/rn 3j .  sp gr 1. 12)  TM 5-302a ,b Army Facilities C’o,nponent S, ’sw,n
form and foamed to a very low-density (approximate l y Designs. Vols I and II
2 lb/c it ft [32 kg/rn 3 J , sp gr 0.03) material having usable
structural properties. The conversion time is short— TM 5-303 . Army Facilities cmnponent System
about 2 minutes -and the time from foam formatio n Logistics Da ta and Bills of Materials
unti l  it is an effective patch is less than 10 minutes.

TM 5-349 , Arctic ~‘onstructio?l
Object ive

The objective of this study was to evaluate and de- TM 5-809-9 . Stntcrure Design : Thin Shell con-
scribe the use of foamed plastic as a repair material in structiol ’
making expedient shelters from combat-damaged build-
ings in the TO. The material was evaluated from the TM 5-852-9 , Arctic and Sub-A relic construction —
stand point of use of troop labor , required substrate Building
material , and the effect of adverse weather conditions

TM 5-882-2 , Engineering and Design-Structure Dc’-
Approach sign • Emergenei ’ C’oiisrrucii~ m

A method of repairing damaged buildings was de-
veloped based on considerations of the foam ’s physical Training may be imp lemented by appropriate  entr ies  in
properties . formwork and labor re quirements . and ARTEP 5-I I S . Enginee r Combat Battalion (Heavy).
flammabili ty (Chapter 2). Construction methods and materials described her ein

offe r an alternative to temporary shelters des cm ihed in
FM 20-I 5 , Tents , Pole and Frame Supported.

Atv in Smith ,Do,pw Shelter construction Wit/i Pol m urethane
!~ba,n, Technical Report M-225/ADA044992 (U.S. Army Con- 2 Atvi n Smith ,Domne Shelter Construction With P olrur ei/mani ’

j  struction Engineering Research Laboratory I CE RL I ,  August Foam, Technical Report M-22 5/ADA044992 (CERL , August
t977 ). 
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2 CONSIDERATIONS forrnwork can be fastened to the structure by nailing,
stap ling , taping, or simpl y by holding it in place while
the foam is applied.

Material Properties and Availability
Previous studies have shown time versatility of spray- Labor Requirements

app lied polyurethane toam . 3
~ The hsaii is lightweight . Labor intensity for foam building erection is low. A

strong. and wea ther t i ght . and adheres to most non-oily, three-person team is required to operate the equipmenm
reasonably clean materials. Elongation properties of and coordinate repair activities.
the foam allow most thermally induced expansion and
contraction rate differences with other materials to be Labor skill levels can also be low. The skills associ-
compensated for within the fawn. Table I gives typica l ated with paint spraying are easily related to foam spray-
properties of the kind of foun t used in this investigation. ing. After a training period of about 40 man-hours , an

average individual can be reasonably proficient in oper-
The spray foam components are readily available ating and maintainin g the equipment. Even a 2-hour

commercially in large quanti t ies  in prefor inulated two- farn il i ar i~ation period is satisfactory for init ial  skill de-
part systems. These systems are stable and are dense in ve lopmnent in spraying the foam. Maintenance of the
the shipping and storage condition (li quids). Upon ar- spray foam equipment is very important , as are trouble-
rival in the TO . the li quid components are easily and shooting techniques. The non-commissioned officer in
quickl y expanded im it o foam using simp le eq uipm nenm . charge or team leader could be easily trained to direct
Appendic es A and B discuss the foam material corn- these functions.
position and spray equipment .

Flammability
Foam repair patches are applicable to wall amid roof Completed patches may leave foam exposed in the

areas of otherwise s t ructural l y strong buildings . The inter ior  of the building. If the exposed area is less ti t an
patches can wit h stand typical comitbined wind and about 50 percent of the total wall area and is in relatively
snow loading ot about 40 psf (195  kg/ m n 2 ) wi thout  any small . di scom i tim iuous patches , the building will be satis-
prob lemii . Foam is m i o t recom omn emi ded for floor app lica- factory for  tem mm porary use . Long-term occupancy amid
tions where it must support co nce m itra t ed loading when large areas of exposed foam may represent a fire ha iard.
spanr iim ig betweem i two  s t ruc tura l  mii emh ers. Roof repairs however , since the foam will burmi in an established fire.
should not he walked upon since unreinf or c ’ed f o~tm
may not support concentrated loads. The f lammabi l i ty  of foamned p lastics has been the

ohje cm of t ouch discussion and research in the past few
The foam can be painted to provide added d ur ab i l i t ~ years. The ext re t ne l  rapid burn ing  and hig hl y toxic

and camouflage . and covered with a cem im enm it ious  coat- combu stion products l tav ~ caused a great deal of con-
ing to provide fire/ flame spread res ist amice. cern about the use of foams itt h abitable st rucmures .

Formwork Or gan m c ( polv in cr )  to am ims will  burn . as will mno st or-
In repairing structures with foamn . alnmst an~ ma- ga n mc n i a te rmal s  such as s~ ood . paper . etc The rates of

te ri al can be used as formwork to span openings . Plastic b u r n i n g  a mid the  t lamnc spread along the surface of the
film , cardboard from boxes , insect screen. or a ny simm- imm a te r ia l  depend on man s factom s . ~ hose interd epen d-
lar material that can be fastened to the edges of the Ctk% rn m ,ike~ ml m i mmp vssm bfe tu c mm e examples and results
existing structure is satisfactory . The forn mwork he- of t oat m i s  mi fire s or m o predict exa ct performance of
comes part of the patch and cannot be re m oved. The an~ p a i t i ~u l ar t oj i l i

3 Al vin Smith ,DomeSheller c’onstruc:io,, Will, Poliuretham (.e~’ei. II’, hiatu s b u r n ,im~’te ea sm lv than their  solidFoam, Technical Report M-225/ADA044992 (( I - Ri . Au gu c m • -

1977) . p ’il~ mn~ ‘ • ~m ii m er p ai m s he~ j use of the grea m I ~ i ncreased
4 - s i i m IJ ~c a t ’ a pr esented tot  therm al decomposition ofA. M. Kao , et al., Prefabricated l~xpandabk Foam Wood

Structures for Theater of Operations, Interim Rep orm ( -.~~~ the m imat  .. I .
~ . o a t i l m g  wh i c h impedes the thermal at-

, ADA04499 1 (CE RL , September 1977). laJ1 on th e h ’am s~ilI usually greatly reduce flame
5 G. R. Williamson , et at., inJ la tion/Foan m/ Sho h-n Ic Si i t t -na spre ad ( e rnenh i mto u s  materials (cen l ent - lime , sand ,

for Rapid Shelter Consuuction, Technica l Report M-2 15/AI )A - and ~~a t e r )  brushed ta m troweled directly on the surface
040789 (CERL , May 1977). of the foam have been found effective in l imit ing the
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Table I 
$

Typic al Properties of Commercial Foam Systems

Demuaty , lb/eu ft (kg/ rn 3) 2 .0 ( 32 )
Compressive Strength ( 10% strain ), psi (kP a) 35 (24 1)
Compressive Modules , psi (k ta a~ 1000 (6895)
Tensile Strength , psi (kPa) 38 (262)
Shear Strength , psi (kPa ) 25 (172)
Sh ear Modulus , psi (kPa) 400 (2758 )
K Factor , Btu /hr/sq ft/F/ in. (W/m K) .1 Btu (0.02)
Water Absorption , lb/sq ft (kg/m a ) 0.033 (0. 161)
Maximum Service Temperature , ~F (T) 200 -- 250 (93 — 12 1)
Coefficient of Linear Expansion , in./in ./” !-

(mm /mm/°C) 6 x 10~ (1.1 z 10.’ )

foam ’s fire involvement . 6 Recent tests have indicated of short potential exposure time. In most fires the heat
that I in. (25.4 mm) hexagonal wire mesh stap led to exposure and carbon monoxide present the greatest
the foam surface should be applied prior to troweling danger to occupants. Thus, fast egress is highly desirable
the cementitious materials. The wire mesh assists in for any building.
bonding the cementitious material to the foam , and is
particular ly important when significant ambient tern- In summary , although foamed plastics generally will
perature changes are anticipated. Since the foam will burn , effective fire/ flame-resistant coatings can be
burn in an established fire , it is extremely important made and applie d in the TO from materials that are
that protective coatings be applied to exposed foam normally available there. These coatings will afford
very soon after the foam application is completed , adequate protection to personnel in the event of a fir e .
preferably before other finishing operations commence.

Combustion products , whether from complete or in-
complete oxidation or the molecular fragments pyro- 3 DEVELOPMENT
lyzed from the polymer . may be toxic. As in any fire ,
the most serious component is usually carbon monoxide .
Other toxic species such as hydroge n cy anide may be Repair patches using spray-applied polyurethane
present , but the amount is typically about the same as foam were investigated with respect to adherence to
or less than would be formed from wood , nylon , or common building materials . patch substrate mater ials ,
wool burning under the same conditions. Smoke gener- patch size , weather conditions at the time of patch
ated by burning or partiall y burning foams is another formation , and time and material required for patch
‘,roblemn . Dense , black , sooty smoke capable of ob- formation.
scuring light and visibility can he reduced by limiting
the foam ’s involvement in a fire : this can be done by Adherence to Building Materials
app lying an effectiv e flame-resistive coating such as the Polyurethane foam is sprayed as a l iquid.  When the
previousl y mentioned cementitious coatings , by using liquid contacts a surface , it wets tha t  surface and ad-
plaster . or by using some other refractory coating. Steel heres by the same mechanisms as does a paint film.
mesh and glass or steel fibers improve coating adherence Foaming subsequently occurs , usually within 10 to I S
and durabil i ty ,  seconds , and the foam cures rapidly. The film bond to

to the substrate is usually as strong as or stronger than
The relativel y small sizes of TO housing structures (lie strength of the foam.

facilitate quick exit in the event of a fire. Personnel
would thus be afforded additional protection because Greasy or oil y flIn t s prevent bonding to most sub-

strates ; otherwise the foam will adhere to any nm ateria l
6 Alvin Smith , Fir(-/ I ’iarnmabilily Test of Po lyurethane that is reasonably free from loose dirt - Free water on

boams and Pro tective C’oatings , Technical Report M-!29 /ADA- the surface should be retnoved to the greatest extent
028386 (CE RL , July 1976). possible , since it reacts with the foam chemicals and
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may cause an inferior foam to be formed amid/or reduce C), winds greater than 35 mp h (56 kn s/ hr) ,  and heavy
the strength of the foatu -substrate bond. If no surface drizzle precipitation. More foam material  and time will
water is present . however , effective patches are possible be required when the conditions are turthest  f ron t  the
even when the substrate is saturated with water ,  ideal.

The foam bonds ext remely  we ll mu concrete , woo d . Extremely adverse conditions can be overcom n e by
glass. sto ne . slat e , and fel t- type roo lmg materials .  It providing temporary shelter around a repair sit e . Shel-
also adheres to most m etals  hut  with somewhat less ter halves or pom ichos can provide wind or ai im shi e lds
te n a c i ty :  galvanized t u et al s  are the poorest t or hom i dim i g.  L m m i!il m epai r  ss-ork m s completed.  I l ern ian -Neku m i heater s
It s msia n~ cases t he cu t s i hin at iot i  of adhesion am i d mit e- or arc t ic  stoves can he used to raise the m e m i s p e m a m u r e  t o

chanical blocking by s t m u c t u i a l  members makes the tolerable levels.
bond to galvanized metal suff ic ient  for patch-type re-
pairs . The temperature of the foam materials am i d equip -

ment must he maintained at 40° F ( 5 °( )  or abo ve he-
When a repair is to be made , as mssuch advantage as cause lower temperatures increase the viscosity of the

possible should he taken of mechanical locking of the materials  to the poimi t where pumping and m u ixim i g he-
patch into place. For example , mite foam should extend , com e extremely diff icul t .  A h eated van t ruck or other
if possib l e . a mnm n imi iun s of 4 in. (100 m m )  onto both vehicle can mna intaim i t u e  required temperature : the
the inner amid out er face of the surrounding s tructure , hoses and spray gums can be s t rung  out into the adve r se
In tI ~is way t h e  foam can effectively seal the r~’ptured environment  as ittuch as 150 ft (45 t n)  wi thout  loss of
area. e ffectiveness.

Patch St ’ivstrate Materials The foam ss equ ip in emi t should also be kept dry - beca u se
Almost any n sateria l can be used to h old t h e  toam water reacting with the foam nsateria ls will cause opera-

its place un t i l  it has cured—fo r exam ple . cloth , insect tion and maintenance problems.
screening. cardboard , plywood. lath strips , plastic film .
or interwoven tree branches. These substrate materials Time and Materials Required
ms - must he attached to mite bu i ld ing  only as long as ~t Patch repairs are very fast and require l i t t le  m is aterial .
takes to app ly a continuous layer of foam over them For examp le , a 4 X 8 ft ( 1.2  X 2.4 mit) patch , 3 in .(76
and onto the surrounding s t ructure . Even holes up to nim) thick requires:
several tnches wide in the substmate m-at emial pose no
significant problem simi ce subsequent applications of

- Substrat L misaterial (insect screen ) stap led to mi t e
foam will close th eti s . The substrate materials beconie structure - about 1 lb (.45 kg): 5 minutes for iiist a ll a-part of the repair patch and must he left iii place . -tm on
Patch Size

Foam — 22 lb ( 10 kg): 5 minutes for  app licationRepair patches up to several t’eet wide are possible . — -

although the foam layer mn ust be thicker for larger
patc h es . T h e  practical t h ickness of sist all patches (up to 3. Total ti m e fromi s open area to e ffective , weather-
3 f t  ( I  m is i ) is 2 in.  (50 mmii ) mi n i mss u mn , and of large tig ht  repair patch . less titan I S  minutes .
patches (grea ter thami 3 ft or I mis) about 4 t o ó  in. (100
to ISO inns). The foams i thickness is dictated by the de- Under good conditions , typical patches can be comit-

gree of strength and stiffness required of the patch.  pleted in less titan I minute per square foot (0.09 m 2 ) .
using less than 1 lb (.45 kg) of foam m aterial  per square

Large patches will he somewhat flex ible , wh ich does foot . Longer times amid about 20 to 30 percent mnore
not indicate an inferior repair as long as t h e  patch is mi~at eri al will be required under poor conditions .
sealed sufficiently to exclude wind-blown raimi or wind.

Weather Conditions
Foam patch repairs can be made with the fewest 4 TESTS AND DEMONSTRATIONS

problems on dry , warm (above 50° F [ lO °C J ) ,  calm
days , although repairs are also possible under much
more adverse circumstances. Foam repairs are not like - Actual repair techniques were evaluated to determine
ly to be successfu l at temperatures below —20 ° F (— 28 ° their effectiveness , Holes were prepared in existing

10
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I
st ructures  to represemst da m aged buildings , wood f ra mes I I  .2 nil ) fia ts -me , this am oums t ut foam ‘‘ as adequate to
with wire m esh stapled to them we r e  used to s i mn uhate  mit ake a rigid patc ls . Figure 17 shows the rear of th e
large holes , atid f oam n was applied to various substra te  f ’ma nse  wi th  t u e  in termedia te  m i sen sh er .
mater ia ls  comsdi t ion e d to 20°F ( 29°C) as a -iseck om s
use of t h e  foamss in adverse e l svi m onn se m lts . To de t ermssi m me mime appl icabi l i ty  of foam repair  imi

cold climates. foam was app lied to various suh si ra t e
(:i gure I shows a large hole in a sho tcrctc-c overed mat erials condit ioned to - 20°F ( 29°( ) .  TI -me f o am

dome structure . TI -mimi s t r i ps o f wood were heist at id at-  t s sac l simie amid ms - materials  were kept inside the la b oi amory
tac hed to misc s t ruc tu re  - Figur e 2 shows t h e  l a t t i ce  wh iere t h e  te im iperalure  was about 65°F ( 18 °C) .
wor k cove i-ed wi tis comu m aso m i al ii m is in urn i m isec m wi msdow
scree n fabr ic .  Figure 3 shows foam he ing app lied to the The four  substrate materials (p lywood , corr ugated
screets : a ligh t laye r was app lied to seal the screen , al- paper , aluminum sheet , amid gyp sums s wall ho ard ) w er e
l owing fu r t h er bui ld-up of foa m to thse required thick-  left outside overnight at ambient  temperature  ( 10 °F
ness (about  2 it s ,  or 50 m t sms i ) .  Next , time s t ructure  was ( — 23°C~ ) (Figure 18). As shown in Figure li) , foa m’
sh o t c r a t e d  to fur t h er cover ti -me patch . ing occurred more slowly on t u e  mi -materials thsat provide

the greatest heat sink effect .  However , a ftem the in i t i a l
Figure 4 shows a short traini n g session conducted delay , foat n im m g occurs mssuc h as it does umsd er mssore fa-

to l am i si l iar ize soldiers froiss au Army Nationa l  Guard vorable comsditiomss ( Figure 20). There is a slig h t  increase
unmt  wi th  t h e  fo a rm s spray equipm sl ent and its operation . in the density of ti -me foam and it takes about twice as
Although the trainees hiad never seen either foaisi spray long to react - Otherwise the foam is essem itially t orm al .
equip m en t or ap plication , they were able to perform if foamss bui ld .up is too rapid, the foaming action tends
satisfactorily after less than 1/2 hour of exp lam iation to pull ti - me unreacted surface layer away from u s e  sur-
and dems i onstration , and a brief hands-on per formance ta ~e . resulting m m i poor bonding.
period -

Following ti-m e test of foam on cold substrate , some
Figures 5 though 8 show holes prepared for repair foam was sprayed directl y onto a pile of snow. The first

using insect screen , corr u gate d pap er box , p lywood and few layers did not foam , hut  after a thin layer of the
burlap,  respectively , as substrate . Figure 9 shows all foam it niateriah was deposited . the rema inm ng layers
four holes ready for repair work to begin , foamed normally . The heat given off during foaming

caused only slight melting of the sn ow . The initial layers
In Figure 10 , a trainee is applying foam -mi to the insect of nsateria l  cured into a hard , coarse surface oms the

screening mater ial .  Figure I I  shows an excess of foam , underside of ti - me foans.
wh ich can be trinsased off with a sharp knife .

TI-me foam used in the cold weathe r app l icat iomi s tudy
The best r ep a ir proc edure is first to app ly foam it was the same formulation as was used at ti -me hig her

around t h e  edges of ti - me h ole it s order to provide a good temt iperature conditions. No special precaut iom is s~ere

seal t t ,  ti -me exis t ing wall (Figure 12 ) .  The retnainde of used except keeping the mii ach iit i e am -md t n at er mal s w a i m .

ti -me patch cami t h en he filled in fro m the edges , as sh ow n
in Fi gure 1 3. Figure 14 shows completion of the foam-
ing. CONCLIJS~ONS AND

RECOMMENDATIONS
.-~il tou t  patches were comiip let ed in less thi an I S

mu m iii mes.  Fi gure I S sh ows the fits islsed work. The patches
us-re i m s immiediate l y wind amid rain proof. I - Spray -app lied pol yure t l sane  foam is an exped iemi m

means of rep a in im i g damaged buildings. The buildings
Wood f rames  constructed of no m inal 2 X 4 lumsiher m ust he s t ruc tura l l y  sound . since the foamis ~vi ll co mm-

wi th  hexagon al (poul t ry )  mme t t i n g  and a lum n inum it ii-m secl t r ibute  n i inirn all y to t u e  s t rength  of the b uildimig.
scre en stapled a l om ig ti -me edges were coated wit h  foam.
Figure 16 sh ows two configurat ions  of t h ese fram i ses . 2. T h e  foam it will adhere to almost amsy bui lding msia-
One is 4 X 8 f t  ( I  .2 X 2.4 mit ) wit h ti -me 2 X 4’s oms ly at tcn ial and a variety of materials ti -may be used to apply
the edges; the other has 2 X 4 s ott 2 ft (0.61 mit ) cemi- Use foam to t h e  opening. I’lywood scrap ~. cloths . card-
ters. Approximately 3 in . (7 6 mm) of loam was sprayed hoard paper . amid wire misesh w e me showmi satisfactory
onto the wire mesh . Even with the longer span (4 ft for th is purpose . 

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



Figure I .  Hole in doms ie s t ruc tur e .  Wood laths strips a t tac l i ed
to gi ve required shape.

I

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

Figure 2. Aluminum screen wire in place.
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Figu re 3. Foam is spray application on screets wire t o  t om mit P ats -hi .
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Figure 4. National Guardsm isen part ic ipat ing in a brief trainimig exercise .
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Figure 5. Prepared hole wit h im s sec t screen substra te  ims place .
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Figure 6. Prepared hole with corrugated cardboard substrate ,
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Figure 7. Pi c p . m r c t  hm ’k’ u m t h i  p l ywood su h i t r ame .
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Figure 8. Pn ep are d hmo l e wi t h  bur la p  fabri c suh is i m ate .
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Figure 9. A view of the four test holes.

‘

. 

.
‘-

~~~ ~~~ - -

I’~; • 

~~~~~~~~~

‘ i  i~~~1~~ . 1&\ 
‘
~~I~~~~’

~~ ~~~Figure 10. Spray foatss being applied to inse ct screen
substra te to n sake I) atc h i .
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Figure I I . An excess of foans may be app lied and tn ims smn ed
off , if desired.

Figure 12. App lication of foam to the edge of the 1-mole first.
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Figure 13. Filling in t i me r emr maimsder  of t h e  repair pat ch with foam it .
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Figure 14. (‘oms ip letim i g t h e  patc h .
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Figure 15. The four holes comop letely repaired.
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Figure 16. One large frame with an intermediate stud and one without.
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Figure 17 , Rear view of large frame with i im ’mterm s sediatc stud ,
showing ms -more detail of hi exagom i al mie t t i ng  substrate .

H
Figure 18. Four substrate materials (p lywood . corrugated paper . ahu t m mi nu t i m sheet , amid

gypsum board , from front to near) conditione d and ready I on foant spray .
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Figure 19 . Heat s im sk effect on foa i si im ig. All four Figure 20. Aft er  i t s i t m a l  n sat en mal layer m , deposited .
ti - materials  were coated with t h e  sattie foansim sg of the sprayed t i sate n ial pro-
approx im ssate thicknes s of I’oans spray . s-ceded essentially usonis ially .

p 3. Troops with no prior experience using Ioa ms s
equipment can becom e proficient foam sprayers with a It is recot isniended th at the techniq ues described be
mii ini niu t i s  of im ss tr uct io n .  added to the appropriate t echnical manuals and tra ining

doctrine and that the necessary equipment and mita t eria i.~
4. The foam can he applied under adverse weather be added to the inventory to allow ti-me rapid repair of’

conditions to form satis factory patches. structural ly sound, perforated buildings in the TO.
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APPENDIX A: and retaimsed amid t i sat t h e  hubbies will generall y he of
POLYURETHANE FOAMS AND the saiise sii.e . (‘er t a in  detergents am i d silicone oils are
FOAM SYSTEMS used widely as stmnf actat i t s .

Formation 5. Catalysts  are used to iegu l ate t h e  s tar t  and the

Polyurethane foams result from si a set of carefully rates of r eactions leading to the polyurethane polymer.

controlled chemical reactions at -md physical pheiiomena. Often two or more catalysts are required to achieve the

This section describes the materials and reactions used desired results. When water is included in the form ula-

in fornsing polyurethane foams is. tion to cause foaming, a catalyst favoring a water-
usocyanate reaction is required.

“Polyurethane ” refers to a fam is ily of polymers based
on the reaction of ati isocyanate group with sonic other 6. Flame retardants of phosphate character , an t i -
reactive group, particularly the hydroxy l group. The re- mony oxide , chlorine , or bromine are frequently used
suiting pohymner is not a foam; it may be in any fortn to reduce the foam ’s ease of ignition or rate of burning.
from a soft , flexible rubber to a hard , glassy material ,  They will not , however , prevent burning of the foam in
Polyurethane foams are formed by generating a gas a sustained tire . The high surface-to-volume ratios of
within the polymer as polymerization reactions occur , foams tend to increase flamnsabih ity problents.
The gas forms bubbles which are entrapped until  the
polymer is completely formed , resulting in a cellular When the materials listed above are mixed in t h e
structure. proper proportions , reactions , typified by

The gases generated in a foam polyurethane mixture isocyanate pohyoh

arise from (I)  reaction of a calculated amount of water —R — N — C — 0 + HOR —
with an equivalent excess of isocyanate (above that re- H OR ’—
quired for the polymer) proceeding through several I /
steps and ultimately producing carbon dioxide gas, or —R - N - C — 0
(2) including in the mixture a predetermined amount polyurethane

of a how boiling point li quid such as a hahocarbon occur. The resulting group is called a urethane . Forma-
(Freon), which is volatized by the heat from the exo- tion of many such groups results in a polymer network ,
thermic polymerization reactions , thus creating a gas The average chain-to-chain connection (crosshink densi-
which is trapped in the polymer mass, ty) and the average distance between urethane groups

gives the final polymer its rigidity properties.
The constituents of a typical polyurethane foam

mixture include : The a: ount of gas formed determines the density
of the foam; density may be varied from about I ,5 to

I .  Isocyanate. The isocyanate group consists of 50 lb/cu ft (24 to 980 kg/rn 3 ).
R - N C = 0, in which the singl e bond from the N is
attached to a larger molecule R. In order for polymer Physical Properties
chain growth to occur , two or it -more isocyanate groups The foam ’s physical properties depend oms r igidity
must be attached to each large r mssolecule. and density. Commercial loam system it s are normal ly

preblemided into two n iat er iah s— iso cyana te and resin
2. Polyol . Often referred to as the “resin ,” it consists ble nd (pol yol , surfactant . blowing agent and catalyst)

of R ’ — OH groups attached to a large r molecule R’. As designed to give 2 lb/cu ft (32 kg/ni ) density foams -ms .
with the isocyanate , it is necessary for two or m mi- re OH Th is combination y ields foants that  have t h e  typ ical
groups to be attached to the sanse molecule for the properties listed in Table A l .
polymer molecule to grow to great length.

These values in Table Al can be imse d for estimsta t i is g
3. A foamsiimi g agent - either water or hahocarbon as purposes . Since these properties are considered typical .

previously described , however , a particular foamit system should be specifically
j  evaluated for a part icular  application.

4 . A cell control agent or surfactant  is usually re-
quired to modify the viscosity and/ or surface tension High er density foatsis are gemsera hly st rom i ger struc-
of the mixture  to insure that gases formed are trapped tura l ly but h ave poorer insu lat ing qualities.
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Cost 6. PPG Industr ies
In general . comm ercial foamss syste ms -ms for 2 lb/ cu I’m P. 0. Box 127

(32 kg/rn ) foam -mi cost between Sf0  atsd S.70/lh ($ 1.32 Springd ahe , PA 15144
and SI .54, kg) . Special fornsu latio iss mi -may cost more , and
a pr emn iun s is usuall y added for sissall quant i ty  orders. 7. Reichold Chi ensica l s . Inc.
Simice t h e  isocyanate amid resin are derived from - ms pe tro- 525 N. Br oadway
lewis or miat unal gas . the price m a y  vary accordingly. WI -mite Plains , NY 10602

Shelf Life S. Sherwin -Wil h iamiis Co.
T h e  eI ’t’ect ive shelf li f e of a foam sy stem is depends 11541 S. Chamisplain Ave.

largely upon two things storage conditions and catalyst (‘lsicago , IL 60625
deteriorat ion.  Storage coiiditi ons will sh orten ti -me shelf
l ife if the mi -materials are stored at either extreme of ti me 9. The Upjohn Company
optimumti storage t em ssperature range - - 500 to 90°F ( 1 1 ° CPR Division
to 32 °C). More critical is the deterioration of the cat a- 555 Alaska Ave .
ly st its t h e  resin b le n d .  I t ’ long storage is anticipated , Torrance , CA 90503
the catalyst should riot be blended in un t i l  ready I’or
use , and the em stir e resin blend sh ould be agita t ed and 10 . Witco Chem itical Corp.
stirred thoroug hly . lsocyanate Products Divisiomi

900 Wilmi iigton Rd.
\ lu st con sitnerci al fonni sul ations are guaranteed for at New (‘astle , DE 19720

least 6 tsi onthis in ori ginal ums opems ed containers . Mat -my
ioani systems are dependable to t much lomige r ti -mats
tha t  in sonic cases up to 3 or 4 \ earS , APPENDIX B:

POLYURETHANE FOAM-MIXING
Sources E Q UIPMENT

There arc ms um si er ous producers of p olyur emha ne fo am
‘
~~ 

ste ms in the Unit ed States. Represe n tat i ve  com i tpam sm c c
imsc lude ’ Generating a good quality foam -mi requires that tise

tm) ait ) system li comiipoflent s he properl y msi ixed iii ti- me

took Pa im it and V a t  m u sh (0 . pro per proportions . lmsip r opeil y ti -mixed f’oamsss may ap-

l 4 l  2 ~~iio~ St.  pear to he good h um h o t  he stable over a long period of

P 0 B~~ ~s.n lime. ~ir they may not possess the desired strength or -

K an~j s ( m m~ . MO ~4 14 1 iiis ulat i ve qualitie s.

2 . Freeman ( ‘he nm is - a l  ( orp Numerous mi - manufacturers  of paint-spraying equip-

P 0 h3o~ 2-4~ 
ment have made and sold foam -mi-spraying equipnsen t.

Pot t %~ .i’~t si m ig tom s . W I  ~ ~ m 4  Foami ’m-spra y ing equipment . however , is considerably 
-

more complex and requ ires better maintenance than -

(,en era h I amex  .m nd ( tmc i t i i ~a h ( i n p  does pa int- sp ra) ing equ spms wnt. Since isocyanates react

t~t~6 M ain ‘~m wi t h  moistur e in the a i r .  the equipment n -must be cleaned
( ai m s h m mdg e . M~ u I ’ m 2 2  a l t e r  each spra ~ period .

4 Is oc hcm i) Res imis (‘o Bj stcj lI~ . a loans-spraying n-machine m ust do several
11(5 (on k St t himig s I )  it misust accu r atel y and dependably delive r

I m n . oln.  RI  02>s65 the t oani n - material  components in the prop er propor .
t i o t m s . 2 )  it must pm ovide adequate msi ixing to assure

~ Moha~ (‘herni cah (‘orp . near homog emseity tmt the blend, and ( 3 )  it nsust be
Division of Baychem Corp. mn ami ageab ie h~ an operator : i.e.. the operator must be
Penn Lincoln Parkway West ab’e to spray the mi -mixed material without excessive dif-

P~t ms h ur g .  PA 15205 t l cu lty .
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Both portable amid “stati omia ry ” units  are comt t mts e r -  Table B I
cial ly available.  Most models cams accomsi odate up to Partial List of Foam Spray Equipment Mam ufacturers
150 t’t ~45 ni) of spray hose . Additional featur es may
he im scorporat ed im sto ti -me machit -me design . Heaters  may A ccur-.m iio Systems . In c.

1472 South l loyd St.
he provided to raise ti - me ms -material ten ssperature. I-loses L~ uis vi Ik-, KY 4020 8
may also be heated and/or insulated. Son-me circum-
stances (sprayim ig t’oamti in cold weather )  n -may mt - make Admiral Equ ipment  Division

such l’eatures necessities rather than optional items. Upjohn Co.
305 West North St .

Figure Bl shows a typical foam sprayer in schemati c Akron , Ol-I 44303

form. Table B I provides a partial list of comi spanies Binks Manufacturing Co.
which market equipnient and can provide inf ommi s ation Plastic & Resin Equipment Division
comicerning operation , cost , and m aintenance. Most 920 1 West Belmont Ave.

l rank l in Park , lL 6013 1sprayers require compressed air at the rate of ’ about I S
cfm (0.42 m 3 /minute)  at IOU psi (689 kPa) pressure Gtas’Craft of California
and 220 V, single-phase electrical power. 9145 Glenoak s Blvd.

Sun Valley, CA 9 1352

While foam sprayimig is relatively straightforward , Graco , Inc .
operators should be trained in ti -me prope r use and main- 60 Eleventh Ave. NE
tenance of the equipn ient. Normally, a I-week course Minneapolis , MN 5544t
can provide all necessary training in setup, operation , Gusmer Corp.
troubleshooting, and n -maintenance procedures. P.O. Box 164

4 14 Rt. 18 Spring Valley Rd.
Maintaining a ready supply of repair and/or rep lace- Old Bridge , NJ 08857

ment parts is advisable to avoid downtime in case of a
malfunction. Experienced manufacturers are aware of North American Urethanes , I nc.

Keytum Engineering Division
the more common high-mortality parts and can suggest 1717 Boettler Rd.
a basic stockage list. They also usuall y offer quick re- Uniontown , OH 44685
sponse to orders for repair parts. Proper training will The Martin Sweets Co., Inc.
provide the operator with enough knowledge to replace 3131 W. Market St.
parts as needed. Lou isville , KY 402 12

The industrial /commercial users of spray foam Venus Products , Inc .
equipment recommend purchasing and maintaining the 1862 Ives Ave.

Kent , WA 98301
simplest piece of equipment capable of doing the desired
job. Options on the machine can often cause problems
in handling, operation , and maintenance. In addition ,
these options may represent a substantial increase in A good , practical output is about 8 to 10 lb / n -minute
the original cost of the equipment. (3.6 to 4.5 kg/niinute), representing 25 to 30 sq

ft/ minute  (2.3 to 2.8 m 2/minute )  of coverage.
Spray foam equipment usually costs from $3000 to

$10 ,000 , depending on the volume capability and the Foam spray systems are also available in throwaway
extra items included , dual aerosol container kits in sixes producing 9 ,5 board

feet * (0.88 m 2 ). to 180 board feet ( 16.7 m 2 ) and 600
Foam production capability ranges from about 2 tO board feet (55 m2 ) of 1 .75 pcf foam (28 kg/ni 3 ).

about 20 lb/minute (0.9 to 9 .1 kg/minute). Large r These kits weigh about 2 , 30, and 95 pounds( 1 , 13.6 ,
outputs are possible , but may cause problems , in that and 43 .2 kg). respective ly, and are available from Insta-
the operator may not be able to move about fast Foam Products , Inc., 2050 Broadway , Joliet , 1160435,
enough to make full use of the output.  For example, a
20 lb/minute (9.1 kg/minute) machine can produce 10 The throw-away packaging increases the cost of
cu ft (0.28 m 3 ) of 2 lb/cu ft (32 kg/m ) foani per usable foam -mi front about $.70 per pound to as much as
minute.  If a 1 -in. (25 mm) layer is being app lied , the 20 timiies ti -mat amti oumit.
10 cu ft (0.28 m )  would cover an area of about 60 sq
ft/minute  (5.6 m 2/minute)  of operation. Area coverage *A board foot is I ft square by I in .  thick (0.093 ni x

movement. 0.093m x 25.4 mm).
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Figure BI - Basic component schematic (spray equipment). This model is
manufactured by Gusmer Corporation.
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Smith , Alvin
Damaged building repair with polyurethane foam. --

Champaign , Ill . : Construction Eng ineering Research
Laboratory ; Springfield , Va. : available from National
Techni cal Information Serv i ce , 1978.

26 p. : ill. ; 27 cm. (Tec hnica l report. Construction
Engineering Research Laboratory ; M—245)

1. Plastics in building . 2. Plastic foams. 3.
Buildings--repair and reconstruction. 4. War damage
to buildings . I. Title. II. Series: U.S. Construction
Engineering Research Laboratory. Technical report
M-245 .
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