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The paper describes in bri ef the work carried out for the development of expanded po lystryrene 
(EPS) com posite door sh utters w hich can be used as an alternative to w ooden door shutters. The 
door sh utters have been deve loped by using EPS sh eet as core m aterial and medium density fi bre 
(M DF) board-a product based on agricultural w aste an d/o r agro-forestry pl ants-as facing and 
fram in g m aterial. A n interpolymer adh esive based on cashew nut shell li quid and polyurethane 
resin has been developed for bond ing the core m ate ri al w ith th e core frame and faci ng materi al. 
The properties of the ad hesive, th e phys ico -mechanical properti es of the EPS co mposite and the 
properties and f ield tria l resu lts of the developed door shutte rs are discussed . EPS door shutters are 
fou nd to have propert ies com parable to wooden door shutte rs and therefore H1is new m ateri al will 
be useful for the buil ding indu stry. Copyright © 1996 Elsevier Science Ltd . 

Keywords: shutters; composites; expanded polystyrene 

Wood is ne of lhl: oldest ma teria ls lI sed by man for 
seve ral construction a nd industr ial purposes. D ue to the 
un ique natu ra l properti es of wood. its use is increas ing 
with time. F rests, which a re the mai n source of wood, 
are d isappea ring al an a lar ming rate addi ng to an eco­
10g i~al imbala nce, Ac ording to the estima te of the 

aliona l Commission on Agr icultu re, the dema nd for 
3indu. tria l vood in In d ia will be betwe n 47.0 m illi on m

(low gr wth) t 65 .5 mi ll ion m' b, the year 2000. Loca l 
ava ilab il ity ~ f wo J from Ind ian foresLs is est imated to 
be 4 5.0 Jill ion m.1 by tbe year 2000. leavi ng a oap of 

I 
10.5 miJli on m' . This critical situation encourages a 
search for the deve lopment of ma teria ls whi ch can be 
used as allernati es to w od-based products . 

Do L a nd win dow sh utler ' <l f e some of the essentia l 
requ irements of a buildi ng wh ich consumes 60 70% of 
the to ta l wo d consumed in the build ing. W ith thi s 
ba ckground in vi w, the presen t w rk on the develop­
ment of sandwich type compos ites a nd door shutters 
wh ic h can be used as wood su bstitutcs has bee n u nder­
taken . 1l1e stud ies res ulted in the develg pmen t o f' EPS 

co mpos ite doors and panellin g products. I n this paper 
stud ie ' carr ied om on the a bove ment ioned deve lop­
ment work are summa rised . 

Sandwich composite 

T he sa nd wich composi tes are a specia l form of lam i­
nated composite in which thin , strong, stiff, ha rd but 

.. Correspo ndence to Dr K . K As thana 

rela tively heavy fac ings ar c mbined wi th thick , so ft, 
light a nd wea ker cor s to prov ide lighlweight com­
posites , The comp osites lhu obtained are s trong~r and 
stiffer in many respects tha n the ind ividual components . 
Sand wich panels with a foa m C()re have shown grea ter 
prom ise in con lruction activity a nd ha I;! helped archi­
tecb a nd engineers the world over to develop new 
des ign techn iques i 

J 

Expcrim ntal 

Thc main const ituen t of sandwich type EPS composite 
panel lin g product · are cor ma leria l, fac ing and 
fra ming mal ria l a nd adhesive . 

Core marerial 

The rigid ity, therma l and sound insulation charac teris­
ti s of the com posite dep nd upon the core ma terial. Tn 
lhi study expanded polyslryn:ne (F:J'S) sheeL has been 
used as core mater ial. The FPS sheet used was of selC­
extin guishing type and conformed Lo the requiremen ts 
speci fied in IS:467 1 - l984~ . 

Facing and F wning material 

Tn order to achieve lOO'Yt, wo d substi tute p roduc ' , 
efforts have been made to use faci ng and framing ma te­
ri als ba ed on agro-fore 1 or agricultural wa ·tes , In thip, 
paper, work carried out by usi ng medium densi ty fibr~ 
(M DF) boaro- a product based on agricul tural waste 
and/or agro-forestry pla nts- as facing a nd fram ing 
material is di scussed . Wate r a bs rp t ion, dimensional 
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stability and whesive strength of the MDF board were 
d\!t\!rmincd as per IS: J2406 I 9~85 . On the basis of the 
results obta ined from va n ous tests. it has been observed 
[hat the proper ties of the MDl- hoard commercial ly 
<I vailable in TmJia change in high hum id ity contl itions . 
Fungul at tack was al\o ohserved on a few boaflls kep t 
in 'itore under norma l cond iti ons . Therefore to im prove 
the propenies r the fac ing and framing materials LlH:!se 
were treated with polymeric mater ial. 

Adhelil'I' 

The adhesive used in this study was prepared by modi­
fyi ng the indigeno usly available phenolic res lIl frol11 
r 'ncwabIe resources by polyure thane resin . The 1110ui­
fi eu auhes ive shows ,10 appreciable improvemen t in its 
propert ies. especiall y waler reo istance and bond 
qrength which are essenlial [or the prou uct iol1 of com­
posite panels. 

The developed adhesive was tested for auhe ·ive 
st rength a~ pt:r the proceuure m(;n ti oned In IS : 
lS4~- 1 Y74~ Speci mens were plep:lIed by using 25 x 125 
tnm i7e st rips of MDf sheets and [he two stri ps were 
bo nded to fo rm a lap join t by applying adhesive on ' 
~ - x ~5 rnm area and tbe specimen: thu'> prepared wt'rt' 
~u hj ecteJ to dlf'lerent cllrill g cond iti om. Shea r strength 
and bonu ~tre l1gt h a t Llirrerent cur in g intervals wcre 
uCll! rmin eu . 

De\'clopment of EP composite panels 

After charac terizI ng the raw materials, sand wi ch com­
posite pane ls were prepareu by lIsing treated \-IDI­

bourus as facing Illulerial a nd self ex tingu ishin g type EPS 

sheet (IS ore l1la lcria l using the dt'veloped adhesive as 
hinding md kria l. r .pS con pos ite thus pr-=pareu i ~ shown 
in F,;lf.u/(' J. 

The composite ~amples thu ' obtain d v,ere Lesteu for 
var ious phys ico-mt'chan ica l properties fo llowing the 
procedure giv-=n In I :2380- 19777 Thmnal cond uctivity 
and sound transmiss ion loss were determ ined as per 
J :3346-1980R and ASTM F 90- 19759 rcspec tiv Iy. J ire 
properlies of the composite wefe also determ ined as 

7111per BS:-l76 P;lrl '\ and ASTM E 662 1979" 
specification: . 

Development of CPS composite door shutters 

T he deta il s of the core frame rClju ired to bol d the core 
and facing ma terial in proper shape are given lfl Fixuf(' 
2. T h ' cor.: ma teria l, i.e. EPS sheet. alo llg wi tl! blocks 0 

n:q ll ircd , izl''i \H~r then I1 xcd in the core fra me. T h ' 
bl ocks v" ere l:-.ed for fixing the fixturl'S and fittin gs in 
thl: d( )or shutler T he rac il1 ~ mate rial was then b Ol ded 
with the core frame u ing the deve loped adh es ive under 
pressure. T he door shu tlers were then cured for 6- 7 
day an d tri mm ed i\ coa t of primer was applied on 
both ~ i des , f the door shu tter. T he developed door 
shut ler is similar in appcarance to trad itional fl u ' h door 
typehut ters as sho \vn in Figure 3. 

To as~ess the suitab ility f tht.:se dt or shull ers, they 

Figure I II'S wlll posil ' 

wen.: te~h::d as per lS4020- 1 9-+1 ~ . Th e ~pecifkation is 
for the al:ceptabJli tv cnteria r r \voodcn door shu tters. 
Therefore. if the newly developed door shu tters sat isfy 
th ese cr iteria, they an b ll . eu as an alternat ive to 
wooden door shu tters in res idential bu ildings. 

Test methods for door "hutters 

Em! immersion test 

T he door shu ttl!r was immersed tv a height of 300 mm 
in water at ambi nt t~mpcraturc for 24 h and then 
a ll owed to dry for 24 h a l ambient temperature T he 
cycle was epea ted ei gh t times. Ther should be no 
delam ina ion il t the end of the lest. 

Varying hilmidilY ( (' s i S 

T his tes t is inte nded to give qua lity <1. essmcn t of the 
resistance of the d or towa rd, d if erent wea ther condi­
ti ons of cha ngmg hum idity and the con -equenL moi "­
ture cont n t a t va riolls port i I1 S oC lhe dOll . T I e unor 
was placed in th condi li ( ning chamber at a tempera­
ture of 2 7+"' ~C, and humidit y 'vas mai nta ined at 40'1' 
for one week. The length , breadth, thick ness anc1' 
d iagona l of the door were not d a t the en d of the week . 
Then, the humidity was ra ised to 90% and the doo r 
rem' in \: d ago in for one we k. The chan ges in the above 
dimen ~ i o ns were measured . After thi s the humid ity was 
reduced hack to 40'!!" ~ r one week . T he dimensions 
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Width of shutter 

tails of blocks 
A = 125 x 125 
B = 175 .200 

Top mil 

Stile 

EPS core 

Lock rail 

BOIIOI11 mi l 
(All dimensions are in 111m) 

Fi!:'urr 2 Detai ls u f core r l<1I11e Jll d bloc ks 

~ere measured aga in aftc r the end of 11\; period and the 
extent of rd urn to tbe orig in al s i zc~ was calcul a ted . The 
genera l condition of warp ing a nu delamination, if any, 
wa s not~d . Genera l planeness of the door vas checked 
with the help of lh rigid fl at across the uiagona l line 
and the maximum gap was measured up to the second 
dec imal place of a mill imetre . There should not be any 
\ i~ i ble ....varpi ng, twist ing or dclam inati n and where 
precisil)n is req uired the max imum ut'par ture from the 
genera l planeness should not be more tha n 1.0 mm. The 
max imum increase in size a t the high humidi ty (RH = 
90';;',) should not be more than 0.5'Y. , and the recovery to 
tl e or iginal size of the d Of at lh l! lower hum idity (Rll 

=40';;,) should b a t least 90%. 

Differ 'llt iaf humidity l cs t 

T he co ndition in g box .... as prepared ~o lhat the humid­
it inside was di ffer nt from the ex terna l humi dity by 
about 40'1., T he d or wa~ k.ept in such a way tha t ne 
of its faces was ex posl!d to lI le humidi ty in the box and 
lhl! other wa s exposed to the room atmosphere. After 
the end of a week. the general conditi on f the door, 
that is , warping or twi ·ting if any, was rec rded . The 
max imum departu rl! of the dry side fro m the original 
plan of the door was meaured by mea ns of a dial 
gauge, correct to the second decimal place of a milli­
metre . T he door wa s then allowed to recover fro m dif­
fe rential mois ture on lhl! two faces fo r a bout a week, 

Figure J EJ'S d ool ~11\ltle[ 

a nd the extent of recovery was n ted . T here should be 
nn visible warping or twist ing after recovery. Max imu m 
depa rt ure of the dry side to the original p lant: should 
not be more than 3.0 mm. T here should be at 1 ast 
(jOn;.. of reeo cry of the dry side to the original p lane 
in one wl:l:k a fter the fl!moval of diffe relltia l moist ure 
onten l. 

Sfammlng fest 

The do _ r was placed in a horizontal pos ition suita bl 
hinged at th ree equidi sta nt places on (.lne of the long 
edges . T he other edge was li ne up so as to form an 
angle of 30') at the hinged edge and all wed to drop 
under its own weight ~everal limes on the wooden ra il. 
T he genera l conditi n was noted a fter every len drops . 
There shou ld be no vi sibl e damage caused in any pa rt 
of the door by the first 50 drops 

Impact indentation l es t (dynamic punching test ) 

The door was plac d horizon ta l1 resting equally on all 1, 

four edges . A ste I ba ll , 500i .lO g in v eight , was allowed 
to fa ll freely from a height of 750 mm at 10 rando ml y 
s leeled cl if~ rent p ints on the surface of the door 
avoiding pro imi ty to the edges . If any indenta ti on was 
noticed the depth was measured by the dial ga uge and 
recorded . The general behavi ou r uf thc door and delal1l­
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ination if a ny wa also no ted . O n d ropp ing the ~ te el ba ll 
a t any poi nt there . l1 ould be no abnormal defec t . such 
as cracki ng, tea rin g or delami nation and indenta tion 
more tha n 0.2 m n) . 

Slwck resistance test 

T he door was supported in a vertical plane nush with a 
fi xed fra me. A rope with a lea ther ball , 200 mm in 
diame ter a nd conta ining 50 N san d. was tied on the cen­
tral vert ica l line just above the door. TIle length of the 
rope was sll,.ch that the ba ll str ikes the door at a point 
200 mm above the bo ttom end on the vert ical cen tral 
li ne of the door. T he ball was pul led away from the 
door to a heigh t of 1.25 m from the plane of th e strik­
ing place and a ll owed to strike the door . evcral ti mes in 
quick succession. T he genera l conditi on was noted after 
ever I five bl ows. T he test wil repea led with the door 
tu rned upside down in the vertical plane. T here should 
be no visib le damage in any part f the door a fter the 
fi rs t 15 blows on each end 

E(~f!, e loading test 

The door was hung vertically, pivot-supported on a lon­
gi tudi nal edge a nd loads were app lied on the top of the 
other longitu di nal edge parall el to the plane of the door. 
T he load ing "Vas done in steps of not more than 100 N 
at a time until a load of 1000 was reached a nd kepI 
con sta nt at the load for a period of half an hour. T he 
defections at t he loaded edge at the end of the period 
were recorded The deflection was aJso mt;asured imme­
dia tely o n removal of the load . O n removal of the load 
t here shou ld not be a res idual dd k clion of m ore than 
0.5 mill , faih ng wh ich the test may be repea ted on th e 
oth er cd ge in the reve rse di rection. T he def~ect i on of the 
edge at the maximum load should not be more than 5 
mm . 

Screll holding P0 II'(!/' fes f 

Six prebores of 3 mill diamete r we re Ill ade at regli la r 
in terva ls on the face of the doo r a long the stileslrail s of 
door frame as well as on the edges of the door shuLler 
Screws of C; SWG size and 50 mm length were fixed at 
these po in ts to a dep th of 3 cm. The door wa s then 
p laced a t the rest in g machine and load \vas app lied at 
the r<l le o f 2 mm m in \ fo r withd rawal of one scn:w a t 
a lime. T he maxim um load requi red f r complete with­
draw was n o ted in ea ch case T he maximum a mI mini­
m um va lues were reco rded . The required load to 
withd ra w the screw completely shoul d not be so low as 
to hamper the tixa lion l l f any c.x terna l a ttachment to the 
doo r by mea ns of screws A minimum of 1000 N is rec­
ommended for guid ance On withdrawa l, th re should 
be no visible damage to the surface either by dela mina­
tion or e.\ tra chipping at the points of 
wichdrawal. 

(}cal plancness test 

The door was placed in a borLzontal position a nd a 
squa re of 200 mm made on the face of the door The 

d ial ga uge was placed on each cross point of the 
squ;lres. T he dep th of the point at each crv,s point of 
the squares was measured with reference to the plane­
ness of the sur rounding sur ace. The ratio of the depth 
to the dis tance between corresponding corner points 
was meas ured and the maximum was recorded. The 
depth of depress ion at any point should not be more 
than 0.5 mm. 

Resistance to buckling test 

T he door shulter was hingeu to a rigid vertical frame in 
a way similar to actual installati on. T he shutler was 
opened to 90° and secured at its top free corner to pre­
ven t any latera l movemen t bu t remaining free to move 
vertically . A load of 400 N was applied on the hand le at 
ri ght angles to the plane of Ule shutter and in the direc­
tion of opening in increments f 100 N , each new 
increase of load bein g ap plied only after sta biliza tion of 
th e deformati on crea ted by t he previous loading. T he 
de formations at the lower fre~ corner were 111 a sured 
both during loading and after unlo;:Jrlillg. The shutter 
should no t show any deteriora tion and a ny residual 
defo rmation should not be more than 5 rnm aft er IS 
m111 of unloading. The init ia l deflection un der a load of 
400 N sho uld not be more than 50 mm. 

Results and discussion 

T he results of impro ement in the properties of the 
treated boards in compari son to untreated boards are 
shown in Table I. It is apparent that the treated boa rds 
show significant improvement in dimension al stabili ty 
and water absorption at room tempera ture as well as a t 
a higher temperature, i.e. 70°C. M oreover. no fu ngal 
attack wa s observed on the M D F boards ke pt at normal 
laboratory co nditions. 

T he resulLs o f ra te 01' development of strength of the 
deve loped ad hesive u nder var ious cur ing condit ions 
are given in Table 2. T he ra te o f development of bond 
strenglh as well as shear strength of pol yurethane mod­
jfied adhesive is much fa ster in compa ri son to unmodi­
fi ed adhesive. The bond strength of the modi tk d 
adhesive a fter 3 days of room tempera ture cu ring is 
h igh er than lhe strength of unmodi fi ed adhesive even 
a fte r 15 days of curi ng. T he reduction in bond strength 
in high hum id ity cond itions is much higher in th e case 
of unmodiri d adhesive in comparison to modified 
adhesive (Table 2) indicatin g that the unmoditied adhe­
sive is not suitable for the prepara tion of composite 
mater ial as it may not exhibi t good long-term durabil­
ity. T he results of adhesive shear slrength are a lso sim­
ila r to the results of bond strength as discussed above. 

T he results of phys ico-mechanical properties and fi re 
resistance of the developed composite material are givep 
in Tables 3 and 4, respectively. Density, water absorp~' 
tion a nd thickness swelling of Lhe composite material 
are comparable with that of wood, while thermal con­
ductivi ty is better in comparison to that of wood. The 
fire resi stance properties of E PS comp osites are also 
comparable with that of wood (Table 4 ). 



EPS composite doors- an alternative to wooden doors: K. K. Asthana et al. 479 

T~ble I C ompar ison of unt rea ted and treated ~I DF boa rd 

Propert ies MDP (inter ior grad~) MOl" (ex terior grade ) 
Untreated Treated ntrca t ~d Trcatl'd 

At room tempc ratllr~ 

Water a bso rpt ion (%) 4R.49 I~.53 26 .59 3.40 
Change in kngth (%) 0 72 0 .52 O.S I 0.1:: 

hange ill width (%) 068 0. 52 O.Rl 0.3 2 
Cha nge in thickness ('Yo) 88.80 11 .72 12 38 11.69 

At 70°C 

Wate r a bsorptio n ("/..) 78.68 57m 54 38 29. 611 
C ha nge in lenglh ('; ~, ) Spoi led 0 .64 0.92 0. 75 
C hange in wid th (, ;1,, ) Spoiled 0. 62 0.94 0 69 
C ha nge in thicknc. ~ (%) Spoiled 68.00 29. 70 1), 00 

Table 2 S tre ngth deve lo pmen ts at d ilTc rent curi ng co nd itio ns 

C ur ing co nditio ns Adhesive ~hca r streng th 
( :-.JlIl1m: ) 

PU moJil ;ed nmodl hed Pll m od ified Un modified 

Roo m temperature 

3 da ys 
15 d a ys 
24 h at 90"C 

Cured for J days a t RT followed hy: 

7 days a t 100% RH 1. 80" 
15 days a t 100°;' , RH I j~(/ 

.10 Jays' 1 100% RH 1J6" 

0. 5 
O ~ 
1.8' 

0.5 
0.6 
0.4 

2.45" 
_.50" 
2.50" 

2.40" 
2JO" 
2 .16" 

0.62 
1,50 
2All" 

0.64 
O. ~O 
() ,50 

" [lond remalll> intact hut sampb ra iled 
RII: Relallvt humid ity 

Table J Properti es of EI'S ~omposite 

PH1pCrtl~S Resu lt ~ 

Dtnsity (g!~(;) 

2 Wdter absorption C'X,) 24 h 
J Thickness swe lli ng {,X,) 24 h 
-l Thermal omluLlivity (kca l/h Oc ) 
:5 Snund tl,l11smlssion loss (25 mm dB) 
6 1 ensile strcnet h ..l to surfae\! ( N/mOl') 
7 ModulLls of ;uplllfe ( Imm") 
l! tv\ udul us of elasticity (N/mm' ) 
9 Slress a t p ropurtlOnallimit ("'i/mnr) 

oJl!-- (J3 1 
(' .GO 730 
102 140 

O.052-D.054 
3_ .00-10.00 
0 _0- 0 10 
6.00- 6 ,:(0 
II X- 126 

270 2.95 

The result:; of var ious tests carried out on the devel ­
oped Ers door shutters are given in Ta ble 5. The EI'S 
door sh utler fulfils the minimum requ irements laic! 
down in IS: 4020 [994. Do( r shut l.er Methocl s of 
test!: . Therefore on the basis of these observati ons. it 
an be conclu ded that the developed door shutters 

: hOlI ld behave si mi lar 10 woode n door shuLLcrs in ~Ltlla l 

use. H wever, there is a need to genera te long-term per­
formance data by carry ing out accele rated laborato ry 
tests as we ll as their performance in actual use condi­
tions . Work in thi direction is In progress, To generate 
data on the long-term performance of frS d or shutters 

TabI~ 4 F ire propcrlle~ or EPS composites 

Tes t Observations 
EPS K<lil woo I 

19nil a b llit y P p 

hre propa ~at i , ) n InJe, 
i 7 JIi 
f 25 'll 

Sur race spread of flame 2 4 
d ,silicalio n , Class 

Maximum speci tic opli~,t1 

dens it y (D,. ) 
o n-fla min g 736 21H 

Flaming 649 .127 

P: Not c,N ly ignitahk 

,. 
in actual use condi tions, some doors have bee n insta lled 
at various locations . fL ha s been observed thal lhae has 
bel:!n no visual fai lure in the door ~ h ulters imta lled for 
the las t 2 yea rs. One ()I' the door shutters ins talled about 
2 years ago is shown in Figure 3, 

http:shutl.er
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Tallie" I'~,t f~ ults " flOPS UthH ,h utters 

N,UllC or est Oh~crvalions 

End imm~ r,ion No dcldmindl ion 

2 VMyi n~ nUll1lJlty 1'0 ahrwrmal defect 
Ma imu m departure a l on~ diagona s-O.• 0 mm 
Rcco "ry- J( 0% 

3 [)IIY.:r~n t lal hL midily . 0 ahllmmal de ICcl 
'vhl.~irlilLm dcp.Jrl Ire along diagun.lb -1. 35 mm 
Recmer y~:!'1.> 

-I 'l'll1lmIt1)! N0 \hlhk damage 

5 Imp.1ct lt1dcJllatinl1 "J\ I ahnllrmal d~re,·t 
'v1,I~ltnUm illdcntali .)n -O,{) I 111m 

r, Shock fc\isl.lncc 

7 Resi lJnCe 10 buck ling Ddlccl ioll a t fr ee corner at 40U N luad­ l) () mm 
RCSltiHd l dl'f lcl'titltl at rree COl ne r- IO 111t11 

I 
) 

8 Edge loadIng Ddlcctiu ll at 1000 ' load- I . 55 nlm 
I csiJudl Jdlcclilln 0 -13 mm 

9 Scr~w holding power. N 
Edge 
Face 

14'\0 1600 
lOOO 2:;00 

10 LO(,;il l p'meness Value, va l ving li p 10 0.05 mm 

Conclusions 

The cleveJ ped Ef'S composi le material ca n be used 
for pnrtition ing, pa nel ling a nd cia d ing purpose' as 
well as for table tops and cupb arcls. tc . 

2 	 DO\)f shU ller using this composite ma terial have 
also been dev loped. T hese fulfi l the requirem nlS 

laid down in TS :4020- 1994 and , therefore, >;<t n be 
used in place of traditional wooden door ~ hlllle rs . 

3 	 On the basis of the resul ts ob tained from vari ous 
labora tory tes ts and fi eld tnal stud ies, it can be con ­
cluded that Fl'S door shullers are expected to have 
Jo ng-t>:rn t pcrfonnance compa able with w oden 
ooors. 

4 PS door shu llers are 100'/'u wood ubst itu te. light­
\ eight, ha ve exceUenl s und and t! H.: rma l in ulativn, 
ca n be polished and pain ted. are easy t insta ll , and 
economical com pared to wooden door shutters, 
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