Shotcrete Classics om—
- Gumute Protection for
| Steel Structures |

by

PETER GILLESPIE
Professor of Civil Engincering

University of Toronto

d and |||

P. J. CULLITON
Engineering Resegrch' Assistant
University of Toronto

Full Reprint of Bulletin No. 4, 1924
[ssued by the Ugiversity of Toronta -

Reprind frim “The Lanadfar K ngueer" Oclber s, 1904
36 Shotcrete » Winter 2007
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Gunite Protection for Steel Structures

Experiments at Teazide, Ont., with Two 42-ft. Stedd Flate Girders Covered
wilh Gunite to Ascerisin Cawse of Superfieml Cracks on Dridges
at Hamiltor — Conclusioas Favor Employment of Guniting Process

Iiy PETER GILLESPIE
Frafesanr of Civdl Engineering, Unlverslty of Toronto

N the month of Docomber, 1080, twe stecl givder bridgea
in the city of Hamilton, Omt., ferring pavt of the main
hizhway between thal cily and Toronte, were covercd with
gl..:lih in crder to proteet them from ihe coirosive action nf
locorotive blust aiaee hoth pass over trucks wher Zucomutive
traffic in modcrately heary., Bomselime in the month of Muy
pext following, 7 was obsezved that on both struelnres nom-
erows small eracha in the gurite hud developed. Theit widths
varied from thsb of a haie up o ope-giciesnth ol ar inch
ard ju lselaled cazes thiz lutter limil was cxeceded. Tk was
almoat tmpossihla lo meazure their deptha bus il was beffoved
s generally they
dif not poneteate

P, J. CULLITON
Enginecxing Resvarch Assistant, University of Toronle

lor Beientific and Toduslriul Mesoareh, toue Canuda Cement Co.
aod the Coment Gun Co,, of Allenlown, Ta., the experimenl
was made possible. The givders weve aecordingly set up at
Loz zide, {at., ard to them punits wues applicd, the thiclnesa
of coating, the reinforeing Tabric, the ingrediente and tke
proportions conztitnting tha vurisliles of lhe problem. The
observilinn: male on Lhe bhiges at Hamilton, on the girdees
at Leaside anc oo noroerous amall gesle speeimens in the
labwirmhinry e briclly eeeovied here sogether with such con-
elugions as appear wareanled b}' Lhe evidenes decagend,
Alier Lthe g:mlm.-, had hl!a:r.l. ¢! uﬂ.rlrd ol uld paing, U wobs
waezre drilled and
theoe horlzontal linos

posl Lhe plane of the
rainforeing  Lalbric
They did not le in
any general  dirce-
i, some beitig wer-
tical, others horizn-
tal wod still others
having the dingonal
direction of tho reim-
foreing strands
The specificubions
for this work ealied
for a coating of gun-
fte 1% in. thick in
which an expymled

of % in. Tound scod
™  mttached  tp either
face n ardar o keap
" Lhe reinforeccment
away frem the plate.
To- thezr roin the
fabric was wired, In
-cach - xiriler there
woes eleven pancls.
The north grder
Wi covered with eot-
panded metal com-
toercially desigmabed
us o 1% -14-20,  The
* north pide of the
——— south  girder was

metul fabric weigh- —
ing 24 Tb. per 100 sq.
ft. wns b be imbed-
ded ¥ in. frum the
elee]l plotes. Tha aggregule wis to be prusec zilicious sumd
free from deleterions maiter amd cxpuble of passmeg & %
in. mesh. The mixture was to be 3 to 1. Metal aeloeea
were to be thoroughly cleaned of rast and seale bufure eover-
ing und gunite was oot to be applied doving o tem prraturs
lower thun 3h° F

On bridee No. 4, the firat Lo raseive the coating of gum-
te, the oroacks had nob ceveloped to the sate cxtent ar they
Aacl on beilge Moo 6. On the foraer, cracks huc cxiended
oyver Lhe flat srens hetween the web wlilfeners and o more
than nna instance had conlinged aeross the atiffences Inta the
pext panel, In many pancls peversl eracke appeared and in
each pancl cxamined there was at lewst ome visibic srack.

The cruxe of the cracking, the romedy for it and the
axtert, #f any, sn which it cxposed the melal beneath to eox-
rosion woere questions that neturally swggested themselvan
In the effirt to answor themw, 7t war proposal to cxperiment
o0 a fenle sorpewhat farger han wouald be posaible in a small
Inhovatary. To Lhat end the Canwliae NaideneE Bailways
danated two superseded £2-00, slteel plate girdera,
the further co-operation o the Honorary Advizory Couneil
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TI'16. 1.—Leasmme GIRoers PRIOR T AFPLICATION O GITKTTR

Through -

cororet ulzo with ax-
pamled metal of
lurper mesh desig-
nated 3-11-10. 'I:xe south. side of this girder, with the cx-
ception of onc parch, was eovored with Greening square wire
mcsh. ‘Uhree seriea of tests, A, B and ©, were planned
uweetrcling to the fuﬂnmﬂ& schedualoa.

Heelca “A™—North Girder.  Two-inch thickness: of coat
uring 1%-14-20 mesh,. Weight of steal per sq. I8, 628 b,
ﬁa pancly, one on oifher slde of the eirder, constitute a
et

;::;L Mot £ z H i 5 o T B o o H‘I;..'
Mix:  © Ld 1a 1.4 34 1 L1418 14 16t L
Fand mized coarss toarst coarse coarss doe fioe fine miced mized fne
l;;;o:‘..:-u-ml; e R -la:r " leuva .,l.,.

Tre percentapes of acuiterants were as follows:

Al —Bme, 6% of volume of eement.
Al loam, 175 of wolyme of cament,
AN —elay, 1% of volome of cement.
AT loam, 1T% of velume ol eoment,
Ali—elay, 15% of voluma of eenond,
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Bciirs “B-- South Cirder, North Side. One aud o half
inch: thicknesy of ecol nsing 3 14-1 mesh., Waipht of stesl
per sg. St .84 1b. One panel aunsliiuces o test

West Eact
Test Ife, 33 10 f4 13 1k 7 Is -13 N X 1]

Mixe 19 11 1414 3 15 1= LE 1494 140 14

Band: cnarag eonsae Anc Anc wieed sixed nuixed rwined mived sdasd (1Awa

Hovivs “C—Berik GCirder, Sowth Side. Ona and u oelf
fnei thiekuess of coat wsing twc-inch squmre wire MWakh.
Welpht uf metsl per gy, 0L 5T Lo, An exception is test Mo,
82, whare theee if nn reinbeteing sut to which two coets
of gunite were apulisc,

cat o Bt
est Mo, SR a4 g5 26 27 25 R Hij HE s HE]
Mise: LHE. Ta 1R led LN OEE LS R e Id YW
Tbwail,
Sgnd: cosres coares Ane fine wmiced mived minad mixned mized oo res Gllawa
farsing
ik ks

In aclilicion to the shove, eiphi snadl sl ulubes vaeying
in dimercions from 18 in. by 24 in. to 24 e, by 24 in, atiffeped

Wicel : g _:.“d. _ , . .

Bieva TPereant. Retaimed
ES B
Fi LTI
14 2.0
35 7.0
440 T1.0
100 : Be.G

Finenezs modulns, £.66

The ecmicnt was Mo, 1 Portland from the Canada Cement
e,

The water was taken from the malng of the City of To-
ronto ot a preseura of GO b, por &g in,

The air was dried as complelely aa possible, having hest
passcd through a drysr before b reachud the gun. The pres-
fura #i the mun was 26 1h. per 8q. in, except in Test AD,
where it was 20 Lo per s 1o,

The lime was & good grade of slaked lime,

The clar waz obtained from the Canadinn Fieeclay Prod-
nete a5 Xew Torooto aad woa wolldricd and finely-powdered.

The Ioam wa: taken from a sompost
heap of rotted leaves. This war well dried
ou? aml sereened through a 20-mesh rieve,

Fig. 2 —Lrasine CmoEns AFITE AFPLICATION OF GUNITS

.gn the alges by baving Beht stest T tlveled to them were
provided. Thesc wore ecated in the fickd and aftersards
transterred to the testing laboratory Tor obuervalior. They
wrp koown o8 weries “1V7

‘Materials Used

The wan used war a wooed zrade of waler-washed sard,
The conrse variety was porchased in Torcoto while the fure
mutaris]l was ebialned [rom the Capadian MNational Hailway
gtotes. On eevlain of the tesls the sunds were Mixad in dyual
proporiions, Moehanieal analysiz by Tyler sievea in ghren
hevewilh;

Coarua sni—ali aran. salngle

Sieva Fereeal. Retaired
A B
8 153
14 394
b3 202
40 53.2
104 5.6

Fineness malulos, 16

Find sard—a) gram. samale,

Eia'ic Parcent. Betaired
i A
8 A
14 . 4
#a 4f.a
40 A0
106 au.a

Tineners moduluz. 2.04
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Anyibicy larger than 20 mesh was rejected.

The compressor wWas ar oll-fived Chicago
Frewmalie eoumptossas delivesing air zt 90
b, pressurc.

The eemant gan wad the stardani gon
marmlacturad by the Cmaoent Gun Co., Al
lenawn, Fa.,

Buuing ke applieation of genite on
November 21 and 28, 1983, the temnemsiure
hoversd ascun ihe Ireszing-poinz, bt sives
tire findchad work wis gabsequently warmed
he salamanders, it s believed that ne injery
due to frost acewrread,

Rebound Teatn

Testa lo find vul wast perconlage of
sand reboancel from the ginder during ibe
application of the gunite were Tiads. Tha
gand wns colleried or spread tarpauling and menseeed. IL
waz found tha: the coarse zand kad the largest rebovnd
ang the ime sand the smallest. The parecniagcs arc:

Coaree sand o 16
Mixed gand e e ST 1865

Fine mand . i T

Thiz is obvicwslr not the tatul rebound but il is 2 cloze
pppiensimadon, 411 of Uhe sebornding materisl could oot be
gaiegted ginece rome of it had been threwn as for az 100 £t

Early Cracks

Br Janwary 3. 1922, 3 vwmber of erseks, rost ol ther
Inalgnificont as to width or length, were cheerved. Of theze
only the larger ara reported.

On panel C22 a crack § in. long and 8/32 in. wide devel
oped vt the Tower side of the upper Aange. It dapth, cunped
with & piece of No. 84 copper wire, was 4 in. Un panel C31,
£ eruck £ In. long and less thak 1/32 ik wids, was obscrved
on the plane surface of the penel. On panel CH2, which kas
ne Teinforcing metal, and to which 1wo coats of ponite had
heen applied, = erack 13 ie, Ineg and 118 in, wide had de-
veinped, bot this apparently passed through the owter coat-
anly which was about ¥ ir. tafek. A hair erack 10 in. long
in the lower richt-hand comer was alse observed. On paunel
R1f, a wery narrow cracx 4 in. loug jesl betew the upper
Pavge and another aloul Falf o pagel high in the flat orea
were ohserved. A diagoral evnek was eles Faund om pomel
A2, having a lemrth aloot had’ vhe panel width. In panel
25w erack slmest the totnl Lelght of the punel necarred.
Speaking menerally, the 1 mikiuvep wiowed lezz fondeney
to eheolr thavw othors, MMowd of the ovacky obgervel were
of 8 ebnaTacter not casily eecownized b7 o casmal obscover
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ings were mada in the punits, oxposing bots the reinforce-
ment and the steel girder web plates. Tac parels imto which
ewis were made wers 25, (26, C27, C23, C20, C30, C31,
082, B18, B1Y, A5, AL, AT, and All
In breaking threaph at the large crack on panel G22 a
cket of unmatrized sand wae foued., Sovae red inlk had
ean introduced to find aut [ posgible whether :his erask
#xtendad as Lar a2 the stee], Thils could not be determinad
tat there was no fmlicadlon of rueting of the wch. AL {he
hulr ernck on the eame panel water kad penetrated aa far
as the steel and “lere were two patches of fredh rust on
the weh., The rosting head oubtless been facilitated by the
loowe material which was here found in cemtact with the
steel. Where the zunite waz ehipped awny
on panel C3L in Lhe esrucr made the
etilfonor angle and the weh, the stood wss
woll preservec, the gunile huving been well
driven inle the oommars wmil  areusd the
eprvi] 01l of the angle, Tuost on the rein-
foresment belfors conting eesmml 43 aavo
Leon absorbed by tha gunile. The fabric was
exleeincly clean and sbaclotely free from
rusl, O all the ofber “0" lests examined
the waterdz] wag of o well-vatrixed ehorac-
ter, protecting purlfoelly ike givder und che
velnforeing mesh which wes found te be
in all cases % in. from {he plale. The good
guality of tha ponite iz evicenced by the fact
that it was extremoly hewd 1o chip willh a
keury hammer and sharp ehizel. The bond
betwean it and the steel was very goud al-
though there were ne carea ol “foather
abge” fractare, In noarly every use where
punite wes broken palbles in the spgregzale
warg [taolurod morozs,

A8 und AT eontained loam whily Ad and
ANl eontained <oy, The gonite In these
pancls waz the sama derse well-miutbrised

enbstanca found im fests not containing fm-
puritdes. There wos, however, some rusting
mtheﬂdno:fﬂwemmfamnt’m:m‘ﬂm

r :iunl Lhiz waa merc proncuneed with
Ee ecimy than with the loan

When test AT was chipped on the north
alde of the givder, it was lound that the re-
inforeemenl was very closa to lha girder wab.
The vemult of thiz was that behivd the strands
ol lhe expanded melul theTe were uir pockats.
It 1s beliowed that the ganite did not have a
thunee Lo penetrate behind the atrands aul-
fielen=ly to make 3 enmpaet mage,  There did
not appear te be any ruating on e back of

Snﬁ:mmt, caubtiezs dus Lo o achound
af. neal cement which had adhered tn the Lab-
He, The g'rder web waz very well protecial
slao. When Lhe reinforccnwnl Was cot away
the palhs of the individusl stronds could be
eagily pickwl vel by a sort of surrated sor-
faco imten which ihe graime of sand had
woraed themsslves behind the atrandas,

The 3% n, =teel wied holding the rein-
forcligy wus ehiizelled away on tesls AS and C20. Teore waz nn
maating vielble cither om the plata or on the hads< o vhe Too,
the pusiwe huviuy been well driven in bebind the sivel bar,
Tapt HBYl was chippad at a haiv-line ek aiter @ gueartily of
rial fnk Lnd been introdeecd, It was feand, en breakine the
slab, that the tr.n.fk had pemelended as far as the vlanc of the
reinforcing mesh, but there wus ro indicstion st it hag ex-
tendml past it

In December, 1978, a pumber of phesowena col pre-
viously sheerved were wotiecd. In practically cverr instance
where an upenius it the gunite hud besn made the poevious
apring, small eracks =udiziing thorefroin were zeca to huve
developed. This was purticula:ly laue where the lzyer of
gunite wns especially itldek. In several inalances vertical
erecky eorrogponding to che wipew of oulslasding lege of
silfener ancles had ooetod, Whan the muterizl adjaccnt te
guch o eraclt waz chipped sway il waos found that the gunile
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indm enntar.tmth ﬂ-a snpla. whucmmm-tm
anghe had ool develuped, chipping shoved tha layer of cover-
ing ta be thicker than 32 in and the fabric less closely wrap-
pud wrowns 1he angle. [ po instance, exceol on panel C32
wafch it will be reealled hod 1o reinfarcement, was it pod-
aiale to follow & eurfuce ersek as far us Lhe sbeel plate. In
meverul cases, howevar, thoy woro iraced az far as the plune
of the reinforeervent. Xowhers wud gither tha fabrle or the
plate in o sondilion other than porfect. "he erachs wera ull
of a width of {1 in, or Lhereabouts anl in some easos due
doublless to the presemee of golable ingredienis, these had
completely seagled pver. Tn g1, twenly-Lthres panels were un-
covered 1o o greater or lemser extent.

Frn. 3.—CrACKS Rapianvs Frox aN OFeNING CHIPPED IN GUMITR

ﬂ‘-r.'mcmte, Tilee wnnel, elay aml some other materiale, sx-
putily wlen il abzorbs woelsture mnd eontracts whken it is
dvied, Tnvestigubion huw whown that seme of the farctors
widell Influence the extent of this perlfocmance wre guanlity
of apprapste, methed of ecuclng, guantitz of wmizing water
ard elimatic conditiors. It is known for cxcmnle that a neat
cemert puske will ¥work™ wech oo than o moviar and that
o concrete wili contract w8 much as N005 por onfl In hevden-
irg. T lbis fomleney be rezisted, o5, Sor exa-mple, when an
envelope of romite iv wwed 10 vover & pale pinder, the con-
wrele comes e a sizte of lensfon. This tersion may sasily
bo saMicienk o ruplure e shell.  1'vobably the eonditfon most
favorable to cracking i3 whera an area o zunite in mot
botded 10 the plete benecth but is, oursice of thiz area, to=
gother with ite containan veisforemvent, zecurvely sanchoyed
Lo Laa moctallic 2rame, ‘This aneleiape may be due tozoToner
or flange wnplen, Lo chvel meads or odoice Myveralle meehun-
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ical feature of the plute flsall The norral civel of shrink-
apw will be 1o ercate ronsion in the gunite hut no sbresy In
the reinfocement. When, however, the tension becornes
preat sucugh to ruprure tke gunite, tension muss develop in
the fabric ab the region of fallure avd compeeziion elsewhere.
1f the reinforecmont be adequaie in area, the stresa threin
willl e mooderae and the eracks microscopic. Wor thiz it is
generally helleved hut one-thivd o7 nne per cenk. ol motal

Fic. 4 —Epcrmon oF GUNTTE Shan

i the minimum roquiverent. Ubviowsly s high vicld-point
stecl {3 preferied. A ditdbuled Labude of adequata cross-
gection, taorefnrs, whils prwerless fo prevenl créeks 18 veTy
efficienl in faervasley helr awwber sl redncing theiv sine
Whera the shell of guaits 47 of vnusual dekoess, g0y U in,
arad whose e Sabric s geite ologe to tha shecl plale, ik i
avidur, thut Uae Lolusnes of the celnfozecinent in enrebenling
surface erseking fg noourly nop-szistel T e gleorven o
lie Twasitle gieders as wluled ubove, bat smtacn crsclis which
hal cevelgmad oy vistte wittha e Bhick Aol
mever e Loeed past e piane of the fab-te,  Arat@we clr-
cumstsres Favoring: Lhe Formalion of oE:nle oracis 18 tas
applizulica ol o saxlace ecoat of zuvite whizh for :nme redsun
or aroher, bad failed to bosd with De presboais Jager, Eocl
a eozl can eesdly be d¥ecled by tapping with a smuli ol
kamrwr  Caicks khave Dieen abrorvec, bolc 2t Lesshds onn
at Hamijton, which wess throng- thiz sufuce coat only.

Provealion af Corresien

Near Pixiland eement 3z knowm te be an effecdive pre-
vendve of runting when applicd #n stecl suclaves and o
pecazieons nog beon erploves 2w a point Sar <bis purpes To
uffoed w0 salleluvluey protectioe Mur slee selderceroent 1 18
adrisable that the metsl be swrenunded by o Borwe vl in
comcat applicd proferably wes, oz tlds insures thas o'l pures
be eoutad. Ourlia is & conerete esrantinlly of Lhis characior,
but sines it Iv applied ander prossure 7t pOSUESSES RrENHP
denslly Whan endinary eooersle, When Lhe raw mosleviald $1e
Tigead cmler preagaure aguinst o hard moetul surfsce thars i
considorablo rebowri--tesly ol Lhe saml. Thix moune thot
Lhie cemanl sdbares ro -ke sorfeee as a mussixc o whieh
the particles of aand are subseguonily deive.  This matrix
iz a pacvenlive of eprrasing,

Fiam. A anit § ave photographs cf fracinred sections of a
siab of sonite aml & block of hand-place] esnersle respret-
ively, the mixture n each case being 1:5 The gunile 1o e
huzsar of the two ang heing deaser i mere Laporeions 1o
the entrauce uf wilvr, An exsminusion with a ~eading ghey
ilwws thut the fuce of the glah, which waz in coniaet with
the ateel, iz & filn of pracicully neoui cemenl, any sl pres-
ent boing of an exiremely fine charac-er. The imporvionsmass
of gunite snd the lnyer of almest neatl eomenl in ooz, wilk
the metal surioer wre vwo eclrcumstances which *ordar corro-
glor clMeull,  TF, however, oracks aecir in the puails, what
wmay ba sxpoesed ¥

Whethee stasl reinforpcerent in heare of reduloresd enn-
rrabe v in danger of rusiing throach the eatrance of air
andl melsture ot the cracks which inevitably ceenrs when sueh

40

of punlio cevld.

Ueairs are snbjecved 1o flaxure has been made the sabject
of muek =xperimenial nvesligation. Some yeatn ago, at the
Roval Testing S:ation at Derlin, il was shown that erdinury
Lension crasis seeurHng within the limits of permissible load-
ing, do not allow mmoephierle corroding inffuences 1o allect
Lthe eteel. The ontrance of moistore iz o be feared omly
wher the ztrees In the meizl has passed the eluslic liml wol
wher im consequenre the ersels ure relalisely wide, This
oeourred when stresses in esesps of £5,000 b, per =y,
in. crivled. The atrpaphere wus arliliciully meistensd
aml sapplicd with €, snd free oxpgun.

T twoe peewsions, Apd, 1882, ond Junusey, 1934,
gy mingtions o e Maaived gunfte on the Hamillon
bridgas wir made by chippiay the matey'sl mewnwhile
follow'ny the oracies with red ink.  Beinforeing flicde,
penwierioe of 3 in. Dy 3 Do wxperdos wefal, waz well
araboetcd I all cuges,  Tn Uhe Hral ease, when the wun-
e was chippad down to the Jubile, the ink was
ohsskved to ereep aloey Lhe slrands, ndiciticg =n
imperfect bond botwoon ganite and slesl, The craek
was Tolawel boyord the plase of the fedeie tv within
o ehovs dickanes o2 ihe steel plate when it was lost.
I anotier casp thoe crack was eusiy (ullowinl us far
us the eoocl place. Towdo wag reat on the welb olate
but it iz tronzat thal this had acccmulsted bafore U
gurite mu. been applied. Sevecc]l alvewpts to com-
=letely gurracné a block of gunile threr Incies squaiw
oy ehipping dowa a2 the eucfpes of e steel niate
wore made, Tae "ilana®™ of gunile, huwoyer, ivaria-
By 1el mwry jeozt as  coun a8 ftr lazt junclicn with
rhe terisdmipg Baly wag sevared,  Thls indizulec il ke
Lot Telweaen the moriur ond the stes] hal wol bein poriect,
1 sidil anether enge, whe=w tapping wita a hamrer irnlue]
w disioely Loliew sownd, the etk eouli ke lullvwed caly
Uhrengk ke suviacs coad which had net been bordsd with
whp Tiwes bereath. En one instaner Uho fraeluned cooercle
dimplaved clasizes of muaghelizaiion linea charpcteriztic of
wotor o+ o
“bat nss: been
frozen. Tha elly
eginesr il
pgamflzan = o
twe apiniol
hawevwer. zhal
b zomile uss
nuL  rudsn in
uny vase pofors
it k=l a chauve
=0 =et. (e
ally :pesking
Lse purite =t
Tamilion  was
irlericr Lo chal
an  Lhe Taowsite
wirderz. T: pon-
reined  oenhles
of nefr waiorial
wed  nodulez ol
elav  in places
el wes enuch
mave saailr
ehippai twr the
wunite at loa.
mide, I no eaz:
an the Teazids
grdevs bad red IEE. 5 —SHOWNG Jeurs o [usy ox Meral
irk, when ap- OTeedwidy IRCTECTED BY MORTAR
plied, crept
aleaz e srvands of metal, wer Lad crocks boer follaweed
paxt the rfane of ke fubsie. In eo ears liod sbralions o
magnetzation fines indicilive of froat hesn obeerved thers
Goperully the bord hetween the gunits anc the sleel alate
wiad distinetly herter tean on the Hamilten bridpos. This
may he the explanation ol the devser awi wide: cracis ol
aerven on lhe latict,

Thiz Lest was perfurud ko conspais Lok widy of musis
wilke thue o mortsr and eemetate,  Soven fragmont: of 12
panite weighing 2557 gramg, oy Seaguents ol 1:5 Land
plared mortar weighing 2,300 groins ned sl framments of
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%:8 conerele wriphnz 2,744 grams were usel. Al ey
wern well peagored. These Tmupments were placed in a
Neval abrasion machine, togather with 10 1k, of Dilawa sund,
m;dfgliiv-ln 1000 revolotions, The percertages of wear were
o Toliaws;

fiunite B840
Mvras 15805
Cororele 10.7245

After the test the rumber of pieecs of zunite was

gevan, ol morier, fer, ard ol coborols, filtecs.
Expunsion Twats

Thos: were pdenaken Lo wsesvinin the evtent 1o which
wunite will expanc when immerses in wator for £ comber of
days, To (kis vnd, pieces of guvile abuul B2 in long, G in.
wide, mml 1% in. thick were scloctn] o suwrimens  These
laby wove prrforatec at {wo puiole B in. gpert for the vecep-
thon of ¥ jn, rovod brazs plugs, 1 in. leng, Those phegz woae
insertrd in the Lales amd cecured there by a ceracnt of Ml acge
wnd glyecrine, Lhe erds protrading 14 In. wi‘her way. The
cembinstion war then placed in 4 pochel ol robber tizsues
through perforations in wihiels thy axkremitiee of the plugs
protruded.  ‘The lizsme, hasdng been lgatures lo lae preu-
jeering plugs. there resullwd o water-tight cnvelope,” The
wanle was lhea pluced v a rough 2iue boa hsving loar
vortical #lois st the hotoms of whiel the projecling phags
ronted. To the exireviifios of these plups

" [ : y
Lhen laken ieside und sxumined with the Zoltowing results:

Taere were ne crocks in Lo purite slikongh there wore
a fow eases ol surface “eraning.”

Tha expossd edpes of the stiffening T'a were very much
rustect, 'This rust had tollewed the metal inwanls opproxi-
malely % in at lhe shriokage erocks relesred Lo above.

The fubric wag in evesllent condition except that the
phenred sdzes ol 1he expanded melal oo e side toward. Lhe
plates showad a very livliv diseoloureilon due o rosé. That
the munite may vot Fave completely covered the remote sides
o the strancs iz the probable cxplaration.

Alter the punile lad Doen complelely pwemoved j0 wase
possible to 1ift =with a per-knife, Aa'ez of the griginal rusl
1/32 in. o7 wone io lluchovss, This nesl hao webesoinme
changs doring the munibs el s Duviersion” And expusizd
and no aidiliona] corrusian Fad taken place

Whonevor an “izlend” of gunite was swerounded by
paretal chipping 1t acpazaled From the plate. The saparaldin
iy, howrever, have heen the teselt of the impact of the
hammer avd coiscl,

Micrometor 1'osts

These wera made by raenns of 1 mizrormeter misroacope,
mommted on a triped. This mstmment had an ascuraey of
00068 in. and by mears of it bbe widths of o nuwnber of cescks

*he digcance picec: »° Murtehn sxtencomater:z
were alfuclad.  The method corsisied =
Aununtiag the zpecimen adter {bvvugh vrying
und reenrding Lhe roadiars wa Lhe meewivipp
wealow, Lo rubber pocket waz then filoo
with wuler and raily readings made Zor =
poriud o fen dayz o unlil espuneion sl
apparently pretty woli cesewd,  Thess rend-
ingd wre taken by meuny of telegeopos and
acralt el paved weowraey, lTemporaturs wae
malnisined practical v eonslent during the
poind of ehserration.  Other Oislarbing ele-
“hluis weve earvelolly elininated.
. The expamsion per wnit leipth betweon
{he dry and e suiuraced eondition s givca
herowith. It £ believed that Lad uhe Lime
of obscrvation been lengllietren, wmall wddi-
Linnal efanges mipht have aken plice:
1:1 punits In & cays' immersion length
wnwd OU1ES por uni;
134 gunile i 17 days’ imrmoriion Ienpth-
ene:l 000245 per unit;
1:3 punite 170 9 days’ immeraion lerglh-
weiel Q2 IE per undt;
385 guriie in 12 dars’ Doscesion lanethened 000165
P wnit, ; :

Fig. B,

Bmoll Size Mansis

The 1) serivs of plates wore 2bTened by '2 i by 1%
in, light weiphy Tk whicy wore rivetted to their cdgcs These
plates wore mude up from old #fock very wueh cusisl in
placos and baaly pitisd by corvasion.  WBoinforcing fubrin
wen upplied to thewm und sscusely Lulenda] on bwe coposite
alges to toe oulalanding flangew of the T': which were
drilled Tu: e purpose. Thowe plubes were ecivred with
punilo ab lhe seme time ae Lae ginders woss posted and
wilk the swme mislwees,  There were 6 plalos in &1 and each
Pk wes covored on both fress, These 8 plates o1 Lupt
ander eavel ul room tewperaiuiy cur chess mentis, Dueiag
taat twe L wa: oheereen Lo Lhe gunite iheank soesy from
two of the foor flanges of the murgina T's on ezch spoci-
nwn ard Thal thiz shrinkage was alony the edees o which
e fabrfe was wol xzched. DPriclienlly no separsiion
oeprrTod Belween the gomite anu ke flungez: of the margiral
T's v whirh the fadwrie tad lween zeenres). Thime cracks
varled from 013 1. e M in. and avezuged pertaps 025 i
The wieesl sopuraline: was with the 1:2% gunite. Subme-
auently Jhese plules with thels covering: wors Lomorses in
lanks whers [hey romaincc for a peviod of 10 davs, atter
which the tanks were diained and Lhe aprzimenz allewed to
dry,  This was conlinued for three exeles, aZter which ther
wore kea ouk 07 daors and pleesd in o posilion cxpesed Lo
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Devive roR MEastriNg Byrasgnd of Quaire s Waroy

whirh Fad developed in the gupiie ou ths beidgos al Hatoilbon
warg yoonshrod from lime e bime Jduring ihe winles
spring of 222723 in order to fnd oot what efeer, if any,
wauther conditions had apon the malerial.

Un Uecembeor 21, 1623, Lasoly-five -wicix vr diifeenl
etach: weore mewrused Sor wictr. Some o Thaze werg om
Une muin girdars; the rest wese on the fleor besms. The
widzhg of the cracks vatied Lroom 004 i 4o 04 in. The
gun wos not shildne alvieush (e slmosphere was auite Seur
The Lemperstoee was 51* F,

Om daomary 30, L92E, when he Lomperoiors wis LB
Jewar thon on Leecunber 21, the erucle ut the sare pobibe
wrare awain meneaeed, hudo oo differdnees were obserial. Ap-
parently the stze] aubstructurs ane she onvelspe of gundis
hud resporcec o the samc wav toe the (2l 0 tamperatuore
ai joudted they mizht be cxpeetod a2 dn oalezs che full fn
Lemiperslure wers 5 very rupld one,

A thivd mencerenemb of he widths of the crocks waa
made on April 6, Sollowing dull wet weather. The duy was
fine auvd the tomporzlure war 48* F. Some of the cracdlo
had not chanped in width while the rest shewed scme eon-
traction. These charzes as given in percenlages wary from
Rt g M cxeept ure crack which sontracted 43%, Fei--
dently u hwwnid ztmeaphere for n pericd of Lwe dars had
remled in o swelling of the cornerete and a narrowing of the
exacls.

A gabinel of bewver-losed was consbmseted omer omoair
gutlet in the =all of a laboratory, The drall io this Qua
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could be mechanieudly regulsted so {hat of air
through the cabimet wa= onder complete eonizol. The front
of the cubinet was the door. Sbeam from 3 emall gas-heated
boiler was sopplied an deciver] 2t the boliom of the easinet
Kacks were provided within, vpon which apecimen: eould be
plizeal.

A number of 1:3 morlur prisms, reclangolar fn form,
hand-mized and hand-placed, were marde for corrosion tesis.
The zand wos screcned below 10 mesh., The specimueus
mensured 2% in. by 2% in. by 12 in. long. Renning axially
through Uhw eenlbew of such waz o se’l sleel eove with
jeeting eniln, Arlue curing for two weels they wore stretehnd
in a testing machine until cracks appeared in lke muetay
envelopy, Thay wera then subjected to o cortrellad Fumid
almosphere in the cabinel deserfhed above to escertadn
whether corvarive influences would penetrats lhe crscke as
Tar as the stocl core. A wet and dry hulh thermomater was
pPluceid in the cabinet and the homidity therein deberminad
frem it. This was never less than 50 and Iy most eases it
reaehed 100,

Firel Teal—A number of the zpocimens were placed ém
gaelves within the calinet and aliercacly eamed and dried
for threo wocks, n slight draft meantime being mainteined
theugh the flos. The ctacks in Uw zpochmens varicd fromo
006 to 13 in. A block having a crack M In. wide wus de-
stroved alter the test and cxamined. The =teal core & %
in. spuare twitied bar, onder the portion brokem off, wos
observed to have spote of heavy rmst. LThis was probabiy
due bo moistuse filled cavidies conliguowns o the gteel, whera
paddlivg had failed w heing the morlar in actual contact
with {he metal. Theae anots, however, were on tha underalde
nf the wleal enke, The stecl ciposed by the erack showed
ue rast hut the ends of tha cores had collecled & heavy
coat of rust snd the metal parts of the wet and dry bulh
liennomuter shovwed eonsiderabds eorrogion after three duyd.
One of the woull gunile eovoved justes was placed inaide
after its gunite covering had been rcnwevol. A wvery Une
filmy or cont of neal ecmnent still covered the weal,  After
threr days the purfuce of Lhe plale proleslel by the film
wae uneorroded while on the back of Se plate corrozion had
taken plase,

Fegemd Tevl—Far thi- lest The draft was completel
ghut out of the cupbnard. The fest Jasied mire days m;
alternnts sleaming and drying. At the end of that Ume a
gpecimen having a eruck 02 in. in width was destroped,
The core, whick was a % in. square bur war nol rosted at
the erach but the mmecvered ends of all corer were heavily
rozfed. Several small spols of roezt were foond om the
underside of the core: Thie world eeem to indicate insuffi-
cvient puldling of the concrate.

Fhird Test—0ne of the zmoll plates from which the
gunite hadl been removed, and the slecl eore of the spocimen
deatroyed afbor the firat test, were steamed. The filkn of
cement wap Intagt on the plate and eovered raost of the
gurface of the rod. Tho eore produndly developad anote of
1ust despening in ewlor until =c the endé of the seventh
sleamsing it wobs comipletely coated. The plute developed rust
much s rapldly bul when the 1Gth application of stesm
Ead been made, rast had formed oves most of ils gurfaes, the
epaling of comont nob availing to prevent itz foemaiion.

Fourth Test—Ter this lezt all the specimena left fram
the firet “est were userl. The eracks had been widened by
slreteling the rods until & maximum of 08 in. was secured.
The rpesimens were steamed twenty-five times, after which
the ppecimen huving n crack OB in wide waz denstroped.
Examinaticn showed that there vz no yostive of the stedd
cxpusel By Uie vkack. There were threa spots of rost on the
underside of the sloel ecre doubtless cansed by the wmnistora
cavities when the suecimuen was made.

Fifth Test—Four specimens which were rot desleoyed
aflee the fowvth tost were nsed. The cracss were mechani-
cally widered until & maximum widlh of 17 in. hed been
roachod.  The specimens were shamed twenly-twe times
after whirh the sporimen having 8 erast 17 in, wide was
cestrovad. Frzuminaticn shavwed nn rasting to have scourred
ear the atoel oxposed Ly the erack, Thers was, huwever, rusl-
ing on the rod 4t the end of the mortar as if water had
crept along the sterl bemeuth the eonerele. Thore wore also
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spote of rust on the undersidez of the steel core indicating
inzufficient puddiing.

Eixth Tesi—Six zpoeimens of simine form made of 133
hand-placed marfay and cach having a burnishel steel core
cf cithor square twisted cr round stoo] rod, were expossd to
y humid smmosphere in the steaming cablnet for one moslh
after strctchinge. Duzing that time the sxposed ondz of the
metal rods rusted excesmvaly, When the mortur was braken
uway 1usiing was ohrerved in only throo specimens snd hcre
the fauelnres had width of 15 im. or more, On the bottom
pides of the rals rest spots were fn?’ pantly found. These
wore donbtless due to losufeiont puddling, The results are

ue bolow:
Thichuees of Width of
Covikriug e ks—im Remarka

1 Ineh AL wud 08 Tla Tust ot browh

1 [meh 2o Fiat em mll Bour sides of v b bewk
1 i=aly JA 16 1B Ruet vn wl] foniy aldes of rad at break
1 lneh A5, WEE Liust mt Jarger opebing only

1 inch i o vt nt bresk
& iuch Az o rust ab bevak

Sepenth Tert—These were two spacimens af the same
form an {heee reporied above excepl Lhat the box forma had
neither top mor botlom and were filled with gunite from two
opposite faces instesd of from one omly. The depih of
cavering ke ihe durnished seel ¢owes was ane inch. They
wera strefche! in » maching nol cracks of substantial width
cppearcd af-or which they were exposed for three months
to t7e aclion of a kumid atmosphere In the eteaming culioet
Twice dailty for two hours Lhe steam wes admitiod morning
aml aliernoonm.  Pizees of bright metal suspended in the
cabinet and the exposed snda of the ¢oze rods rurted ex-
eeasively. At the evd of Lhrce months the gunite wan Druken
nff aad ulithengh the cracks varled feom 06 n, to .00 in,
not the aliphtes) avidenes of rust was observiable on the rods
vithee at the eracks ot elsewherss  The burnished rods were
quite my beipght s when the gunits was anplicd,

Experience Wilh Guuite Elsewhers

The exprrience nf & mumber of respresentative Awmeriean
enpincers wiltll zonite az & protective coaling for meesl rtrue-
tures has been oblaiaod by correspondence. While the re-
p(.l:i.‘s ate not in perfeet sprecracnt the comsensua of opinien
iz that gmuniie affords o very sulwluntial protecticn agaimst
corrosion of steel

Yalialpctery Tezulta have beaw oblained by the Gramd
Tronk Railway Syztem fvom this methud of pruleeting steel -
again=t locomviive exhaust.

The Miszouri Facific Ruilrpwd have two bridges coated
with panile. The coating was zpplivd over stcel girdera in
2 highway visduct ctuzsing tracks. The gunile is over two
wears oll, but so far there has boon o apparent deterioration.

The Now York Central Railrond at Columbues, Ohio, has
used pua‘te ws o prccection for avesl bridges for about ten
years and has Found it to he quite w satlafnetory eavering.

The Divigion of Envineering Construction of the Depart-
mant nl Tabie Service of the city of Colunibus, Okio, iz
gatiafied thst munite i3 an offiviont pretection for metsl
exposed to the exhagst from eomobive stacks. Columbua
hes lwo wiacucte over wailrend fracke which wore covcred
wilh wuniie, che ie E928 avcl the olhee in 1814, It has been
the pruclien fo tooke eorclnl inspection of the coating avery
year and in Jamuxcy, 1923, chere wore no gigus of crecking
or dizinlepration. The elty used wilre mesh veinfureing.

Ir: 1921 che Delaware, Lackawunna and Weatern Eailread
need gunite as & prolection on the Chenanme Bt vimdoct at
¥inghampton. Tn this incslanee the work has sroved entirely
suliclowlory, ro cracks having developed, very lLittle
woar or abwesion has  occurred due o Jocomolive
Llasts. The comting of punite over reinforcement was no-
waere loge than % in. in thickness. On Garges having bot-
ton heal rivels T was 14 in, thick. On bottom fanges with
no sutton heud rivets it was | v, thick, while on wob plates
of givders und bruekel: i was % fn ddek. It is believed
thae iko eomplete removal wf afl gorle roim ko vietal belore
application of punile iz very Lopueiaul,

The expericnes of the New Yorlk, Wew Heven and Hart-
ford Railromd, in respocl lo eleven dridges in lhe Suelh
Bogton out improverrent {3 mbcresting, On thesa bridzes in
191% a 11% in. coating was plaecd, using as reionloroooent 8-
in. Clinton wire eoth mesh, No. 12 pange. In o numbor of

Shotcrete « Winter 2007




=
roinforeement, but in these mstacices there iz afmost contin-
noue Switching on 1ha Llracks. Moreover, switches were allow-
el to pass urder the bridges within a few days &fter the
gunita had been applied. Where switehing is nol 20 pcon-
tinuous the ceating nppears to be fairly well presarved, Tha
elaaraness ubove track vaty rom 17 £t to 10 £t U in,

Ltoapecting a highway bridge at Tiverton, H.L, coated in
1813, the zame company roperls also. Portions of this slruo-
ture were exposcd Lo salk water spray. The evaling was
1% in. thick, a mistare of 1 cement to 2% =and pleced om
Ho., 16 gauge, 2o, Cliolon wire dolls A few sUilcovr unples
and zidewslk Dbeacket snples new show rost through the
tiiin Iayer of gunive which has eracked alomg the outer cdge
of the outztanding leg of tho smele.  IE was Tound, on cuttins
bacl from the edee of the suUTener angle Y4 in., that the sta]
was {horeuithly wegtected. The chiet engineer’s opinion iz
that experience has not heen sufieiently cxtensive to de-
terming whether punite as a protestion fur stesl om such low
cleararees as ohilaln in South Boston et is

Gunite hae been used hy the Chicags, Milwaukes an
Bt Paul Railway Tor the purpose of prolecline apainst
ihe aclisn of lopotalice biasl,. In ope case a porlion of 8
gbrycture waa coverad with gunite withcut reinfrrcament
and the romainder with ganitc with wire mesh, ‘This has
been an for g nmumber of years and rocent inspectionz of the
wark indica*® that where proper reinforcement haz heen
placed arouted the sleef belore aoplying e ganibe and whera
the eoating haz heen reasunably thick, it iz successfully re-
sisting the action of fumes from locomotives, It also indi-
ealez thal where punila iz placed witheat reinforeciment, and
parcticularly whees the sleel work iy gobjecbed do delleclino,
the coating will evertnal' ¥ crack and fa'l sway,

Iy 3asy, i%20, the Penhaylvanta System Centrnd Iicgdoh
dif fume guniting and repairing on two bridpes apanning
thefr tracks at Ol City, Poured comerete had proved to be
utantiafactiry o zosicling locomotive blasts whick were
rather pevere singe the clenraness wre 16 feet and 18 feet |
respeatively,  Theze bloste oo the vibrotions duc to lralle

the best mutevisl. Apparently it is not peing
to wive the measure of protoclion that enn-
crete joel aieh conslruction hesveen string-
ers allurcs,  Gupite, in hiz experience, haz
beem n hetter protection againzl szl waler
spray than apaist locomobive blast,

The Chicapn, Burlington and  Guirey
Railroad have wzed thiz forrn of profeclion
for about ten years uml where properls ap-
plicl it huz net eracked. Tt has resiztod
locomotive exhanat very muel belloe Eizn
poared eoncrete, Cenerally the pretecticn
hés proved wvery satisfactery and L dw
the policy of the company te continue its
nee,

Tha axperience of the Morthern Pacific
Raiiway huas been thal wooden hlz:l bowgnds
esmatitute the most effetive means of pro-
tecting gtecl apndngt Wluat, Thoze, on the
contrary, fumish little or 1o prolectian
apulerl  pases  which HMuse ihemselves
through the strueiors and if the design he
puch that thesn mases boeowme confined in
pockelz, he corrosive actlon iz pusticulurly
deztruetive,

It iz the belie! of the Terminal llait-
road Aszaeiallon of St. Louiz that, il properls
applisc, runite 2 an ofcelive pratection for
zteel. Tn their opinion the cause of the fall-
g off of gunite s improper applicalion.

The Eanszs City Terminal Dailway findz
that poured eoncrete will mot loak when ex-
bazed tn locemotive cxbansk. This eompshy hes now elaren
etructures protecled by cement pun encasemment, the firsl
work hovine been done in 923, A Tegent vaaninalion
ghowed the enating to be standing op very wiell and Lo be in
gond eondition. On one of the wimduets the crerhenad alaay-
ance e dos: vhun 1T feet. In othes cesea reintorecient pro-
teeted By peursd conerelc was fowrd in lime to corrods,
~1Jrf:.sumu!hhr owing Lo Lhe penetration of locomotive pasea.

Thiving Lhe vears 1906 and 1917, the wndersides of about
sevenlecy beldmes on the Boslun amt Alhany Rallroxd, in the
eity nf Wewton wore punited, Prior to this paint couli net
b‘e kept on ikesa siruetures due Lo the action of Ieeomo-
tive Blasl and the steel was rapidly deteviornting. The cleazr-
auee wus cxbremely low,  Gunils wae used bat on account
of the denze trafile 1he work had fo be dune at nighl so zhat
the application was probably net what i zhonld have been.
It has, hewever, stond up ouecedingly woll, The gurite 4id
vol shaw any ‘ndication of failnve until 1922 when thers
wee evasking on practically all the bridpez and some indien-
tion that the eoverlng was spalling. T4 i3 the opinion of the
ehief enpinesr that the troulle was chiclly dus to leaking
from the top through ke fuiluve of tha waternrooflng, The
water -lind peredluted down behind the gunite wnd frozen
there, Lhus bregling the material Joose, T4 §w wlsa Riz o
berience that so for oz resistance o dhe action of locomative
exhaust is echecrmed, there iz ne maleris) spperior Lo gunits
cxe:pt perhapa heavi platez of cast iron. ’
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eauged seme of the gunite fo break off hefore it had resched
fina] st The steel, however, was oot exposed. Mo cracks
have developed sines and the Blust of the lucometive is buing
reglated remarckebly well, The same condition oltaing on
work dome in 1918, Roeent inspeetionz show the motorial to
be in pood eondition. Mo eraca wre shaerved and the gunite
i meeting tho conditiona hefter than concrets.

The Chicaze, Boek l:zlamd and Pacifie Raflway Jd1d
pomng puniting in 1812 and 19414, The copincering depart-
ment reperls chatl, foam the service obtaired during the past
aever: ye£rs, it appears to be a satislfaclory proleetive cont-
ing. fHome hair line cracliz have formed bakb apoareatly,
throogh a chemieal aclion, they elozod up in g very short
time, aml aldhough nn inspection har heen made, it is be-
lieved thef ro action detrimental io the siecl Lus reselted.,

The bridee cnginser [ne the Oregon Btate Fighwar Con-
mission oites the interesting rase of & bridee baill over Lhe
Williamette River at Oroprn Oity. The location of the bridge
i I lhe immedizie vicigily of lerge indostrial plantz sl
onploy sulphurons acid Az 8 reagent with the rosuls that st
time: the atrosphere i= more or lezs donsely charged with
sulphurons anlpdride,  Cocrosive setion iv thiz nimosphoers
Iz 1herefore sensibly stimulssed.  Part of the bridye was
gunited az & protectinr. The esvoring wae IT4 in. thid and
was shot apainst the stecl which wus wrdpped with triangn-
lax mush, On fhe amival of hot weather onite o number of
hair cTacl: developed. Wone of these ate of 4 serions naturs
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wed probably do not esbend veryr far bolow the secfaer. The
mejorily of thein are ersge eracks runming ir every diceelinn
with e *Hgwarity wlhalever, Thure are, koweier, a few well-
dolmad radiol eracks which sre thought to huwve lormed ovor
Tyl reinferednge rods believed to lie fuo near the surfaoce.

The Pelowsre and Aucson Co. hay Weed punile o pro-
tent the steol of rouwnudicesse and it hus phean better catie-
Fuction 1han oiner melhods of protection, ]

The Kow Yook Municipal Eniiway Corporation have w.ed
gunite on w portion of thetr eluvated railroad structaves and
an vie pirdessz of their shops in Brocklyn. The warl was
deme jn 16181020 aml up Lo the preseni iz in perfect condi-
tion.

The Hudaon and Manhattan Bajlroad have uscd gunits
for uiv dluets i the boiler space of The power house, whers
it s emposmd to Ralb azhes, bodler woses ard stenir, with
entirely satistactnry resulis

The fallnring comehasions appour to be warrpnied in
the lirht of obzorwations covering twn yosrd on the Ham-
ilesn ridges wnd pigelvern monihs on the Leaside gieders:

Conclupions

T the applicstive of punile, doalze gand rebnunds o a
grester extent than fire sand,

Llocal pocketz of mnmatrized sand reselfing from ime
adesin.c miving o ingredisots in the machine wee n et
af Tusbicg i b plutes and ocisleccereeinl. ]

Tmapuarities such as elay and loam @2em to faver rosting
of the jmbrdded fabme,

The expgnsion of phnite heiwesn the dry and gatura-
tion poinéz iz abomt AO02 per lineal unit,

Tenfueeine [abiie i< heoozzary where zteel worl ds to
ke protected by gunite, It showld booauleienk in smcEnt to
cnable il to soeume, in cvent of ruptiere of the gusile the
tenaile =tressea. produesd thervine by shoinkage,

Theo reintoreerment should be nut clozsr o tke plate than
% in. Oune and vue-Tdf inches eheuld be an adequate ovesall
fhicknas for tha mnverings leyoe,

Wkera the fzbriv iz figptly wwunped ower diffeners and
the covering thorcen £ leg: than e dn. thick, vertiesl cracla
potrasponding tn e mislandine leg of the angle temd to

devalop.  Thage eriaeks sonietimes cxiend thromgh to the steel
angios and e ssverd] cases vusting of the reinforcement has
ocerreed,  Vertical eracks okedowaly pormil ihe entey af
water more easily than Forizoninl ovecks,

The applicavion bl 8 Lop or sucfeos codb nob adeguately
bousded to the firet favers the formsasion of surface oracka.

Crughz n punite at ice Leazide pirders ean be trocod
o'y as fnr oz the piane of le seinforeing fabvic. The only
wxvepiions Lo Lhis are in the pane] having no meinforcement
and un the edges of stiffener angles.

Lean mixtures cheels lpss Lhan the vich ohes.

Frequeclly wasn ponize has besn chipped from the
cantre of & uanel, crdacks radioting from the apeoning have
beer nbeorved 1o develow in the souese of o fow weska fol-
lowwing tlae chipping.  Thia i purticelavly noviceable where
fae shell of ganiie is veew thick, "This shows tle ofoch of
lack of continvity in the eoveriogs envelaps,

Widlks of ceacks in puoile respond more readily to
hrmilicg chanpes chan to tenperature changes.

A layer of punite aiplied to heavily-rusied stecl plubes
resibod in ihe emnpicie snspenzicn of the rusting nrocera
when she platos, fegether with theiv covering, weic wlleorn-
ately immerzed and dried and cxpoced Lo sovers woulher
eanditiors during o preiod of newrly b2 montka,  The im-
bediead Faliie wod alwasd perfectly prerarvad.

A humid srmosphere failed to produce rosl in Uwoe
momthe on brigab stcel 2eds eoversd by one Inch of guanite
in whiclh el G0 ine and pmeeossr bad been made.  Euzt,
however, wi s produced be thiz come atmcsphole ooos molh
e brighl-slecl pods covees] Dy onne fich of bani-paced maor-
tur in which ervacks 15 Sn, and wider had beep made. Ta-
covered Bhoel rrsted cxncersively under thesn comlliicng.

Apots of rocl or zteel corer of hand-made epecimena
spprge to be the veswt of imzpdiciert wnddling ol manxtar
Wil the gpétamon: woers pmale 16 is holseved, reover, that
qllrkl FlgEME anan seases wuder the rovesing zhetl.

Fabriz which hod been esmplelely subrounded hy gunite
was always porlectly presarsod araiost rost,

Where poud materials and wociomenzihip are azsored,
and the weatker during avplication iz taverehle, runile rap-
erly relnloreed: iz belioved ko afford o sstisfectory protec-
tion Tor steel rlructnres aesi=nzt corvasion.
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