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Buriag the last deesde ~lants, espesially i the pressse
fafustrice, have grown eonsidersbiy 1n sise snd have beem based inoressingly
@R single stream units., At . 218¢ $ise Whe .ra0li0e Of installed spses
B8O Doen drasticaliy ourteiied, A- o result, the of 00t of Lreskdown of
OYulpaent for shatever Tweson urs begoms increasiniy seri us snd the eeet of
Gowatise hes incre sec ocnsidersbly, 4As a Ocnse uence, there has boem a
orowiag demeni or odergency rp ir fcohni-uer rad engineers have doea
prepared 1o sonsider new nethods *nd saterials as meins of tahieving results,
e prine cdjestive of . uan o Fepair 18 % xewp & unit in operaticn either
"ithout dhutting down at -1l or with the very aintuum oi downtime until e
POFRaAAt rep {r by eonventicas, neina 1: ashieved cr pepircerent osuipment
f1%%¢8 as « iine sonven'ent o ihe operation or the klaag,

The knowhon develcped as o Gcasequence of this ait.stion nas sede
posadble, at leest on - Semporery vasis, the rep ir of » wide range of
@600tive ¢ ui,nemt hioh at e time wurld Bave been autoeatioslly sermppod,
Prtheraore, sery of the Fep-irs Jome .n w emergoncy basia ars Jroving
effestive ia the long term wna tne matned o nost uselul Lol . aard pressed
Seintesnee engineers. 7The Tepairs renge from the simple sealing of holes in
Smhe %0 e budldwp or demeged pi.ts of Righly sopl.sticated sschinery,

Although the intarest in the Jdevelojment of these techniques hes
Dosn ereated by the dsmands or ©.erators of lasrge sosle plant working oa
8 Gentisucus besia, the kno:.ledge gisined cen be applied over a such wider
fleld., e nethods .sed sre ver, cheap and relatively simple end,
Wersfore, must be of use in Plants opersted on a very mouest sosle,
Developing countri es using ieroited equipment may have delivery prodlems
with spare parts end therefore, say bs feosd with difficultiea 1n keeping
plaats, large and small, operationsl. 1In these situriions the methods

dsscrited should be partioularly attrective, especially in view of the
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@aetie resine, rubbers "d sodime silieete. The owiseion of netheds sush
88 “elding, setal spreying rad sets; stitehing 10 Golidersie vd 15 not neant
o fapdy that J.eee teshaiues &0 no hove an mvortent role ta we | ergengy
POpeir of plart. Later in he peper, ccaperiscn ip ooeroiomally mede with
b slternetives ¢ad, in some 08003, the (eshairues sre oxplenentery, Thare
18 obviously a 1arge nusLer of ceses shers kore ecaventional setheds will stql)
%0 preferred. rur exa®Die, & le king tank should te welded it 1t e s @
8it%uatien where there are mo rire restriotions oad shere the level ia We
bll-h\nywmulmblwhlmi of the leak. the aaly
“hnntwtinumuuﬁodu fesilitios are ast
ovailahle en site,
-ﬂlmmmm

3.1 Naverisls

™o possibilities of Using gmthetie resins arise e e

PEOPEriien of certaia fasilies of mteririe. Basicelly, the romirmat

froa nitial gct to fﬁul Swre. Iaitial get 3o Tecognised by the develepamt
of o conditicn i which the reein is 86 lonyer (1uid but 44 sufficiently
plastie to de readily deformed. Mapo) Oure @eens that the reaciion s
coaplete :nd the pEoperties of the sclidiried sateriul have been fully
developed,
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&vtsiag fyen %hese baste FEeperiies Where are ¢ amber of
“mmhmumm. 40 in amsy ther ehonieal
S90t4ens, heat 19 dsvelened oo setting proseedn. dpolied hest wil; aleage
Blerete e rensties juwet oo ice terrerature will ret.d 2y, 0. LIV R
Seve 15 » eritienl tempersture Ylew whieh ke ressticn w'l’ nov sreceed
0 ld, Do oetn.i onperature varies sith e rwrir pd e r{loulep
bardmner gyotes, but seot Woteas Doosne Aiftouit te. . v '°C, A: o
ONeral Mio aere 18 a ijeit & V.0 aneunt . heet vaich ean be oy dody
P00 Busn ieat ey Gause o resin flusk set of S fosa,

Beseuse e resstions wre G20\0eruis, Gare has 1o Lo moreissd when
08ieotiag & qyiten fer sdui.g derge quaniiticn. iowe ay-tcos dannet bo eedtsilled
olEh 84000 A8 bulk. dmotder BW W 6tk e FRte of W iredtint eas Do veried
30 by eimting e quaatiiirs o heuiteiy aeu, 3ir guatPu, i rien vosd
to Goumterest L ofreet «€ adxing 48 Dulk or .f nigh or Juw emdient ‘engperetures,
20 40 7100 tourtent Lot L L. WL« u bArUeNers , sooelers\....s of e lpate
GF0 etoughiy sired sith the Posia, Poflure 82 Go L' o.. be a 00.00 of the
fiatssed jrodes uet dovelaplig 5.l L%s porentini iTenariice. ludesd, J0rte
o thr sestn efa 0y aet oven set,

Ne four foorer wniah sy aifeot e sotifng of @ rertin 10 B9
WWirensent in Mu. the work has to be «wae, Por instense, Mare 24y b9
Rooienls recent walon Lauidit the Soiliag o' » Fesin, A termt vely,

s shentoeis used 09 hardeners are hygre espie +nd, iherefore, bvs royed fa
POL oaditions, Mo sesin aix sust e Rept dey wmtil the c.cw is oon lete,

In w0t of the repeir procedures whaior: @il be Jescriled, resine

o4l 2ot Lo used aleme. Meyr PEeartiag will be aooiited by e sditien

‘mlon.muﬂv.ﬁv An atac, ™here 12 2 sicle renge of pender
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pr-eiod v, ¥V r oo OF 2000 Lol . Do eelr e b urecuse

Wiz trep © o oty oV S0 L, 80 .we. b low ».83) wder
Sallf 0. Lok .are sis 2 ‘loh nem .0 0 .ce is removed,

Sust. gizes oea readi e it - W el e Rmiie. The Sy
of Litzet py s - M arti Mer fe; ver - 80 48 tu be

Gppiisd v s no. s 0. Imnt P " deu -~ e .e, sihoug: the heat will
Poduce Wb over ii . {n . f a1 ..re, te 1. ilss effect will be
W reduce tie visour ;s ¢; ‘B¢ . sin ort! | env hemce nake the shole
aisture sore (luid,

Pidrous filiers are r.00 used 1n resin sixes shen Lo ads 16 te
dovelep ten e strengih in the aystem. 1he c.asocn caterisle are asbesios
*Sd gices fibre. Glass fibre 1 » D4 CvTre, woll known o8 the reiaforeing
»olium uved vl - Lia ; ,p o e ccv - LUt lrainr 4 sonatructions,

Glaee 1iire 1: 1y oy In  rel of  rms nan . s GLOUPed steend aet,
eloth ar rovings  she st mor ore .sed - rey r r..lientione being
chop, @ str- A mat

Yi..ers .ave iher Ff.oec 3 on whe p. et ey o, resins, One
OffeBt is . 4 Vie gout. kot 02 «-tin.: 18 reducec; Whis being iaporteat
“hen large holes tave t e . ..e.. . >8R igmnl ciTect 80 1P a8 the oeb
iR 18 cuicerned 19 Lhat theiwes expan-iom 4s reduced. Am uni'illed resis
@8y bwve a tlLeras. eXprius.on ¢ K x LO.E sheieoas the erme Pesis filled

®ili have g thers: ! o oedon oF 25 x 1y,

There sre seiy icrinm ivailal.e «hich w114 i'it the ceseripytien

Siven at ihe Leginuin; of this scstion. Some of ti.e betler knowm of

s,

Beee are ;olye.ter, epoxy, phenc! ior aide..yde, resoroinol r'orealdehyde
and f\urame resing., Of thess, only epoxy rac polyester resins are used i
Qustilyy for repeir work,




Aviie Vriely 3 epo.y vesins 4 avnilatle. These have e

e Yesie furswle tut AUlTerent wieguiar "eigits. The resins prodused
gs frow low vraew A8y wpiape v 9l'dx Ad all i th1se can be nsed givem
e right Jircumstandes, The resiag oen be aciified by e addition of
plastioise:s, re:c.ive dlivente and oithes ec.; v.v0t,  The matter 4s surther
cumyliciled by the faoy by in aaiivion Lo tue wap; . . resine prodused,
different .y.ee ¢ harceoers a4 :ceelerst. T8 - re svrilabie, The selestion
of the hirdening systes is of caeluerabie impuriiace . |..ae It 23 gOVens
Ay fact.s, such as Pob itle, curing time, the effect or teuporature ¢a
We e of cure “nu the er'eet of ihe mvironment, e.g. whether or met Whe
Fooin mix sill get unie: #1%er., lhe nysierl and chexical ro erties of
he set resim also Vary witn the hardening ay:-tes used,

Yo the lagmea i Fieture 1s ocnfusing sed the Winoresd veer

Watens 1a the lignt of iaforsation aequiseq,

With polyester resina the matier 1a & 14t8le different sad perhape
Bofe siepie, There -re three Ssim types, masely orthophthalic, of'ten
relerred to 1a generr) purpose resins, isophthalic, and bisphencl. The
Sost importaat difference iu the turee typee 80 t'or as repair rork 49
®onoerned i {n the chemiosl res: stance of the set resins. 1In this
Nipoct the bisrhenol Feains sre s. erior, There are r-ppl.tcatiou. fopr
oxas;le i h:in.iling wet ahlorine, where tiiis supericri vy 1s very sarked,
Bt cr the Bt Jority of rep ir Applications » good cuslity ge.aral purpose
reain may be used. TT.e c:telysis end accelersiors o be varied tut the
verigtioa is generelly nore of ¢e.vee of activity .n:a iype and therefore,
8election i3 detersined ty the nerde.dng vise re ujred retner thun any

o{Teot on the properijes of the cure) resin. It ia ;oss dle to obtein resins

with the sooelerstor qaded by the ssn \eoturer which simspliries site work,
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e seleetion of the et suitable resin ystem for & jerticulas
epplioetioa 3o obwicusly of sreme | rrortomee, but o letailed knowledge 4
outei® tne s0epe ol the normal Brintenarie engineer. There *re » musher
of preyri.etan ¥yroduets ssrketed specisieally for repeirs .ad » lot oaa bo
sehioved ;7 the ge f these oroducte, dut if fAu.] 2évantage ia to Do talem
of the range of waterials rnd teshaio e, exrert knowmledge should be Diained,

3.2 Tasiaicyes

e dasie techa! ue of usin; aynthetic resins -r the repair of
OMmipBent 1o uite s.8010 im conge;t, Netn) vPick Las bee oorrcded or werm
Sy 18 repleced oy the syatieiie resin, The Jirat *smal sl is, of course,
th't resin aust u.ere well %0 the netwl whiich s ‘oft, Ihe o lojenay of
WRis dord depends Erestly upou t.e Aeyree . clesniiners of tne surisee and,
% seme extent, it Tuughaese. Ia general, e sirl:ce suet be elean, free
from edl wa dust and 1a nost otsas &ry. ldeelly, t\he suri-oe sheuld be
@ogrersed and shot tlveted, Mow rar pry,er aeprratiom osm be ~orlieved
dopends upon e dircusstances o We emergengy aic whiisi it ,g otny to
Opesily what is roper sreperation, there are many es-es wusre o1reuss tanses
Mave dictated Wit Little or Bo , re nreticn can Le ccae rnd yet repeire heve
boen er'fecied Muogeesiully, Neverineless, 2 §00d saxis is thet the swrfnrge
preperstion should de e guod #s oonditions allow,

When the surface has been Prepared, resin 1s sppided either with
& Feinforeing saterisl, rs in & norgel lseinating precess, or nined it o
filler whien proiuces a putiyeliie sateri«l, I8 45 i@ octant et the resdn
30 avde o "wetr! the surfece or tue ®et.1 & that the wmuxim.w boma 49 dtaiacd,
In order to help the »otiing cut Lrooess, comsiuersiion ora be givea A

applying & thia ocat of uarilled Tesin le ¥ -re using the sein nass of filled reeis,

In the crse of cm:-licated o pes it 10 Jften coss:ble to mould

~ e resin repair to the required PrOfil .y me o eimple aoulds. I8 e

belpful if thess soulds ire zade of oLy tiene L. which resias & mot stiak,




~M~uwm. Men using sculde sede of other
88%erials, & releese surfrge oes b Lrovided Wevering We sulds with

e plastie fila, Yor 0xs reeini, ,olythene filis esn be wed; 1ia the
0800 of solyester resins, eslivphsne :iia 19 %0 be refetred. Grease

GAA Do 1sed a3 & rele se agemt but ihere i rlw ys 8 ex of oA teainetion
of the surfeos ¢ *hioh «di.estion 19 required, When the Tpr il cammet Bo
Soulded, whe pars i, “ver=bullt and then hani-dressed ne sethined, e
18 10 kuowa (nat » finlshing o erstion is required .. is an adventage L.
e 2 filler sweh »5 slate relier iacn silie~, Inis 1a Deguuse oilion t :en
We odge ofr wols, It is por-ille ¢ worlt & quite close tolerwness

o ordisery Snginesrin; techaizes, &hem » resin 1o nixed with a filler
8 oortain sacuat of sir is agorporsted ia tne aix +nd aot all of Wie
4r wili eserpe, Therefore, vhen » VOry 880 surfeee rindsh 49 roquired,
1 often s o Fough mashine "ad Wen o.pl; a further thia eost of resin
befere finai Sashining 1s dome,

e besio netiod ean Lo veried Mooraing to sirevmitanese) 18 aay
50 peeeidie for am Pieses of metal tu be ritied weing resina as ea sdhesive;
4% 2o deen ueed in ®on junotien »ith metal stitehing. ohere N gh strenzth
1 requires, fror mple 2 the shelil of + vesss. akere pressure aight tlow
@ FO8IR pateh, & steel Clam; @48 ve (itted sither side of the veseel wall
aad e resin sotg 2y - Jointing material, the olsap providing the ;hys!: .1
Feotraiat, Beesuse the reeia i1s applied 1a & soft condition tne elanmp
Plates & mot h-ve 1o be ¢ good fit. 1t 1s not sossitls in Whis paper .
Sover sll the different wethods. Mowever, maay 8 Jiiceti s regaire on.’
alight variation to » fow basie teonai nes iich are o. 1ly eadapted Wy

the user case he 1s familiar with seterinls snd las learnt tu use thea 1in »

fon simple cr90s. lochnicues :re illu-iraved further in the ease hietories
Meted later 1 the paper.
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Bwmipamt is required for (1) orepegetien ot surfeese (2) siziag of
resins (3) application sad curing of resine. The \ype of equipment AEdes00ey
depeals upon Whe seuls o "hich werk ias 1keiy S0 be done. Nuah esn e
adhieved wiih ver; sisple oquipasat,  ute darge job» eun se teekled wita
the alaiaum of goer if time t: dc the work is nct of (aranouRY 1aportense,
Pasters whieh doternine shat is required e (2) etsrdird of swrfage
proparation whidh 1s nessesary (D) e sice i tae jon (0) the apeed with

shioh the work neods % Do emmpleted (@) \he cireusstanses under shigh the
wethk oo %o Vo dene.

31 hfass IXsanatise
e ,referred sothed 1'er surfese preporatien is grit blasting. Orgt

Slasting oquipseat 15 avaliadle %o @l wit. o verielyy of eonditions, I8¢
Fagoe froa lrrge wnits designed e deel vith large surfase arees whigh are
heawvily eontesinated to ssall wmite holiing about 2 1be. of grit shieh Gad
0 used for surfeee sreas of e erder of § %o 3 5q. i2s. Theoe '‘mite ape
$1lluetrated ia Pige. (1), (2) emd (3). W.ne of .hese wnits are expensive,
the larger wec Sosting adout £100 eedh. The lorgest w.it io designed for
open blastiag md (ull protestive alothing 1s remired. The biggest
drfieully with Wis equi, ment is the oir supcly., The requiresent is fep
125 eu.ft. per mimute at 100 pei. The sediua aised unit, vhichine 1% o
Fecovery ayotem needs L5 eu.ft, per minute »t 100 pei. The sanll wait will)
work at 50-80 pei wad the ounrusptica is vary lee. Bowever, blasting
Squipaent is not siways available, snd even i swilable, smmet sisage Bo
used. Therei.re, other metn-ds of p'a.eratize heve Lo be considerel. Toogy
grinding equipmeat 1s isstul :ur prepariug leesl arees, But the tosl whigh

thould sluays de sweilsbls is the wire-brudh,
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Pig. 1 Grit Dicsting Buipsent
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Pig. 2 Orit Bissting Bouiznent
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Ia additon to he mechaniesl preparatien of surfeces 1% is
gmarelly wise tc degresss. Duegreasiag is best doae with a vapour degrensing
wnit but Bhis is rarely aveilable Jer olaat repeirs, and therefere, e first
esasntial is to bave ¢ surply of n degressing agemt and drushes for swabbing
o swrfase,

3.3.2 BEAAL of Reeiis |

If 1% is envisaged that resin will unly be used in small uentities
then the variows ingredients @in be obtained in szall peuks alresly
epportiensd. This is e convenient way of deeling +4th oesesional sasll
dsnsnd Dut eon be wasteiul and is mot satisfestory if large quantities ase
% b0 uweed, Amother dissdvantage of simply mixing ; repecked ingredients is
et there is not the soope for adjusting oroportir ns to meet differest
applicetions :ad ocnditions, Waem conditions desimd flexibility ia wixing,

1% ie meoessary %o have spparatws fer weighing, Besause some of the csmpenents
are woed in quite small proportions a ressomsbly sensitive dalamse is required,
Simple delanses whieh will weigh tc 1 ga are resdily svaileble. It is selden
vhat mer's then J kilos of resin are mixed st 8 time. Cuoh quaatities cam be
w out on household seales. .uitadle n'lm o ;uipnent is showa 18

ng. &

Good unixing of the waricus aomyonents ia n givea formmlation 18
heslutely cseential, 3mall mizes éam Be done by hand sad it is cesveniest %
sz 4 disposshls paper eups. e mest useful tools for mixing ere spatulas.
Mdition of {iliers inoresses the difficulty of mixing but 1f the quaatity of
peséa required §s smail, mixing oan still be dome by Rand. Dven if large
queatities are required it is still p.sible to wix by a=nd, but work is thed
aslow amd tedious snd there 18 & Lendengy o use less filler thwa is really
required, The best solution when large sixes :re invoived is ‘o use &
seghaniczl mizer. The sotion of the aizer is quite importaat; to aix filled
resin well, the mixer should have a gooo rheering action., A miltable maghine is
s dough mixer whieh ia 1llustrated in Pip. 5.

—
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Pig. 5 Mixing Equirmsent




o303 Agolie-tign cf Weyine
1f the re 1. 1y Sedng aniaiac wity cikgr 2loth e s ) ~duaate, brusnee
d rolivre re reguired. Ive Orizien suovid Be Uripiy eicul, the roliere

serrtod (a8 g, &), P oo g T

I A TN T S e A B T
Ater e oan e e r BIsiag. " i Lact toets ure . be v rersd,
buc"l-"-.y':lrl' S veresat Lowes. vy Lage,

Onge o+ - dizd, the -axig~ -pve Lioouaps, cac L o ogt “elinst ons the
swing w'l: ke ,lree .t Aavient teiper tue, Mo «ves, whei vsidering
SNTYONTY Tl Ars, doIbine dm g ety MY @ U 2y - cCoreiercte the
Surthu; vucsas, 1 tne ¢.J3i nen, GOy TE%51e0 T AMALL sk mLLL corvetient
aosoatocl el meunod o fOLAYig neay Lo Liros he rengLred iseafecuirment
i 2n oven, ¢ - p Livio.ue thitt Yrere ' re MVEP @naes vhen tiis racineme.t wi.l
ot be Loiciblic, Weverios eem wher % i styi! da.ortout b 2V ce ‘he ouring
clme, im;.::'c\".‘.x?-'tir". 2°n sghieve » j~t, - steel iais At ur with A Yiow topel:
baliing 44 411 cravide s KU source ef sadisn. hess, Coo'er 9 o1 even »
miher hoee .ree 16 reod e raprir cnd aomiectad o o pignn W ply o*n oe imed
Lioradice cumsip tise,

Balov sk g 500 the cure >t mort ~esinm '~ srvar 2iy iveried and gey
be Gozpl tel; irhibited. Suen ! tuationr Gan be dealt with by fairly sisple
heating ¢ uiineit, Atr hentso by = procaise bwmer ¢ Le Cucted $at0 an
enclosed «eQe, 17 the cork je in tie <paB 3% wiil Ve nesess: Ty 40 ereet a
temporary cover. an 8y wethid of uing this 18 W balgd & aight woode. frame
and cover it with polsthens £)im.

Seh Lig taticns .f Lhe Us

1. Repailp

The (irit ssaei .1ai broverwy of a repair i Wt 4t should withotend,
at lenst rfor - time e cueliowl en. terperalure Giu-1Vivas ... which o e
rarticuiar :eoe s e ruent 1a umed, Whet tils time las b, le beture the

el Is wortisaile is e virely s antier of he ¢ oroumstigces vnich ayr iy 24
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the perticular Job. 80 rar as ctiewical resi:tence ig ocnoerned, some
indiocetion ean e vbtained froa CheciOa. resiziince .abies tut ..o often the
Wst resin tc de used heas to de uud by experisn:e ans teatig, Por esample,
At 18 known that polyestier resins h:l.\m celter cceivtince Lo atrong oxidising
CuBLitions a eireng 0y rcniua'i ‘are brtiar in hou alxa, ve €ricitions, where
&1 crganio aclvent or ujxtupe ot salveatx s 0r.i0erned tne crepiem ig o idtile
“8ube comlicvted anu 4t @Ay Le tnit none of Lhe TREiR8 80 Jar weationed have
fuitabie resistiunuce for Prrticuiar eolveats, doeelines x.on a diffioulty may be
overcome by the use of a duplex system, Fr.enc. foraatdenyde, resoreinol
I'ormeldehyde or furane revlas mey uave tne reciired ctierical resiatenge, bug
have cl.er i'xi-.'.dvnntugu, uch 28 pocr sdiesic or nign snrinkage on setting,
In ruoh ossex S 0%y cesing msy e apprlied to the weta) aurface L0 obtain the
adhesivn g uuila up; the second resin js thet ap_lies ex type o’ surtnee
Gosting to protect the epOXy resin.

“heR 4t Ly known th:t Bone o tie tesins 'v: ilnble ATe raitable “ur a
Pra0ess ocndilion and Le caly iilernative broveduce iavolves ¢ plant shud
Gown, the situstion need not de hupesess, This 48 1llustrateq by the rollowing
088, A smell brupch st We bave .f » ciebilletdon column on e henol plunt
was lesking, 7Tt is wel. kiown tn.t not phsnoi very quickly destrays aost sald
owriug resins., 4 we.ded rep.ir ovuld on iy be ach.xved by shutting the piant
dowa, cles.ing out the oclumn «nu mekin, vhe sres Generaily eultable for s rire
pPOTRit t: be impued, Tuis would have meant feacly long dwsntime, A resnpiably
satisfusicry repuir Li:s veen elf'veted Yer e are o1 iilied *poxy reein, The
Bethod vacd air Lo crat o large blook =~ resin of tie order of i ew.fi. rousd
e brinon, The resin le vlrc:a every four to aig noniihs cad a0 far the eolamn
has been keit in o.erntion fur ebout three yeors.,

Lenperatuce idmituiions aepang <Pon A use, esins loge strength
*¥ the temperniure ci.qs3 vad genersi.y osmnot be cinsidered f'or use in lhis type

of applicetion abuve 15000. The ciher faotor whion nts o be tsken intu eaccount

1s the therns) WMpAns .n of resiss whict, is much higher than ihat of astals, The
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forses prodused \y the &ifferential thermal capansies vask against the olhesien,
T™he thisker the pateh, the higter the ferees imwvelveld, Taless & resia pateh
1s restruined, thermal expansien may linit the 14fe of s peteh at tesperatures
above 70°C, The solutiem at higher temperatures is o wes & stoel fitting %o
oorh-* the forees of expansien,

The %hinl festor to be eensidered in Juiging the limit of uee &g, of
course, seehamiesl strength, Adhesicn ia sheer ees b as high as 200" peld Bub
in pesl 4t may be as low a0 15 pai, It fellews, therefore, that shereves
-oesitle the repair should be made 90 that the bomd 15 in shear, Olass refes
~ reei rt will dnorense the tensile firees whish ean bo applied, dut it sest b
vioerbered thut such s systen is likely to de struin liaited, The nodulus of
r.a8s tuirforoed resins is only ) x 00‘ 1bs./ 3q.4in, e practical ix;lisetien
¢ this go fur as emergency ropuirs ure coneerned eaa be 1ilustrated by
couniierdng 8 pressure vesssl, If corrosion of the metal rad takon ;lasce aml
i ¥4 nonsidered :ecessary to reinrorce it would not generslly be practisedle
i, iy » laxinate on the outside of the vesssl for this purpose, oariag
M odne the low podulus, an excessive thiskness would be required vefors the
oo 8 Jtems would be stradn compatible,

35 Ssaka

In the sajority of csses the cost of the repairs usiag the ‘asdmiqgues
loseriled 1s lew, High ccpital ¢rat equipment 1 not required for tie work
ard only seldos {s expensive muchining involved., In bulk, pelyester rysin cesle
I/6 to Y= per 1b, and epoxy resins cost approximately 7/= per 1b, “!llers
mi*h as s114ca flour or slate powdor cost 14, or 24, per 1b, ar’ rl1-- ‘ibye
. i/e to §/= per ib, according to the form in whish it is required, ’reprictas
rits are available, though the cost is, of course, much higher than fur resin

bought in bulk, llowever, the quantities of resin used in sost revairs is vory
small,




aFe 00 &iveres et §¢ ucmumum. Yhea ccnsideriang opaire
Bere are o smder of difricuitee,s 0 Do tahes 1ate sceowmt, Not o11 materials
0ad bo wolded, Mhere welding 15 possidle, the .roeess ray eause distorties and
his eon do disastreve, Polleving wolding it 15 often nesestery te nashine go
000000 prefiles and neinteia sloarences, Sush mmehining een be very time-

Scaouning. Netheds of overeening swme of these di77i0ulties are dtsoussed in
$e 0000 histeries which are quoted delow,

b.ie! Enamnle

In 1938 the heavy irem sasting feraing the oasing of a river water
PP me found te be severely ereded, ospseially where tue 30 in, dlaveter
Mainless gtee) o8aling rings seeted in the top and Pottem hilves of ‘he easing,
™he ereded parts were shet blasted and filled up with opoxy resin filled with
sluninium pewder, Different teehniques were used to obtain the recuired
profile for the two halves of the bedy. The reeacor ror atouting thh 41%fepent
Wehniques 15 that whilst the top lLalf ocould te rercyed by erane .2l trensperted
$0 nachine shops the bottom half was dediey 4n conerets .nd had rct been noveod
for thirty years ant 14 "as dermed niise ¢g gtter 7t & cove because of the danger
of breaking the sasting. In the ease of tle tor Mlf the dmuagzed ares was simnly
over-filled with resin the the required profile achisved by mohining, The
danaged areas on the dottem Ralf were slightly over-filled aad whilst tie re.in
as still seft the s0aling ring whieh had bdean lightly greesed vas § hed down
inte the resia te seuld 1t appremisately te shape. After the resis .4 cured ‘he
sealin, ring was Mitdramm ond AR asourate ;refile predused by haad soreping,
T™he exteat of the Topair eam bo juiged by the fast that about 25 1bs, of reuin
(VA su.£8.) was ueed, In addition to the sealing riag s0ats, e‘her jerts of
munmmmummm‘ built wp.  After runnirg




Mhronﬁo,-mq—lqd-“ o coube

for the ssaling rings were ia ;erfeet sondition, Ia the Seldy of the cesing whes

sere resin ooment patehes had deeoa applicd o Goep holoe, the cememt hed with»
} ctodthomhdwm.mlumhlmm#ﬂ.
THese ,its were rejaired with restia cement potehes and twelve yoars after the
orizinel repair the pump 1s otilld oyersting setisfestorily. . general view of ¢
; ;g 18 stomm ia Pig.7, o repaired seet is illuetreted ia Pigh. Tix.9 shews th
new hole whish had develeped in the east ires ofter o year of overatior, Tis ®

-8 W08 re;eatel with stmilar ;umps, A poiat to be remssbered in do:.ing with
: v 43 Ya ¢l pepalr 1 te nake sure thet the resia repalr 15 made on tc oound
r..efial,  Cast irem on t.is luty may be heavily greshitised and what ‘s ot fisy
11kt 20 & aaterial aay, in f0t, %0 vory seak, Sush materisl slowal! o reasve
121w a0 dying the resin,
heled ZNEalR
AMlwainium eastin-s whe h ase €ifffoult te oralr by mlilig eaa b
70 ired quite ess‘ly with res‘ns, ™o pmp 11luetrated in Tig. 1 N2l ouffesed
“84rly s0vere eurrceion ¢ @ L pirtinily eurbomated aumcata Mouor, M seople
19 rolle by eisply degreasin; tie demaged aree srier to resin betng trowelled
o0 t0 the surfese, The surfese was o rengh trat shot blasting sas ;einlese.
T« finish shewn in Pig,.11 was 20hlived witicus naeh-ining, .illst ... ~eele
“39 0f8, & sheet of pelytiens was ,ressed onte the resta end peeled off ofbep
ti.0 reiin 1nd erred, As a desenetreties, enether pmp W trested Wt ealy
n\1f the Lxared area mede geod, This 15 Ulustreted ia Pig. 12,
S e e
| A Petroinire treatmsat slust ms served by twe feed s . e lvering
the feclstosk. Te pusps were eight stage eemtrifugal pumps delivering I l’
} ~ar hour at 8/0 m./uz. These pumps needed corsidersble sairtenanse Jduping

e e

i U6 first year in service and the 11fe cf the pamps was doubtful Sesause of
cuite severe ovesica/oerrecien of the cutsaters. The pampe were made of cast ot
1 diffieult te repeir by widiag besause of pessidle distertiem ad the estimted
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Pig. 9 River Water Pusp - Brosion ¢f Cast Irea
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time for wmliing ead swhsequent cachizing wes tve wesks, e Plant eoncerned
supported a very large petrocheaical somplex, and as the PUmpS were critieal
i-ers of equipment, thi, delay was naceeptaile, Not only would replacemeng
um:s hlave cost over £2,z00 but, zore important, delivery was ebout siy nonths,
"C e T b e rergerc: aituation it was iecided *o Bulld up <he cutwaters with

< axy resin filied with glate rowder, The resin puild up to te cutwuters L 1]

wiatied to the correct r1efile using simple moulus ido from _Lolythene bloek,
“ter the resin had cured nnd the noulds removed the very uwlniaum .f lund
aressing was required befvie the pusp was ready to be reassenb leg,

axoliding dissantlin, tizes tie Te;airs were couspleted i1 two daye
HIC uve glven satisfuctory service since 1962, At the tinc of the work deme,
0 reiair was rerarded as exereany vwork and e new Pump orered imned! atelP,
"roloe ex eriencze ras go satisfiotory that the new Spare pwmp was transferved
v “aother plant,

7igo 13 shows & general view o one half of the pump casing, Pig. %

d i8S tllustrate the dimaged cutwaters, Pig.16 srows the repaired o itwater,

woleh Zgpple

In tiie seotion un lizitations of tue teshnique attention was Areen L )
Ye cifferential thermgl ex;ansion of resin end east ‘rom or steel, It wao
Ttated that an unrestraine. patol of resin, when rejuired to work at tor-eratures
- Ve J0°C, woulc probubly fafl beeauss tie forees induced work against tre
~ eslve tond and, because it 1s & buckling foree, the dond is 2ut .ato eel whieh
11 tre least favourable case, .‘Jev.rt'mleu, ¢ven when operating te: eretures are
c.isiderably higher then 70-C, toere is 2dVantuge tc b3 gained in t.e¢ s.ort term
@ .7t techn! ue, This ia dllustrated in the follewing sase, A large
hetrochemical plant was served by two six atage centrifugal pumps essh of whieh

Va8 resiired to pump 100 tons per hour of boiler feed water , The opereting
teu orature was about 140°C ana the delivery pressure 300 pai, The rap Maies
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Fig. U Punp Ossing - Repaired Outnater
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FOMrs and staters vere origimaily su 11ed in cast 1te:l but after reudis
18 801v'ce the rotcrs aad stators we.c replised Ur 13 Or stecl, Tho sasting
hes suffered ~rciiom wrick led * by= ssslr; Yotwear ~tacen .r. the offieieusy
of the um)» droycel, ‘o oore gy loew b WY, Deldviry of nuw rosings | sde
In 15+ Cr wan 3 0 & rontlg art 0 L n ne copt b e 1o 80 troLaetton
LOCLUBe of SuOT WP e o e g 4on S A A P I LT ¥ g
$he ligh cpsruting te.tartum o cLstiwr cece B0018 0 A4t w #rivm P10
DERY resia, Ve re:. dr ir o e latut foe mosulred L ot s vl new
CANNEd vore Whairad n a VM e retar a2, Tie o ‘¢l te se¥n pwp
had 9 Do 14 pﬁ.‘o‘ fter an oper it ng peries of anws § z0 a8, T tutal |
anoumt of resin used i t.ese ro‘;ﬁ..rs vas ouly worti ain g 6‘\ dut L.e saviag
30 the plant was prodbaily of tie urder .f A:t&.@.

heto)

The emamples (uuted .simatrate the use o teshni ue for the repair of
PEPS S0eF & falrly wide renge °f o'rcurstanees und the s.ceess ir oach ea200
an® Beem “i:rly sicstertiel,  Trore e O cenm LI othes saimzleg wicn could b
Guoted whiaii inlare tie s'npd fillirg=in of holes 1 jomp sases, 01llding vp
of th0 tips o impsller “lades, rv.rl"-rtn‘; ?31.. in gpeller “luces ani even i
R type iapellars tu''ling up et hls?s. 3Juch res Lrs inve hed & Life
reALing "rem a fow ders to g fer aun‘ns Lt .Lu* invariavly rave erebled & MNan
to operate n!ti, s are #aulrme % o8 been Lbtadned L2 1osee lec,

M2 Tonks

The traudle whish 15 generally nxser'cnced o) or stcra-e terks {3 loaks
due to corrision, Ty mny de (a) zole sorr.sion of t'e eteel by toe cantents
(%) o o0rr slom/crosion offeet ‘v cases vhere scltis 4re rresent, (o) cc.res . en
of the nusile of te tanks 'r oa ressve 4 Sasplame s Wtk 0% S,y S fore
of Ao, il - o Tesds ¢ Lolrs, 18 e resin frem ta e 10 uf srorege
tanks srich . .ve iver ‘i tervice *ir o .~ TERTe, Co eing Leama 4 devale;, im

additivn to ourrnsica rare car b ceel pees ) A 408 @7 ° . the ente of tant s of

_

rivetted constructiva . sewisr v develop Leaxs,



1P & Mele 18 & Sk oan Le Ten.lred b simply weliing a patoh evep o
role then Sha* (s *)e ges* 4. -le AW, *F fie'iitise apg avaj ‘able, tne Licaess,
an2 rWably the Sest, sc) ' 4iop, W ver, ShePe e TRy A1° 10icry wneve the
T@eiT I8 not nalte LAS S 3V 423 10} 2 ™e ost av g @' 7%4c-"0 1, ar Pur oo
Toidire lr ecrrerred, 13 +ng® f ity 4 a TP 4y fire vl wwes, T <. often
vasit e that £uiry i le e tigre qpe i feiag L, er toe otler rand, 48
T (@ PAGEBIAIYT %0 rnAtr.e;e - igr Coerat Tom -, mnt axtentive uppdas ny e
™ itired bafore ~lrarsrce for ¢ie LA SIS AN AT I 2 LT N AL (v ok <l gps
N & large tan: ‘g larkedmpe Sanyipe Nf ~orrzsion from ®he niepqtdy §. thet of
‘seating the leaxs, TR 8! Qumes 19 Y ranerally rog g0 ¢ Enir asees:e
iementh the tanx for TUrVey rurposes and the solition fre wnt y usad 4a Qe
0.4 & Lew base in tue tarx, 4 further aomplication wrer & new teve ir required
ia 4 %ans £or whatever reescn 1 the size f [iate wi.lca emn Ue lutr .:ed i~to
the tark tirough “he nanhole, Tis increnses the time taken for t.e ‘v and the
%at,

43LR tans re,uit the s fuveived wy o u:te large, The usual
Petiod of Sacxling these 10 a:re 13 0 arply to the steel « sluple lanis.te of
resin aad ¢1:8s fibre, ge 4rs.dy in tie 1'.rwm of onopyed strand wLat, .c resins
guneraily a+ed Sor the work are tue pelyesters, The reasons be it + 0t (e) they
ar® Zu3id chLemper wnd (M) wn.on oualer t, .ie for sukimiting, ol laginatee gam
8 applied with the very mim ‘il of equipment and i, Pact the netlhed 19 0f Lom
roferred tc sy husket w. dPus:, “un reyln e 01sply ui Llled br urusi tc
yccarsive Tevere Y et whicn are .1y 4. over *t.e daraced .res, .. e g.ould
ve ta.@n te ~crk ‘. e res s ip- . the (.lixg a0 *“at 11 (s ¢ ly 22tted w.] ¢l
air elimir ted, Ticert < ore e resair !'s very smu.l ‘ndecd, a roller s-ould
0¢ ised after eac. luver ¢ 54783 aod res’r s wizlied to awe sure tiug a
irdrete of e o1 Ity e octelied, ALt L. VeI, .:I48 areas <1 Le 3 vered

*ith lamirate a,plied by hand, tre time * . -  #ieht be Lon sr thar is ccnvenient

to plant,  Application times can de rod.iced by using s;eclal a;rey equiment




oy

-

-”o—

whigh {0 avedlapie or She purose, ine oot <nents of the resin are supnlied
% ¢ twi- o, TRy eed L, metering  umis °na Eix -1 the s, ray herd, 1he equips
also chops glss~ rovings and derorites the ;.ass on the surfsce with the resis.
T™he glees a0 t+nin devisited nus et to le coa;ected by hrod roiling %o
aanieve - L mizare .f recsuitbiy ariity, shen 8 CEr1a giuas iasinate ie
ap-iieo t the .. cice o 8 tsin, ubu 1A AnORA tnat e contents of the tan
have proved very corr.sive W the steal, it 3¢ wise ¢ 3.8C. toe isainate %
ale ~ure el SL~Te s Fo i, nTaever wreli, L€t . ne insionte. This
O Lo duie aite siapiy with ¢ woarn taeler, fic.es sre leo el Ly @
e noentrul! v . tie Leehsrye, lhe e .lomeadr Cia € pufciosre. C2r sbout &

10 tue burftOe 0i bz troa 18 BEL, . clec e cr hicotion ot @
timple lami.abe if Dol very engy v2@a e Ll WS o acual, - o rRiag ountest
Pet.oom the i a8 .3 Wiz nuaece of e rless. YOt Lesdlitn 8C L. pTOBLGE
Ae Ao A, dy - Tocer of § tncter udue wita mitaes 8ty cr ,oafates resia.
LUBD « BUrLe: Onn ellher Lt [ ai0u O Eug. e tedak e Wb Wit aortas A8ee
protects We biow Srow JaHLT 0 xk8 N 4 wny bLe toiziec o seredy & £AM
e LIV pel re ine 4 uscabi i s LB RL, WY awe ce of rp Wy .RG @
PO VT .8 .Lso peiu Ui roae Lt b b AL o6 L0 oL TuRlGn nas WeEER
2daee [roe the o~ ride, li bi.e o ce lne Scvers oorr.s b is .iven very
200alide3 MG & sealing by r I8 ak Lred Lver tha os. 9 cotoer thar, afy
Gomtridutioa Jf etren, Ln WRITE GouLs oe tteiceuw 1P lamiuvte,

wedel ARLIR

1a 170 s.a~ lorge #il  eteel loregn $7Rk- » dor nuad Leen AR w89
@eay yera v-e Yeve,. oy lears +n w'ir Loses, @eised B’ sorroricn frea u
wnder: @9, The teaxs were .20 n3 0. ‘eity -n- were situ tec in « fire sisk
abea, Ihe -ocitive way o re: ifing the Luixs BOU.d Neve ceen o »0l6 AR N
Doses But Le@ause Of We site ookilone Wl wculs bave been cifieult and
emponsive. It war seciued bo rencar tre l e with o rred @ ieel, Inivial)

8 nosyeste:r geasit wes se. ecteu tub o the 1iret cet-sill W resin wes AP
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it leiled tu eure properly. This was because, althou;h the steel had been grit
blastedi, there wrs tppareintly 2 trece of nhenolic material it in the steel
whic, inhidited the setting of polyester rcsins. 4 00Xy resiu mortar was
trizn tried whic! curec satistratorily. The whole bose was Govered with a
L ior of cewont ver,ding ir tnickaes- fovm eLuut 16" o Vi, ihisstopped
the lerae crfect.vely oo Wo wii af Meooareraiion &t it Lisie web about &£400,
By oonperian, the estiustec SoB8 oF £ittiag & avw stuel botiog was 44,000,
Utier taBks nave since Lizm: t.cused in, .. wdwlisr Ger Luu 203t . \hese
ace dtil. in service. 1t sanoula be B L1006 it vork 02" Lhida nature m
very liitie skiil,

4.2.2 banple

e root' sla.es of storage ienae 1. » dorge atore e lnntoiistion Red
gui't'ered se-ere locr: e recaio., wich hed rosnlted §n ¢ nuaber o noles and |
Oruoxs. For ressc.s of selaty there » 3 & nitr. er L.onket over the coatents

Ol Lhs % fiak #MG \BG GOLC. HLD CORGEs wooe Yae 9 une o o rexrious iors @

a.treges, Pernsacnt Feu ars by ccelidng coull iy be CORLeapialed Afler UM
taus hoc been emptiec vnd stve-sed cut, Srop=gap re; iex 1 1 urevicusly beem
ende Ly fitting milc eteel slater ¢ the t: b With seli =tapplig sorews., This
Yes 3 alor 1ry0i8 i ROt very Loce 8.4, @1p808l.; vion LBE l8Kks wer® iR
O: 1 lone sher: plates were lip a0 or whace @ roof iiotu e vide of the
$onks, Suocessi.l renviry sere e moies by wavering the Lole: .nd their
IBROCioe v SICUCings with ¢ L-Miriie o) 3iJester rer.c. . na girse mal,

“el GQushoiders

A ooma:n Uein 0 tr Wie vita gashoi.efs is hoies ia sioel a0 %o
s%8cajlerie corrosiui.  Prtealng by valuing may b0 ~uite imica_fble ohagoas 30
R Be tossibie tc make cesin repeirs withouwt oven taking toe gesrguder out of
serv.oe,

&.3.1 Khappie

4 large gastoicer ured ior roely luse haa beocse holea cue to atmospheris
®rrosien. Beseuse of tae ounten.s of ihe VesseL, ¢.ireme Gare¢ was Lessesary end




———

‘-

‘“r leska hed to te sWpped immedistely or the Vessal taken cut of servies,
™he holes were wuite SZds «nd the gas lesns wore eontrolled temporarily Wy
£i%%n7 wooden Pauge. EeGause of ti.. UAnate o7 igodving e eoetylene Wy o
Ppark, it war ;.01 rossit.s tu olee. tie ELC1'p0e of the stesl 1 what would
POEaily be regorded .p the A16CeLab I gy g Wevertaciess, glase/resin
lasdnate: wore "IPiied over the woodar MU owa the adresion vbtained was
ui%e 8.dTicorn %o neul toe iygke 4G keen the gasholder in *erv.ce for ouo'

JO&re uanti: i Baral vms s1nt doan,

lhe ©:own of Litaodder, oagaci ty 9500 l,, wes BIVArsly oeorroded,
The entiontea FO8% i remes iy the . n WAS P4, U0, The cust of repeiring
We orcvn with o Foiyeet r cesin cnd &ia8: dat ves &L.00 ligiacing tue coet
of anot biasiing, 1he TELNIT wAm duenugte t- keey Whe _aalolder serv.oeadl e

for adout fsur YEETS cat.l tne “lant weg Cio8ed <own,

beto P’rr&ns Veuezg

IV 15 very o Ylouav o genepniine atout the use of resing ¢ repaire

0 jr.ces: VoLrels, ar vuspe L1 o L rPOUs G0 ona,p ah-oe, eice ang dosign,

aad as the eonc. Wons uade, Wuac Shey TS M TP ) 0ty drvolrse, Rﬂﬂ'ﬂn&!‘.,

where there s bern 5 joap af 2286l cr one ~vison W Tusener, the bisgg teuhaiqe
@A Do used, 1t BrOobe Dk s L0 ge og & flenge ra3 tes eorroued ‘nd ao @
osult the wnkingof et gnt JCib e it sl 5 ‘apis-.ble, 1n _ich a 080 the
lost acta]l 1. 8lu, Ly reoi: sey #ith a raui. gesent . Ie i1 L oemible 1o & vessel

% bec.ae hoi-. (ye L3 (20w, ved eromiuiy oo on t-let, €.y, nea- to am

ialet, in wnich gase Vet el wisl not Yo ¢, WLl Ay L up 4p s vosse)

vhere there (3 i.ore e ¢ osev pounig ~ofitive ressure shers inere is g

VOB (. 35 cest i) geie Las of the " 0L oo Ve o' £ 4r @ his 4o

sllustruted dim romast.cully (a ik, 17,







-

e R T

&0 -

Snder the sestion ou ‘iaitrtions of resin TeDLIrs, sitention was
Gresa %o the Telstively low nodulus of resin/ginss laminetes anc for this ressen
Wat they were hardly suitzb.s fur epp.ication v the outs.d8 Of & prESSUre
vessel to streagtiher. thet vesse'.. Honsver, i.se Qa4 oe mnce of resins %0 ketp
prossure verssls in 8ncvice Ly applydy the -esia te the ineide Vo provend
Mmther dam go.

It ir not wicaTSOn s VesEsld Ao ve ciseas resiaved beiore being put
into service (ad, a3 & TUie, ir sny further weldiag is comn, rarther stooed
relieving i: nevemsary bsrore ihe veossL iz recoawissioned. Snould A aEnek
develop in ruoh a vessel it is ~omatimes 7o sinle tC use resin to sffect &
repair. A method whichhas beem used seversi timea 1 to fit s steel bend
round the v.ml.. ’Mn say be i'iftod in tmo or sore balted sections, e
slemps do not uvi'u £48 exsotly the ocontour of the vessel, and noraally ther®
will Vo & vepyiag gep. This gep i filled with resin. In prsovice, exoess resin
1s applied t. the sxrface of \he vessel and then the elasp fitted, Ae the elanp
48 bolited up, the exgess resin is lqu_.iud oul,

setul Rusole

ia 1960 an wlon ol same oo' Lowsrs 0B GA MEBCAL& PlOAY showed @
Petten 10 . of tne verssls Below the paeking bad suiiered severs loesl GrTeS
18 \he fora of deep pitting. The verm:is uperated % 55 abs, ond at ity
odpve sabient temperaturs, Yne vesuels werc otill eur7iceaLis LUt @OFTOSien B
S b stoyped othervise Be wail Whic<anss wouid >e red.ced delow the sefe lisd
he mriecs was 13/atdly grit bilested mrialiiled resin gix trowelled cver the
surface, The resin wes &p liedinasirics ©° than lyjue. This was deme %
reduse the poseibility of yetting sir poc<ets im the re:ia whaieh is ea:zily dont
if s singls thiok layer is . ~s1i0d sspeginily over s pitted surfese, Ihevre is

danger of a ~reusture fr-lure Af air bolss rre left in such s ceating on the

wells 0. & pressure vessel handling gases. Organic ssterisls may e alightly
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waruesble to gases *t ;reszure ' 0d if W.ere ia 3 Pty 1A » Gurting & gas

;reesure 0an alowly iuild up Aa wet nooket, Tuis diez not metter so long ss he

versel A2 on luiu«, btut if Lhe cressurc 'n tha ver:el in suc.ently reduced e

sosla layer eavering vhe ooccat ees te sur:t ly the fnternal nrcesure which hag

Seat tudly un, Tne vorpges v Lo sore TeuWst 1d one RiL or deser.bed are a¢ill

in service .nd wre dilvrvoeted 4. 00Ag. 48,

hewe? Rserrle

A nuaber of years ago u vssrei wr: required wgeatly to hold dbrine
Lén en waderground Jas stosage ortallaticn whilst aegassiag took plise, Tae
Wiy vossel avaliabic wos piteed, The vessel wam asce serviceabie in a few
58 By Binsting rad «ipiying o reniering or su epury resin mcriar, The work
wr. GNe IR AN sren rescie {roa an; servioes al the only equi;nent neoesanry
:r Wse work was 2 predle compressor +Ad skol blesting equipaent, The tenk
1n tii.etrsted in Pigs. 19 =nd 20,

bebeld hxmmple

During e iast twu yerrs & nusber of rininiess s4e8. vesreld o &
S piveseing  polyrronylene have s.fferad stree. currosion crecking, iLe

voizeis viarste at abo.t 2% peiy ‘nd 10°8, To remir by welcing would heve

bivi ived shutting the .1:nt dosn and Loeeugs of ti flre riss ciseaing end purging

20 ten e.uipment would aisc 0t ve barn cegagears, Trs erfo~t ur cost wowl 1 have

s Comdvesrble wad 12 1.cs of L 235.0u.0n ver, serioua. Az 48 wea einsidered

tat the vesssis, althc.gn le.%4~;, oculd s~:21y ccutain the Sressure jpairs were

&

by leminating over W akhsic o) \ne ortside o) the veserls, Both polyesier

i 0Ky ©oaila were Cael s iz wulK, Poiyerter recin wag used tor the vesacls

- oh couls be taken uli' line £or s short time, eny ¢oovy Tesia sed leF vesssls

WdCh hat to be trectsd hot,

Le5 MHeat sxghingery

I'~sins can te used ia three ways to proleag the 1ife of G:aeped Sube

tundleop
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() Wen caly o ron Wheo are Laied, Sube bumdies oon #8441 be apeveced

(o

FEOV.008 the anteged Lubos Gaa be lugu0d. .ei ing of pluge jo, of
COUFeS, & strndard sothcd and 1n sray Gsser wriestly ogee table,
Bosever, if tnere 1o 8 need & elilninate weldirg, eithar Legnuee
Gcncitions @ net ermit oF Veeruse ihe fa0ilily 1 mot averilebie,
Plugs ay be Genented in, 1 0'ided leays Wt \ac ecweut 19
Guitadie for tne roeese Gonditicne. The :lugs do net h-9e o be o
0820 11t Aad Wwerelure, neod not 1@ e9:00::1ly snae. One Dothed of
Smproviasticn 1s W 30 sUmC.rd Bolls of rp, o Tirte adee,
Coasnting-1a of piugs ir .ertiouisriy Jes.ri.le shen the Wude umdies
0V een 0uoted, 8400 wel.ing w.ild Jamaye We 0 8i.y w8 e Sude
peabe,

3V 5.8034000 N a8 Vi L OVPIORIGL LT WDES b k08 L1400 'Y ene end
ORly. 31 NG.e e.rmosion it Lakii, pleee inten. . dy i 18 Lossible
S resdue uite lerys Suls e ver; Quishly enu stfestively by
ommeniing ierrules inty> the tabes,

o vaPlation of exsarie (D) is when the tu. e Lave @ rivued 5n the
ulslce “nd the Ourr.sion 1y newr to & tulepiite, These (unules Gsa
e re o.eu b Gerting @ Lioex U1 reiin 36" Lien Lmsecistely Dabind
e tube p.ate,

B.1e 08 10 Lllustinted 4n Pigs. 24, 22, 43

All tnese teshnices h:ve deen Wweo suCOEss. Wiy on +» munier of

oS siens,

Aoty oures o6 Si..bie in ha't engh igert i WBC en . QuVerS Jer

oster Boxes. These :re avime.il; wde oi @iwt 45 N 0. @.rr0s v 1r Wie
Gemmoa, The first result ie that the lividing , iate ¢-ases L Do nifeBtive,
Resins repeirs »re simple t. d¢ ~m 41 tie *nd a-te iu & Sec st Uns 8 e Wee
further troudie Gan Be ¢linineted,

This cxsapie is 1llustrated §a Pigs. B sad 5.

S 2

!




o6 lashiase

Snergengy rep:iP serh on aschinee rungte (7ee sisple ropair of cvemned
eastings, 0.§. oll reservuifs on MPGLARSS, W the reprir of Lalgriath seeio @
large coayressors. Bhr: serking ertie :re canoerned trrre are spesial
Goneiderstions to be sade, 18 must be resesicred ust filied .eains are poeP
eonduators of heat (a typiesl value i.a 5 2 lO"od./../oO) tnd \hevefefro,
the uestion of neat ulssipetiea szt be ospe ully considered telie deoiding
10 use resine for the repais o ruseing ~arte. MNeat wiil not be ui sipeted
as it wouiC be +ith a 2etal nd 1oosl high Semosratures co. @il bo esuesd
sad s fallure oundition nroruged. Thererore, 1318 wise V. restriel resia
repeirs % » akalt in the region .7 » bearing %W thoss euses where the Bulld
wp required is thin, It sust »lmo be reaeabered that the thermal expsnsien of
resins is higher then tiat of metrls ani this e t. te con.iderec shere
dmensionrl stability is imnortent. 1n ke @ase of & very Shin ild up Hhere
18 .robably not sush csuce for Gun@ern,

“an msghines cre designed, A8 is he BOGRan On. rO[eriies of setals
shigi: sre eunsidersd, 1This weens thet the lisds iavolved 3ay ve nite hig@
senpered nith the atrengh of Fenins :.ne® \he ccapressive streag\a of ¢ filled
fouin 8iil resely exceed lv,000 ilbs./94.18,

4 pro.os:l that movice nrts may Ve rep ired in i .15 and rutafy
esmpre-» re, esveviaily wvhem high $1, speeds »re imvcivea, imaediately 6-uses oA
engineer to rnise ‘westions sbout stability, Howewer, experiense nas ohown ®al
sith ro.er ;re.,arstion, say owreiul appatcation o, Wne resiu, W GEe ool
odhesio., the preblea of dresssup with \nis type of cwp ir hos Rot arises, Sul
obvinsly there osre iinive % \he ! >rees the resin willi stand,

There :8 & tencene)y sngsd englisers to regerd any realn with anpieied
+hen ‘here is » wear ,rodvlea, e mature. inslinetion of enyioeer: when
ecnfronted with shat is appareatiy » sispie wear ,robles io to aaswer the preble
t; using s hardsr swiri for the duty. 18 feet, werr .robless are redely sisple
'aU tere ars eany L ser SRere rveims a8 thersupiretiee . erfure betier thes

sstals,
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Suaetinse et 18 apparently o straigitforeard wear nrobles may, i
oo, Ve & eorrusion probiea, d.are statie teats have shown the Sofroeien
fo%0 of steel in a given envircament to be very low, or even nil, equireent
Ros seaetines bdeen imetalied, only to find uist in servios, [silure is repid.
Upsn emssiination, severe wesr is dedusea, a Ju Viir a9 ua-tion is often rade ahere
8slids tre jresent in a 11 -uid o1 w~et Las, In f:c\, wnat mcy nave hap ened 160
et the only weur tv trhe _.lree wes the rea.va. .1 the very \ain ,nsr1ve layer,
thee sllening rFepid currusion. In Wais type of ercsion/ocriosion situstion Wia
resin o.otings (0.007-0,0.0 4ns.) ean be vary efiestive. The cireumstanses wier
aRiGh 8 resin ®iil MOV ,eFiOre A2 #0ii &8 Sebtal 10 alen Wis werr s ue S0 O
sisple eutting estion,

&.0.1 Dpp

3¢ is Mot wausual Jof frns W suller Jd'n ge at e leading ciges of
e Blades, Sush d-nage eveniually Leaus % 10 [am going Nt Of balsase sad
Doing e@rep,ed, 1 \he dumsge ir . 0una An Vise, Wieae ocges oan be built wp
oith o laairate f j.asr niresan, Thne rlnbilily ¢ resiu re:.rr in ‘his ype
of ap,liget.on 1m now #el. ,mved, 1Ine ieatn o Lie- wh.ov. such rep.irs will lee®
uften depence, nut u oA She setur: aren Lf Whe 1 rarr, but on the Life of the
adjeoent 908-. wnd 1t is uften nise tu ¢ =t the mici® Jan @t tue tine of W@
sopsir., The offectiveness of \hia resin oostings le ... i wated B, the foliewlag
Serviee esperiense,

b.6.l. Nasapie

A large Boiler jlsa. wes serfven By & muster of Lnumes araught feae
and Voseuse of sorresien/ervsion of the birdes the 11.0 .1 the i'sn sould bo 08
dittle as Wi.ree weoks and the longeat Ll.fe w2s ab.ut treive seess. Pras siWB o
Wis soeting uf resin heve a life of over s your snd the suving is wer &8 ,000
por sanun, Pig. 26 shows & faa »ith dasaged Dirdee and Pig. 27 shows & ecoted
fan. The ecet of evating s fea 1ia abuwt £0,
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Pig. 17 Deiler 7l a% Pea - Opeted
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&6.2 Qemcrensurs

4s strted earlier, work duae ca SORpresors ean vary cvasi derebly
sad 10 perhaps best illustrated by astual examples,

6.6.2.0  Exapple
The orsnkcase of o iarge resiprocating conpresior suifered sovere
@a8ege o0 & comequence or Becnaiieel failure of ounnsc.ing rod. 4 new plese
oF WMo eu:ing was 0ast fros a pettern of the damsged ares and Wiis was S0 de
fin0d by metal stitoning. 1In order 1o BAKS sure lhat there would be mo ofl

doeks, reeia ws ,ut on the sating surfreee s the stitehing was done, Mg
"ort was suseessful,

6.6.2.2 Bagaale
™he esting feraing the diaphrega ia » trifugal cuapressor whieh
olronloted precess 88 OR 1 .srge olefines pli-at wa: found to be arecked. There
e M0 a Cii'lereroe in pressJure on the wo sides of the dispnrege and although
e ervex evuid be cun.ained Wy motal stitehing there was & dowdt as to whether
OF Rot e atiteied eresn wuld be 800 Light., Bees ..o of Wis cuubt ad the
foet \hat & re,lescnent disjhrega vas on loag delivery 1% wes wcided to sshe
e repair gas tigat by | Ating resin ¢a the orask s: e nete) stitehiang e
dons. Mo «dele operatic. ses ovapleted b abuut aix hours wad the restin eured
hilet the sochine wes being ror-lo-bud'. ™e repair wis ol lstely sucoeseful,
&.6.2.) Reameis Y
Ia o :roeees gas aschine (a':ftritu.u) the sating surfeses of oese
@fPweers vore ound i te deepay c.rroied. The bodiy wati., :usfeces 1ol
slleved Bj>passing betnoen *tages ad it wer W19 whiak had Caused the aashing
0 bo ohut Gosn::. The d:a §ed surf-ces were rilled wilh resia whieh was alloved
W eure, Alter ouring, the rep:ired areas were dressed Yy heni and tre purfeges
Pinelly lepyed unti. the cssired tinish to the required tolerenses oes 20tsined,

Then Be diffusers were refittec e verformente of the seghing ses @etisfactery,

i










agife:
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&6.24 Inamalg
The pmeess oir for a large petrvehenisel pleat wes provided by & foure
8%ge Gentirifugsl ouapressor ~f 6,000 HP. After the plant hed been opereting fee

about 21X manthe *2 exreination mowed thal vericus parts of the eod ressct had

sufTered ourrusion. The B.8% sericns corcusion tad vacired on e shaft botaosn

We lat tad Sth sbag: in,.elicre nc betesr. e 2ud oad 3rd stage inpellers. The

Shalts were mashined 1o a3c.amodate the iabyrintn senis, The designed elearsase
Botuesa the sesls umd the si.t was 0.006 ins. dut as s result of corrusien the
Slearsnoe hed inoressed $c as mueh s 0.X% ins, amd L1 was onsing &
Sensidersdble reduction in tae of'icianqy of *he sashine,

Bet:iode of repeir which were cunstidered at the tise were duildiag wp
e hart (a) W rlase spreging stainless steel, (¥) by ehrveium plating, (e) Wy
Wplying s filled epagy resia, all to be foileved Wy sashining to eriginal
®lerense, It vss knowm that the beild up achieved by flsae sprayed stainlese
.Mw“iuphtu;mlahmumtbcnfou,muutmm
®orrveien. Two fwrther peints «c considver sere (s) 1a orver % aArcaiwm Mate,
the igpeliers hat to de resoved rros the shaft ond (D) there was scse dowdt abeut
the stabilily of eprryed metal evatings waen oplied in s duild up of sese thea |
0.012°. A% the seme time tnat ihis provien first erose (1962) 1% wes not kmgun %o
what tolersaces a reedn rejuir could be nechined, or, when sechining besk demm
Lo setal whether s festaer edge ouuld be mehisved witiout tearing the resin -y
at the dreak poiat. Ia crder 1o obtain this inforsation a test sectien of sheft
was prepared, btullt up with » tilled epcxy resia aa. subsoqueatly neshined %o
8ive i1 bidld up sloag 1ts length varying betweea serv end 0,000 a8, on the
dis.-tar. The costing showed nu sign of breaking sway during sashining and

oould be sashined t0 the tolerrnoes required,

Pollowing these tests 1t wes decided to use resia to restore he sheft

*

Afver shot blasting an exoess of resin was spplied, sllowed % cure and thea
rouga nachined. Rough saghining a build up of this Rimd wil!

disslose o susber
of wmail holes in the surfuce caused Ly »ir trapgred in the Fesin during aixing.




4s soen 00 Mo agtis) Sedhiatag i» finicined W0ese heles an b0 filled wg heous
taking We roter out of e lothe and the wory urmtrlu‘u\h.miﬂ.
Wea We’extre resia has set e "inr) nachining eaa ve done,

TN st Gt P ot

Two shefts have been keptoperssional Using this techmicue. lIa She
1888 ooven years both shefta heve LeeR reprised wwice. N Ipportuaity has Beoon
Salea % compare repairs dome with resin wit. Lhose schieved by spraying with
08adnless steel. After o Jear®s service there wes little to hoese detween
the two Popaires, Wt trom the workshop point of view the repair » {th resia hed
SO done with gre-ter case and certainty. The origimal techairue has alge ]
Sodified. The 10se of metal ia Roraslly cuite irregular aad with e original
@othod of repeir tners was a danger of ahipping At ocur.ers during the fimal otages
of seahiaing, Ascoriiiigly, the ‘;proseh to the J2b is now somewhat different,
Befere the shrrt 39 biastec, the ledbyriata sections of the ahelt are seehined :
Sask dealoe the sealiest dleaoter, the  reparmiica sad buiid W thes proceed o

;
before, humﬁnmmwm required is sush Wieker. The verk 4o :
Aliuetrated 1a Pigs. 20 amd 5. !

4.6.2.5 Kaaple

Mis axsaple is sosowhat different frea apet of We provieus sert shigh
h8s bosn anted but it nerves o show thet onse a kaowledge of the meterials hes
doen gained sethods of doing repeirs caa bde developed whiah are » little wnorthodes,

The prodles cvace ned o bigh >ressure reciprocsting G0RPreesor on an
SEBenia plant. The oyli:ier oongisted of 8 s.eeve fitted intu o water-jeeket oad
sotled by penrs of O-rings. when s leax develo,ed in the bottos seal the seshineg
had %0 de stripped down in oriee %o fit s new O=ring. Nis aperetion took fosr
days and doen time coat £1,50 »er day. & nethod -f sealing s leak witheut
stripping the machine was required, o b sifeotive, the repeir had %o last ot
leest until tae nest tise the @schine wes down ‘or regulsr saintensmse, .

The somulus betveen tae s eev. and the nater Jocket iamedirtely above

ﬁonulmwmxmun-dn;m to try W fii. the space with resia,




s RN s

Mg, A Ca.ioiour Rotar




t
f

S A : G
. 4
Pig. 29 O resscr i.ier = alyrisw Afe A.p o9
i




- !

e il i

h-u“nonom-urmumuwmummm
Mubma.-‘ua-ncpuu-umrumu-qn-p. A W
mtmmmmummvtnoutonwnqtm”‘“
mm\ommumnunmzmumivdmnm-u
rodused. This wes aghieved b, snutiing off thae coeling water and using air fer
Gteliag fer a ehort \ine defore shutting the mashine Cosm, 1a sdditien %o
Providiag vers candilions, the suthod easured thet the Josket was resssasdly &»y
Defore e resia was applied and tae residual hest asp.sted 1ia the ouring of the
reeia,

umuunmuum-f-m.mm

four daye ¢omm \ine,
&7 Diaskiase

e 20jortty of pipeline repairs are relatively aiaple, A leshiag 1ime
18 et Gomn and reein ad glase applicd ss & lose!l pateh o & bandege, M
sltermetive aethod 1a % fit s steel olaap over the leak with o lager of recin
hmun-punupumu. s0sl. In the case of flanged plpe~
1ines Where in 11%81e oF ne sdventage %0 be gained by \he use of this teshaique
provided spares are sveiladie. NBowever, the svamon ;r»e.i0e ia scdern plante 1s
e iastall all weided lines; this i1sves the cost of flenging and eiinminetes ome
80ures of lesks. MNopair by welding ean, of ecurse, e dune but if the pipaiine
oarries iaflammedie liquid & sajor plant ~aut dowm mey be required before B¢
ROSesesry clearsnce eas be obtained. This mey be envully Wrve for a pishele
lesk as for s freotured pipe,

Boaling with leaks in pi,es when the ilse is raut Jowa 18 a fudrly
sisple matter dut inevitadly there is a desana that repeirs be done with W
14ne working. 1f, for exsajle, the line is OMITYIiRg gas at & for miiligte
pressure them ithe adaed diffieulties are mot very great, bt Af the preceure ia
the line is high t'hon the difficalties are considersble, Kevsrihslesa, methods
hove deen devised o desl with sueh aituetions. These sethods are degorided ia

detail umder exasples (2) amd (3). It should be pointsd cut thet the sethod
desorided under sxasple (3) is the subjeey of o patent applieation,




VOre of all-velded eemstruction. Zuse of the napnths ueed proved slightly
Corresive s lesis developed et weide, Repeirs by welding required a sajor
pleat shwt domu defore cierenne uld b nbtainei. S.ucoeseful rspairs vese
80do 18 o fw hows Wy siaply taking the presswrs off the lines.

Tho teshmiue has o 90 Deen used to foresteli troubie un Whese lines,

Bea-doetruetive teating reves.ed o MEder of suspest welde end these
"0l ds sere wapped o1t & leatnate of 8lees tape and reeda. dee Pige. 0 and N,

02 Baamale

4 sset trom pipe (19° d1an0ter) ouppiied veter ot I8 pol %0 o largpe
@berie plant, e 1180 wes demeged, e damege taliing the iom of ¢ oresh and
el bole. T™he pipe ned Pigot mad saket Jate. 4 epare 190 was svailsble
dut o replace e piye fodessitated shutiing dewm act emly the plant ismedietely
Soaserned Mt o large assseiated ooaplexs. e prodice wes asalt with ia the
follovin; semmer. 4 oloap »as Bade & 1t round the Pipe with sol't radber
Jointing meterial st tae odges of We alemp. Ts prevent the ¢lan) belag sudjest
0 the full line pressure o 8804l Yore pipe fitted with s wive s let iate the
elaap ‘o teke e leaking water amey, The c.aa, was fit%ed ercund \he saia pipe
ond & lemdnete of resin :ad gisse wes Wea bulll up over Lae eleap amd on te the
"ter saia, b.tnmumm&onlnu e piye froe e elggy was

Sletsd. The iaminate apiied was Nirisiemt % vithatand e werting  vessure of
the water in he nsain.

6.7.) Mammde

e rutiems deserided ia his exsajle comurred ua o o~ sy
Pipeliae carrying etaylene fr.s the Bsaurseturing plaat o . lurge jetSruv.hesiesl
oeaplex 120 atles sway. T™he iine . §° disreter an'i is designed o L er«te at
1s00 peig. A% intervelis of » rroxisately ten siles tnere are siu; vaives eash

*ith a dieed line \hat easdles » Eiven 860ti . W be blown e, Then Wis g0

t
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dome, the coatents of the section of line sre burned in a transportuble flare

stack, Obviously Whe line was designed so that repairs oculd bs exec.uted, it
being possible to blow down ovne or mure sectiomsof the 1ine. Naveriheless s this
is uwidesirsble on at least three gruunds:
(1) The eMglens in eny particuiisr section would be lost. This is
8 comsidersble loss since the value of ethylene in a section is

M‘ “.m.

(!) e setting\paf.a fisre stack » possibly in a remoie location, 48
fagomvenient and burning the ethyiene may te a nuisanace,

(’) Tere would be an interruption in the supply of ethylens to plamts
et the receiving end. Shutting down the line, doing the maintenance
Work and recossissioning the line aould obviously be » lengtly

~ business and the plants depending upon the supply would suffer
oquivalent down Sime at enormous cost,
Isaks have developed at four loocations aad a techaigus has deen
doveloped ror deeling with these lesks witnhout shatting the line dowm, Leeaks 1

in Wres loestions were quits different tv each other but all have been doalt

st

vith by varistions of one teckmique. It would, of ccurse, be hopeless to
attempt to stem a2 leak at these or simflar pressures simply by covering vith
filled resin or Ly means of s reain/glass iaminate, since the internal pressure
would speedily btuild up to a point at which ges would finu its way Shrough the
resia shilst it was setting, In simpie terma the technicue which was adoptred
is as follows,

A steel box was fitted sround the lesking part, » joiat deing seds
! with resin and whilst the resin was setting the leaking ges was bled through
both resin layer and ths box., After the resin weas oured the Llsed rath wvas

‘H sealed, The dox wes s0 designed to withstand ths burst pressure »nd to emsure

that the resin boad forming ths seal was in shesr. In sheer, provided that

proper preparation has been done, it is possible to odtain btonds with o streagth




of about 1,000 1bs./83.4n, snd the bux was Gosigned oo that Wie niniowm lead
PAth had adequate resistance to the iatermal pressure. The teohninue 1s bdest
1llustrated bty describing the three onsee in detail,

(1) The rirst leak to be de-lt witn We doke witn the 113e pressmure st
600 pai. It ooourred on & flanged Joint betasen & bleed 11me nnd  aain velve,
The arrangeamnt 1s shosn in Pig. 32. It cen be S0en that the shape of the aseeshly
was Ouplox -nd & osating of the relevant jortion was obtained waing : silicone
easting mhr Fros this a plaster positive (Pig, 33) was sade and used to ehesh
he ciun’ium of the box., & steel tox (Pige. 3% ane 35) split 1aty two Ralves
was unm to gontein the pressure, To provide a route 'or the Vlend iine a
high rressure compression fitting wes welded $o the box,

In prepsration for the actuai repuir the sres o b8 treated was grig
blasted using portabiec bla-ti@ equipeent, Alr wes supplied frve s soddlde
Gcapressor. The next step was toseal between the Feaces 6! e "1siges but 8¢
leave & tléed 1in the approprinte location by seams of o I/LG" dismetor p.\.f,0,
(polytotut‘luonthylom} tube vroperly located to i tha correspnrding pesition
in the setsl box. In order to schieve (his effect emd Leveuse the porition o®
the leas ws uhknown, s l1s.xage Hath tu the Peteloe. tube was pruvided by winding
& 8tring locp between the tl-nges #nd up to the rrised joint Cace whici traps the
gositot, The +,./00 detmeen the fiange fices ~nd up to the ).bu;.» wes illed with a
uiek setting epoxy sortar. After ihis resin hsd set » cneck test was made to
ostablish th:t Wie bleed was 'unct; Ming properly +Au were would be no leak amd
build ;. of rTO88Ure in the reain to he .iaced in the steel Lox beiore curing was
oomplete. At this -ugo the interior of tae sectione of the Lox and the surtaces
of the (laaged f1tting were hesvily c.verec with an ®CAy [ esin mortar, care being
Sakem thst the mauuntl »f mortar "AS R exCess of ta:t reuired t. rill the gap
between the flange fitiing aad We dox. Accursie Citting of the upper purtion of
e box was s sceewhet deligate o,erution ia tnst tne p.1.f.e. tube nad to be

duided thrcugh the fitting sttaocned to trat section., The fi1tting ocompleted,
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Pig. 33 Phesier Cast of Fart of Vauve
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Pig. 35 Stee Box sor Repeir of Leak
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the sesticns were bolted together and dreen tightly ageinst the vaive body

by semns of s suitable yoke (Pig. %6). e sssent iy wee left 1,r 72 hours fer

the reain to 8ot and oure, when & onesk test ahowed hat the leakoge was new

oontrolied sad issuing entirely by way of she p.t.f.e. tube through the slosure

fitting, The p.t.f.e. tube was nitharewn and the closure fitiing sesled. The

assesbly wa. terted for leeke with Soapy water and 1'ound to be tight,

(2) T™he dleed line to & main vulve at snother losetion wae of welded

Oonstruotion end welded into the vaive tody. A sizeable lesk developed in the

weld. In this osse » ).t.f.0. tube was Ti40d over ihe leak with the aid of o
X Seaporary clemp aad quiok setting resin, After the resin had set the tesporary
Clanp wes removed, 4 box, in principle ainilar to the one desoribed above, exeept
thet the imside of the box in thie case wn shaped to accommoiate the resina

|

Bolding the bleed path in position, was thea £1%%04. The line pressure during this ‘

work was 1,350 1bs./sq.in. The leak was esifectively secled,

(3) At scme points in the 1inc o 5" by~pass pipe is fittec. The 8° line
is al)-welded ocnstruction but e 3% line ocnteins flangsd jointe at valves, e
Joints are Ldo with metal Q-rings, Up tc the Lirst velve Whe 3 line s at

pressure sll the tise. 4 lesk deve.oysu in suoh a flange joins, Bstablishing o
bleed path in this case was » particularly diffioult operation. The design is
1llustrated in Fig, 37, In order to fit the sections o1 the bleed path, dolts

S LimE ey

had to be remcved in pairs; whilst this was done, a lreavy clen) held the flanges
Sogether, When the bolts were resritted care was tuken toensure thst there was

8ot & leak path between the joi:t snd ths bolt holes »nd the whole uf the spece
betroon the bDleed path and the outoide of the rlange filled with rerin, Before

su:q resin wae sutjeoted to pressure a clamp was 'itted right round the flangse

R

as shown in Pig, 38, 'ihe work waa done ot 1,350 peig,

4.8 Qlaps Bispelied Equipaent

p e use of vitreous ensmei for the protection of csat irom against

oorrosion is » well-known and useful sethou, The chemicel conditions whioh 4%

wili withstand are meny snd varied; however,

it 1e prone to damsge by mechanieal

enba i o E s AN o
g R
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G008 of demege, use of resing Provides whe only ;raetical way of dsnliag with
the situatien. 1. Bary ossee, fullowiag dasage to the glngs iining, there 19
also lese of metal and \kis kae %o b repleeed, Ihere are two methods of
dosling with grogs emage. Ui ouasizet o ot ‘WY » sim o resia pater of
either resia sortar of a lacinate, Adnesion to dloes ia difriouls o odtain and
tie best resin for e perpLan {s epoxy, Bowever, (his will not "ithatand o))
the aheateal ecmd;iiuns ¢Roctered (A the remir of thys oguipacat and & woeful
Soshaique 10 o use ®POxXy rezin for ™Mpiading loat aetal amd odtraining & bend %,
he glass, Mis recin i, then overcosted sith wnoiner Fesin of more suitedle
cheaisal Fesistuwe, A seoond method lavolves tae ues of Freforued seotieoms
Bade of a leminats of phenol formaldahyde renin and ashestes, These preferncd
seotions are aveiladle Gommercislly i & wriety of shepes and sises end ape
scoat 10 bo senentad iato brrashes, samheles oto, Yith an apprepriste restn

48,1 Reagly
The botton sestion of o ohlorimator on an asrylomiteile plant fulled
in servies. e sestiom Was 8o of cest Lion, gless sRazel lined, end feilure
had started throyu, CFwAng ¢f the plass lining. The duly of the vessel was

chloring at tesperatuores u; tc 113°; sfter failure of the lining serious
¢wToeion of the cest ivon ned oocurred. 4 aex sectica was not aveiladle aad
FORALrS ware attempted with resirs,

e £irst attenpt was wade W42 an cpoxy reain ewment mortar filled
with ailice flour. ‘he adruston obteined betnsen the Federing was satisfaotery

but the duty proved 1o BEYIre for 'he Ceaemt and 1t fal el arter ten days.

It was known tust a ceaent desed om rnyiny fora llehyde resia would
prodably have adequate caemical resistanoce but it was alro kaown fros past
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P glees hed 20t doen suscessful owing t© poer adhesion, Derefore, o csaposite
lining was tried. A rendering of epoxy resin ssacat ms uwed firet snd vhen this
bad oot & render or phemol formaldehyde cesent was applied. This aystea appoared
sstisfastery dbut failed after five weoks 1ia serviee. The recsen for the fallure,
whieh was lesel rather thin menera), was sot apparent but it ie prodedle et

1t erneked beesuse of (1ffareniial oxpaasion,

M™e systen wiu rrpeated and the vesssl put into serviee onee aere.
1a thet way the piant waa Sept in operwtion wmntil o new glase-1ined sestien
ves edlained,

This work was dome in 1960, lrculuudtuﬁonmnhﬁ.ﬂ
mu.tbhou.mdtomnchﬂu ystes. The disphensl polyester
TOsine Aew evailedis would be suitedle ror tuis pe of day,

.9 NemeAr of Rubber lined Bowiceeat

lecal Arnuge to ribder 1ined equipment i° sheaieal plante 18 often

followed by 1cas of metal, in feot, the damege 1s often dissovered shen he steel

18 holed. In the csses where wers i dsmaze to e steel 1% 1s met poseidle to
sisply spply s rubver paton Ly wonventionsl usthods. 1If welding 1s earried ous
to repair the steel, furtacr dassgc i3 done to the surrounding rubber by the
host of welding. Ime Uifficulty is wwewaee cuits sisply by replasing the lost :
metsl with & geme.t bared cr Spo=r resin. This cen thea be dressed se that a :
2800tk conteur 1s udtained sn’ the ncrwal rudbber liniag teshnique wsed for
patehing the rudber,
4.10 Revair of W-ourzonl Nguppaeat
Realne are aleutr:cal imsulators ma, m. ot bo uwsed fur the
FOPaLr of insulators aade of cther satertals,
6.20.1 Bragnle
The starting equipaent otvuau..nrhoun.nn'untﬁ

otuuonbmunuumlnorhuhmw deasged by areing. e compreseed

fidre insulstor sas Built up with opoxy reein and the vinding gear way
operationa: in eight hours,




(1) Yeoum Ampregna tica

(2) Pressure impregnatioa

(3 htmwwcu-tmbmhmumm“
Bhilst the oasting is not 3¢ 15 pleced 1n a bath of regts,

4l though these Bethods are availadble, it 19 not auggeated that castings kngun
hhmmh &goepted 4t purchase, But, Mmﬁqomhhm
after a period or 8&rvice, the techaiques are satisfestory for SRergensy repairse,

e essting mwcmmu- tnnou"pmhdb
1n servies, The dasting wes porous end there was s continuous leakege of o3,
A repleswment Cdsiing wae on extended dolivery. T™he prosess Used wes as follgme;
(a) e casting was heated to 150%,
(d) Wilst the castiag wes ot 44 wug filled with o regin varnish,
“hioch was left 1, uati} the casting wes ocal aough to headle,
(®) Surplus vernsay ¥as washed off the meshined surfeces sith
Slvent, .
: (@) ™e casting was .Mm-tl"ﬂhmﬂ”ﬁ“hm
e reetn,
(®) e orocess (a) to (@) was repeated,
m«mtu.mnpmnmtrumumwd.q!
porcesyy,

A phosphor dronze casting foraing a aylinder im & sethanol booceter
’q-sfouhbopomoin-mn. hodutyu-mm,atutpmef
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230 atacapheres being required. The cesting wee filled with an epeny resis
of low viscosily and & Semporary closurs fitted. A pressure slightly in emsese
of the test pressure was When applied. e pressure ws saintained for twe
hours, After which time, the bulk of the resia was removed and resia which hed

Boen forced 1a%o the pores was allowed % ours, homm.mmnmuy

Bonding of new concrete to old conerete has preseated & problea for

S8y yoars. For sisple applications such as repairs of Tloors, satisfestery

~ 908ults oen be scohieved if the surfsce of the old conarete is roughened and a
BOW 0oRerete is pleced on top to & sinisum thickness of 2-)". The stentard of
odhosion obteined in this satter hes aot beem considered satisfantory fer
streotural applicstion. If thinm sersedr were plaeed they would dresk up wnder
Bigh loads or »¢ edges under mormel treffic. Use of epoxy resim to premote a
bond overccees this difficulty. The procedure is cuite sisple. All locee
@sterial and Airt s removed e the surface of the ol aonorete, the surfage
48 then costed with an appropriate epoxy resin., The new concrete een be pleced
dasediately, or wp to four hours after prising the ooacrete with reein, Whea the
Sokerete has oured, the bond between the 514 and new conerete should be at least
a8 Righ as the strengin of the ooncrete. This appliocation siweys arouses
38 those who are not fasiiiar with the technique. The aystem is essily proved, \y ;
Soking & senerete bess, o.g. 5 £'8, loag, 1 £t. deep ad 6® wide, and bresking 48 J
42 hlf, Do @nd of one balf of the biook can then be treated with resin ssd
thea shutteresd so that aew coacrete can be poured to reaske a tlock of the
original sise. After the aew half of the concrete Yes hrd time to oure the
Blosk should be broken again, It will aot break at the actual joint. Bvem ueing ,

& hamner wd chisel it will be very difficult to part the ooirete at the give
1ine,
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e testni~ve doseriied sbove permits roreirs %o Be 0de to strustural
oonerete with » foir degree f cert:imty tut dies Pot shorten the tise reo u;red
for eomerete to velop re:r nrdle strengtl:. When i1 {p Ssum..lial . r lorde o
b arplied cuiokly, epoxy rerin mized *1th 8:nd wad grovel crn e wed On nasse
%o renlrae d'm-ped aurarete, WNiyes of th:m type hive been CTe "PeC wad used
"hioch have developed & strengih of 10,0C0 ibse, 1n Wenty=i ur Lours, A tyrieal
greaph ashiewine QUADressjve atre: . i, egriiat Line “ir ap ‘epory ree:i. enerete”® 4o
shown in Pig, ¥,

1a sddition to the Frii) Cure which can te o\ ined with ap "o oxy reetn
Nerete®, it ii soerille 'ur . thep advanesgen Lo be 8 inet L, {1s ure In plege
of lartiand ouiicrete., The reaso: T e reapeair muy be sitagu on tas origineld
Sonaretre b cnemionis wnd Ocoxy renisi ounoreve any nive suon beiter resistense.

In come 0mses, e.g. wet remciim nitrate, en:-siesis ot iy etvtasd eorete b
998,42%¢1y Lnhidit the eureof freahly »laeed ooncrete,

The 00nt of «n econy remin braed concrete is very high (858 per eu.r%.;
nd 1ts uee in lerge cuantiifes will obvicusiy Le srvere.y restricted,

Bowever, i:ere is one i10ld wiere sivantige . ineq ;n re-using dewm t4me
faP suteoigne the inoressed mrterisl S-sta, ‘nd w-t (e 4n e Mcunting of sashines,
™e need W remount sachines cyn srise .. several ressons; pooP
srouting, deierioreti .n of o(-mcro‘u Jue ¢ 09 cuontsainati.n, slight soveseat of

sNpport Mosiser.sing Risaligwment, lreak u. of ocaerete pliates under the
apoiied loed,

Beinois of muuniing v.ehines vary, b.t usln, cunventicns: asterisls all
the methods COMBOAly uned in the pest L.«xe Cuisi = :ble tize, aninly aue to ihe
7*T10d re uired or .ornas; Cc..Crete t. ciie, A t;.ical gun-:ele “8ed r'or saking
Sachine m-unting tlocks «!1; take bhote d ym 4o st o sire. gth o 1,500 1ve/0q.1a
In wddition . e iime 1oy pey FC. rele L. Jiin Sl guw Liere s \he time
requirsd V- Minlen Qo crete s, Tney oanmzt 56 ¢ st cevel : 'wi tree to \Le

tolerances requireu f'ur tne B wiibing 3 suyplist.catec mechinesy. The acrmel

proce ure ie tc asnieve Lhe linish by grindiag. Mis ia itse:s is s loag sad
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Gied offesting vl tah geer, ™o originai floor wes cested with reoia end & W

.u.w.mw.humunummunnmuh.
proferned (og he helding down boltse, honurfnu-d.omm.

fRY "s remeved, e wposed Surrs00 treated vith resin aad o relatively eml}
UMY of ecnnrete resest, e seshines and vesools sudsequent iy scunted have
buen in operation {for a nmier of Joars amd m0 truubie has beea oxperiemesd,
b.12.) P>eranle
A prilling temer oa aa afncaiun aitrste plaat ees eonstrusted of
Feiaforoed esncrets and iired wai slumini 8. e hopper sestion ot e bese of the
tueer vas alac of retlafereed oonarete dut 1ined with etainless stesl. e purpese of

2o aluminiua apd stainless sioe! wee to Proteat Lhe eamereie froa attesh Y
evBonium Ritrste. In servies tne steinless steel wes degaged and ia 390 e attesk
ca the onnerete aay fairly extemsive. All the saaged canarete was removed sad
replagsed with opoy resia sized with snd sad gravel. e recle of tne safk ves
larre md :eting took Place rownd the closk. T e of resin, oltheugh cupenaive,
shwed ecasideradls admatsge. Bven vith the 206t rigorous eleensag of e

Suriocading ares, one eeuld not be certaia the Nertl.nd eenent would remia




TOXF Fesin eoncretes was Gest 1% was possidle to start reliniag, end Yy e tine
de liaing operation wey finishedy Ahe hepper was streag encugh fer the wewer %o
® revomnissions,

4.12.4 Busmaly

ortland oenent. HNeehmisal trowdle was experiencsed with these naghinss ia serviee,
Striduted 1o part 4o he method of acuating,

h“tmmwf‘rMWﬂ’lmw“
80 0%%e of & pliath at Wise stage. It ma sp0eified, for replesing e nethines,
1t e whale of the 27000 wnder the mashine, an ares of 5 £4. 1 & 1., should be
112e8 with grout, Becsuss of proeess liaitations, it was highly desireble thet
%0 Sethine should operate 24 hours stter ;lscing the grout. This would heve been
% iepemaidle vith a 3and conent Srout sinee it weuld aot Reve gained suffieiemt
lrength to withetand the vidratiom,

Use was wrde of 0 ransiag six besed on epexy resin filled with send
W pee-elsed grevei, Mhe skirting of e nechine wes sealed with o sia alightly
Sher 1a reein. 811 washines were reacw.ted ia this vay sl seme were opersted
“er 2 hewre, Pig. 4l anows e Dase of Ohe @ashine ismeuiately after growtiaj,
48 verk was done 1n 1967 and all Sachines ere still in servies, Pig. 42 shome
Oeral view of the mechime (1970).

6.12.5 Jaamgle

A very iarge resiprocating ealpmo-sn' plent had 0 b
anentied beoeuse >f aetericrstion of \he founastion. I8 had besn in positien (o
out 30 yoers. The ip fow tmones 7 the 014 Coundations weoe brokea osuty Nosrasal

ooedure wculd then heve been ¢ retyrs e fountation dlooks ead when this hed

red set\ & eenerete pads to regeive ihe steel support tloocks. A very leagiy

ooss!




Pg. 40 Viam of Pline after Remova! of Maching







Pig. 42 Centrifige - General View
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Inatesi of Whe abuwe procedwre ihe )" stesi blocks were set up OB
filied epoxy resim pads oact direcily «nt, Sue frechly broken gonareve. Ny
easting the bulk of the spoxy resin pad, alloming .t %0 eriialiy oure and them

bedding the steel blucks with epo.y moriar, it wa. pcisibl: to wril the stesl

Blooks level (: 0,0002";, The wurking tive ¢ ot a 26 hlouss wes 12 hours, The

erushing strength of \he croxy resin Bix u:ed was iC,Q0L i(La. sitar 24 bhours,

Pig. 43 shcws & peneril view . the a:.nticg Blodks, Pige b4 chews &
@less ¥ of & blosk, Pig. 45 shows » view of the acghiae,

8.12.,6 Juperie

A nusber of ree piston eagines Hjersted ca wni oletines pleatl, The
seghines woere mounted cn ocicrete plirine, A genersi view of a2 maghine is shown
AR Pig. 46, The suppoxt frame «nd plinths 2re balow 'loor level, Dessuse of the
way in which this type of msehine operates, the conerete pli:nihe on which the
free piston engines ore mountsd are subject . « very heawy pounding sad have a
linited 1ife. Prior to 1966, it was eustomary to resove Wic assaged oonorete
(usualily 2‘-#'). east nem cororete and, when this was cizred, grind uatil it wes
tlct and st the required level. This procecures twok at lers. & duys. Using epexy
resin for the repair it n=s beea possible tc set up Wi macliire Irese, iovel and
W datum, in 24 hours. The wurk is done An twe siages. b Liiaths wider repeir
are built %o within 1/8%-1/L" of the final ievel naing ~ mons filled epoxy resinm,
Mhen his has prrtdnlly set (4=€ hours) the sicel Glucks re bedded on epomy
sortar snd set leve. and tu ust.x. AsscALiy of (uu snenirc oan start next dag.

At least six uachines have bean renvuiited ty thir sethod and all aye
satisfastory in servioce. ’
S, U.ING ODiUM :3

5.1 Naterianls

Soluble sodium ailicsias have been made for ovsr u hundred years snd

f£ind nusercus sppl.cations L. isdwatry, Utes ore many nna veriec renging fros

the yreserving o' eggs to the m ... 0ture of fireuiay. Sodiva silicate is the




Pig. 43 Con,re.cor - General View o 4 unting hiceks




Pig. &b Cayree.cr - istal, wl-.&u‘“
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