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Gunite Protection for Steel Structures 
E"perimenfs at b,,,.;rl~. Ont., with Two ·12-ft. Steel !:'late Girder& Conred 
with Gunite to A..a:rtain Cause of Supcr lici:ll Cracl<s 0 11 Dlidg~ 
at Hamilton - Cu.oclul<io"" Favor 'Bmp!oyLn tmt of CYuniting Pr ocess 

lly PETER GlLLESPIB 
'PNl~IIMl of Civil EnJlineerjnK, Unlyer~lty of Toronto 

I X tb-e mont}! vr D~c<:sober, 1D~1. two $kd g·UUe1· lni<tgeA 
in t)ut c.Hy of I:iamilton, Ont.., ronr.ing part of the tn:ti!l 

hi)l'b~~y bet..,:een t.h~tl.. c:Hy t1nU 'l'Qrcmto, WP.l-e ct)vc.t:cd \\'iti'l 
~uite in onh:~-1· to pr-.otecl. 1hem fzv'Gl Ut& ootTo>sive action nf 
loeomotlo-e bl:.\9't ai:w.e both pas.s O'\"U h"olclaJ wl;.ere ~uc::uauuttt·e 
truft\c i21 nwde:ratcly heal"'}". · Sotn•liaoe in the J'Y\.OI{lth of A1~:~.y 
next tOUowinR', it ~-a,; obsc:."Ved t.bat on both t-"truetn~ Jtl.nn
otr()w uo.dl cracl~a in i·he gu:n1h: hud tlcvclop-c:l. •l'bei1' wihthF. 
varied. from thli.t ur a hail' up to oc:\l!·~i:'(lAo!lll.h or an inch 
-r:d lu r~ulat.td. Ct\I:ea thi~· lnttc.t limll. 'NO.!l cxooedE'!d. Tt ~!-! 
ahr.?IJt Tmpmn:.ihlE~~ to mcaso.re th-eir d'~pth~ lnl: i:t Was bcfio)\'od 

uud P. J. CULLlTO:S 
Eugim:cliag R~urch Avfilvtant. UJ:Iil'M',;ity u£ TOronl~ 

J'or Rci~t:ifi.: >tnil Tndudriul Uc&onteh, tile Cam:r:d~ Ct!mEmi Co. 
fwd the Cement Gun Co., Of A1111!111.tJwn, Po.., th~ experimftnL 
wu 7TI~~ pr.s~ihte. Th~ ~ftdtr.'J WCJ.'C noc.o,.Mn~ly t:Et up at 
l,.Qs..ddc, Ont., ar.d to them Y.\Jni~ , ... u~t · c.pplicd. t he t1\icl<ntt~s 
of <»ating. the n~i.nlortin,s- f:Lbdc, ~,e i ngndientl! w-.d ll-.c 
,proport~ns eon~ r.h" \'Mrit~J.II!':I o( the problem. 'J't:e 
o~n"Nliun~ mlhlc ou lhc bti.f&'ts o.t Bamil1on, t~n·~ &:irden 
Rt Lc.;.i'kfC an~ ()t'J llUlDt!TOUil M.U~lJ SlC!.(I}$ , S]X"Cfmeni in the 
hlb•ma.l.nry t>r1: br~c.ll~· ~:"'co~Ue!l b.~ :<~get he .... wi"":h J"uch C(')n .. 
oluJo;i,)lJ.io a;; !\PpP.s.t ~t:ltrNnl.~l by U•" cvid<-nec dcdoecr.t. · 

AfLcr the girdCl'S had been c~t~Nnf!d t'l~ l:ld IJ»iu(, Lin: w<:ltw 
· · · · w ¢ ·;· ¢ <hi:led and u~, genoral!y they 

d hl o o t pC'nP.t1":1t.P. 
puwL Llau £1llilte of th~ 
~;,forcdng :rnl>ri<'. 

,--- ------- ----- ------ --- --- -----, tJu:co horl2<ln:.nlll!\oa 
nf % in. xou.nd .a·Otl 

"l'b&y did nnt lie ist 
trn;y fP'ne-r:.l eli ;<..e
lil))f', 't.POUI.e beirig vet· .. 
t.i.W, otb<-rs }lori'I'.AMt· 
!lll uuu •liJJ oth .... 
b:rvlng 11-.e dingol\1\1 
dirtct1on of U1u .r¢!il
forclo.g nt1';'l..nd~. 

. NttJJc;lu::d t:.l #ith6T 
fllt:e in ordf!l~ 1'/.) ket~. 
~ h ~ remto::.~ecm«nt 

'lW3:f tr-c:m the phtt. 
'Co- thC'~ t ·01bt the 
L'lbril! ~-a.s lrirffl. In 

.. c.-Mh • ~ime~ there 

Tbe specifiea~iun~ 
for thl .. '"ork e~lled 
for a coatin" or gun.
itc l ¥.1 in. thick in 
wJlielt on exJt~unled 
'0'11'\tul £abric wP.lgh
Ina 31 lb. per uo sq. 
ft. me t.f\ b~:t imbed .. 
d<:d ll. iD. f rom the 

li'lo. 1.-LEA!IDli G!ROt;RS Pnron ro Arr'LIUA.TJ(Jl" or GTJI'.'l'l"Jl . 

WO!"'J ele'\-!'!.t\. p:tnc.ls. 
The north g<rdc:r 
wa;; COYC!.'Cd '\-.·ith MX· 
p;tndcd mcu,l t~()m:

nl~cci.ally d~til,"'l"'l~~d 
111-0 1 ~-14-20. ..fhe 
north F.\dc of the 
s·Jutb girder w n s 
OO't'c:.nlotl also with C.Z· 
}\O.JlllAd m P. t a 1 of 

l'l~,l plo.t~ 'l'ba ~w wn.s to be Y-""";.c ;;i~.ieious s..U'td 
tr« rrom d~leWrioous matte:r ar'ld t.apu.We of passing a ~:i 
;,, l"l'M'.~h. Tb~ rnixtu.ra was· to be 8 to 1. 3otcca1 ;;IUl'race::. 
ware to be thoroughly cleart~CJ tlt rnt nn<l ~;cal\! lrclure eovel"" 
ir\e;- wuJ g\lnite w:ta net to be appU••l d.1.uiug a terrpP.rSll.ure 
lower Ut>n a~· F. 

On brklg·Q No. 4; the 1\r1:1t lu toceh·e the ooating oi gun .. 
ite, t.h~ omd:.t had. not ci.cvcloped tel the ~um~ c::tl<'nt :.Ft th~y 
.bad or~ bri:l~·c N.o. ~. Ou th<: fOl'mer, crac"k~ )1u<: ~.xt.<-ude.J 
"OVer the ftat ~wcus bet-ween the w~b .. ucre.ncn and in mor~ 
ttuw u:1Q instance had c;.ont.i.nucd across tlle otifl'ettc;·s btto the 
neJ~.t pal'lel , In th9.lt:f })3-Y)Cl;j r:P.verul ~to.clu appcarerl :mrl in 
ext:h p.a_ncl examined there W:l.S at lettat 'orae vis:ibl~ era.clr. 

'J'J1e a ust o.f tire. C7&eking, the rll)nlcdy f<ir it :md the 
u tcr..t, Jf any~ U1 whieb it e:~ the nled . .al balc:atb to eor
r()l.ion wvrc qu~tions dtat nutucaUy $-U,ggwted "them;.;eNea. 
l n the ~~rt to ans:,\?"r tbt'.m, jt W'Lil t lrftt )(')WI1 to C::JI.pe:rinl<mt 
aa 4 liC..-.l.C iOZD~h.t 1.ar,;-cr llt.an W01lh.l be poeaible in a ~;nw.U 
la.bomtacy. To lh.nt end tl·e r,11..,AII1Jlr·. N.o.Uo!\nl ~ailways 
d<lno.te.;t two aupHo:.ed1::d ~2-!l. tteel p)l\te ~irdeTa. Through 
tl'lc furthu oo-<1pcrati.on o~ th~ Hon(l.rnry t\l.h;sory Coundl 

: lar;.-er m~sh do!:lr· 
ll.>llod ~-H-10. 'f·=>e s<rut.IL .side of this giroer. 'l$h the ex
Ct])tiOJ\ of onc par..d, Wt\!0 CO":'C.t'e<i with Gr«n.i'!lg squill'C wire 
'DlP'!.h. 'l'hrte 1;;eriu o1 test~ .A, B and C, were plo.nntd 
u.uo..tdinf! W the fotlov;ing Mehc:dul~o:a . 

-~lrf'iC.J .. A " - No.,.tfl. Gi·!"(l~tJ', Tw~illCh Utid:ll~s.;; of <:~1at 
UlliTlg ~ ~-J .I -~0 JnC$h, 'Wfli~ht (')f Nt.ai J:~r S•q. ft.1 .68 lb. 
T'Wo panels;, on-e on cithut· side of Ute l'irder. constitute a 
tt~ttt. 

• • • ' • • ····-
1.:4. l•~"- l ,. 1 :4 , ~l 1 ::l 1 :SI 1 :4 1 :'-

Jr.e ~nta.gcs of :uiu!te.rnnta were 35: toU&'tl"S: 

.:\.1 --lime, 6% of \'u\um. of (('JI1CDt. 
A:l loam, l'i(~ of vll\ume cT cerntmt. 
,.q __.~l61.y, lO~c, of Yolomt of cement. 
.0..7 lo~m. IJIJ~ of v<tlume u! C:Ctn.cnt. 
Al:.-cla.~:. 1-0o/e ot vnl1.1n".A uf. tnm<:nt. 

10 
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S"~its "'IJ" ... ··Sot4tli. Cirdd·, !\:twlh .Side. One uud o. halt 

in<h · thiduae"~ oL eoat.· u!rlug 3 14- lU mre$.'-1. W.-Jght u:! .ft.Ml 
per sq. ft., .!14 lb. o,,. pan<l eunslitnt« a tClt~ 

WC'IJ,t ""'' 'I'MN .. " II IJ 1.3 " -· I.'S .. .. t: .. 
. -··- ---·- .. .... " hi ••• ,,, l ;t t ;$ 1 !-4 );..0 1~ 1Nh l~A ... 

St:·:i~·.t "C''-8'7v.~.tt. Cird~r. Sowth. Side. Ono u.nd u. ;~tf 
Jneh thi<:)U:~\:fi ()~ r,"l):'l.t v;;il'l?!' tWf~-inch !'ti]U.:-tre ·~·ir& mQS.:)I, 

W~h.t·ltL ul ~.nclul v~~· iit,t. ft. 57 liJ • • '\u exce}rtion i& t u :t. No. 
~2. >vhl4r~ ~hHt'"' i ; rut n::tinCute.i:ng; ::.ut to which two coAts 
~t gun~te were ap~'\eC. 

•• " 
:\fix. : l :a 1:<1 l :S l;1 1:' l:J. l:.:O l:G !:2:1,5 1 :-> l :.a 

"Hlftol, 
kl\rJ : «M no c:o~rc.o &:.~ fl-oe mt:ud m:~c. saix.-:d tn.i::<'l!d ..nt"(~ uo 1'11• 01.~•.,.,• 

Mf'M~il'l,;" 
(,IUW'!ft. 

ln 1\.:hlidon to tt.e ~bo-.. e, eiJ!.ht .-.~nnn *'·wt plulc.• vu..ryb,,.
in cf:m~rv.iomc (tom 18 itl.. bf 24 in. to 24 ir.. by 2J in. J~tiffi!:I'MH\ 

. on tilt "icos br b~ving Uv.h< .wei T'o ~J••LOd to t:>cm "ere 
pwvithttl Th~ were eootcd iu the fioh:t t\1\~ aftel'Tard~ 
traus(e.r~ to the W.tin;t labonttory ior a\nte.n-atiur.. 'lbci 
wn lrnow.u Ctt :IOtit:s <•1)." 

·Matetials Uoed 

Thtt ~:tori u11ed "'klH a !{!lud grade oi watct·-washod S.Atd. 
The cocuso YOl"iety wa.: pure!lasE'd in Torcnto .. \'hH~ t.h .. n,~~., 
ml:lt&rl•l w (&ll uLtuittoli frotn tl:o Cunadion Natiounl ttanway 
stores. On Cl$l'Ctdn of the 1e~:~~s the l'll:.nrls \\'~rt mhQ<l j,. ~·ruol 
p1·opurtlonc. :\Icehnnical nnil.lytis by 'J'ylcr sje~cs Jn gfv()u 
berewhh; 

CWtrS~-:.'1 ~o.nti--000 tram. ~hlnl•le. 
Sfovo I'crcc:~l. lktair.cd 

·1 .s 
s 15.; 

14 ;jl).4 
3f> S0.2 
<10 S3.Z 

10() ~6.6 

Fi~ne~ ma•lulua, 3.lti 

Z. .. in,1 &M.ct-i.ch1 e-r~m. ~am;-de. 
Sfe-;ro 

·1 
8 

H 
3;, 
40 

lOO 

Pe!'Ce;"~t. R~t.·dr.ed 
.o 
.o 
.4 

<iR.~ 
51:] 
9H.') 

Cc. 

Siev• 
4 
e· 

a 
35 
40 

100 

l'o"**t. Retainei 

Fineue.u mod~;_la&, 2.66 

.8 
9.0 

2U l 
C'I.O 
71,0 
9C.C 

'M-:(l eculcnt wus No. 1 l)ortland f1orr. t:h• C1\l'la.tla Cement 

Tho water was take:1 from thfol un!l.lmt or Utb City of 'ro~ 
ron1o at ~ pre~~turA of 60 IIJ. ~f(lr aq. ln • 

•r·hl.': :tiT W-"1.!=: dria<: m• ct~n,plctcly M posliibJe. h~";nx h~n 
t~zu;t.od tl'.rougil. a dcy~r before Jt r~~:~flc.:hud the: g1.1.u. 11te pres
t ura at. t:"le ~\U) wa~ 26 lb. p~r l<l· in. 'O'Xetpt in Te~t A2, 
wlvne it was 20 [:.:~. per !:1'1.· 111. 

The lime opas a. good srt~de of 11lsked lima. 
Tloc clay wu obtained from thl!! Canndinn FirEclat Prod 4 

r.r.t.~ :.t";; XtN: Toronto m:.d w~ w~·drtcd Md ti.nel:r-powde:reO. 
T::te loam ~•' 1a.ken ('rom ~ ~mpost 

heap of rotted !"'·es. 'rltis o.r"..R ~ .. n rlriP.d 
uu~ and screent\.1 t hNUih :1 20-!l'le$h ~JieTe. 
.Any!t.ir.v. larg¢r :.ha.n ~ muh was rejected. 

The cu\~:tj)l"CS:tor was an c-U·fit-e·J Chica~ 
'PnP.ur:'talic emnpt~l<>!;(J"t deU':'er!ng :1ir ~t 90. 
tb. }?1"\'!l':f.UTC, 

'I'·hP. MmP.nt y;uu wlht 1.ho .tttlll'tlm·ti gun 
rua:nuf~ctu,·ed by the O•nn.mt Oun Co., .Al .. 
lC'nt(l'WJI, }': ... 

Duting· U:.e avplic~tiol~ ~1 ~nite on 
Ntw~mht~l' 2.1 nud 22, !92~, the temJlent!-\lre 
hn•rf!rcd u:<:wtV. UlC J'reezlnr· I•oin:, but $h:Ce 
thE>: fini..:hEO.d v:ork W~ • ., i:C'.Ibf\GQ.UCiltlY W.:\tO",eQ 
by t:alamandtm;, it r~ Uul1C\1~d tllat Ill> injury 
due to fro!'lt n<:l~l: rrf!d. 

Rebound t .. to 

Tesbl l.o G.ml v\&t w!lMt pc-l'CC'\\Ulg-e f>f 
s3ll0 r~bo.mC~l Cn>Ju Lln~ 1\lt\!er .!tning Ute 
appli~n o1 the gunit. w .. te -:na...ie.. '1"1lo 

fia.'ld wtLto COU.oc\Cd O'C spread 1arp.aul1n.tJ :tnd tne::loSUnN. fi 
"''"' found liu> !be =- tand ~.!><1 tbo lorgcst rebound 
tl'lld. the fine sa11.ci tae. SJnallesL. The puctll~ are: 

CoarM& ~and ... _ ·····-.. - - --····-·--·- lG% 
'M" ix-eci a.and ................ -.. - -···--·· ·· .. .......... - .. 121J'o 
li'ine ~Sand ......................... - ........... , _, __ ,_ 4.-:'tftJ 

1•Jtis is obvio'O.dr not. i.he t(lbtl '~""l•nllnd bt:.t it is a close 
KJ•IlrM;hnu.:.iou. All u£ lhc t ·ebouut.Unc JY.:atel·ial eoold not b& 
co~ectod sin(;e t'ome of it had been throw:1 as to~ as 100 ft. 

Earl:J t:r~e!G 
Br- J:tnu:1ry 8. 19~, a t'.umber af erllckHt f':'I()St oJ: the>r.'l 

lnslgnificnnt as to width or hmgtb, were (Ibsen-ed. Of these
<inly ti-.e l3rget" 3t'EI t9{)<nte4'1. 

On p•nel czg a cratk G in. )OJl.i and S/S2 in. wide deV'et· 
opr.d u7. the low~r :lid~ f)! th2 UPIX:.l' flM~C!'. It~ dGliptb, ~UU,f..""EJd 
with a Jliece of No. 3-! ~opp-er wire, was J,4. in. On panel CS I , 
£. Crllci: 4 ln. long Qt.td les:; thAJ:O lia2 in. wide~ W tl!! oll~c:rved 
on the pl•ne .urlaoe of the J>WO). (/o J>Mel CS2. which t as 
nD ~i.nfo:ltil:g metal, and to whlch Lwo coab oi gunito had 
bet'.n 9Pl•lied, a t:Nck 1Q h-·. l nr:K ;..nri' 1/'\(t i'D. wide ls.ad de.
vrio.-1, bot this oppvently pMI'O<I tlc.rou~l tJo.e ~uter coat· 
<mly ~h;<:h ~ about ~ ir:. t :Uc.t.. A haft c:rsek 10 in. 1nng 
ir: t?lc 1-:.wcr ri~ltt-ham\ c:.oTner ;o:a!t &J.so oba:er•ect. On }>t\uel 
'Rl r;:. :t ''E'T;t.• mrrrow crack 4 in. JouQ· joit beln~: tbe uppel' 
I~a.ng~ .t~ud t-\u:J~hcr ulHJut 1-.n.lf ~ t•ttntl bi.(h in the t1ai nrea 
we-~ oh;;.P.t'\·P.d. A dla~o~~l m·o.clt ... ,~ oh:"> fnun.t nn p::J·nel 
). 2. ha,•iltg l length ab:Jut. :,fll; l·ht~ ptt.nel '?li:Jth. ln po.nel 
C25 u ·c:r:tck Jtlmod t'hP. 'tQtt\\ toiaht ~I the pruwt ncr.:m·ed. 
Sp~:,Bldn~ .e:ene1·anv. tl1c 1 :U ~Y\ix!.t.l t'f!IJ s:,o-r,eC lc.1l.!' tctai~'hcy 
to c:hf)ck t.il~U other::. .Mo~t. uf. t;'he (lt':lr.lu; obr.-ervcal we~""e 
of a e!~ar~ct~r n~t 00$11l,- r~wv:u iMd O;t- 1\ cn~aal: obsc·t\'i!•:. 
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lll:l'lllg the latteT pan ot Aprii, lll2a, • wmber of open
infl ~~ made in th& t:.ounito, cx~.ng bob the n.in!erre
mtnt Qlh.l the steel girder web 11l aLe;:.. Tnc p;u:els into whk:h 
c\rte were rn3de we.r& C26, C26, C2'7,. C28~ C2!>, cao, Cal, 
082, Bl8. BlV, AS, All, A7, and AU. 

ln bronking tho:.1~h at the loruo craek 0:1 P31l~l C32 a 
poek~t vf UJUn.Qil.ixed sand was f.vur:.d. Some red i:lk htt.d 
be~n lntroduted to find ()tlt iC pwsible whether ::hig erne~ 
~t:cbtnciAd as Jar as tb~ steeL Thl~t could not be detennine<l 
but 1Jt~re Wll~ no iullication or ruettng of thE! web. ...'\t tlte 
hsttlr crnek on 1he same p .. nel wutar tOO pcnetr:1ted M far 
as the 8tP.~l and ;l!cre were two patchP.~ pf frc::.b ru::t on 
the web. The l"UAtiny, h~l ~to·Jbtlcrt~ been facilitated b~t the 
10<»:\) mlloterial whlch v..-ue lum~ !ow:Kl in contact wif.b t he 
£teet. \Vhe-re the gwrlte wns f.l\i.rrwf :l'W'MY 
on p:mel C3.l i n lhe corucr m•do b)' :he 
.Rlrro~.r angte 3-nrl th! wQob, the st~l w,.~ 
well preser,·"eci, the guuile huv~ beeu. wP.ll 
driv•n inlo the ('.Clrn.er:=. Kwl ONJU-:'1<1. the 
C':\)J"'\'"d flllt:L o( lhe angle. n'01'.t. on the l'ein
(O\'OftntAnt h~:!u.t:"=! ~Onting F.Eif!TI'III!d tu fl~VC 

bc.m Absorbed by th~ guni!.(:. The tabrlt: wK.::o 
~x.b•me.ly e1ean an~ :.lb&olc.tC>ly free fmm 
ru,t. On all the otl-.er "C" tc:d:il c:xamiued 
the mu.tui~J was of a well-nAtrixRd ch:u-ac
t er, protecting p~J'!~clly tt:e eh·dn ~tnd the 
Nlnlu.&.'Cil\C' zne..~}. which wt..~ fount\ to be 
1:1 Hll CA<.cs '10 in. from llw. pl~l"- 11>e good 
(l\lOiity ai ttn &,runitc is erlC:~I by lhc :f~d 
r~lM tt Wl'S edMm~ly hm to chip wjU~ a 
l-:ou'"y htunmc!' ."tnd sha.rp eilisel. 'n'l bc.uld 
betw~~~~ it nnd th~ ~teel was -r-cry co..t ul
thourh t~er~ \ll<e:rc no c::».;:e.-. u.r '.tonthr 
eti:o" Cl·nctt.1re. In nearly ·eNif.T'Y cu.Mu wh~re 
sun11a.: VlC.t. broken paLblcs in the r.~:,l(,~gatc 
were fractured ::tc~O~l:$. 

A8 unrt A'i coutaine~ lcnmt ''-'hilo J\..) and 
All contained -~~.oy. 'l'hc v.oni~ ln thc;e 
pttnd~t w~~ the u1rno dc.r.!!c well~llhtLIU.G>IJ 
e.ubHtttm':a Iound in tetJt!$ r:nt ~ontalDJng irn
t~urir-te& 'l"b¢:rc was, 1-.owe'r"el"t Ji.Onlt l"US:ting 
nn tho sldo of the rcinforcement :·nc:n;:: the 
g-irder o.u-.1 lhi.s waa mere pronc·umed "Nitb 
the eO.y than with the loa.-n. 

~<ao leoo than ~ in. thld<, Md Ch<-t lh• n:infoi:UDlem ,.... 
t.n. d~ conta« lrit:h tJ-P. 1inctlft. Wh~rc e:rac.ks above etitlenu 
Kfl'5l t;!'a! hut.l uol de"cluped, ch.ippint ,mowerl tOO layer Ill tcve.r~ 
in{l t.Q he thi-ckf.'r than ~ in. lo\t~d lh~ fn.bric l ess cl-osely wra p.
lt\;d urmwci u~e angle. h~ no il"'~tanc:e, P.::tcc;Jl ou paMl C32 
~/:'lith it ~·iH be rEH:l:lll~J L.o.J 1:0 r~infl)rcemer.t, w"-"' it. Jlc'>£4 · 
sf!llo to !olloY.: a aurf«ee tr«ek Jt!J rar l:l~ Lltu ~L~.:cl vlat~. In 
«to~v~ral c.:.~~s, huw<~vc.n, Ulc}~ we1.-o tnwed a$ iar a~ 1he pl~n• 
ot t.he reinforcP.I~ent. Xowhe re wtl.: eitl·.~r th~ labrle 4'1r ~ho 
plti(O i.e •• coud!t~(lll other thnn porfe-et. 'l'he eraclt~ w~l'~ an 
ot a width o:f .Ol in. o,. thel'i$1tboutl4 &nll b S<mw Cllso.~ ttuo 
dc..ubUcss to the pre~~noe o~ !lola'blo in~rodicn:s, the&e h!ld 
~n-.\)lel,;el)· ,c;ea1erl O\'Er. Tn dJ, t\\1Cnly-tbre~ p:au•ls \\•er-e un
CO'rel'ed to 3 ~e.-'\tel' or leSHr e:..~t. 

W b<m te•t A'l "'" cbippe<l on tho norlh 
N(lQ or tho (_!iTtler, it .;as round tlu~.t t he rc~ 
infort.err.eol was veTy closa to U1e 1hder web. 
'l'hf. l"ftlllult <•( U:i.s was tbat belliud the s;trands 
oJ: the eJ:[l\'\llded mdul there were uir "ookcts. 
It h boJiov~d thtf: tltD g•.U'l.ito d.id fiOt have o 
t:h11nt..""' lu p&letrate behind. the lltT&Jlth J~uf
fidttn':ly to tuakc a (lllmp~c:t mo.ss. '1'bere llid 
not ~[)l'~ur t-.> be anr ruflting on Uee ba.ck of. 
tho r~nfrm:P.rnent, tionbtlea.s du~ lt) n l'C'bound 
vt 11e.at cement wh ich had atlhel'ed tn the Cab
tie. 1.\w if•-..leT WP.b 'v.cu very '\C"tll uro~ .. u~l 
etiiiG. Wl.cn tbe t'PlnforocolCni. tras eu~ """'.t\.V 
t h• p•lhs Cl! tho indnidwol •tr•n<ls could be 
e.."Laily {li&:lr.l,!d uut by a fort oi ~cl.'nttd ~,,T
ta.ec jntn whi~h U\c grnil"!" ur s-and bad 
wcr:WtJ tll'em.selve:. bebiod the etrandM, Fl!t. 3.- Cii.I\CJ.$ It.\OIArotG FHOll ,\.N Ol't:NJ~lC C.tiiPPED IN Gu:-a:TP. 

Tho ~ in. Rtf!.t:!l rud holdhla" th_, u·in~ 
f~rciHiJ.' wv.:s cltiselled >\W!lY on tu$ls A8 ~nd COO. T"'r.<:re wa~ n4l 
nr~tinM' vhliblc oi1he .... OTl t.hP. pltJ.Cfl Of on the bat~·< o::' t.he r~a. 
the i'U:>iw huYir1~· been welt rlrivcn i.11 be:1ind thP. ~l.t:c: bar. 
To.t l:t21 Wit$ chipp~U at a hair-line r.raek a~te.T 3 q1:~artil.~· or 
ra.l h:tk baC. been )ntruduccJ. lt '\l'&S fcun•l, on b1·eakb~ thr. 
sl:..b, thnt. the cr3C'k h:ul ~tf!ti~Lrntod 4U!: far as t.ht: !llano ~t t·h" 
ninfon::ing- mesh., but dtero wus r.o m.atcxticn lh9.t it hacl P.~
tend .. l [>llbt it. 

b l>e«mba, 1928, a f'v.mbcr o! plxmo~ ~:ot pre~ 
vioualp o.bserve.ci wP.:-e Mt!ecd. Ill p~U>· el"cry instanr=~ 
w11•n au upcuiug ir. the gt:ni tA hud l-een m..'"lde the J•:Cvious 
flprlnr, $mall cracl:s !"atlil:1:ting tho1efroir. w.a:-e s<:c:'l to b:.we 
de\•t;~ lU(tid. TI)iS was p;:~.ttietll!i !'l)• lrut Wh4!re t!'le lcyc:r or 
Q.1Jnlto ~ins e!Spec.hdl>' lhicl£. Jn lfffv'e r.~tl imd.>w~P.s -r-crtical 
en:t.:ku co;·rc~:~ponding to : he id,t.tc:" c,•.C vuliita;l<.ling leg~ of 
s~in'cneT .t.lnc:;h~~ hl:l<~ uu~:aU. When the ml:lteri:ll hdjaecnt to 
welt a croclt w~s chiPPed aw~tY tt. wQR tow1d. that the gi)J•ilfJ 

Cr:·fl<:l'ete, lila:! wnncl, d~t~t 1'1.1111 ~oru.c other materil\ll:l, 6X· 
pl.uulu w~.cu it. ab:).(ll'bS mo~tUI'& t\Hd .-:o!ltractn wl:ou it ie 
d1-le-:l. fnveii1i,.;-atiou hl:l~:t ~:tb&\<'n Chat some of th~ 61~t6ra 
Wh.lel1 infiucuc~ the extent oi tJti.IJ J•~rroruaanc~ .urc qututUty' 
of. :tR~~;t<~tP.! m~thod o.£ C•.tdltQ', quantity of rn~~ing W'-ter 
ar.d dim..1'!:ie couditior.F.. It i:s 'knr,wn tot e:xt.tnplc th~t a neat 
tf!fnf!or'.t pllEI:e will "~'<tt<k'' much lUOro than ~ mol'tn!' :t."'ld t'h.t. 
a C4nrre!.e ~'ill cor.t~ct KH rnuc:h :a.."l .0005 J)t!t un1L in lu.rden· 
ir.~.. I:i lhUt (eudenty be ~ist:C"d, t\a.: :o1· C~':TIJl)e. ~),e11. .:.n 
ennlope of Y.tmite h:• u~ co 'covto..r a p:.atQ ~del', the eon~ 
crel.o comes ir.to a .st~te of tens~on. Thi13 ter.13ion Y"''a:'i auily 
bQ ICllHkiP.r.l: tu n J.J•L•Jrt! t~:" 11hr.1l. l"l'obcllly tJlt: eonditiou most 
CI\V(I!-able to Cl':\c::Jdnt: ia: wr.~re f\1\ ~rf!a o: ~unit.P. il'l not 
horHh!d to tlt~ {ll~t<'! hcnct.th but 1~, outsk.c of this area, to
'(l:.her wjth it~ ('.ont;.1h 1~ri. r~i"'f(lrc<:eme:-~t, .:~c::urely ~nc:ho1·&d 
lc.> t:1<! nldnllic ~rnmc. 'fhis anchornJP') tn~y be due t·) 5ti:r~nor 
or 1\"!11-!'P. l::l":.'.h:~w. to riv~!. :~.-:ud >. or ~<J I-4UU:fJ f~·;l•nJlJl~ ruechun-
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ieal ten tun (l~ tMI pi~Le ilM(-!l :. The n()ra:al c fi\ :cl ot shrink~ 
~" 'A'.ill .W (o errote · t<lllSion in t he gunite hut no wlr~o b~ 
Ule reln!o~rnen\. When, 'howe;.·n , th~ tcnUon becomes 
gn:.ut P...Ut::t.q~:.b t.> rupture :.te guNte, temioT\ nnM~ rlev l!io1• ~ 
the fabrlc 1\t thit nq;i•u, ,.r failure at:tl ~ioion e~whe:t-e. 
lC Lbc L'tint<'L'eCrnGnt be adellu.=tte ir. ::~:rf'!:t , the r.treu l~rtin 
wilt ·:Ht rdcderu:.c 1'\Hd UlC cr::t~ks mieroscopie. J!'or thl! it is 
geuerally beHev•t' ~hwt (\nP.~thirli fl.! n.n~ po~ : :- ccml:. t,: .trtO\.&l) 

is tt,,, minimum rcQtlir-trrer:t. OlNio.u.-ly ,.. h ig-h yjo:Jd·p oif'lt 
l'h~cl b ,..rdc~rH~oi, , .A d i:a ,il.mk-.l !'il.bl~G of adf!quxtn c:l'CIAM" 
sectiN\, t ."'O,..,ff.,,.(\, ":t"'hlle pm\•PrlE>:s~ iu Jln!'lt-:111.. cu.ek~ if; vc:r,v 
cffich:11L l11 J . Jt;l'l:asi::~ th·ir : .uwiJ;:;,· awl Noi\H:i ::l,~ th~h· ~tb·.c: . 
~'her~ the ~hfH Oi. gU"'lit4'! i r :'li l\IIU;.tunl U~il·~n€'Si~1 jjt); :J hl. 
ro.d wl.n: ~'\' l11t- Lubri~ ifi qd~e cl,"~F.e t~, tl-~ ;f:l:l·l J•htll.l1 ic !'J 
~\1jU~J~~> 1.h11t.. L':'l~ l11i:u:lm:a <U Ute ccinfo·:·.;o::m!'Jit in ~t;r · t.m'li t •~ 
:mrtace cn c.ls:b".l il! ne~.rl}' Mn·~~t~l~"''l.. 11. .,,.a~ \•il~.:tl''le(\ .;..n 
!he L~,~.;.g.id~ ,l(it(i .. r,: ~s ~:.u~t-:d uLo.,<:, ·J:z.t GU1'f(l('\l c:r,.(':ktl v:hi~h 
i:U~·:l C:e\telat.:·~d t o:r \'i'!itt(: '.':'i•H.I;I'I it~ l.;:id< ,:l:dh,: d C,' ll.I'ti'!Q CC1.~J (1. , 
n..:vc r b..: ltm,t...:d r)!lt,; l Lite. y.i.aii.:' ot tl"~ iao·-:.,.. Ar«t::":\1:' d t · 
<;um~~t.r.<.'" :'•worin~~ ~h i'!: t•; w·H!.!:'n ,,r v!::\:1\l) crnc!i-.1. is tll.t 
QH{if:ut.ic:l ~ (\ !I'Ul'i a.•X; c~t <o! E"Ui.:ite -:rb i=.h. l(lr :n:m!. rt!.:l. "d'~ 
or lll!Ot.ll-"t . ~lte' .inilt:t<l !·O bo!td wi;,h (·u~ (lr(:':i•:U~ 1AJCr. !:\l-et 
a co:.l co.n t"i!.lril$ be ti·Y:<.-..' lc<i by tapping wit)! at :or;'nufi n a:l 
h!~m~r. \,.o::u•ltJI: .t'.n·.·p itP.f'n lll»~n;.;.:~, IICol.i: ' !.. .U-r.;~t:- QJII( 

at .H:tmtlam. ft'h.\ch ~~s ~roug:.. eM~ su.....fuce OOo'd: onl ). 

X cAt l'ul.·;.tand ecmcnt i~ 1aH>1"'!l t o be ~m e1f~·~ . .i~·~ pro
•·ew;.iv~ <~f. rn~~tthu; 'vhr.n nr.p1kci. -:.n ::te-d l'ud'.:•l·es and 1)1l 
OC~Mit;-n;\ :iU\W b('~) ('.1~'1])1 G~.:C:Q .;)<.: :1 fl:'liOlt ~,,. :.1- is p 1H J.I(\,tt :. 'i'CJ 

utrm·ll 11 M~Ll"-flldut·;; proL::cliur~ fvt· :'l~c: ni.ll..,t·cer~>eU~ i ~. i ll! 
a .. h,;~~hle t h:t.t t'lu, ntP. t:ol bf! ~ur.·nur.-iE>..t h..- :t. mot'lua.· :l'ieh in 
cc.mc:1t appHCYl l)l'efcrab:y 'N~1:1 ni:> this iuinNs thar. ;.~ ' 1 1':•• c.
h~ <'C>ll~~~ l . <":nrl:~ in l:l ~ont:~r.~ f!~rE!•!!.i~lll!f· t1lli1i:-> chtal•('l.<'l'. 
lmt s ir.c:e it l~ npp:ied ~wdcr prc~sure it p.o.;;ue.~~.a !J.'rtt•L .. ,. 
I.LO .. H~i1.)' llu\ll c rJ it.t.sLt).' ccncr!:!LE!. \\'}um lJJE! H~\\' tu~L~~·:WJ u ·e 
furc~d t : utlt~r J.U'~tJHUl'e !\?;aln~;t a t.arC: metal F.\!r!:at~ th~r~ '1:' 
comi·:IOl'Ob lo r~boun\t--n:u:::tl)' ol' t;l(.; :>tl.u<.l. Thi:: n:Gu.U!.i thl\1 
l}H~ ' :fl':mH:I .. 11\ll·~rt-ij n .1 · t·.e .~vtit:.te n3 a rnat.;:-h : in :u wl'l id t 
tlle S:·Olrtid.e~ <t! ! :t.nd Me subscy;.t.-~bU,t lll i\'cu. l 'Uh ma trix 
is a pl't~e:n(i: \'o or ,:uz•yt,~jt,•: . 

F:ip~~: . •1 nnrt V l\Yt, :;>hotogrn.phe cf f.ro.C"..ur~ s t ctt.ort:. ot d 
51ab o1 .;onltc nntl a block of' :'\aud-pbr ¥.>1 eo:"k.i~lfl! rt~t:<11~L· 
ivcl)', the: mhc1.u re il\ e3.('h cau beb g 1 :S. ·n~ !;,'Wlit.9 lc Ure 
tll!f~r nf the two :tnci ~inC' d<':t~:.· ~ more ~P';'l'\'{(ID9 to 
the eutrauco ui Yt1.Lt:r. A n PSMnlirut:;i~Jn with.¥ ~Mh'~! ~WQJ 
.ilww~ ..._1ttt!. tM f'~u "'f che slab, wbicoh ""a.1 in I."'u:o.et wilh 
tlu~ "~el. ia a. tUm W P.r<u:t.ieutly nea \. t<JW"KH~1.~ H.ny ,.:lltYI 11n~S· 
ent boir.; W a.n t );!..f'E!l!lely f\n P. ch:n:te-e¥. 'J'hc in>porvi.,uqT.¢$$ 
ui gunlu~ twl\ t."'e layer C.·t llllllo>st Jl(.'at ccn:c-d iu t:o,,l,::o:tc::. -.\·t l.h 
the tn(lt:\l lt\ \r! oc..: $1.! E! t.wo c:hc:urn:~f.:.lnce~ ... hie;) ':'Qf"lr,t¢r ¢01'1"<'· 
sior. t~ lffieult... lf. hO't'tever, eracki oeew- in Llh~ uu~ti1.~ .. whHC 
mN.y b ft AX)ll';'ctod '! 

Whc\'llet· l\U.•l r t1intoreer.1eut i'l b.:-ar,s .;,; N:h: ru r(.'f:d •:un· 
rr...IA:! iv. in dJtn.P:41JY oi t'U::ting thro·..1.p:h r ... ~ f'!'":tr\'f.n('e of. l\tr 
t\n<l moi'ituro ~t th~ t:t·llc:k:;, wh'eh ineritablr occur.~ wh~n 1<: \lt!h 

'vcau::o a.l'e ~ubjeeted to f\e,;u te h.u~ bcc,et made the subjee:t 
nf nu.td: ~.:<.~rin:w.ut9l in\·ct.·U.g-atiO'l. So""ft y~rst Qgo, a t the 
Kt'y:\1. Testing S :ation at J).e.rlin, lL ~::q sho'\\""!'l t h a t onlinu.ry 
t.eniion c.me.:t.s OC!eU.n'in.g wit!'Jn the lim\t 'tl uf ,.rttiio-.sibleo. lo=ld
in.v.. diJ not ano .... · ~crt~ corrodbl& in1h•enat.o \'3 Hffett 
Lhe rt.cU.. 1't~ altr&Jiec of moili.tu.A ia lu ~ ftRTf".d only 
wher· tl·~ ~:-es=s {1\ l hc mct;J. has p3.ssecl the ehv;Lic H:nil a,ld 
w11er. i"J Cl)m,P.qto.tml';e d tt ertlt;;\o! 1u·• rtlnU ~ciy v;ide. 'T'Hs 

f)('I!Urr-.::d ~;len stre3F.eK in ~'<t-.~""~ or ;'t.i,OOO ib. JX'!" ~~J. 
ln. ca:i-::tcd. 'l'f.-c atml)':pl-.~"' WltlM .?.rt.ilic:.iull,ll r.')OistenP.d 
urul "'llPJllir.1 with <.:O.r and !rt'~ U):Y~.'If"· 

0:'1 two r:cc:l:..o;.iouo, .Apr ll, 19Z~. n.nd J:.tmt~r.·y l 1~2·:1, 
e-xtt.ru iu(lti.:r:,.. i.t." L1•~ fin.u t.'t'd ,unite <m tt.~ Fr~HTiil1.,,n 
bl':<t&P.f.- ".'!:u-t Ynntie by t.:~.ippb~ (be mnt('Y1tll m~anwhil~ 
ft>IIO'\\'=np,· tho crac:iqJ wi1h red ink. 1-::ei.nfordr•Y.: fultd.c, 
cc.;u.inting of 3 ln. J,~, 3 il :. (lx,p~.do~\ mct:ll, ':'\'a:~ well 
iH'<JtectoO. in all ct\r.P.~o;, Tu 1.~•<: ft t ilt en!:i¢, ':':hen t·he J:','llii
:L~ wa~; chipp~rl (ln._...,, to tht ~Ubl'lc, tho ink w~~ 
.. h~l~t·v,)•l tl) creep al?"..V. U·.~ l'l1.t'O.J\tlsj inctica tir:g ~~o 
hnpP.rlt~cl: bon-.! b.~twMn :;i;..:lHit+t •nJ )!l\lt:l. ' l'hc crl\l!k 
-:;ali !"t' l' m.\·c:J. bc:;or.C the plti"''.,_ d l.h:: ru)Hic ~u WiU\i1~ 
n !l'bort cii .. :bmee {!: U\o tft~l piN-t~ ·.::h~u it was Jo.!t. 
l!'t anot.hr. c.:>.~ U1i) en c.t Wl\4 ~;tl!ny f'ul1·•wo:..l ~~=- ! ar 
u ·4 11!<; t:J;~l. p h:¥.. T;wJ" w:u; rt' lrt: t"n t.hP. v:E~' :>la~c 
btrt i\. it> ttonl!.'l\ thal· dli~ hat. o.ecanulded befor~ lllc 
enrH~ ;'ll:l,·. ~en aflpliHI. 34.'\-cuc.l a\c.<ron!'t.<t tc. c:un
.. Jietelv a:un·at:.nc~ a block ot R'Unllc. lbtt•· ine~ l$f'Jf.l;.f~ 
h}· clrip!)M.~ cJo\.\'4 t~ tJ~ IIU.t'flt K.-111 cf 1.i1~ :!te-e) pb7P 
~''\!rC ma·1e-. ,.. ... ~ '~Man·~~· of EtH•il.«, }u)\\",:H:r , jlt\·a::ia

hh' i:P.f KWt',y }l.':t. :l~ l'OUU QS ftl lft1t ,iundk.u • ... ·i(h 
!'h~ t'cn1:Unii•K bm1y W:\S !)'P.\'~I'C\t TiU:s . ' ndi:,tt.et: i lml. Ll-.c 
b~>n..:l httlwC~h th-e moTtur tll\d tl-·~ ~~41~1 h.~oul H(Jt. boou }lOJ'tcct. 
lt: $:jil :lnnl·h~l· C.'\SC, '-':'ht''"~ ~ttvPin$' wltf'l 1\ h .'tYVll """tH Jt!'r:ducf!d 
:; dt.:liocllf l10Un~; so•.ml!1 th~ ~n;.c:k r.:uuh~ b~ l'ullu~cd (·illy 
~hrf.l :l~l- n~ ~u::.i'ae·J cC~,<t wl-.id • ltt.cl r.c-t bec:1 bo.r.d€U •Nith 
d tf' h~~·:.:• l;oP.reatl;. In onP.. in~f.IH'Iet: Lho £n:.c.~~ucc:l ~c.•.Jcl't!LO 
d ir.nla .. ·t-:d clcu;t.~l'S ()f m~a:,~.,·l ~~~ti2a'!J.~)~ lir.t s d':&hC~eristic o~ 
ll".oiot: <1" ·uu.d 
',h;~t ht~~ bo:!!f:'U 
f rc·it-r• . 'T'h~ c:ti 
(l''l~ i !'l ee~ ~~1 
dAmil:nn i :: .~ ~ 
t ;\{' ('I J: i (I : (, fl. 

h~'\':'t'•"P.:': ~ h a \. 
U~~ ~itt-~:~.
uut.. ~.rug;n b 
an)· t.1lre OOfor.
it t::o.-1 ~ chaU'.'C. 

-o tP.t. c: ... _.,P.,·
~ 1 I y rpes k-ln~ 
t,;;<l! [!tlY·i!.<' ~!.t 
ltamilum ~·.a'> 

b ·:t:>t'ic:·£ LO lh~t. 
t)(l l.h1: J.c:ul-:ith: 
tr.h-dP.t'~. T: r.on
(:tine·.J ~~l:lbl~s 
o:Ot' ~eft "ll~tCl':i!\1 
tutd :r:o..:uh:::: t.o( 

clny iu ph,~"',; 
~l:~d w.::.::. un .• c:h 
:n nl'f! E-a~il :t 
r.Mpped t'IU. th~ 
y>OHit Q a t l;r.~ . 

• 1-idP.. J!l h~ (<\~'; 
nn th~>. l .(t:t.Si"'~ 
tt•r(le;-a: l'M red rts. ij,·- .SH OWI:O.t; !J~'l"J?. Ot" J\u:W 0 !\ }h1'.\ l~ 
ir'k; "'"Pr. :1p- Oft!t2l~l.:ct:: J' BCIJtO:rt;O B1' .\lCN!TAR 
p lied. crep t 
al&.lg r: ... '- ~"Mnd;. ,..( ~w, '"'r i.ltd Cl"M.::i ~ fnll~'\:'r.ci 
P"-"t tt ~ t:·'a..~ u! ·.l'.e I'.W:io;. Itt r.u t:U,:i : Ju"'l l!i l r iu lious ot.·. 
magn(;t:zatiM\ Un~s itv)ie•Lh•,. of fm.-.t l)lft~n r.h~P.l''\'P.<~ the"M. 
Gouc z·ully tb~ h ur .d h~tr.'f':~n U1.e g tmftf!l ~\..:. th~ :!lMl :olatP.' 
\\'.il~ •i jl't.inctl)· h~tP.T' t;.r\n em th-:- M.amilt'O':'l blidJ?."o':lf.:, 'l'ili~: 
m~t~t he tl~e exl)I:\Jl:ttiQlt uJ' a.:1c lh.:l.l;JC£ uwi \\<!de:· ~r~~:t:: uiJ• 
~·rvf!n on the lattC"J·, 

'fhb tctl W<l~ pC ~·f\:t:IU: t) tU C; I)II ~ J.U I ~ ~·'I~ \\'+!.H' l>f ,L!UHi...: 
\ol:iLI: tll!lt uZ mu.r"W.r ;u:rl er>7l<'i'Ot<'. $t)'r'fll\ irav,mour .. ~ o:! I:~ 
(.('.Utit<~ wP.ighing 2,.j~..;· grauu:, vi:< ::1·"~·mtnt~· l)J' 1:3 han~ 
(lbreC: lt'ICirtar '\\'tiglliu~· 2,300 grf.nM ~u:(1 wix £r.u~·u1~111.; of 
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1 :Z:S c<>ner<>l.e ~'ng 2,744 ~na,. "'oro ua.!d. .AD !laJ!'lpl"" 
"'·c.ro "Well ~r.ed. ThtM! ·.·.,,x•u .. nt:s ,·ere p)aced in :\ 
J)e"r..l obu .&ic.4 t!)ac:bine, tog·Xhcr wl<.h 10 l b. o: Oltawa nud, 
0\IJU u-ivttn JO,OOO rcvolntltll lk, 1'he llfH"etmta.-~es of w-e:\r were 
Alii i n JI I'IWJ;; 

f:unitl! ··············- ······ · ....... - .. ,_,,. E5.94~;-t 
~·1t~rtd'.' ·················- ..................... lf>.65~·t, 
Cor.Cl'<'Lf' ........................... . ......... 10.72'§'1, 
Af.tt~~· th~ t~:;;._ l.h~ rurobt-r of piece~ M guniLi'l: \VO$l 

lt\•Qn, t>J' tll<:r~ur, ter., ar.d CJ! (!OllW'~lc, ii.fh~<~r.. 

t:Al l<undun T~ts 
'0:4~<: wP.re u""'J<le11.ake.u lo UJU. .. \ftnin theo F.A"'tent- lo w.hich 

l(unil.e wJil expan...·. wtlen icr~,....;, in ~tet for~ t:umOOT q,.( 

d i\YG. ·ro l his end, piE'-ce;. of e,:uttt\.t. 'll.IJu~.o.l 1.2 in. ion~. r. in. 
wfdc, nnd l'h in: thick we:re s«C<!t():.l tL'\ "!.lt'T!imwt!'t. 'ThPtAA 
!ol.Atw ~·we pnrfora te:c. at t~v puio.~.M B in. R~ foT r--:'ae reetp
ti•tn 11r % ;n. round bra.s:s JJIU..t~. -t in. l('"P:"· 'fl-r.:~;P.. p lq!'s \I.~J:c 
in:<e1't~~;d i.n tJ~~ h:>}~s and ~CCUl'f!r\ t\',~re by a CCl:!\:Jll (Jf JiU r<.I!'Ji.'M 

lind qlrecl:in'(), 0.~ E>r·rl'"' proti-urting 1~ in . ':!'i~t~J· w.Hy. 'T'hP. 
ccmbiuat:ion wa~ !:1-.E'!rl. place:l iu " };1(1~l..d ur. rubb~-r; tissue.::; 
l.' h.:r()lJ..Q'l• )")fJ.tforations in whicit U11i ttxf:r~mitiP.~ ot the. ])lug.;; 
prutrurleri. 'rhe t.i.a~:u::, hadnv; hr.•m li¥"turec. to b-e :tJt·~ 
jw.;.tin~ T>lugs~ there ros:;utl:t-!d ,., \'/li.t.~~ttght r.'J\V<'lC[JC. · Th~ 
w:)Cllc ~M Utc!t plu<:f't\ h· " TO\l*'h ~it~~ ilu x };.qvinS{ r11ur· 
vortieal ~l <lf.ol 1'>.'1: thF! b~-tonl !,l o:: whieh UU:! pwj.edin~ rh-;,sr~ 
rc~t.c:d. l'l\(' th e e>.:t-.re \""litics ui t. lh:~ plut.:r 
~h_. <)ie-VI l'\1.'0 pil!'ffs ~.2 M l:lttl!il lll fl :t:b:nllNnP.teY.S 

were M.tucltL-d. The 1r.eUJ.oct cor:s:iR«i tl 
!1l m.lnt.i: IIC l'hP. ;tpecimcn 3ftll!r tb ... t'UUf\h a:n ·in)( 
"-nd r CI'Mrding lb:~ ru.t\i.i:J~~ a:' 1.hf( rw-wivi;-:r, 
,u·~l P,.t.;. 'J'1:~ l 'Ubb GJ: ~:·m~la~t w11~ th~n tUo~.. 

witJt wa~~r uud ,:aily reading., mo.do :(Jl· ~ 
z»er lud o.7 !.P.n days <l':' until o. .... pun~ti.••n · ... A.l 
<l.f.> l~tH(Inl ,ly ptetty wdi e~K~'>l(d . Th .. "-1:' •·e:·H:t
i n,t-,-' t tr~ tak~n b)' wE:um nf t(' l ~f»('Opc~ ~il<.l 

o.c..r.~i ~ v r u.::1:ut ~u:<:ur.·l(~)-'. 'l~iU'POrtlturo wa.:
~U\~w·.~ • .i:,~d pl':u~tica[y Ct)JlSlKd dud1tp.' 1.h*" 
v~ri1 •d •• r .,l,_.:.er."ti<ou. Otl1<:1· • ihc 1.u •·hltt ~!' t: lt'

~ Dlt.!Hl.O Will¥. ('.3t'¢!'1Jllf ~o~iiu:il'l.}lt~ti . 

. ThtJ t:""<pan;..i:>n per unit. l~:Jltb bc-twccu 
U""' A"lo-. nnd U!i! outunwd · .. .o'l)dftton 's gi,c."l 
hl:l."eWitb. lt l.: h\olieve--1 that tad \he t.iilu!' 
oi oba<·r\·tnion ~n l('ngthebe..:, a!m:.ll ,.~,)i~ 

t.iun~l t';~nngP.-!S might. !lave b>ln!n ltl:•t"a: 
1 :.t p<nnit~ in & ci.~)·.:' lmmtl'r r.io'l\ lcn~th 

t!lnd .0001~5 p~T Ullit.; 
1 :~ ~uil~ ir: 1'1thty!:l' lYI)n' Ol·,, icm IOII~th-

.,ue-:1 .0(102·15 l•~"~r unit; Pre. 6. 
1:3 ~unitP: in 9 d~>·~· im1u<:r~inr. l~rtU\-

~uttll .000'! 12 pet• unJt; 
I :1!:;(: g-tn:i!P. ju 12 ria;.,.~· ilLnm:t· .. i~n lM'!:t.lf!nP.d .0001~1> 

tt~l' W'lit . 

~w.ull Ri <~te )'M tJ-. 

·Tlte n ·~erk.~ I); pl:qt.!,s h (:t t) :~C-LLTI:II.-ci by l :-9 m. br B:: 
in. Jtrht wci,ghL. 'J'!'x ~ir.-~ Wt)fe a-iv•tt.ft to t h"i" 'Cdt'('S. IhiU(· 
Jllllto.s ltc.·r c tnHI~ vp frun-. old ~oc": \"ef)' lt'.w:.h .!'UiL ...... I in 
plaeos: .und baa.Iy piU.'-1 t:y cCJnVI&"on. l.t~i.ui'u!·cin~ f :lh,.;'i! 
1\. .. '-M llPtrliAA t <> Ut(:JU U."'l rJ A~t'l)","t!f !tt:ohmul <llr t 'Y'.'Q OJI}>C•SitO 
O:•l i}'Cil to me out.xl.ondine fl:\r. f.:'ll en! 1lte 'f.'.~ .... ,b.idt wore 
dr"lJt U :l'v!· Lh•~ pm'IJOhe. lhu:t.tt t•l l:( ~f15 ~ere el;\·t~rd .. •.:it.h 
fUni~(l At. lh(' !tP.~P. time y~ ~; ... _, $f'f~('l'S 'h':!.:·~ co::.:ttE!Ii :u"~d 
"WiLh t he: ltume mixtu.t·~s. TI•<~rt' wert S platr:~ ir: ~.11 a.r.d 'taeh 
}llu.'la; W«l!' C<lr'C'l'C<-: ou both ~:;(:~'· 1'hv~~ R plat<•$ '''('1'~ kept 
und~T C~\·et· at mom tP.l~pe;·";.uH! .~cu. dtt~f1 mcnt~~i.. Duri ·1g ' 
t.!u\t d n1t il ·,>.:tt :> nh~E'!1"1.'C\i. L.:m i. t.hH ,t:{u nftr:>. .~.hz:tu1k ~W!\~' fr(lm 
two o€ t.hf! fon'· Ual\go;,. u r u, .. mur~irk'\1 I'~ o~. e~ch sp<'ci~ 
hlttn a rd : h:t \ tbl.s: s-hriuk.:s~e w.-..$ Non"' the h-'iR'~ c.> wlUcla 
t~ f1bric "'"35 uul ~ttd\ed. I'"nlc.:Lir.:Uly no scpahlliun 
I'V'e.Ql"7t\1 h!LYr'fl!ll \h@ P!t"'\\t¢ a.&a.: :J:M ft :1n~ ui ~ mal'gir~ 
T"t Lu u·hi.r.'h tli~ f..1.3tie i.a:l IN!:@t'l l:teUrcd. ~ et.'3.W 
\~ri..C rrm,. .01.; in. t.u .01 in. :1nd ~~£\tG'fd ~·~,+:1pt: .OVJ ilt. 
The 'Orlc.-.~t S<'j.mral.iur; wa!S •.o:itb the l. :z :.f ~unite. SuhKe
~uc-nt!r ·.h~,':! phtt~ o:o:ith tb<.oit Ct>VIIll'in.t-:J 't\'<'rc imr:n·:!rF-F!,.; jn 
t.a.ul.:'/1 w1um~ Lhey l'Clt'!aine<: r()r ~ J>et1orl or 1(1 day&, a:ftor 
whi1:h 1h ., tmll:~ W(•r(' dl:o\inf!d ,'\f\~ th~ M(.H:cimP.n~ allowccl to 
tl t·~'· This wn,:; C()ltt.i~•ued :f.&r !..t.rce t!yt·l~~. :\: tel' \Vbh:h t.h,..y 
W(' l.'~ t.nkt !l out fl~ ~~~or~; nn:l pl)t(::....-1 in a p<ls.it.ioll <~XPOIIE'.d t<> 

\,he ",.~uthet where thl!:y N!f'I\IIJ.n..._-1 / nT (: rronth;t. ·Th•..y Wer"@ 

LhMn t.u':.i:P.n ira: ide ~V\d ~:c:a.rninfd wiUl tbe foUowin.e: rc.sult.s: 
1'0'\etXl' ~ere no croe.b ht t !lO rur.itc clU:<lUgl~ lhC1"C wore 

11 few ea~s of ~utrate ''er"'·~.in.a;." 
The ~X.llOP.~d P.d~e" of. t''lt ,.tHfer:il'lg ·r·a 'Fere "'ery muC': .• 

rus tec!. 'l'his rust had f «>Uc·wod the> metal iln:ra.rlLF. npprf>xJ .. 
mAt eli ·* in. at U\c 5luiulr.a.r~ e rucl.:)\ rc.Co.;J'.tOO (o ~biJve. 

The itthric "'•a.l:l in e'<ott ll~nt Ct)ftd:it.ion except that tht 
ahe:u-ed e<l%<e1! or the e:<pnudcd melAl ou Ute ~ide tuwmd. tho 
plates ~l\u·xr.~,~ a \'Cl')" ULUt~ di~ull•unl:titln d~..:f:! Lo ru;.t.. That 
thf! ~n: ite m.<ty 1··ot 1·\'\,.·e complet-sly em~ted t.he. rent<ote eides 
o.~ the rtranc.s i.i th . ., probnblc o,;plnr.nti1ln. 

ACLet: t}u.: s,tustih : b.d 1JC,:n L,.Htitllt!Ct:l r J:t<JtlOVeti H. '~~~>'laJI< 
pomu111e to lift 'Xtt}t " pq ·knife~ fl :i.ces oi the ol"'igill.al rust 
113'2 ill. Oi' tOOl't: in \.hil!ku\"b. 'l'hii rust haci U!J.dl!r~~ bv 
eba~ t!ruin~ the nluttlbt ci iu inu'Uet"iion · anci expuw :ce 
nntl n() n:hlhioruJ corP\1!:\i~n h\tl tJ)e n I•l"-ee. 

\\'t.c:'levcJ· an t•;.;l;;nd." of c:u~tc was st1l"l'OU:udod by 
cnrcf~1l chiP}lin~ lc ~cpa~·o.t.c<: r,o rn the plnte. Tl•e- ~~J'ISJ.tt1Jiin 
ma}·: h:>'9t~VE:'!', h:tvc hP.~ ... t'ho 't(''-l.',)t. of the irnpact of. tll~ 
btnntr.er ar.~: c~~iscl. 

.)J icromc t oa· '1 'cat! 
T.'lel'Ca v:~re n-.:td"! hy r·' fk:m,r. ()f :l mk:ronu'!tE'T mi~rm:c<'lpfl , 

mo'lnted 0:1 a tripod. This 'n~t:1·un1<:nt had an aecw:acy of 
.0006 i.u, s.t;.d b~· u:~ut . .- d it Ll'.e witlth~ u! u tiUU'Jbl:!t' uf cx~t:k.l'l 

.,.,hir:h 1-~<1 rli'!\'P.h."~pe•:l in lhe (f.lltil<: (111 th~ Lt:idg<.~ ~~ H~loilt(l!l 
tt-fl~ \',l ':'ti$\aCI.I [rf.lm lim@ t4J Wa:e Jutin~ the v:iul!:!: lUJo,l 
ll~t'jH!-t' oC '22-' 2!l ln tw<h:!r t~ find out "'ha t ej·e(t, if \t tt }', 

w•:.o.t'M-1" coYHHtinn$ ·,~G '.lpi)tl : he ~atetW. 
On U«ciUX:- ~~ 111,.,1 l~'m1y·lh""' ·1<0i1:L'C 1.1r dii:"~rt:lll 

erack..\ "A-'Cr& ao.o:'& "'..t."'t'!d ~r T.1f.t; . So"'ilf! f\7 1,;h~~ -:t f':l'Q on 
llM mtt ial git'dC'rs; t'H!: rt~t w~ or. tb~ fJcx.r bc~r.u:. 1'ho 
•Ni<l.~h~ (It-!' cJ\~ t>t'.:lek.;.. v.,.t i'"oJ lt'!)u: ,(11().1 in. U. .O.i in . Tlt• 
sun wa): J\1)~ i<hi:JitH:: SJh ;,,.u,J.:lt tJ•tt P.\t rr•o~phtne w~ri .,,..,i~e (';1~;.v·. 
'!1-.¢ ~emyter.:>.tlU'"! W:\$' ~:1 y F . 

()n ..i':-t71\l::~.)"')' ~o. t92l., w hon ttt! Lclltpcrt,tnr,~ wtd 18• 
J O:·W~.\· tl:.an (It'! l).c<"<:JJ\bor 211 ~1u.: f.> tucl(M ut. t.l'!E: ~~tmr: 1>oint11 
'9:or,~ nf,t· .. "l.if\ nlr.~l.•Ut<:•: , :.u~. ,, •• • llll't~ ;·,Hu:l:'$· weJ·c ob:s~t'V~ll . . ~p
pw.t'~ntly th~ !'t~E!l flll~i'f:l'llt:!:ur(l C\1'\f: :·l'.l) CIW~lcpc <t( YWli\.¢ 
hltd l'~t:'()Ol'.C.eC: (1\ t~·.~ ~amC 'W0. '1 til tl:o:'.' f~ll i.l 1~U~(UH~l~ ll rM 
QU it:J t c:.U ~!t~~ w.i~ht be c.:c,p..,·~le•t t-:1 dn unlt•~l'l t.!lP. .t,oqll in 
Ll~ttl tl*m1.urf.!. -. .. ·<~~·· ~ \'el')' n t lt lod om1. 

A t.hii'd m~.:urP.Jt:!VIt Q.~ t bft w\dt.hs oi t he ct~ck.li wa.1 
r.ude on April 0, :ouo~ <!UU wtt 'h\.~lh@r. ThP. dtt)' w.~ 
tine ru:d lbc t~un: wou• .tJ)• F . Some of the cradc:s 
ht\d not chanr.ed in 'l\idth ~1\ite tziC rest s.howcd ~m¥ COt, .. 
tra.etion. 'J''bes.; · cltar.~e.i 1\S t·;\"~n in pen-entage:.; "'ury 'from 
8'1" tcJ :m'fr. ~xccpt. ur:e ca·,·u :k wh;t h r.rmtr,.l":'tM .~.) ·~;, . F.-M- · 
d «n11y u hu1.ni:t ~tmc!itphE"l'O fo ... !\ J)eric·U o1· two Ua~· f> hacl 
Y'O?\llted inC\ S\\'t>lling <lf tbc cor.erctc nnu .a liluruwiiiJ{. ut' thft 
el:acks. 

.A. C~tbU~~(. o~ lte~l\·~r-lumrrl WttK con~b"'.>et:Ed (IV'C\' t~n o.ir 
outlt. t h\ the '\\'8H of " tabc-ratetry. 'Iloe dca~l ju lh.i.s Ouu 



42	 Shotcrete • Winter 2007

could b& mecl1anku.lly ,·~boterl au t.bat pa&sa-ge of air 
throu,e:h tb4! ~binet W;\S undeT coYOplete rnn1.rat Tilo front 
of tkf eubi~t w.._, the ttoor. S~eum iro-m a &n:l!l gu·heattd 
hoile.,. WM ~oprlf~tl M rlll!! iT·ed at t.he boltbm t~t tho e:t:)inet. 
Naek! Wtl'& provided within, upon whidl a-pedmens cuuJd be: 
pihro.l. 

A nuntbcl o( 1;3 nmrW.r pr.isultt, ~la.D.tular iu tonn, 
haflrl «miTed and h::s.nrl·phcetl, w-ere made :tur c..">orr~sion tos!;. 
The snnd wos screened below 10 mesh. The )jiJ~im44ua 
meaunuN 2~S fo. by 2~$. in. by 12 in. long. Ronniue- Dxfftlly 
lhrtlu~h l':!v uwutrt( u! l:!ach wus Q ~:t .sleet rote with ptO• 
jkt.ir~g- tnthc . .A.Ltn c:uring f.or two we0C.::S tb:cy were str~tc;liN:l 
in a test:inr ma.c.hine untU erack~; ;;t.p}H:l'tf.:"4:ld ill U:l:! uh.Jl't.Al' 
~nv~uolb. They wQre t.ho.a. subjcetcd to a cor.trolh,,iJ 1-.urrJd 
8.ltn4'>t:rlh~r$ lr~ th(.! cabinet cie:s;.ct1berl above to ascerttdo 
whether corro~ive inftuenc:;es w~uJ(I p~netrl::lla U14:1 erttcka 1U 
fa.r as tho 'tool coro. A wet ;met d.ry bulb tt:etmuu\~ter wa,~~; 
pl!lced in the r.:.~.bi.n&t. ::uu1 Ute hulllhlity thc:."<lin dctemJned 
frc·m i t. 'l'h'$ wa~ never less than 80 and lu mM•t crucs 1t 
rCMhCd 100. 

Jl'ita' 2'cit-A number ct t~c ~ocimCTis '\\•ere plaef'ld on 
~ek+-$ w itlth thl-! c•l1inL-t n.ud altQrt.at..cls s:.Camod and dried 
for thrcc 'tt<X'C, n d ight dJ"3ft. m~ntime heing ma.inb&ined 
lJ\Mtt.-(,1 lh .. AW). T ht! tt11.~ks jn 1.bc s:pc-ctmcn:; VMiod :t:JUD 
.006 to .().} in. A blotk )la"in~ :.. C1"'3ek .<H b. wkle Wllli <kf. 
&trorcd a.rt~T the te.M Nld C:L1mi.ncd. The !'tee~ «'Fe " "A 
il\. M!.Ultl"t twi~A!d lmr, un~ the pmtion broken orr. \lt"Qt 

observed to b3\'C JpOb: of heaYy rust. 'fhi.s '\'C'as ,,rob.ablt 
Uuc t.u t:noi.~tu,t\) .6ll(;d ca.\'it.iC$: C'Otli~guotu !.a t.he e't~JtJ, -,rhn• 
tJU.:IrWr g hJt.d , ,..,iltlill \.u i1rin1, Uu~ 'fnorl~r in a.etutLJ. centllct 
with t.ht m~tal. l 'hel!e &~{ItS, howeve1·, -were em the un•lcrlllc.le: 
()f th~ .-t.fl4tl cm:l.b. ';['he j:;~ccl cxpo~ed by th .. ! cnck 51-.owed 
1\0 r\l.llt: but the «ncl.:; of the eon~s had colk.cLcd a bMvy 
coat t.>1 rust nnd tho m<ltnl parts of th~ wet "'"cl cJry hulh 
t.ilc.nn•).u)oi.Ot' J.h(IWcd cousid~·al>te oot'Tosion a~1· three duyu. 
OnP. of thv Mmull l:(\ud~ cov~\·ed p!r,tcs «"aG pln<"<td inA.icht 
after tts &un.fte e?'\•e.r.ing ltad l~P.,., :·cmuvc1l. A vw·~· .One 
fihn o.r cM.t.. oJ'. n~at cc.rnCDt. still C'f.IW!l'ed thP. mfttJll. AftAi' 
tJrre~t dttylf th tt ttuduc9.. Qf UH~ plnt.c )>r<lt-.:el~J by the fl:m 
was tme~>rrodcd wM:o r.-n the b::LCli oi tl-.e pla(~ ccu·t-olion had 
taluttt Naee. 

S'~Wtmtl T t:"W£-Fu• t.b.b f4.'1>i the cb:a.ft WiU c:om!"letely 
&hot out ot thn cupbn.vd. l'he Wst la•ted nir.o dnyo with 
alte.rno.to st.com.lllg and d..,-ing. A t tbe P.Tid f.'f \.lD!\. t.itou a . 
specimt~:n Ju"ing ~ 4."nlck .02 in. in width was de.<trnr~ 
The OOM, whlct WM a % in. fQqre bu.r wu,; hol l'1lrtod ai 
theo t:rack but lht unoo"--cnd ends: of a11 eo!"i!8 weM :.,alh·ily 
ru3tNI. &tv•l'll\ ~mall ~ol..:::. ot rust were :tor.ud on ~ 
underaido of tb.o eoro. 'J:hi~ "V:"Ol.!ld tae~ to indieat6 insuJf\. 
eltnt pu.tdling a! tho cona'cle. 

1'1l.iM Tt•JJt-Ou.c of the ::mall "Pl£\t~ frorn whic::h th• 
gunitc had bMTl removP.d , Rnd th~ ;.t~C!l fmc of tho spccim•n 
d<:!ltrO)o"Cd D.rtcr tho firnt test, WP.~P. JO:te:tmed. The rwn or 
cement wkB rn~&ct on the ['1\ai:e and covered mo.:;t of ths 
Sl.'l'faee of tht l'od. Thu oorc gTQc.lunnr d<w~kqu~d nflnt" or 
1·ust d eept..ltine" i n cl•l,>l' 1..mtil ~t lhB cnC. of tho se~tntb 
.iLcaruing i~ WO.\ C<.'mpletel>· ooat~d. Thft J•lutG de,·dO}J()(} k'Wit 
muc:h i~MH Nl.}lidly but \\"hen tf';c lot.ll apt>licaUon '>f lf~t\"' 
t.ad be~U~ made. TU!lt. hM fu:-mcd o~.:C!' mo::.t. o.r itfj t'lurtneo, tho 
eort~.ting n! ccrn(lllt not. availing to pre\'~nt jtl:\ fn:!'nhltlon. 

P'wrllt. r~4jt-J.T'ur UU!! test 3.11 t.he ~pec:imene left l rnm 
thP. fir~tt ~fii:Kt wH-rfo! u.:w.tl. Th() eract.s ha.d been 'Widened by 
!.'lre.tclrln,r thee rods unt.H a ma.:cimum en .08 .in. Wlls l«ured. 
Th~ .t}ie'eitnont W<'tC stc~ twP.n"t)!-fh·e t.ime,;,, ftf t.l!r \\lhic-.h 
thP, l!lpechntl'n luavi""' u ~r.:u:.k. .68 ill. \?ide WM datrojte. 
t.:xruuinu.Jc:n !hl'nl'lld that tlw.re ~ no rusti.t:.g or U\c stocl 
c.xltu..<:4.U JJ~ lhu ':':Hell:. There w.e~ #lrP.e .c;poh nf ro...\t on the 
undenrid• of Ow tLccl CN'¢ OOubttcss e.'lusw>d hy the mnhr.'tDTfl 
4!&Viti~ Whtm ~'! IWCi:iU.a!'Jl WU.S tl:ladC.. 

J<1t'flli Tc.sl-F'our !ipec:.imena whjeh w~.l'e r.tJt dwClt'(lytd. 
aftP.t· the CO\U'th Ws:t were used. T~-e cracJCs w~rti mt-lc:'hanl .. 
ca.lly widel".fld until ,.. maxl.mlA.ltt widlh or .1 '7 in. hed b~<m 
re;:tchod. 'l'hfl sp('!Ci.tn~s Wl'!~"~ !:JA!~lm(~ t\'t'~nty-two th:nc.~ 
3.fts t' ~·hl'ch tho .:p~cimcn having a era~~ .17 :n. witt• W illiS 

C:.esl·r '>f'ld. l~~tt.m im1ti<•n l-'ll<l\1,."1!•1 no r:.utbt.g co have occurrod 
e-n t.hc otool t)Xl)ODCci l.;y thP. cr~~:i. Thr.E> was: hlt't'.·~·:er, l·Ulio~ · 
in~ on Uu\ r<:d at. tllc end or the mortar as it ~·at.er }'lad 
('l'ept 1'1.11)'1\g t'hfl ~teel k-ncu.th the cvnet~l~. I'het'<l w~ro at.oo 

tp~tR of l"U&t on tha Ul:IJ¢rs£dcr of the Rt.l e.oE'C inditating 
!nsutfi.cient pudd.lil'lK. 

SirtA Ts,c.--Si:c ~imcns of JUmi:n:r fo:nn made nf J :3 
band-olaced ~· and el1d> having a t.w-uhl..! .reel core 
ei citbcr ~n.re ~;eted a .round S;tocl l'Od, were~ to 
• bum.id wna:.-ptere in the a\Ean,ing CClblne1. for one IT\.OG\:-1 • 
after ~-ctchi.nJ.,l. Dui·ing tht\t time th• upo.seci ond-1 of the 
metal rods rusted exc:e~aivatr. Whel the morb4r wa!i b.ro.ke:n 
uwulr L'U3ting W<1.5 (lb.:el""\•cd in uul>· t.hrCCl ~~dmen:a a.nd heJ.'C 
th<P. f:ac1..urcs ha.d width of .l.l he. or mo.re. On the bottom 
uides of the rod~ rast £pbt9 were freq\JenUt ((IUJld. *l,lheae 
were donbtle.os due to in~uflleient pu<1dU11t('. The l'Osults an: 
U.$ bclow: 
'l'IJi.,;ku~• 1;1( Wtd.tb d 

cu~·-=-l'i.u~; Ora,·'b-ia.. P.An~Gl'lu 
1 h1~h .o: •u\1 ,\13 N o Ntll 411 bJ'ftk 
1 ll'ICit .2e rtu•t. Ofl ~:~.11 &-1rY cd.tkos of r(JJ Ab 'b'l't*'lt 
J i:~oh .1•'• .1:1, .18 Rucldillr!lltour • (llc.olTOd.d&m:.k 
l toe'll .o~ •. u: null! •t )ar~r ~WJbl¥ ~nly 
l tnch ,,,!j N~ t•)!• t M. llrao.lc 

%, i:leb .0: N o r-.&~~t 11.~ w_..). 
Scv.:-nth T4'.t:~-Th~!-!il:t W(•ri: t"«"" !fpfl(';'imP.nr. or tho so.me 

form a!' t.hoic reported above ext111r•t llto.t the box 1on'M.had 
11eithE<r t o-p nor botklm and 'tl"P.re Ulhtd with g-unite from two 
eppos:ite fa.Cle$ jn~d CJt tMm one vnty. The dc,pt.b ill 
cot>·erina t.c the ~vmisW M:.eel COl -e.\ w:a.s one inch. They 
~ stre(dlE't! in H ttlMhiM utltil trntkH 0( ¥ub-U3Dti.3J. width 
a:.PP""..ot'<.'U of :cr whicll t~ey -.-crc c:a:['OQ<l !u:r tbr~ months 
W t~ :u:Lian of a t.umi<l a.t:m-~1Jhore 'ln the ek"~t:ning .:uhi.oct. 
Twice <laity fo'l' two hour~ Ute; etu .m wu Wnittcd mnrning 
nn•\ B rlA!rnoon. !'ieC!l':S of bright me~P.l IJUlUJt!.nded in the 
(abi'T1P.t and the c:il>Ostd ~nda nf the co:c rod& TUAted ex .. 
ccs.si\·cly. At the er.d oC lhr'-C mont.bs tbe rt~nite "-'UH bruk~n 
ntl u:1.d ul~houg.h t.h,e c-r::a.ekn \'u.riacl froa1 .06 in. to .01:' i11. 
nm thf'! ~"~HKht.P.~'~ ~·li6011ec of rust was obwt:f'l'vubl" on the rods 
t~ilhct at the <.Tack,. oT c1scwht:M. l':te bumiEhed rodiJ woril 
qt•iW mr bt·ight !1!> whP.u tl-.4<! gnnitM \\'0" a ppHcd. 

R::tpe!"i&-nc:e With Gm\ito tl~tt'lll'lu~rt! 
't'.hc (:.,.peTiP.uc:~ r>f ~t nurn~r or rcspresentath~ Amorican 

fmJ.!.inct't.::> w.ilh g:unite aa a prntect.iv" coot.ing for ~A.P.l F:truo
ttttY:~ ha~ bf!P.n (llJIJlj~<:d by eorreapondttnclt. "\\'~nile the re.: 
voct~ ;n·e. n<lt in pP.rfect "~rJ;rccroc.o.t th& oanseJteua of opinion 
;.,. that gun.i~ a~l'<lrds a .,iert7 lmhwt.tlnt.ial prl>tootic-n against 
corr osion of st~l. 

Ssliata.etory re.n.llt& have LtQtl obt:o.incd. by t h e Gtand. 
'l'ruok R,tt;il .. -a,v S}~.stcm trom this mttt.hud o£ .,ruloctillg stee\ . 
;a;RainMt lommu\..1-.e exha.llSt.. 

The Missouri l'acifle r ... nruud ...... lwo b~ .. co<>lal 
with KWtile.. TI:.e coating was :aJ)plhrd ovel: st<:el einii:TR in 
a. higbway viliOduct tl1JSGing t1'atkl. T"nw uun.il.t:! iJ. ~ver two 
~c.a,r~ oH. but ~o f,.,.,. thEn haii t-ocn no ~p~r~nt detttiortttion. 

T'ni! N~w York Ceutrt:~.l 'Rililr<IM at Col'umbur. . Ohi"'• h111s 
uF~d p;un:tc u!:l a pi:C·tecti<ln for •e•~ bridgos for about ten 
years and ha~ !'ouud it to be quite a IJllU:!!Aetory covering. 

The llivi~on of En~inQQriflg Con1trur.tJon af the Dot)tJ.rt• 
ul~ut ur Pub!ic Sen:icc of th~: clt,y of Columh~, Ol~lo, is 
!atl~ti~d tht:.t gu.uile i·~ nn ~Mcicn1· proto~tion for mebl 
expo&eci to tl'.e ~xhnust fr()rrt f()COm()tlVe s tacks. Columbua 
ht..~ iwo via~ucts OV~l' ruih'OArl trackw \\·lU.d-1 were CO'-~r<:d 
w:l.'h guni(.c, cnc ir. 19.:.3 ar.cl the othtH' In J!l14, It has: been 
1ho pn.u:hc~ t·:) mo,}{e CQ.l'(;fnl i nr,pecthm o1' t'he c.oa~bg Qvl\ry 
year and b J \:t!'IU~~r)o' : 1923, there WO'.:.'O no &igus of en. eking 
or t\~ul~~ratJon. 'l'he c:t:~ u.i~d v.hc mc.th t•cinfvrcing. 

tn 1921 ~c J)e.lawa:re, Latkllwt~r1nl\ smd We.Atern Railr(lad 
n~ed g:unitG .US <:1 ,PtOtection On tbe C'h"'"'l'TI~ f.t, vi~luct :~~.t 
liiu(Jbamptnn. Tn thi,; in.:tanc:ra tb8 work has. proved entirely 
~Ut.l.id::.:Wt·1, r.o uacltlt luu.;ng devcl.o~d, \'i:t)' little 
w~:ar or abm.sion hal. ouurNd d\;t ~o Joc:omolh -e 
\lla.sts. The co.nti:.g oi' gUnite oo-tr re.lurorcemem. w.u no-
wane lOG$ than ~ in. in t~idcnmt..\ . On JAr:g:&M h.avjnzo but. 
tnn hc:ul rivclS it was 1 ~ in. thick. On bottom fl~J.ng-u with 
no ':.utto11 h~l::ld rkcts it WM J h·. t!'.iclc. w:hJic or. w~b plRtcg 
of gi.rdel'J-J \:ttld hruckt.1.::: i.l '\\"i.\S ';~ in. tlli.ek. lt is belie\'C!tl 
lhAt U:~ COl11pl<'tP. rtomovl::ll u! nil ilcr.l• l'rOHl 'Jo'O m~tnl bei'o~ 
uppUeation of r.r.·•.ante is 'icty iJ.a~1.1t'I.UuL. 

'[be ~:q>~ric.noo of thf) N'P.\\o' Ynrk1 'Nftw 'R~tven l\nd 'A art; .. 
~ord R3Uro34.l, in r~};pccl t..o clevtn i:>rfc.J&e.: in U1c SuuU. 
nost<>n cut impr<~\'efr~:'lt fa intc:t·ostin,g. On t.hct;a brit.tgu in 
l!n9 a ;, ~ in. coating w~~ (Jhwcd, waJ.ur a' rt.iu..Curww1wt S· 
in. Clinton ·wire e:oth me~h. No. 12 ~nngo. In a numbor of 
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taS(;S Ulc gunj~,.e hns ~r8C'ked and spaJled ao as to eXPose the 
l'Oinforccment. but in these in~""'.ces thet•e is almost cont.m .. 
uous switching on 0\Q lr&ek!-t. :\fon~ove"• !-twitc:h~s YJR!'f': )f.Jlow
ecl tu vu.s.s ur.d~r the bridges within a few da~ ~:tteJ.' the 
~"Unite had been aJipJied. Where switching i~:> not s:o con· 
t.inuous Uu~ coa.ting uJ)vc~s to be fa.irly well preFP-n~d. The 
clearunO&~ v.ltnvP. track' vacy from 17 ft. to 19 ft. 9 in. 

RcHpccting a highwa~ bridge at 'l'ivertou, 1<.1., ooated i&1. 
19·1 &. thE": .s."\me eompa.ny rcpm'Ls nlro. Portions. of this str\lc
ture we~:e e.:"p.:xs<:d Lu :o;u)t. wutcr ~o>pruy. Thl:!' cu~t..ing wv: 
l lA in. thick, a m\~"e of 1 ~ement to 2% sand ph:~cOO on 
No. 16 ga.u~ 2rJu. ClWlon wire duLh. A £ew :o:Liffcul!r unglc.s 
and .s.id('v/&lk b~.·.ackld: t·n~r;le~ now ~>hllW ru~t th-:-c;.ugh the 
th:u lnycr nf guni,,e whic.h has cracked aJong the outer edge 
of the O\lt$tanding leg ot thG 9ng1~. It ,., .. .a~ {uuml, un cuttin~ 
b~l\ from the edge ot the S~tJ(f~n,~r lth~l~ ~ in., t.hnt. th~:: s~l 
was u,oru~h"hly t-J":"otP.c";t;ed. The ch:ef engineer's opinion is 
that Bxfwritmc:e has not been suffi.cicntl}" extensive to de. 
tel'minP. w-hether gunit~ ::\S a proteetiun fur ~te~l on ruch lo\V 
clearar.ecs as I)}Jtaln in South Do.&ton cut is 
Ut~ b~~ m::ate":i:.l. ApparcnUy it ic not gQing 
to K)ve the meas\U'e o! protceLion tl1&t eun
crctc jatk a.:::cll oon.-;~ructilln be:~;un ~tring

ers .o.n·ur<:$., Qunite, in his experier.ce, h.a.s 
Le<m "1 betteY p:rotee:ion agai.n~l :salt ..... aLor 
::pray thu.n against locorno(.i.ve 1,1.-.,;t .• 

Tht! Chit:n~n, Fhn·lington aud Quincy 
Railr.:l~U.l hl:lve \l~ed t:Jlis f()l.nl of pl.'O{ec1~cn• 
for about ~ll }'Cal'S uml whP.l'~ propE!rly ap
plic•l it hw; uu~ r.l':tdo~d. Tt has rC'~!~tod 
lnc::outoth··e ex-h~u8t VeJ.'Y Ullu:l~ lmU<:t" t.h~n 
pon!'ed ennc:N!t.P.. G~neC3Hy thP. pYotP.<:tion 
bas p~o,•C~l vecy saQ.!facto~·y anU it. i."' 
thP: JloHr.y of tl".e CC'Tl'lpnny tu continu~ it!'t 
Qse. 

'I'hG h:ll&rie.ace of the ~orthern Pacifie 
Rai;wuy h>ll:l been that. wooden hl~~(. bol:t.~l~ 
c~n,c~titu~ t't,c "!UOS>t "{f~"''thre mc:.n~ of pro
tecting etccl ~grun~lt.: l•l~:~o~t. 'l'h~se. on U:.a 
contrnl'l-'1 fUmil:th Ht1lc or .no iJrote~illn 
as;uiu:l Kal)es whiell .jffl'._.~ them5elves 
through the strucluta arul if ih~ design bo 
sucb that tho~Q .eta~ become confinc:l iu 
pockelli, 1.h~ cm·rosh•e ~ion is pa:-ticul:lll'ly 
dostJuctive. 

lt is tllO bcliel' uf the 1'enuina.l ltaif• 
road Assoe!atimr of St. Lou!s that, if JH"OIIel·ly 
applieci., ,.;unite i'a an dl'~elh·e pootection for 
.steGl. In their opinion the c~ul'Se of the :tall
inp;- off o:f gunite i~ improper applieaUon. 

Gunite :!>a• been used by the Chicago, ~mwaulre" and 
St. Paul Railway :fot the .PllriJOSC of protecUng against 
th~ n.~t.i:ln of Jor:omoli ... ·~ hla~t.. In m1e C.O.$i& a [IOl't.iOh of a 
6t~dul'E! W1a~ cov~ted with gun~te withcu.t NinfnTcement 
aud ~he r<:maindc::.· with g-..mitc ~'ith wire mesh. 'L'his has 
been on for 4 number of y~nrs an.i rec~nt in::;Ju:ctionE uf tho 
work il•rJi~a~oP. that wh4':1'e propP.'I' rP.infi))'I;P.mt<mt ha~ hP.en 
pliiteU "rou1tU t.he steel bclol.'C it:pplyiug th~ gunit<: a.nd wheN 
t:h~ coatiTl.K' ha1:1 ::.een rea~un~Wy thic'.., it i~ ~uc~~sfull>• ~
sisting tb~ action of furneH f~om locomoti\"ea. It also indi
cates Ut&t. wb.e1.·c gunito i~ plo.c~d wiLhont rcin£orecmcnt, and 
pnrtieul.-trl;.,- wh~t·~ tht-! :,tl.!~t 1\'urk )~o~ ~:~uhjcch!d to defl~cLirm, 
the coating wHl ev~Y.tuar~ ctaek ~nd fa:l ~'t't"ay. 

In )fay, JS20, t.!lc Penn$\;yl•;.o.ni.o. System COlJtrol Rcg!on 
did FQmP. gunit!ng :1.nd rP.})3iring on two brid~E!I$ ~panning 
their tracks at 0!1 City. Poured conerE:te had pl.·ovcd. to be 
u.r..=.nti~fnc::~•TY in !'c:;i~l.:bg Juc::<.lmuth•c hJu~t::t which were 
rathe severe si~~e 1.he chmrant:~::s. ~re lU ff!et. a.n.d 13 fP.€t. 
r~pc~t..i-.·¢ly. 'f.b.c.s~ bJa.sts tmd the ,·,bmtions due tc· tJ·o.U:c 

'!'he Kan$1as City 'J'erminal It"ilwHy Anis 
that po'IU"cd c.::mc:rete will tu .. t )u~t w· ... eu ex

lo'IC. 7.-C.UIY.t:'r HI W1iiCH COKKOStO.~ T£S'IS WEH.B C.umn:D (Ji"\ 

po;.e<: til locomotive cxh&U$1t.. IJl. is eomps.n}" h~~ no\'>' ela-\'E!n 
l:::ti"U(';!.U)'~ protected by cement ,g·...:u cnca~ement, the ftr~t. 
woTk h.·w.i.ug h~11 done in ~9ta. A l'C'eent t-.xan:in~t.ion 
sho'Wecl the cn,.ting to be .stu.nrHng op ver~ well >md l.(l be in 
goud (:Ondition. On ()n~ nf the viaducts Ule ovel'bca<l eleaJ:
,.,ce is less thun 17 feet. l.n u(hc-~· c:H~ reinforcement. pro
teeted hy tlourP.(t ('(lncretc \'>'~'~ fo\lr.d in tiw& to c~-:-Yodo. 

• prc:sumahl:v 01\'ing 1.0 th~ 1•1-!n~ratio!l ()f lo~omotive 11.·ase.s. 
!tUl·ing U1~ y~~r<-t 1~!6 a~d 19!7, th~ underside& of :.Unut 

seven(ceu br:d,c;P.3 ou the Bl)~tuu umf Albany Rallro:(d, in tho 
cit:>' nf NP.wt.on wcro gllnited. P:r\or to thi~ Jl!!;l\t co,.lhJ not 
be kep~ <~n U;.(.:~>iO :-\lt'U<:tu1'~ due t.•> th~ ~ti:.n of Iocumo
tiv('l bJrist aud the ~teE:l was rapidly detfn-\ol"nting. ThP- clear· 
4Lice wu.s cxl;r~.n~):l..- laa•. Gun;t.e was used hut on account 
Of the r1en~P. t"t'atfiC U~O WC·r:<: h,.d tl) be dun<: Jl.t. night ~() titl\t 
U!e applicaUon W9!l. {JJ'(Ibably not what it shonld luwe been, 
It )ms, hcw~ver, ~tnnd up cxccetli.n~ly vml). The gur.it.e did 
1~(1(. .show ~ny ~ndication ~r r~,itnre uutil 1922, "'hen therQ 
~.";1.R <':\':l.d:ing on prnetic.:illp "U t.he bridge.~ l9.nd ~omc indi('JI.
tion t·hat t.l'.e covc-rir•K W3.S spalling. It iB the opinion , .. (the 
chie:f ~n!-!;jne~r tb::1t the tto11l.Jle was chiclly due to lE'a.li.it1g 
ft·ur~ th~ OOp through tJ.~ f~:~.\lu:--e ot Uto \vatoP.rJlrooflng. The 
wat¢1' ·hnd pO!'culutc:d dnwn behi.o.tl t.he glmit~ und frozen 
there~ IJIU!-t ln~l>ing t.1e matcJ·i~ll loose. I~ il'l )al"" his ex .. 
t.•e.rienc:E! that so fnL' 4~ r<:~::i~Wnc:e to th~ ~tiOT\ o! lo~omuLi-.·1! 
~hau~t is cc·necrned, the~ is n~> mn.tRrixJ ~upC'l.'iOl.' to ~mit~ 
e.. .... oovt vcrh~p?. he~n·i• plates of c:"l¢ h·o.u. 

cAtU!'Qd oome cf the J,."Unite to bTe.'lk off befcwe it bad reached 
tlntt-1 l:$P.t. 'l'be steel, howe\'et'. Was uot e)Cposed. No Cl.'Mka 
have dcvclotJcd sine~ anti th& bl~t c.:·f th~ luccnnoth·e is Wing 
rcsls;t.etl rem~t·kt:.hly wen. 'fhe ~~m~ condition Clbt.ains un 
v.."OTk d(l1'le in li:H~. Rc<'Cilt in;;peotions sl:ow the mr.tcl'inl to 
be in good condition. J\1) ~racl,s. ~~-~ nh~~r,•P.11 nnd th~ guoib! 
1.9 meeting tho c:oncliticm~ hettP."r than ecme-rP.t~ . 

1.'b~ Cbie:tgu, Hoek JsJand nnd Poeit'1c R9.11wny did 
come guniting in 1913 anll 1914. The en&-,~nccrinf,C rlcp.o.rt
mcnt l.'Cport;$1 lhat, ft·:'JJrt the l:'P-1"\'ic:e obt~ir.ed dnring the J):l.!t 
~ever. yet.W'$1 it appean to be a e:athlaetory prot.ccth•e toat· 
ing, Some hair tine eracl<.S ha\•e tormcd but D.))~ArC":'I.tl)-·, 
1·hrol.igh a clltlltic.al actiun, they elo:c;orl U\l il~ a "OP.T"' $b(lrt 
time, nrul nlthoup,:h nu in!-tf1~c1:ion h.l'lP. bAP.n mad<', it is b~-
1ieved f.ht.t r.o action detrin\ental to the Slod hu:-> n~ul~d. 

The bridge engineer (()~: tht-! Ort-!gnn ~t>t.f~ High~.'ay Com
M~::>$ion c!tc~ tlto )ntE!!'P.~ting r:~$e of a bridge built O\'Ct' lhe
\\'i1li'lmP.ttoP. Rh·P.1' at Or('lu.m City. '!'he loc~\t.ion o:! the hTirtge· 
ih in Ute ill\lllC'dialc ~iciuily nt h·.rg~ indu~tri~l pJants wlllclt 
<'Jn}llO}' sulphttt'O\L'"- ~dd ,.~ a ~agent witt the 1·esult that :.~t 
timP.c: thP. atrr<.llSpt.ere i~ mo!'o or lC~$1 dcn~J~· .. ~harKed wit·b 
!i.\llpfl\ll'Ot:.~ anh}'d:!'ido. O>.:·ro.:i·.:~ ::action ir. thh ntmosph<:r<: 
Is l.hcrci'<Jrc .~<:uj:.;ihh: !=;;t.irnu~a':~lf. :Part of the bl'id~e '~a~: 
gunited ~sa. pmtP.c;tinr. 'l'h<'l covm•ing \\'Sl.~ 1% in. thir.l< 31ld 
was shot against the .l:>tocJ ,,•hich wu~ \'i:-'HPT,ed with triar:gu-
19.!" n\t!'~oih. On the ::A'J'l-iv'll cf hnt o:~;c;~thc~: quit.<: u nur.lhE!I" o:t 
h~ir naclcr: de\·elopc:d. N(IUe of thC$C 11N of~ ~erioos uatUl'O 
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ac:•l (:.r:.~bab!): Uo n .. ,t ~·¥ttt\'cl "'~i f.t~.l' t>ctow the ::w·ra.c~·. l'he 
o~~.iarii)' o! ih~ln l•r& cJ'aZ& craaks nlnPing ir- fNf'!T"J dh~,:Uon 
\\ith n.:. "~gu:~;~ril.y wlt).IL~ .. ·~:~.·. 'I'ln:.n: at ... ·, )rowe:.'el·, a fe~ WP.ll
UoJU~c.J };adio.l cra<:k;; w~ich ;:p.•e thnught to huv~ J'orin(.•d ()V~\' 
'N.l<.!il:tl r~i.ntoretng rod$\ bclieved to lie t.L•O uaar t}le l'>urrou:·~. 

'fhc f)elav:rne 3lld. Hui:~..on Co. b~~ u~:-...U gUnit1:i t<~ pro· 
teet the s~<'c1 o: rot:::ndho1:ses and ;t }mH gh:~n bc-tter sati~ 
:flf.t:."t:un than t~ii1~l.' ~nqUlodG "i protection. 

'Hat-! Kl'~w Y~'JL·k .!!du:nicipl-1 R(\iiway t:ortlUrat.ion have used 
gnn\t¢ o.n ~ pm-tii'ln of th~h cl-.!\,.a.l':!d rs..ilr<~OO :r:tro('.tll\'CS an<! 
·;')1\ lh~ gird~:; ·J~ their. s.hm~s iT). Erook1l;n. Tt:<: \V~rk \' . .'as 
drm~ in t:fH~·lf.liK- nml up t-> the !ll'C.'~cnt ic in pP.1"fMt ~~r.cli
tion. 

'I"he Ilud~oll and ~Ianhattan &ilrolld have uF.Cd gunite 
frl)' Hit· due~~ in the boiler space of the P.·Jwer he.\~1!-t~) wh~!'l) 
it is P.X(Iil~d tc:. r.ul u~d·.c:~, boil~r gu~cs ar..cl ~U::tlr., wit'h 
entirely $-'tisf~c:;tnrv Ee;:.ul~~-

'J'h9. '(ollrl\vin.r; <":cmdu,:.ion:l up)J~u.t· to be W3l't"llllt~d in 
ihc light o: obSCl"":at:ons C'OVE',Ting twu ~·~~'r;; on the ltam
Hv.m :.n:i.•lp,~~ unll ~Ct.1:e.1~ mol\i.~s on thF: LE:al'>idc hi~dcr::.: 

Conc1~~"ions 

1:-l t:'le 011•1•lic:~liuu of Klluit~. OOul'Se ~:mO. rebr.r..tnds t(l :o. 
gl.'("ateJ.' e>."tf...~'t than fu•.e sand. 

Lo..:...'\1 p<'cl:~ts of tmnlat\·h<ed ~atld J'eS\~ltin:; frGm in .. 
nll~un.c mblin~· of in~·cdi~uts in th~ Yl)!\c:hin~ =~:·f! H c:MUi'.e 
~·f ru~:~tir·.& :.~n bn~h p]al.c!~ and cciufvr~etnenl. 

JmJfl,uiLi~:r. ~uch Wi eh:.,1 am~ loatn ~eem to fav()r r~sting 
of. the iml\F.:ldE~ f~l~\r•.:.~. 

'!'lu!. ~'Ci•a.n~hm r)f JJ.'t.uit(: h~Y."'ttn the dry a.Ttci r.atura· 
(.i~n p<lints is nbont .0002 P<"'l' lhv:ol unit.. 

R~·nfm:dnJJ.· r~~h1·i~ i,:. ncc<-ssm-y wher(" s:eeJ ~..-url\ is to 
bP. protP.<'t~ by gun.ite. It Phmild he )olttmcic:nl in nrucunt to 
CJlable it. if.) e$:$\Um~, iu ev~nt o:f ruptlire of n~~ gunitt~ th<: 
tP.n~iJe ~tre~F.c;!'l. pt'(\dUcf.:il thCJ"cin Uy ~illinka.ge. 

'l'hc reintorooment :ihould be nut elM1'r l.u the plate than 
% in. One an~~ ~uc .. JWf :uch.e.s eho\lld be nn adP.quti.tc ovU!·ull 
U.i~kTI~:-t~ ~~rl' fh~ r.UVf'ol•ing J~:Cl'. 

\\'t:ere the fabric i5 t.iKi,th '"~upped ov-c!' si:i1l'encrs and 
th4; C(!~~riJJ.g t..t,<;r<;O:l i;; h•t;~ tha1\ 1.~ in. thick, Ycrt.lool ct·a.ck:l 
t~orn!Sllmu!in.K t.n i;:,~ l)~lt~Lnr.ding ~cg <If tb~ all)!'l~ t.tmd tt~ 

de·.-~lcp. 'l'h~s~ ('.l';\cl(! :::Ot>lctiwcs cxi.cncl tl~cmgh tn the ,.,tacl 
ang1C~s a.n·.1 in ~vm·:.~.l c:».l'tf!~ ·ru!d.ine nf the n:n.fnr~P.mE'Jlt has 
()t'(.Crl'C!d. Vertitl\\ Cl'acks obvic>usly pcm~it.. u.<J t:ll(.r)· ~f 
wl'ttf!l' n!Ol'P. ~a~ily than J:<lri£~>ntnl CJ.·o.ck~. 

'J'he ~pJ>liCMlo:n ur Q l..(llJ ()£ l>UC£ut;ti t:Ol:tt IIOC adeq\latel~ 
bo.aJ~d to tht! fi1•st fan."l.'l't tb~ iO't'll"a:;il)n of sul"'laco cracks. 

Crl<\e'k~ iu t!Ur.it~ at ti:e Leaside girders e:m be tracod 
on~y C\1- fnr ns th~ ptnnc or t.ite !:~illi(lrting f~ln·i~. The un1,.
cx.c'-=IJt.i<m~ l.o lhis are jn tbu (laJ'I~) h~'·ing no ~inforeement 
~n•l un thP. edge~ of !)tiff~n~r rutglcs. 

Lf:'a.n mixtures ~hcek lr. ... ~ Lban tJ1(); l'jt:h oh~!ot. 

I•'t~•quw:Uy w.'t"'n g"ur.it:e ~,.~ been chipped from the 
c:':t!ntrf: <Jf ~ \•an+.!l. crH<:ks radiating fl-om the <1pcnit1.g ll.o.\·c 
bc('r. t;~bt,Ot\'<'d to d,,)'\ .. ~101'1 in Ulc coUt·:le 1)£ :.\ fBw weeka fol-
1.:.\ving tJlO C':hipp~!Jg. Thj~ t.:. Nlltica:tatly no.:icc.·ftllC~ wh~ 
t~e F.h~ll :lf g;.~.uit.P. ;$ W:i""r ~.}de:;(~. 'J'bi~ :ohu\'7~ the cff'oc~ o:f 
lack <If cor.tint::itY in lbc c,w~ting ~:w~).,~. 

\Vi.!Ut:; of ('t·n~k::; in s:uoiLc l:cs.ponci mo~ rP.&I'!ily to 
11luni•ti· .. ~ c:1•Nng).~$. t.b~n to \P.U1Jl~r~ture changes.. 

A. J~y~r n'! gun:te a!lpli6d t") hea\'ilY"£lJ.~t.'"d .steel pluk.$ 
l .. ~su3t«l in ib.e e-'mp~ct.c su~;pP.t•~ifm of f.hf' ru!'f..inr. ~ll'(I~M· 
~·hc:-1 thn J•b.to::., t~gEthc!r v;it.)l thP.il• cov~ring, W(;i"<! ultcrn~ 
attly immeued a.nd dried and c~po.~d. tr. ~0'\'o.:::c; wcut.h~r 
oonditic>~:s during a pct·ioJ. of nc~urly t2 Jn<~ntl:s. 'l'be i•n .. 
hCdli~t{ f~)..\trir. Wt:.ll! ii.IWA.}'SI \)l>.:''fE'A$ly }II'P.l't<':r\'~.i. 

A hnmid t,r.mo~>r.het•e ~ai:-ed oo )>l'oJUucc ra~:.L h1 U~.eoo 
month$ on brig.lt .~tf;el ::.'C'<IS <.'0\'vr<:d ,,~, ont! inch of gn.nitP. 
in v.h.i•:.h «.·!'lu~J.:-e .•)~ jn. l:t.f•~l llnl'l'f"\'~r h~J.d been made. Huat, 
hnWP.V~l', \lt1\;:: }'I)'()()U~P.d h.y tM.:: l:Mil<' 9.tCUO~jilict·(' ill (.'11;:< .mO\tth 

u.a b~ig!1L-l'<k'~ 1u..l~ t:ov~;!·ccl lJy u1:l~ hu~h nf :~anli·J·~~•e("i reor
tur in wh:r.h c:t::tckH .1 5 ~n. :)l'ld widF:'\" had bcc-n mad(". t7n· 
covered S'tc("J rusted. CXCC$s:i\'clS' unQm· thMC! ~ontlltiQnQ. 

Spot.; of rucl or. }:t.~1 (';Ol'er. n£ band·rn~dP. t:pe<'jmcn.s 
~PI,f!a~ t.~, l.w. th~ \*esu!t. <If insnfut:r..t y~ddHng c.r m:u1&1 
w.hcn thP.. specim..:.:n~ w<:1·o e:allc H; is ht'lt\!v,:,i, huw~er) that. 
~ll•·it rll~t.tng ~:ltJU ::~::tl~f!i> ul•der t"'P. t.'f> .. 'e:;ing 6hell. 

l!"~br\o whkh hnct been Cl>tnpJddf .~~l·ruuntl~cl hr gunite 
wa~ ahvay~ pcrC()C:tly tu·e$:~f")4.l'..J >:~.g.aitl>~t rc:u:t. · 

Wl-.ci'(} P.mal mnbriu.l).l t•.nd wm~mtin~hip a~ 3.~i1r~d, 
a~<l t}.)e w~ad':e- d~l!'ing a'!)Pll~tlon i.! fnvo:·eblc, gun)(.,. l~mp
etlY. l·t.·.t1l£.:>rooci is ~licvc.U t<t ulrunl u ,.,.~t.h;£.,.t:t.()ry pYot~c
t.ion fr>r !-tfet":1 Rl;rud:ur~!-t lf.Y,:tb:o~t !;Ol"'f'O:;)(ln. 


