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of epoxy res in s and systems in India ilnd tot,,1 inst"lIed C"PilC
ily is ilrolrnd ~S()O tonner. Tnl>/~ 1 lists names of the manufac
turing unils ;",d their Inslililcd cilpacilies. 

The total production of epoxy resins In India was about 
3500 lonnes i111989-1990 as compnred to 1500 tonnes in 1983
19H~ . It l11~y h" nolcd tllill consllmption of eroxy resins hilS 
\1(' (' 11 rcgi~t('ring i1 r,ro w ll1 1'<111' of 2:l,(, pl'l'c( ~ nl rl'r ~nnunl. 
I'iltt l' ''' of c(Jl1s lJlllption of epoxy resin in different Industries 
is shown in Table 2'. 

Epoxy resins 
FI'0xy resins "rt' ch;lri1ctC'ri,l'd by ~ three-membered rlllg 
knowll ilS the c-poxy / epoxide/oxirane, or ethoxyline group, 
Fig 1(~). 

It col1l~itlS , on ~11 ~vcr~r,(', more than one epoxide groups 

per molecule . D~5ic epoxy resin commonly used in the build
ing industry is "lJiClycidyl Ether of Bisphenol-A" (IJCElJA) 
~nd can be repre,ented as given in fig 1(b). 

In its simples t ~nd most standard form , epoxy resin is the 
cOndens,ltion product of bisphenol-A and epichlorohydrin . 
Depending upon Ihe ~mount of excess of epichlorohydrin to 
bisphenol-A LJ ,<ed in Ihe rni\nuf~ctllring process, epoxy resins 
r"nging from low mokcul,H weight lirluids to high l11olre ul~r 
weigh I solids Ciln be obtilincd . However, bilsic resin of this 

type is not suit~ble for m~ny ~pplic~tions beciJuse o f its higher 
v iscosity. M(xlific~lion of b",ic resin is therefore necessMY to 
-ac hieve the required wet~bility, curing rate and numerous 
other properti es in addition to lower v iseosityU 

rvil II Ii r" 11(' ti ()n~ I (' pox y r I' S in, ~"'(' h ,1 5 ('poxy -1'1 WIIO Iie nov n
I",. (lTN) , 1>I':I>llI'nol·l: ;IIHI "y c l() ; ,jII,j,;tllc-I';I~" 'd cpoxy r<":ln' 

ilrl' ,1lso Llsed in the civil struclures for speci<lliseu ~pplica-

Epoxy resins in c ivil 
engineering a nd 
construction 

o n the m 'han
Uepox~ cornp<t\
ed, S. Si\'a r1lm. 

Ht Singh~ M_ Gupta and L_K. Aggarwal 

Tilis rJaper hi2hligirls Ihe imparlance of cpoxy /L><; iI1S al1(i 
syslellls ill the col1slruction/civil ensineeriliS applicatiol1s 
Stich as rq!(lirins of cracks, T!alching awi Sr(JIIliJ1,1( of WII

erele, illduslrial flooring, slructura/ adiresives, anli-conosive 
linings, elc. Various lypes of resin5, hardeners and modified 
epoxy syslems cnlllllwnly IIsed in blli/dings/conslruclio/l arc 
/Jril'f/y descrilJcd . Rcsl'arc/, work (J/1 ef!oxy res ills carried (lId 

IIli1lr. Celllrall3liildillS Rcsl'llrcl, Ilislilllll' (CI.1RI) , I<oo/kcc. 
Uiilir spccial reference 10 construelioll/civil engineering appli
calions is also outlined. Considerable alieni ion has been given 
fa varioliS end-use applications inC/wling SOIllC sllccessflll 
fidd expericllce of ('poxy rrsillS ill /IIall!! civil clIsillce/illS 
slrllclurcs alld tI,is will be of practienl help . 

Usc of epoxy resins h~s beell ri s ing s te~dily ~II over the world 
sillce their commerci~1 introduction in the e~rly 19S0s. The 
growing demand for epoxy res ins h~s been due to their good 
mcch~nical strength, chemic~1 resist~nce ~nd Ci1 se of working. 
lhe best known applications ill civil engineering/col1struc
tion arc: high-performance coatings, flooring, grouting, adhe
sives or injection systems, etc. 

The first large-scnle appli ciltion of epoxy resins in Indin in 
Ihcconstr uction/civil engineeri n r, field was in 19(,8 for scaling 
of cr<lcks in the milin b(xiy of Koynil c1ilrn, cilllsed by il miljor 
cilrthquake. Since then cOl1 s umption of epoxy res ins in build
ing and civil engineering/construction sec tor h~s incrensed 
ma ny fold s, At presen t, there are abou t a d07;el1 manu fact urer s 
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TnlJle I ! Unit-wise install ed produc ti on cap:Jcity of epoxy 

resins ill In d ia 

Sf . no . Name of flu Uflit Loca fion 111.~fnllrd 

capaciry, I 

1. Ub"lul1.lu, Vn!.<;.1.d I , ROO 

2, lJr Ik,' " Co, I)une f;00 

) , Sip Resins Ltd, M.:ldra~ ROO 

4, Uharal Ccnc r;l\ Textiles Cuj".t 350 

5, Synthetic.. &. Pulymers Ahmed.b,d 150 

~, Resins" PI.sllcs T.loj. 100 

7, [scan Polymers p, Ltd , D<Hu 200 

8, Shreejl Res lns &. Adheslvos Ahmed,b"d 100 

9, Kira Polymers Ahmed.b,d 120 

10, Others OndudinR l\indusl,n (lb., 380 
Noble Synthetics, J\,ian P,ints etc.) 

'1'01,1 4,500 

tions , These resins cure ~ccording to the same mechanism as 
the difunctional resins , On ~ccount of their higher epoxide 
val ue these resins provid e su perior sol ven t resist~ nce as com
p~red to bisphenol-A, Some typical properties of multifunc 
tional epoxy resins a longwith bisphenol-A are given in Table 3, 

Curing agents (hardeners) 
The basic epox y resin most often used in the construction 
in dus try is a light ~mber-coloured liquid h~ving viscosity 
simil~r to th~t of he~vy motor (lil. To usc it ~s ~n ~dhcsivr, ~ 
h~rdener must be ~dded , This klroener combincs with the 
epox y resin and ch~nges it from a liquid to a solid, The process 
of selting, together with the terminology most often used is 
illustr~ted in Fig 2, A v~st number o f compounds h~ve been 
sc reened for their suit~bility as curinp, agents , A.mong these, 
the most commonly used curing agent s ~re polyamides, 
poly~mines and their ~dducts form (room-temper~ture) cur
ing compositions relevant to construction applications , The 
proper choice of n curing ngent cnn be ~s important as the 
choice of resin itself, both playing a significant role in deter
mining the extent and na ture of intermolecular crosslinking 

Amlnes 
Both ~Iiphntic ~nd arom~tic amines'" ~nd polyarnides are 
good curing agents for epoxy resins , The chemistry of aro
matic polyamine curing "gents is generally simil~r to th~t of 
aliphntic poly",nines, 1·lowever, they re~ct r~st('r with cy

cl()~liph~tic epoxides ~nd ~re ~cbrt~plc to ~ controlled degrce 
of re~ction, The properties of sOlne common nitrogen-cont~in
ing hard eners are given in Table 4, 

Aliph~tic amines are used as such or in adduct form for 
~mbient temperature curing , They have critical mix ratios, 
toxicity, high-vapou r pressure and brushing tendency, A.ro
matic all1ines~resolid at room temperature. Addu cts of these 
"Iotlgwith occelcr~tors like salicylic "cid arc used for ~mbicnt 
temperature curing . ['olyamides are used as such or in ndduct 

form wilh or without accelerator for ambicnt tcmr~r lull' 
curing, The chief advallt~brs arc low toxicity, convcnicntm 
r~tio ;md good flexibility, The m~in dis~dv~nt~gc~ ~re hiRh 
cost, high viscosity and poor he~t and solvent resistance cl1lll' 

pared to amine-cured system. 

Some othrr r('slns/cl~st()mcrs such as p\tcl1()l- fnrmalrlc 
hyde resin, the rmosetting ~crylics', isocyn~ tes" "nd rilly ul· 
phides ore also used as co-crosslinking agents (10·50 r~rcml 

by weight of total resins) with amines to obtain the dcsi 
properties o f the finished prod ucts , 111ey arc mostly mcdlOl 
corrosion resistant linings, fo od and beverages contain
ers/tnnk coatings, kitchen appliances contings etc. 

Modified epoxy systems 

Diluenls 

Diluents affect properties of the cured system, and in particu· 
lar , lower the viscosity in order to improve handling cbar3c, 
teri s tics. Diluent s can be classified Into reacti v and 
non-reactive types, I~e~ c tive diluents are mostly low molrell' 
Inr weight (130-210) glycid yl ethers with low viscosity which 
reduce the crosslink density of the system. Other cyc1oalipha· 
tic resins, because of their low Viscos ity , hnve also b(,~11 uwd 
with the liquid diglycidyl ether resins or with the solid epox· 
idised novolac resins, 

N()ll-re~ctive ciiluents such ns toluene, xy lene and nthrr 
nrom~tic hycirocMbol1s cnn bring about significant red uct! 

ill the viscosity of low molecul~r we ight rcsins, The ca~linR 
h~ve inferior chernicill res i~tonce and if it is he~t cured, the 
diluent C~ 11 be v()l~tile ~nd c~use blow hoice, or bubblc~, A 
p()plJi~r nOI1-re~ctlve diluent Is dibutylphthali1te, used at a 
concentrntion of 15-17 percent with a liquid resin. 

Coal lar-epoxy syslem 
Coni t~r-er()xy resin cornhin~ !iOllS h~ vc hee n widely u~d a~ 
Wil ter-resist~ I1t pro tcct i ve coatings for ships ilnd other marinc 
structures, Various papers" 'u ha ve been publi shed ou tlining 
formulations for m~rine ~pplic~tions and describing thcprob· 
lerns encountered with thi ~ type of co~ ting system in practlcc. 
Co~ltilf pbys <In important port in the improvement of corro
sIon resistance of epoxy resin system. Thi s 15 confirmed when 
tested t~r modified epoxy resin/poly~mine cOl11bi1\~ti(Jn In 
water nnd f~tt y acid immersion ~nd found th~t the tar modi

---------- --- -----, 
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Table 2 : Consllmption pattcrn of cpuxy resins in d iffcr
ent secturs 

Sr. ti~, [I!(i · u-'tc -,,,,-clor _'_J'r r.'-'I~~ 

19R5 ·86 1989 ·90 

I. 	 Ele ctrical insulJUon 40 :J() 

2. 	 Chr.mJcnU Y-H"'S l!'l I itnt IInlng,'i and ~urr.,(e ~o 32 

n,.,r!I\R' 


1. Civil enR'n<'<'rinR 05 16 


~, Adhesive. .nd putll"" 10 12 


5. 	 Reinforced pl,sUes, 1ooli ng and electronic 05 10 

components 


Tot.1 Quan((ty consumed In (Onnes 1500 3500 

Tablc 3 : S01l1e t}'pic:!1 propcrties or bisph cnnl-A based 
cpoxy resin, cpuxy-phcllolic Ilovolac resin ErN) and 
bisphe nol-F based epoxy resin 

-_ .. ----. __ ._--'--
Sr. no. 1l ropufir..'f Hi::p/Tl:llof -A r.PNr~ i" IIi."r lh '"O, .r 

tpOxy resin epoxy resin 

I. t:P(I)(y (ontrnl. 5 . 7.0 · s , ~.'i 5 .!iO ·;' ,70 .~AO ·~,OO 

rq / k~ mill 

2 Fpmddc C'qulv.llC'n1. 171·200 17,<;-220 
R/Nlu Iv 

3. VI <cu.~lty. eM!'. 5) 

til 2S C 9.000-12,000 6,000 
,I SJ"C 20,000-50.000 

4. Sf'<'ctnc gravity 1.20 1.15-1.20 

in par licu
inr, charac
Ictiv e and 
)w molcClI
)~it y which 
yc\oali pha
) been u~d 
so lid pox

~ nnd ut hcr 
It redu ction 

The c<l~lins 
! cured, t he 
b\lbblc.~ , A 

~, used at a 

.kly u!'ccl rll' 

)ther 1Il 11 r1nC 

~d outli n ing 
118 the prob
~ In prilcllcc. 
~ntolc r ro
"rrned w hen 
binati tHl In 

he tar modi-

lied system gave satislnctory results, while the unmodified 
' ys tcm lailed in lour months . In vestigiltions on the clfect 01 
various grndes 0 I coni tn r, COil I tM con ten t nd d i lioll 01 d Ifferent 
Iillers nllel "~rdeners Oil the propertl('s ()f epoxy resin hnve 
befln studied"'''. 

Rubber-modified epoxy system 
Unmodified epoxy resill bnsed on bisphenol-A nnd eplchl()ro
hydrin exhibits brittleness and low elongation alter curing 
with hardeners such as polyamines and anhydrides. This 
drawback l,ns Itmlted Ihe arplicntions of thts r(~sln to Sltll
dlll' n< wl"'rr lilt' qress Is rl'l~ll1vely low and th" l"nels nrc 

ment 

e l

~

Idcrnbly static. Since 1960s the technology f()r the develop
01 tougheners lor therm()sets has been grndu"lIy 

olved. NOlnblc successes have been nchieved inloughening 
ccr t~il1 lypes of epoxics, I [owever, desirnble levc!.s of tough

nlnghave not been attained in every case, especially in case 

nlhi gh cross-linked epoxy. 

Forsoll1etime, it w"s believed thnt to "btnin all C'poxy with 
ir,htOllr,llI'C'SS, one I1lIlSt llSC nil clnstot1lcrir tOllgh!'llC'r, Tire 

I'Hectivcness ()f a given toughening ng l' l1t depellds perlr;lps 
!!lQrcsign ilicnntly on the nature 01 epoxide matrix than on the 

~ ilcd characteristics of the elaston,er, The incot porntiot1 of 
na il amount of clastomer pnrticlcs promotes nbsorplion 01 
mil1cnergy by interactions inv()lving cril?,e and shear lorma

,: II.Cra7.e formation is pr()moted by 1-5 micron p;trticles and 
Ihra r formation by 0.5 micron pnrticles. Systems possess ing 

lilsmall and lnrge particies provide milximum toughness". 
I~~ most widely used toughener in epoxy resin is a liquid 
",boxy terminated butndiene-ncrylonitrilc. 

Epo)Cy 
rt S in I 
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I 100 'h 1c"- :

Li Qui d I to U,f> 50ft ,o!id 

"'1 "I 

, pot lif ~ 

flg 2The process 01 setting 

5 	 I Jyur oly .<a ble 0 .2 0 .2 
( hlorlnf", parecnl 
maxJmurn 

Epoxy lIlortar ond cOllcrete 
Epoxy rcsins nrc used with <lggreg<ltc (silica snnd) to produce 
epoxy mort<lr or epoxy concrete which is uscd lor rep<lirs of 
I\(xning, loundntion grouting, rond s i1nd bridges, industrial 
pi1vings, et c. They arc normally used where the volume 01 
materials is not brge and where r~ pid curing cnn be obtained. 
Thc repnir of pot holcs nnn 'pnJ\rel joints 011 I'ortlnnd-ccment 
cOllerd,· highwoys nlld bridge d"ck~ I~ n good exnmptc lor the 
usc 01 ('poxy mortnr especially where n !nne c;)n not bc closed 
to tr;) ffic lur long hours. The rnte 01 curing 01 th e epoxy mortar 
is directly dependent on the nmbient temperi1ture . In cold 
w('nther, Slnnll p"lches of mortnr C"II be easily heated nrtill 
ci"l\y to provide" rapid cure. Cle<Jll, dried, specia\ly-grnded 
silica sand is used as filler with resin-hardener mixture. 

Addition 01 s"nd helps in reducing shrink"ge, Im pro ves 
nbrn s ioll, thcr 111;1 I shock r( 'Slst;1I1('(' "Illi lowl~rs the thermf11 

coelflch' nt of expi1l1slonll1ilkll1g It nc"rer tocol1crete . 

R&D work at CBRI 
ResC'nrd, work on epoxy resi ns is ill progress at" number 01 
I~&D institutio ns ill Incli" lor over three dec;)des. Millor work 

reported hi1s been confined mainly 10 synthesis ()I epoxy resin 
from low cost polyols"''', development ()I suitabte curing 
agents'"''', modified epoxy resins lor c()rrosion resistnnt lin
irrgs'Onnd epoxy mortnr "nd concrete". A bricl review 01 work 
cnrried out ilt CIJI~1 with specinl reference to npplic<Jtions in 

construction nnd civil engincering is out
lincd here. 

The dfect of different proportions of ep
o xy in ti1r/epoxy p"int on their chemic,,1 
rcs isti1nc(' Wi1S investigi1tcd at this institute 
by SinghU TilT-epoxy mixtures 01 70:30, 
(;0:-10 , 50:50 <Iud 40 :60 were studied. 
1'()lynminc hnrdener wns used lor curing ep
oxy resin . rree fitms of the paints nnd pnints 
nl'plied on mild steel test panels were exam
ined I()r chemic<J1 resisti1nce, h<Jrdness, ex

Solid 

tensibility, water nbsorption and water 
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Table 4 : P r opc r tics of ni trogcn-cont'l ining h:nden crs 

., yp< Polynmirll I1milll: I'o/yrrm;rll l.ow /\romalic 
(II) 	 adducl W) vi:o;cao;ily am iNt! 

poly.mid< adducl 

Vi.o;;5o~ily 10-20 3,000-5,500 9,000-16,000 ),000-4S00 6,000
me 20,000 
(MI'. sl 

Amou.nl 16-20 40 1/0-190 140-200 100-120 
recom
Illl'nded, 

(glJu'l / epo 
xidel 

Nalure 51. volalUe, 	 I",s non non non 
Irrllanl volalile 	 volalile, . volaille, volalile, 

nol slIong nol stro[1g nol 
smeUing smelUng smeUIng 

Iiale or Marked V. slighl Almool nil almost nil nil 

blu<h 


t-lr:xlhllily Poor I'oor Guod CtxJd 
<llId Im- JllIlnrs 
II" (\ rc:':;\.o;;- fll1e! IllTllnc 

1.1 n cc: 	 adduct::; 

O,crnlcal I.klter lktter Good Good Excellent 
Tc-slsl.Jncc 

Waler Moderate Moderate Coud Good Excellent 
rcsistance 

vilpour perme~bility It w~s concluded from this study th~t a 
tilr/epoxy composition of 4():6() was best for the formubtion 

of tar/epoxy paint. ['erform~nce of commercial1y-~vilil"ble 
epoxy, epoxy- co,,1 t~r and other orgilnic co"tings on concrete 
were evaluilted under Olggressive Olctions of some f('rtili7.ers'-'. 
Epoxy co~tings were found to give f,o{)d performOlIKe upto 30 
percent concentration of ammonium sulphate, ammonium 
chloride ilnd ammonium nitrate solutions. Other co~tings 
were found suitable for less stringent conditions, 

Another ~ttempt was milde to m(xiify conventionill epoxy 
resin with a low-cost indigenously available phenolic resin to 
obtuin optimum properties"- The simult~neous polymcri~~
tion technique was used for the prepnr~tiol1 of \l1terpenetr~t
ing polymeric network (II'N) systems. Various properties 
such ilS mechanical , chemical , thermal and morphology of 
developed IPNs were studied and compilred with neilt epoxy 
res in, Table 5, The developed IPN systems could be used as 
barrier coatings for anti-corrosive protection of building ma
teri"ls in highl y nggressive environment. The epox y-phenolic 
11 ' f'J s ystems developed by ClWI hilve found commerciill ap

plic~tions ilnd h"ve been usen on <1 IOlrge sCOlle . A few eX<1rn
pks Me illu strated with the he lp of photogrilphs, Fiils J and 1\. 

R&Don e poxy mortar using higher filler londings "nd part 
replacement of epoxy with a low cost resin (LCI<') hilve been 

thoroughly studied"-It was shown from this work thnt Inilxi

Fig 3 IPN coa ling appllc allon on a ba dly damaged ceiling In IU". 
plont 

spolldillr, circrc'Ol sc in strength propccties Is 'luitc moderate! 
To bring down the cost of epoxy resin-sand s)'stcm, ~ part 0/ 
the epoxy resin was repbced by a low-cost resin and coal tar, 
The re sults show a reduction of strength as the amollnt 0/ 
low-cost re sin increases in the mix. Repbcement with w allar 
results into a much fnster deterior"tion in strength, Various 
s~nd-resin formulntions given in Table 6 could be I!~cd for 

repairing, piltchinf" grouting etc. and a maximum savingln 
cost upto 1\0 percent could be achieved. 

Applications of epoxy res ins 

Industrial flooring 
Epoxy mort;)r floor tOl'l'inf,s arc used 10 render IlIrllI~trlal 
floors sterile, duslproof. che mical resistOl"t <1"d allti~tatlc, 

They arc usee! in heClvy engineering inclustries for rcsislin& 
lTletill -whcelce! trolley mov'Clnent. However, epoxy I\ooringis 
not II sed for dOIlI l'StiC flooring beciluse of high cost ami nul· 
so-pleilsi II!; a ppeil rance . 

There ~re three main types of epox y nooring systems: 

(i) trowelled floors, 

(ii) pouroble self-levelling se"mless floors,and 

(iii) terruz7.O noors . 

Screeded floors "re usually laid by trowel, the re.~l nous 
componen t being hen vii y fi lied wi th a blend of bnrd w(!~rins 

ilbrilsion-rcsistance aggregate such ns corborunduln, ro1cincd 

biluxite illld metal aggregiltes. 

Table 5 : COlllparative properties or neat epuxy and 
epoxy/pheTlolic II'N systclII 

FIg" "ll pllcallon' 
cootlng wtlh polyl 

'I h I! self-level 

CmnpClnC llts, <In, 
hil\e , As the nz 

with a comb, it 
110m 2.51\ Imn «( 
ourcd P VC nab 
rc~in h glvean, 

to npf ll y il co"t C 

III epoxy ten 
Inil lrix ill (l Inn 
rc<is tflnn', ll1ccl 

SOIllC' of the 
e ll used ,He E 

Antl· corrosh 
It Ita " lWCI1 <'<t 
ii I'S bet ween H! 

cr ed \hilt 25 pi 
bcll er ilpplicat 
eorro<;iol1 prev 

sivc coatings a 

thilt call be w 
nlaintcll(1(lCC a 

1110nly used CI 

ilrc : epoxy / 

eem ti nf,s "Ild 
sY!items, 

In a Iilrge II 

i~ b e illg lIsed 
dril ills,prillinl 
cal hil ncllil1f, < 
11'Ne nrc mz 

mum strength of epoxy mortilr is obtained at a resin-sand r~tio Coaling sy:;· "'r.IL<;rk UO/lgarinll, , farrinr. .<;.S, ShrJJr 1.l otl£! VitA'l I!pllXies in fc 

of 1:7. The strenf,th decreases ilS the sand content increilses. I,m slrnlgth, pr.runl shor~-V slrnlgtit, 51'PI1',il1l lur with lor 

The mix becoilles stiff ilnd docs not rem"in workable after 1 :10 kR/Cln' kg/em' IAlinl, 'C ;HC i1lustrate< 

compos ition . 1t Is seen from the results (Table 6) thnt inspite of II'N 2RIl 175 RJ 47.3 ~I 

resin content having gone down frOITl 12,5 persent Epoxy 260 1\5 46 6.~ 

(resin:s"nd::l:7) to 9 percent (Resin:snnd::l:l0), the corre-
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ling In a urea 

e moderntc. 
~1I1, a pnrt of 
and coa l tar . 
~ n mount of 
with coni tnr 

gtl1. Vnrious 

be used for 

Jm savi n g in 

It'r Indl1 o;l l'I,,1 

nd nllti stn tlc. 

; for re~i ~t i"l; 
}x y floorinr, i~ 
co~t "Ild lI(1t

; sy~tcms : 

bars, and 

, the resino lls 
' hard w e rilll; 

,dUIIl, cill ined 

l epuxy Dnd 

'.3 6' 
6.'; 

h<lve ocen u sed in illlumber of flyovers/milrin e creek bridge s 

in and "roul1d UombilY with s<llisf<lctory serv ice IHe exceeding 
7 yC'ilrs. The Killinilrll bridge I1Cilr K<lrWilr h<ls been protected 

witb <In epoxy coating since 1985. 

11,nllc Creek 1>ri,Jl(c : Thilnc Creek bridge has bee n COI1

structed across the Thilne Cre ek neilr Bo mbay on Uom b.1 Y

lIilll!'." Ifli f' h tl\llIVil y. f)1I11 til t 1111 n1',1\1 ('fI.~1 v (1 ~II Ii nil II hllon " li rrl', 
Inllel ~ tcl'l <lnd I'lestres.slllg stecd Il<ls b~en corroded GI \I ~lng 

cr<lc ks In the pl~rs nlld girders. The corrosion to steel re ll,(orce 
ment alld pretensiontng steel cables posed <J chnllenge 10 the 
silfety of the bridge .<lnd heavy vehicular traffic About 5()()() 
kg of epoxy restn was used for repair or cracks by pressure 
grouting. filling of pot holes and cavities w ith e pox y morlar 
nnd cOiltillg entire bridge surf"ce with solventless epoxy sys 
tem. Additionill external prestressing cilbles now assu re safeFig 4 Appllcallon 01 IPN polymer lor B brldgo superslruclure. Top 


con ling wllh polyurelhane under progress traffic movement. 


JCIIS;OIl-"Ollar,J c/,oxy coor;lIg : Fusion bonded epoxy pow
The self-levelling floor is generally applied by mixing the der cOilting to reinforcing rods have occome popul nr In w est

components, and pouring the resulting mix on to the sub ern countries. This process provides a tough film which can 
\Ir~tc . As the n<lme implies, once the re~in h<1~ been spread withstand biH bending without cracking. In India al s o, th is 
lI'ilh a comb, it levels out on stilnding to prcxluce a smooth technology is at the tri<ll stage. 1 he HUJ pipeline Is bei n g 
'hKJr2.54 mm (0.1 inch) to 3.175 mm W.I2S inch) thick. Col protected by a system comprising of, among others, a pri m e r 
oured PVC fI<1kes may be sprinkled on to the partially cured of fusioll-bonded powder coating. The use of fusion-bonded 
resin to give all added decor<ltive effect. It is a normal practice epoxy coated reinforcement ill some of the flyovers recent ly 
10 ;)l'r, ly a coat of cle<1r ~~alcr if fl<1kcs h<1ve been us~d. 	 ('ollstrllctc.d ill Botnh<lY ""eI the milwily st<Jtions builcHng51n 

N~w 130rnbay is <J gO(xl b~gi"ning .
In epoxy terra7.ZO floors, an epoxy binder replaces cement 


matrix in a m;nblc aggregate flooring <Jnd provides impact 
 Reducing water leakages 
rr~isl;)nc(', mechankal strenglh an<l atlhc~i()n. 

l'J'oxy c(l , "I"I~" I" COlljullc tlo" with ('I'"xy g"",tillf;, have 
I",,,n us( 'd to n·"eI", I"ilkillf; ro(J)fs, tollcls ilnd halh room~SOlllcof ll,~ 1t"l'orlanllocolli(lI's w"~r~ such floorings h;'lv~ 
impervious. Some of the notable structures where such cootbeen used arc given in Table 7. 

ings have ocen used are listed below. 


Anti-corrosive coallngs 
HCllli.<l'lrrrirnl aOllrc, 1"11'1' : A low vlsco~ity epoxy resin

It has lwen cstill1<ltcd th;'lt thc tol,,1 corro,tol1 los,cs ;n Intii<l 
systc.IIl(15IX) kf;) w;,~ \Is~d for r('duci"g water leakilgc5 1n the 

Ib bet ween I<s J,2()() to 1,SOO crores pcr year and it is consid
hemispheric,,1 dome of the Sud,m l3Iock at the Nation<J 1 D e

ered thilt 25 percent of this cost could be SolVed with 

better applic<ltion of existing knowledge of methods of 
Tnble 6 : Physicnl properties of polymer concre le using luw-cost 

corrosion prevention . Many of the suit~ble anli-<:orro

resin


~i\lccoatings ~nd somc. of the non melililic components 

th~t CJn be used in chemical pl<Jnt construction <Jnd Rcsin Dr.' lS i'lj, cs, T .S, rs, D.5. , Sh,in""g', CO.'l! 

m;)intcl1ilnce <Jre based on epoxy resins. The most com S(Jfut R/ee kR/cm' kR/em' kg/em' k~/cm' puce,,' SlJ v in~ 

ralinmonly used corrosion resistant epoxy-b<Jsed cO<ltings 	 "'''' con 'rol, 
arc epoxy /phenolic, epoxy I ester, epoxy powder ptranl 

coatings and two-pack ambient temper<Jture curing Epoxy (con · 1 :7 I :H7 R01 121 295 1)6 001 

s)'stems. Irol) 


I'r'"'y ·l.C:ll In illi1rhc.lllllnb~r of proj( ~cts In Inella, cpoxy mort<lr 
I~J IIJ 1:7 IQ1 (,H? IIH 1.11 120 0117 225 

is [willg usco for anti-corrosive linings of df1l1~nt pits, 70:10 1:7 1'1.1 !l~7 111 7.7.;' (,7 II OR 12.5 

dr;1ins,l'riliing tower~, floors <1nd structures in chcmi W:10 1:7 I.WI 2;,~) 011 IS SS 0.U4 42.5 

(~l handli Ilg a reas of dem inera lis~d (DM) Wil ter pia nts. Epo xy: l.C'H 
80 :20 I .X 1.\11 !i2R 111 El7 92 001 10.9 There are many c<Jse histori C' s in Indiil on the lise of 

1:9 1.92 172 112 190 8b UUl 383
epoxies in fertiliser industries for protection of struc 1:10 1.91 461 8H 113 58 0.D2 43.5 
ture with longer service life, Table 8 . A few examples 

Epo xy :(oJllar 

~rc illu~~r<lted wi th the hel p of photogra phs, FiRS 5 to 8. 
 110 :20 1:7 1 . ~ lr1 :''1(. 11M 21B II? 11 .111 

7U ·)1J 1:7 1.92 1:11, IlH 1711 (,fi U.12 

cs.: Ca mp"",,;ve strt'nglh, TS : 'lcnsitl'slrl'np,lh, I'.S.: l·le xur,,1 Slrenglh, Il.s.: Uond
Kflli "nai uridge : Pure epoxy-pigmented coatings 51 rcngl h 

Janu"ry 19Q5 • The 111111~n Concrete Jourllal 17 

http:terra7.ZO
http:hKJr2.54


, 

Table 7 Field npplil:atiolls of epoxy resi n systellls ;IS 
!lourillg 

Sr. no. r.oCl1 lioJls Type of j1oori"8 QuanTiTy o{ 
ma/ulaTs 

uso:J 

Y",ro/ 
lJ.~/ptrro'ma 

pta 

l. Mililtlry (,1I~inC'CrlnR 
~crviCl':', FnginC' 
i\"cIl>bTy Shop, S12, 
t\rmy-lklc;:<' 
workshup, Klrkcc, 
J'une . 

Il if,h I"'ruli 
alJT.)sion rC'SislJnt 

flu=,' proor noorlng 

15,000 kll 191\(, 

(s,lli."r<1Clnry 

!ill dole) 

2. Uajaj Tempo Ltd. 
(Painl shop), Pun. 

Chemical resistant 
flooring 

200 kg 1984 
(saUsfactory 
till date) 

1. TELCO, Plmprl, Pun e DusT amI obrosion 
reslstanl flooring 

10,000 kg 19116 
(s,lti,foctory 
lill d,le) 
(1.0"",1 
d,mal\e 
"H('J5 

pcriodiQlly 
rcp<:lircd 
by p,lvln~ 
brush coat) 

4. Oh"at Ilca vy 
Ue<:tricals Ltd . 
(Electroni cs assembly 
shop), 1J0 ngalore 

-do 3.15 kg 19f\8 
(sali ~ f3 <lo ry 

IiII d.le) 

5 . fulford Indio Self levelling 

fence AC<ldemy, Khad<1kwasla, l'une. The hemispherical 
dome is <l mas lerpiece of architecture constructed in 1956-57 
ill jaipur using pink stolle m<1sottry over 150-mm thick COII

crete for structlH<l1 support. Over the thirty ye;Hs of existellce, 
we<lthering had caused cracks in tile stone m<1sonry at pl<1ces 

olld the p<Jinting mortar too had come out of the jo illts causing 
severe wilter IC<J bge d uri ng monsoons. After the epoxy treat
ment, the dome has 1I0t shown <lny leakage or seepage ill the 
monsoons sillce 1986. 

fJlrilll" "'1"er/lct : One km long Uhima aC]lleduct has been 
constructed ~cross the river Ohilnn near Sholnpllr to cnrry 
water fro m Ujaini D"m for irrigation purpose In order to 
reduce the perme<lbility of Ihe <lqueduct, 7700 kg of epoxy 
resin was used. Two brush coats of epoxy resin were applied 
on the inside surf<Jce of the nqueduct, No leabge has been 
reported till dale. 

I.S_R._O " fJ{lItRuiorc , At the satellite i1ssembly ond testing 
centre, Indian Space r~esenrch Orgnnisation, (I.SltO.) Oanga
lore, "n exc<lv<1ted tunnel of rcrti1l1fjllbr cross section 1~.5 m 

(W) x 5 .0 m (1-- 1)1 and of length lOU In corrying air to the cl('~n 

room where s<ltellites are <lssembled ilnd tested, was h<1ving 
excessive wnter Icnbges. The concre te structure was tr(';rled 

wi th a bou t55m kg of epoxy r~si 11 system by <1 ppl yi ng a pri mer 
coat of epoxy res in followed by emulsion bonded glass fibre 
epoxy lining Also, 4000 kg of epoxy resin system was used for 
pre ss ure injection grouting of locations causing waler le<1k
"Gcs , The ('poxy trmtTn e nt effectively stopped til!' WOller kak

ages <llld en<lbled achievement of c!eiln room conditiol1s since 

1988. 

In Olllother locntions epoxy cOiltings h;wc brrn rmp 
for lining of water stomgc tanks(250 kr,) In I'mln rnjcd 
Co, at Chinchwad and for reducing water lenkagcsofla 
(300 kg) in l3ilckau Woulf India Ltd " ['une, Th se jobs 
done in 1986 <lnd the performance has been olisfaclOlY 
date, 

Structural adhesives 
A significa nl increase in the use of epoxy ild hesiv~s In t~ 
engineering industry has taken place over the In,;t few 
mainly due to its high bond strength and fasterraleol 
as comp<lred to conventional m<lterials, The first sue 
epoxy adhesive lor bonding plastic concrete to hardened 
crete was based on epoxy rcsin-polysulphide polymer 
tures which h<lvC proven reli<lblc, Early adhesive ~y1IfIII 

were consider<lbly viscous, quite often solvents wele ldd114 
on Ihe job sites or included in the original formula tion, n. 
en trapment of solvent used <1S plasticiscr rec\llc 

s trength of adhesive. I\s the state-of-the-art im rrnv 
viscosity of e poxy resin bonding compounds was lowmi 
without the use of solvents, thus increasing the safely fn 
in their use, Adhesives for this purpose must be low rh1 
systems , If the adhesive cures before the new conerel 

hardened, il will act as a bond-breaker ralher than an. 
sive, For bonding hardened concrete to h<lrdencd coT1CT1ll, 
f(lst curing systems may be employed. 

The use of epoxy <ldhesi ves and grouls can be c\~~ 


broadly into: 


(i) 	 renwclial work sllch <1S strcngtheninr, and I 

of e xistingstructme(concretccrackr r ail, 
ing reinforcernetlts, bonding concrete to conn 
etc) , 

(ii) 	 new work where the use of <ldhesivc is envlq 

at the design stage. 

Sui t<1 bl y-f orm 1I to ted epox y resin morti1[S nre llsed a~ IIdI 
sives to bond together huge rrecast / m~tchcasl cnncre~ 

Tnl'nts in the building of bridges and other slrtlct\l[c~byl 
technique of segmental construction, l his method h~s ball 

Ftg 5 Polches 01 urea attack in a bogging planl 

Fig 6 Ure B B \lac 

fCl\lClWI'<i in Ih.. 
~;('\lt tl -- tl", Wl 
1'... ln<1. The w( 

28 In 80 tOl1lle5 

The Inclinn 
tnrs for CJuick b 
p ie rs in their 
kil o Tnetre lone; 

il1 l; rrccast co 
gr o und,llOisti! 
gr o\lIHI 1('v('I, 
(':lilies . Epoxy 

1\ high l; tr e r 
chips to theln 
m til Ii -col ou rc( 
E,lal(' in ilond 

w"ather illlli r 

Repairing 0 

'fI ll' Ilwtltod c 

in jl'Ction of,!' 

YC<HS. It h<ls b, 

Fig 7 Oeposlll 

.hnuary )99 5 to ,.1 R 

.. _--._------
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en Ol ploy('d 
iarnjc I'lIp('r 
ges o f \errnCQ 
ese jobs were 
ltislactory till 

V :!$ In the civil 
last lew yell rs 

r ra le o f curing 
firs l successfu l 
,hardened C 1'1

! P Iymer mix
hesive sy~tems 
['Its w ere added 
rmulatioll, '111C! 

,er red uces the 
I impro ved. the 
:Is W !lo; lowered 
the , a lcty lactor 
;t be slow curing 
lew concrete has 
er than a n adh~ 
rdened concrete, 

can be classified 

heninf; :lIld r('rnir 
:rack repol r. bOlld 
Dncretc Lo cUllcrete 

hesive is envisage 

rs ,He u~cd os adhe
:bcast C(H1t"retc 5('8
~r structure!' hy Ihe 
is method has been 

11ant 

Fig 6 Urea allack on a staircase sleb 

("llowcd 111 III<' "(lll';I, Il r lioll of :,f,-1<111 IOllg Ma";lilll~ Calldhl 
S('(hll -- Ihe wotld's longesl ri ve r blidge Jcross Cilllg~S, nc~r 
I'aln~ . The weight of-the scgmcnts in this cnse rnnged from 
28 to 80 tor1l1es 

The Indinn Hnilw<1ys nrc reguliJrly employing epoxy mor
tars for quick bonding of prec~st concrete bed blocks to bridge 
picrs in their scheme to rcpl<1ce dilln<1ged bed blocks . One 
kilomelre lonr, Ilhirn~ <1'lllt'dllct h<1s been construcled by c~s t

illg prec"st conc rde sec li ons of 1.K x 3.93 x 32.(, Jl1 size "t 

ground, hoisling til e ln up "I ~ height of "bout 50 m ~bove the 
gl()lnHI It 'v!,I, joining (',1('h ~l'clion ,mel thl'lI tcn~ioni ng wilh 
(ablrs . Epoxy Inorli" w~s u~ed for joining of pr('C~~1 s('ct ions. 

A high s irengi h e poxy adhesive h~d been used to glue glass 
chips 10 themselves and to the marble fncade to c rc~tc a 
multi-coloured college in one of Ihe buildings ~t Shiv Sng<" 
E510lr illlloll1b~y. This n.<sclllh ly hos wit "slood Ihe rn vnge of 
"'(';It"er <1lld pollu tion (or over 22 yt'n rs _ 

Repairing of cracks 
The I11clh(xl o( slrllctllrnlly rt'pnirillg concrete crncks by the 
i!ljrelion o f epox y com [luu nd s ha s evol ved over th e pnst 10-20 
years. It ha s been used in numerous crili c:tI applicJtions, with 

Flg7 Depos illioll of urea on Ihe ceiling of sl~b 

Table Il : U~C of epoxy ~y~tc", a~ al1li-corr()si ~e linings 

Sr. 110 . OrganiSD liortS Maximl,.lm traublt
_____ __~rr r. e $ trviUJ_tff1O' ral 

D.M . W;l lf'f ~ J\ II . IInk."o MtJr~ Ih(\n 10 yell", 
Ir(',1 1Illl'n ! rL1nl 1(lf'- II.,I"!',I I,n " unl, 111 I:CI M.ltll". 

MIII/IIllrl,III'III .... ln 
N IPC- Aunl' ftnd "u,.lya 
II' CL- IJ",ou, 
FCI·Slndri Unl! 

2. UreJ prllling tow!.:r I'C I ·CorJkhpur, Sinur! More than 14 yean 
Unll, Hamgund.Jm Tlllcher In Slndrl 
III'C-Nan1rup 
NI1,- Nangal 
·Alol, .. h Leasing 
Industrlc<- Khop,lI 

3 5110 and bagging NFL-Nanga l, Vlj'lpur More thelO 14 yt,rs 
pJ.:an! , Ooor, wall, HFC-Namrup In Nang.1 
me\t~lIc ~lruclurcs II SCO-lJurnpur 

CNI'C-IJI,,,,uch 

~ . SII'("I,c;,lfll('!urK NI'I .· N'"r, ., I, Mure IhJn 9 yC'an 
."u rip" II","" rCI ·HJmilgundJr1\ In cokc-av en gas 
co ke -oven gas '('"lcher 'nu Slndri plpellne.1 
pipc tine, ,:lir II SCl .- lJobro Durs'pur (U[JVL) 

SCpJ fa(\ o n unil . IJIIJ'V-VI , h,kh. p.lnum 
rJw 8JS hClldcf, SAJI. -lIokaro 
v~sc1s etc Clobe -III 

r " b-New 1:>< lhl ele. 

5. Concrtl e ~11rC.,(C· IITC:O-Ph ulp ur "rpro,lm.'lely 10 
(urr: a b:\ f~RII1p, yCllL'i 

rbn\, hc " l1ls and 
~Ii\bs ncar ~c hut('. 
WillI, conv eyor
Iw 11 ('le) 

(.. (' tH l trclf' ,llld ~;\{TI 1.11.111 Agro C1\f.',nkal~ · A\'I ,roxlllH'l cly 6 
~I n l ( ln fl' S . (NPK Co.) YC ':lr5 

pl;;mt . conveyur
bel t, ~ 1 C' cl lrU~ C'S, 

RC C cohl nms, 
w.111.<;C'I c. ) 

7. Cllllt :r{' \I: s urr"Cl' V,l -:.,! C rt"l'k IJrld ~c- Approxlln 'l\cly 6 
(Clruers) 1!olllbay YCJrs 

sir,lli fi c<1 l1t cos t s~ v ings over nllern~tive methods of repairing 

dam~ged conc rele . The r'"sin syste m penetrates the c racks, 
re~chillg <111 voids nnd b y setti ng inside, thus rendering the 
~trlletllre (r~(k-(ree .., hi ~ rroCt'SS is .,pplicablc to nil cr<lcks 

w id l' r th~1l 0.01 2m 111 (O.(X)S ill) . Success ill these ext remely 

sm ~1l cracks is entirely depe ndent on the speci fic conditions 

e ncountered and in gener<ll it is impossib le to s1lY whether or 
not injec tio n w illiX' Sllc(l's~fl!1 I1l1less <Ill i1(III~1 fit'lli I(',s \ I~ 

l'('rfmllH'ti. FV!' 1l 111 n;l('k~ w ld. 'r Ih\111 0 .012111111, It h l'(ls~lhlC' 

I() (' IK( Hll1l!' r ~('v,'re COI1I;lInin;ltloll or d "I'0~\ts Ihat prevent 
crfectlve illjeclioll . 

Uses in hydraulic structures 
Epoxy re~i ll s nrc widely tI ~ed in rn<1lly hydro-electric projects 
in Illdi<l for rep"ir of cr~cks ill erodcd concrete. Some m"jor 
field ~l'plic~liol1~ ~re given in Tnl,lr 9". 

S" rr"llIyrl,o-,.{,·d";.- I'rni""': 111 Ihl' S;l ll;d llydro-eicclric 

i'rojec t it w ns observed Ihrough Illodel s tudies thnt negntive 

pressures of the order of 1-m height of w~ter will develop in 
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Fig 8 Corro.lon dl91rc9scd glob 

1/3 pori ion on the top of diversion tunnel for the portion of 
10 In x 20J In Irllgth. The velocity of W<lter was estimilted <It 

2-1 .-1 Ill/sec. 1\ 5-mm thick epoxy mortar lininr, has been elT1

ployed wilh salisfilciory Iw dormancc 10 rn c('1 the conciiti (\ lIs . 

Besides Ihi s, epoxy mortar lining has been employed in other 

<HeJS of the projec t Ii ke tu nnels, spill wa ys, aprons, schu tes, etc 

lflwnl"" SflRa r ria", : A 5-m m thick epox y mortiH lini ng ha S 

been a pplied on the entirc concrete s uduce of speed breakers 

i1nd stilling bClsin of JilWil hil r SagiH dilln . Epoxy mortar formu
latiOn<; Clre being rer,ularly used by i111 th e Inajor darns for 
repair of cavitation/ilbrilsion dumagcs in concrete. 

Virb/radra-1lardwam balTaRc : Abrasion-res is tant epoxy 

mortilr / concrete formuliltions <He being u sed ilt Virbhacira

Hi1rdwar barri1ge in boulder stage rivC!rs of UP Epoxy mor
ti1 rs iHC lJs('d to a vo id d i slrxi r,i nr, of t h(' s tone blocks «,I () x -1(,{) 

x -1(,( 1m m) II sed Oil tI~ e nt ire ba rril ge floor to sa fq~' IMel i1ga i IIsl 
excess iv e avrasioll of COlleretl' sorfa((' do,' to high discharg" 
inten s ity illl d boulder tnove,nCIII. Th,' joints iH' ~ pMtially 

pilinted with epoxy mortar /co llc rcte to ilchi<.:ve this. 

GOI/IU fl,/I/rrill et : Epoxy coatings ha ve been used to linc 

!,rc'cast I',, 'sl r(' ss,' " a,\III'clllel "cross riv,'r lorllllii IIl'"r 

1.llr ·k'l(lw. '11", "I""y c[\;IIill(;< aC( ' 1".I·d IWI(' I" I'r ,," '< I II I(' 
cOllcrel e i'g;1illSI "brasioll cilused by s ill cinlied ill wall'r with 

high di schvrge ra te . 

/J/lnkl'll rln",: 111 Uhakra darn , epuxy reslll formlll~tlo!l4' 
being used for repair of damagcs to the stilling b~~in . l n 
appli ca tion, suilabl e epoxy formuliltiol1s ilre required wlidl 
can be applied on damp surface under wet condition. 

I/lr(J/(IIr/ r/(JIII T""it'd : III Illrakud proj('ct, C'roxy fnnnu 
t iOlls a re being used to rcd ucc Icabges III the j()ln l~ ul ~ 
strcam of the dilm with the hclp of divers. I3csidcs. rpIlI 
which can set in wct condition is being grouted under pre 
sure. 

Grouting of heavy machinery 
A I<ugc number of heavy-dUly equipment like reciprtlClllI 


and (enlrifugod compressors, large pumps,diesel general 


etc. in fertili ser, petrochemical s, oil and cement indusl 


have been grouted with f10 wab le epoxy grouts. 


ROllrkcla Steel Plallt : A large number of new founda 

bolls of s ize 28-mm dial!lctcr have been grouted wilhe 
mortar In 32-lllrn cliam c lt'r plleulnaticillly dri\lv Ll I",I~ 
existing Hourkeia Steel Plant. This saved comid r ble lilllt 
In the modernisation / revamping project involving inslllll

tion of new m ach ines in the existing foundations . Thcfffi 
of the grouling method has been confirmed by the load I 

UnIlRfl;RnOI/ TI,c,.mal Power Statioll : For !Jangal 
TIIl'r1n;1ll'owcr Slation, S iaker reclaimer ~(X) I/hollrra ra 

cr,,"e requircd the support frame to be gruutC'd un pm 
le ve lled bil se. Filled epoxy resin cOl1tilining stecll'()wdl!l 

filler was u sed for fi xing the support framc "ncl b(!lJ m. III 
cured epoxy resin betwcell th e gilp of base and slIpporlfrm 

Tnble 9 : i'vInjor hydru-electric 

resin s have been used 
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the load les s. 

Ir nangai!;""" 
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~ JI I properly 

leel p()wder as 
md beam. '111c~ 
I suppo rl fm", 

where epoxy 

-_._-
In"o,irnnl '1"nnllly 
f 'POX Y lDlI> um,,', . , 

I,KSO 

1.000 

2,500 

2.000 

700 

1,mXI 

I.IIIXI 

• Journ.1 • Jonuor, I'" 

has 10 lVililst;IIl(1 vil',nli"n "nci illll,,,,-1 "lilflilll', "" Ii III; C()II

tillll(lli S "l'el;\lloll (If Ihl' (I il 11<'. 

Merm Hlli/w,II!, Cllfc:/lUa: III tlie Metro I\,tilw<ly Projcel ill 

C"leulla, ballaslless tracks h.wc beclI employed 10 en~ tlre 
I'",,-Ilrnlly" 1I1"11\1"I\:lI"·,,·r,,,,, Io:".k. 11\ thl" 1'(0),','1, "I""y 
le;ln I1lollnr I~ uelnp, llsed 10 grolll high c!clIsity polyelhylclI(, 

ill~:('rl~ or IlIil"('n\>I(~ cl1~llr(l11 1t1:;I'1 1'1 (II "1',,10,,1 11I1(~ p().~III\l1l 

alld III correcl levels III the holes left ill Ihe COIIClete bed. The 
epoxy resin mortar was chosen after exlcnsivc field and lab 
Iri;)l~ al ROSO, Lucknow, investignting the fatigue, vibralion 

resislance behilviour etc. Epoxy mortar is also being used 10 

grout rail trilcks on top of deep beams in conI IHlIldling arens 
of super Ihermal power slaliolls. 

Conclusion 
Epoxy resins and systems arc being increilsingly used in the 
construction/civil enp,ineerinp, "ppliGltiolls such "s slruclurill 
~dh('~i ves, rC'pn iring of Ct;lcb, red ucillp, W nter \c" ki1f,e~, cor
rosiun resislo"t linings elc. A large number of cost-effeclive 

cpoxy resin formulations ~lfe readily available commercially. 
The proper choice of resins find ils formulations with other 
modifiers is csscnli,,1 for obtaininf, thc optimum performance 
in <lctual-use cond itions. The nd vances in epoxy resin systems, 

"Fplication developmental sludies and field expericnce have 
cvolved consider<lble inform"lion ,,~ to the cnpnbility <lnd 
lilllitiltiotls in the uSilgc of Ihese Inatcrials . 
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