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This paper presents the design and construc­
tion considerations for designers and plant 
personnel necessary for using brick, ceramic 
tile and architectural terra cotta faced precast 
concrete panels. The topics covered are clay 
product properties and selection, design con­
siderations, production and construction as­
pects, cleaning of panels and handling, stor­
ing and shipping of the panels. Also covered 
are the applications of thin brick, ceramic tile 
and full brick to precast concrete panels after 
the panels are cast. It is emphasized that 
teamwork is an essential ingredient in the 
successful execution of a projecl. 

C l ;lY pmilucl-filn:t.I pr~:l,;a~ 1 l :<lIlCrdc is h.:in!!- u'-Cu in­
creasmgly today 10 beaUlify the exterior uf building:... 
h allows the an:hitcct I h~ tle.'I;ibilit)" to combine Ihe 

pleasing ViSlllil appt'aram.T uf traditional day product ~ with 
the strength, versatility and economy of precast concrete. In 
specifying thCSl' pllxluct ~. Ill'wever, it is critical for the de­
~igners [tl knnw the advilntilgl:.~ illld l imitat i ()n~ 1)1' u .~inJo! day 
produ.:t-faced precast concrete. Among Ihe Iypes (lr pnM.1-
lIels th at loan he hUlJ(.ln l di rectly 10 precast cOllcre te ar~ 
brick. ceramic till- amI an.;hitcclm"ll l term C{llLa. The~e day 
product facings may cover the entire exposed panel ~ur(acc 
or on ly PllrL of thc concrete face. serving as an acce.nt band. 

The u~c of day prod ud-faced precast cllllcn:h.: ponds 
beg:m 111 the ("ady to midd le I Y6Us. Examples , )f tWI) cady 

prnjecl ~ which an: ill excelle nt cond ition today are shown in 
Figs. 1:1 and Ih. 

The combination 01' precnS I concrete and day pruducts 
has scvcral advantages over site laid-up masonry . nrst. it 
eliminates thl' nl:CU for cost ly (In·~itc scaffoldin g, as well as 

the time del:lY necessary for performing the masonry work. 
fn addili.m, p:.mdli can be produced during foundati on work 
or ~upcrstrucl urc ':Oll~t ruc lilln anJ can be er'::l: t ~'d qu ickly 

when they are delivered, eJiminalin:,: IOC need r\)t" panel ~Ior­
agc at the ~ ilc . Plant productIOn pT(J\'id~s for year ·round 
work umkr controlled tempcraturc l'onditions, l!egaling any 

on-sile del:ty~ due to inclement weather. II also aJlilw~ the 
\tructure 10 he willteri1.ed in advance. with floor lopping and 
fi nishing Iradc!> contlnumg .... ;'hl)ul any wcather delay". 

Prec;lsting allows a high !e \'e l of tl imen!>iuna\ prl'l' i ~ion 

and LJuali ty l'onlrol. Concrete nlL.'l(es and mortar batching, 10-
t;ether with curini:! nmditinn~, can he lightly controlled while 
site-laid masonry will have highly variable cunng alld monar 

quality. Cluy product faced precast conerete reduces eftlores· 
cence hc{; au~\: IJfL"t.:a~!i ng tcch ni4ucs do not require the use oi 
chloride acceltrators in the mOffar, ;trx.l Oclkr curing il- oil­
tuim.:t1through plant production. 

In audi,ulu. Ih~ frccdnm (If acsth...-t i.: expres.'> ion avai lable 
through precasting techni4uc~ t.:ould not economicll lly he at"­
CllllH1l0uated with site laid -up masonry . Precasting tech­
nillue~ alltlw for co mplex and intricate detailing . such as 



arches. mdius panel<>. st)l di~r or runnin~ hondo or any im;lg­
inahlc paUern. In he incorpora(ed illlo the fi ni<;hetl rand. 
This approa.:h ensure. .. thOlt high pri..:etl an.lt in~ (;un~u min~ 

bui ldin~ skills arc lrJ.nsfcrr~(1 from the ni{ical path o f site 
u~'li\' i lic~ to the pla.nt. keepi ng alive [he great range of visu;!) 
lhwThity of design possibilities !hil l l)therwi~e might he ~ti ­

fled by economic con straint ... 
Archikctural prcca~ 1 concrete c1addings ofter the dcs ign..:r 

a palelte of Myles - allowing the dc~i!!-ncr' ~ im<lginalion II, 
soar thr(lupJ.l the range of pm~i bi1i li l~s from reproduction ( ) f 

'>lyle ... of Ihe past 10 the cTea.tion of patterns tor bui lding.~ 1)( 

I he f UIII reo 

Panel configuration may cover a multi tude of shapes and 
si"LC;,; nat pand sect 10 m. lhrtlugh C ·shaped spandrels. "0 1'­

fit s. arches and Ushaped column covers ('1<.:e Figs. 201 and 
2b). J\ repeti tive usc of any parti!.:ular ~hape also serves III 
lower cmls appn~C\ahjy. Re·lUrn s. on spandrels or co lum n 
o.:,1\'cr~ may be produced by the sequential (tw()-stagl~) cast­
ing method or as a sin)!1c easl depending on the height of the 
felUm. Panch lIlay ~er"c only as cJaddinj:! or may be loau­
hearing. supporting fl oor and roo t" load ... 

GENERAL CONSIDERATIONS 
Structural design, fahncatlOn. handli ng and erection COtt­

~i<..h: ral jo m-. for day produCt faced prec3st concrete unit.. are 

-I 

Fig . 1 a. The Centennial Library. Edmonton, Alberta. Canada. 
was completed in 1967. Architect: Rensaa-Minsos & 
Associates, Edmonton, Alberta, Canada . 

Fig. 1 b. Capital Plaza, a n apartment building in Concord. 
New Hampshire. was completed in 1972. Architect: ICO 
Syste ms. Inc., Boston , Massachusetts 

"milar tn those for other precast COllcrete wall panek c),­
cepl Ihat spec ial cOllsiderat io ll must he given 10 Iht" cia)' 
produl'l II Hl lo.:rial and it:. bond to the concrete. T hl" physical 
rr~'pcrt i l's uf (he day products must be cOlllparo.:d with the 
properties of the concrete backup. Thc..e properties include 
the- coeffi l"icnt of thcnl1ill cxpan~ion. modulu s of elas ticity 
and ~OhHl IC change due to moisture . 

t-=or des ign purposes. day produc t-faced prCl:ast pallel~ 
may be Jcsi~ncJ a~ C()I1\."rclc mcmhers whi ch negieci the 

FigS. 2a and 2b. C-shaped spandre ls, U-s haped column 
covers and curve d-an-plan spandrels with brick . 
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Fig_ 3. Brick patterns mus! be continuous Ihrough adjacent 
panels. 

~lruc(\Jral action of the face veneer. The thickness of lhe 
pane l is reducCtt hy thc th iclnc~~ !)f thc vt:n<!cr. and design 
,h sUlnplions ex('l udc eonsideralil ll\ (If d ifferen ti .. 1 shrink ­
agt' PT (hffo.: l-": ll l ia l (heflllll ] ex pans ion Howe ver. If Ihe 

pand is to toe pre",rc..,,,cu. the dfcl'! II( l'tml ro.~i I C lx!havior 
and the rcsu](i ll g prest ress ec centnCl1y ~hould he nlll~id­
crcd in dc~i g r' . 

Rcinforce-menl of the prcca"r ";Im..:rcll' hackup ~houJd fol ­
low rcc(lnHnena at ion~ fl)r precast ('onCfelc wall palle!" rdil­
li ve to dc,.,ig.n . I,;q vc r iJnd pbcc lllent. Cover d ep th o f un ­

coaled re inforcement mllst ho.: a mil1imum IIf l~ in. 12~ 111m ) 
10 the had ('1' the clay produc t. va[\I:mizt"t! or t'p',xy-cuat..:d 
reinf(lrc~rncrH 1:. recom mended ut cove r depths of /. in. 
(19 mill). Joint depth and weather '~~ P" surc affect the cover 
rCy'uirCrrlL:nt ~. 

The (I'l'tTaJi .~i /.t; ;md weight I)f the panels 3re generally 
li mited II) whal (-an I:le cu n\:"c nient )y <l ilt! cc'lnomieaJl y hall­
died hy avail:Jbk Iransport:uioll :t nd erec lion c'1uipm..:ul. 
Generally, pand~ s l',lIl bctWl'C)) "" '\UI11115, usual ly spa\'ed 
20 to 30 ft (b to 9 m) on centcr~. ;Jlllh~]gh spandrel pa!1d~ 
h,]ve been as l ar~c as 8 x 60 ft (2.,1 x 1 ~.3 m). 

The s land~rJ nnlll inal height~ and lengths of the pane ls 
<;hoold be In mult iples of nnminal indIvidual ma.",-'nr}" ull i, 
I n: igh l~ ami kll~ l hl<. T he actual "pt';cilied dimell!'>inns may Ilc 
less than tht~ rl'tjurrcd IIIIHlinal dim":l1s iom .. by the thh:k ne~s 

uf one mortar .iuim, but not by more ,h:m /- HI. ! 1.1 mOl). Fl'f 
CC(HI(Hllieai pmduction, the preca~t ('oncrtte plant ~hnu ld lx' 
able to u~e uniform, l~ VC]1 coursing, ~"ithout cutting any units 
vertic ally or hm iZllllwlly except a~ nccc,~ary for runni ng 
hond pil !l~rm. 

rhe appe;lrann' of dtty IJrI" lu..: t -fil..:cd precasl .:oncre te 
I'~nds i ~ principally ~Il"h i eved I:ly the sc b :ted dOl)" p rOo.lucl, 
with I),I)!': , ~ il.c and texture contribullIlg to overall co lor. 
Also. the clari ,y wi th which the clu}" pmduct units are fea­
tured will depl.'Od upon the profile of the joint hetwcen IJnil~. 
rhis n'qum!~ fI choict' bctween re~'essed , !lush or l'onC~IVe ­

tnoled joints. M(.st hrick -fal-ed p:.Hll:: I ~ h.ave reJ.:c~",,"-d jOints. 
Bc...:ausc of fQrmlllp. requirements. it IS prcferdhk Ihill jllillt , 
Ix'tween d ay pf~)(! lIe t~ he not J...: :'\~ lhan ~ ill . ( IU mm). A :~ in. 
(6 mm) joint may he u~cd ~ti~ri..l(.: t (Jr ily when the juint face s 
a rc smooth and well defined. as in :\ wall of fiush-r<,int<:d, 
\ll1()oth- fan:d day pnl(lucl~ such , I ~ tile. 

, 
C ..... e, , 

Fig. 4 . Thin brick units. 

Thl~ joinl~ h\!twccn panels are usually butt j () int .~. A I]lli rk 

miter jni01. lVah the thin hrid th idllc~s hci ng til t: qu irK dl­
m en!'> I;,,, ,, mOlY hc used if the Jo in t sea la n r <;{)\"..: rs the 

brick/concre te int~rface. Thi !'> prccautlllll i" nCL'Cs-;,lry to pre 

vent m 01Sl tlh:: pc nctrat ion into the interface and pos~i l:l1c 

hrick ~cparation under freeze .. thaw cllnditiom. The fina l cle­
ment in the uppcaralll.:e of the p,l1ld is the grout, lnOr!;lr or 

conercte u~t'd in the .Io int~. 

Both $wd.: and run nlllg hll lld paUern~ have been widely 
U'icd in preca~1 L'oncre te panels. With running homJ. il b C'i­

semill l thai COUf"e'!'> ~ t.ut ilnd fini !'>h w ith half or full brick!'> 
to avoill CUlling and w match adjacent spandrels ()r J.:i, lumn 

covers (~ee fig. 31. Attempt~ l<l IIlake the fin i~hl'd extenor 
look lih: TIltlTlll1g bond brick have not always been ~l1CJ.:C,.,~­

ful where the pall ern is carricJ unbroken from p:md to 

panel HI fmlll l<trge walll>. Where the perimeter of the plm­

ch is r .. -cognized ,md a narrow .\rrip \.f cxpo,"cd cOIl .: rc te is 
left at the ends. the runllin!:! h()nd r alte.m become~ sucCess­

ful within ind ividual pane l,> from a design \"Ic\\po inr j ~c 

I'ig. 9). The vert ical all g Jl rlletll of jo ints, e~pecla ll y wi th 

s\aL'k hond, r":y'uires close tolerance:> or clltti ng (If bri~'k to 

the ... arne kn£th. 
MOI~ t (J l"c can mOVl: into or :.I t: ro~s a wall ;t ~semtl l )" b}' 

vapor diffu~ion and aIr movem..:nl. If Ib..: ('xlcrinr surfa.:e of 

a wall is panifi lly :.ea!cd by glazed clay products. then, Ilc ­

pendi ng on the l()Cation of the dew POlilt \\'irhin lhe wall as­

semhly, m01sturc may coll ect behind the partially s~aled 

surface. [f the moisture freezes.. it will expand and Ill:l)' spall 
the e"xter it1r .~urface. Therefore, vapor re tarders should be 

;]pplicJ on t)f near the v.:ann s ide of the assemhly; thi" !'> idc 

should h,1\'1;" a res i!'>tancc to !X'rmelJbi lily al kast lit'e ti mes 
grcaler than the cold side. ' 

CLAY PRODUCT 
PROPERTIES 

Phy,iea l properties ot day products vary depending lOll 

the source. of clay, me,hut.l ur rurrning and c .~ t c n l ot" ti ri ng.. 

Tahle I ~h \ l\'v~ the range of phy~i ca ! propertie s of day 
product~ . Sin.::t clay products arc ~ubject to local variation, 

the dc~ig ncr ~ h()1J It! ~cek physical property values fro m 



!>upplia" that arf' being considered. Ta ble 1 . Range of physical properlies 01 clay p roducls . 
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Mu •. h.llw. ... r 
eh • .ticily 

(psi) 

1.4-5.lh Hr 
\J.~ '!vnujlc) 

Tmsilr 
~Irtfll:lh 

Ipsi ) 

( :odfie:it:nl 

or lhennal 
n:pan~ion 

(in.fin. " -, 

4 , Ill ' 

!\ s the t ~mp~ra tur c or h: ng. th o f 
burning pennd j " i nn~lloocd , d ay:- hurn 
hi d .. r ker co lo rs. a nd comp re!)lil\"e 

~trength and llloduiulO. of d 'lsl icity arc 
in r.:n:a~ed" In general, the mod ulus of 
cla"tkity of brick increase~ wiTh COln­
prc~~ive s trength to " <': il lnprcss i\'c 
\·:.Iluc n f appr(l\irnal d y 5000 p ~i 

(34 .\II l'a ): afte r th at. Ihere i ~ li ll ie 
l'h:.lnge. The thermal c:l.panSi\11l l ) f in­
dh 'iJual d<ly unih I .. grcater than Ihe 
thamal ex p ansio n o r clay prnd ucl­
faced precast conc re te- p;Hlc l ~ due 10 
nHlf !:lr j ()inl .~. 

Qu~ry 10.000 \(' .1(1.000 7" to' 
~DI""(l""l"tate ly 

f). I ~(\m f'll"" '~l\e 

~lren~lh 

2.1 _ ·1.1 ~ l (l~' 

GlaZ<..v ,.;.al l uk iU)Oh II) 22.D1 MI 
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CLAY PRODUCT 
SELECTION 

Clay produc1 l!I 'U1ufal·ture l"~ or di~lribu t ors ~hnu!d he l"IJn. 

~UhC41 c.tT l ~ II) thl' design slage 10 deTermine available col­
ors . le:O;T lIrt'"s. shapes. s iles ::and siu dc\ ialill lls, as wdl a, 
manul:'cluri n~ Glpatti lily fo r ":PCCi:1 1 ~kIPC:'>, .~ i lCS and wler, 
a l1l.."e..: 1),ua l1 y the pn. ...... a .. t conerele producer buys the (" Il ~' 

rr()oduc l.~. but the geneml (Olllr:lCIOr or 0'1'1 ncr mav alsn pur­

.: ha~~ th~ units and pmvidl' them In the I'n~': i\'ter. 

III addill"n to siandard faci ng hric\.: ~hapes and Sill'S (con ­

fmmin g to ASTM C2l6, Type FBX).' thin hrick venee r 
uni ts ;' to Ii in. , 10 to 19 mill) thic l "re ;! \"wl"hle!IJ v ;l r i() u .~ 

,iI';Cs. colms and tcxlurc~. Thi n hrick Ulllts I in. (::!5 mm) 

Ihid: with smoolh bac l~ ide "ltrfaces m3Y also be available . 
Thf' Ihin bricl uni", should conform I,) AST\of C 1088, Type 
T RX .! Sire icher. (""orner (II" Ihrce-sided corner units a rc Iypi­
cally iI \I :lil:lttle II) a \' a rict ~, of color mug~s (sce Ft~ . 4). Thc 
fiKI.' sizes are 1100"!11all y the ~amc a<, ell llVe nl l(mal hrick and 
Ihcl"cf(l rc. when in place. give Th~ :Ippearance of a nm \'~n ­

lio nal hrick masonry wal l. 

The most COIIIIll()n hrick f<\ce ~ i 7.C i ~ the standard modul ar, 
with l10minal di1TlclIsl()n ~ llf::' :< in. x !S in. 168 x 200 mm ). 
The :Ictual b ee dimension, .... a ry ~ l lghtly alllollg lIlanula.:1ul"­

ers. but they are typically X III ~ in. t 10 10 13 !!1m) Ics~ than 
the nominal ,limClhlon'. The C4.."(llw my or Jumbo sizt". iii 50 
paccm klnger :md higher. hut thi::> dlffe l<!"nce !l'o.::~ vinually 
unnOliced si nl'e th t: ;I'ipcct ra lio t kll31h to l,c lghti \~ the 
sam;: fm hOlh the standard and Ihe e .... on,lmy modular units . 
The C(;(llIomy modular fau ' sileo -l x 12 HI. (100 x 3(X) nun), 
i ~ popular for usc in large hu il ljil1g~ h~l·;JlI.';(~ l'f\)dLlcli~ i t y is 
i m·rca~cd . and the umt's sil:c decreases the number of \'i~ i ­

hIe mortar joints. thus giving large walls a llwre pll:wiinf! ap­
pt'arance by reducin g the \ islwI sca le (If the wall. Othc l" 
si .... es. such ~ , NOf\-Io cg;;m. ~ in. 175 mOl l. non modular and 
()\'c r'ii7.t.", may toe available . Table:! contains fa t'c ~ i/e~ (If 
seventl modular brick uni ls: howl'ver, thin hrid m;ty IIl1t he 
:wuilahlc in eueh ~ i /e . 

Some hrieks ;Ire too d imen"innally inac.:urate fo r pn""(:;I~ t 

crm crete panel app lic ;t1;on.,. Thq ' l"l lIl form hI a ll ASTM 
spccifkalmn suililhlc fnr sit e IJ id-up applications. but they 
arc nll l manufactured accurat~l y enough to perlllit their U.~C 

in a pret"Qrm~d grid that is u~cd III rn~ ilil1n bricks fpr a prl~ -

,"' J ~ 1 Cllncrele panel Tolerances in an individual brid \11' 
± X: in. (± 2.38 mm) or rl1 o r~' l'<IUSC rron1c!l1~ for lilt> prCI.:",1 
CllDC rctC pt"<ldll l"l~r Bru,: k rnay he a~· di l l.1 h lr from some.' ~up 

pl i cr~ W Tlle d o'>e loll'ranl'e~ I.!::. in. ( 1.59 1ll111l j J1ece .~ ,a r) 

for prec;l ~tmg. Close t \Jkra llcc~ al .. n call be ,1hWIII1:d h)" Sol \/." 

o.; ult i n~ o;"";tch hrid . hil i Ih i ~ would ,uhsl;mt iall y In(" re.'ls...~ 

CO.'I'i. 
WhoI\' brkks ar<! ,!(l' l1crall )" nfll used in prec<p;[nlg n("(' ''UM: 

(If lhe difficulty In ,IlIcqu;lldy grouling tile th in jOl ll ls and I h~ 

1"C"u ll :mt neces~i ty to U~ mechanical anchors. Extruded ...:u t 
bri ck may have kerf line, <.:onncctill l! the extruded holl'~; lh,: 
purpnsc of the;;c lill~' ~ is 10 •. mablc thl: (lPI)()sillg hrick faces to 
!-C. ~rlit apart ny simply lapping the end of the brick wit h a 
tl1a~{)I1's hammer. Both ,ide, Ilf lhl' hrick may th<.!" he lI~d 
as fae in~ Vl" llcc r. Spec ial hnds wJlh 11 slnping face :lll' tI"'td 
m Mll.lier courses or :11 the j u nl" lio n .... ilh a 'ilopin~ lace. The 
c:.iut'" cuts Oil these units arc nmdl' \\ ilh ~ masonry .. u \~ alld tlw 
hrick i<, lappcll un il" I."lId II' rCIl111\C Ihe waste ~clion . 

l' rcfcrahl y. thin bnck should bt' :1 m in lfll Ulllt)1 / i in. 
( I !} m m) thick (mall) p rl!" i." a~ l cr.~ ha vl' u~ ed ~:: i1\. \ 13 n l1 l\) 
Ih ick hrick I to l'nMlfe pnlpo,:r 101,:aliol1 and semre fi t in Ihe 
ICmpl~tle during casting o pers ti ('llS. and to minimiz~ th~ !Ili ~ ­

ali gn ment or til ting M individual uniK in sitl' hllll-up m:!­
~('nr)·. nms1 hrid,~ ,m: ( i 1t ~'J ,\ li u k in l'lle directi on l1r all 

Table 2 Nomina l modula r lace s izes 01 brick. 

Numlttr 

linit II ri~ht hn~th of C(ll11"st~ 
,h'signatiort (In.l (in.) in If; in. 

Standard 2/, " , 
El1J;illi.·t·1 .N H , 
l:e:'l ,mmy 1\ or 

j llmbo d""l.1'" " 
, , 

N",m:an 2\ " (, 

l\"u .. w.:cgian J_ " 
, 

F.cU"'""V I ~ (lr 
jumiooull lil) , " 

, 
Trijl,e ., , 1 , 

" 

:\ • • . ~¥ . ! In . ~ ),..1 n'", 
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Fig, Sa. The patterned facade on the San Francisco Museum of Modern Art has 
1 in. (25 mm) thick brick on 9 in. (225 mm) thick precast concrete panels. Mosl 
panels measure 10 x 28).,\ ft (3 x 8.7 m) and contain 1500 to 2300 bricks per panel. 
Project Architect: Mario Botta, Lugano, Switzerland. Architect of Record: Hellmuth, 
Obata and Kassabaum, San Francisco, California. 

Fig 5b. Closeup view 01 patterned 
facade. 

Fig. 6. Brick-clad precast concrete panels were used to 
speed up the construction time required for the 1 O-SIOry office 
building at 745 Atlantic Avenue, Boston, Massachusetts. 
Corbeled brick, concrete sills and lintels, and recessed 
windows with arches continue the architectural vocabulary of 
the surrounding older buildings. Architect: The Stubbins 
Associates, Inc., Cambridge, Massachusetts. 

other so it is not quite as noticeable. particularly with bricb 
having surface imperfections (rough finishL On smooth or 
glazed face brick. imperfections b;.:(;tIT!1;': TTlor;.: noticeahle. 

figs. 5. 6 and 7 illustrate applications of various types of 
hrick-faccd precast concrete panels. 

Gla7:ed and unglazed ceramic tile units should conform to 

American National Standards Institute (ANSI) AI)7.1.' 
which includes American Socicly I(lf T;.:stillg and Materials 
(ASTM, test procedures and providc~ a standardized system 
to describe the commonly available sizes and shapes. the 
physKill properties, the ha<.;is for acceptance and methods of 
testing. Ceramic tiles are typically;';: to;, in. no to 13 mm) 
thick, with a Ii: percent tolerance on the length and width 
measuremcnts. \Vhen several SIZCS or sources of tile an: 
used to produce a pattern on a panel. the tiles musl he manu­
factured on a modular sizing system ill order to have grout 
joints of the same width. 

Glazed units may craze from freeze-tha\','" cycles, or the 
rnmd of the glaze may fail on eXJXlsure. The body of a tile 
(not the glazed coatingJ mu~t have a water absorption of les~ 

than 3 percent (meawred using ASTM C373)' to be suitable 
for exterior applications. However, low water absorption 
alone is not sufficient to ensure prnper selection (If ntcrinr 
ceramic tiles. As a result. when cC"ramic tile is required for 
cxterior use, the manufacturer (lfthc clay product should be 
consulted for frost-resistant materials for cxtenor exposure. 
Glazes are covered by ASTM C126' and tested in accor­
dance \\·ilh ASTM C671. Also, hecause glazed units have 
very low permeance to water vapor, it is recommended that 
a vapor barrier be installed on the warm side of walls. 

Figs. 8 and 9 sh(lw th!.: 1l.\C of various size tiles. Sec Fig. l.'i 
for the application of 2 m. (50 mm) &quare tiles. 

1\0 ASTM standards exist for teITa cotta. but units should 



Fig. 7a. The Palace of Auburn Hills, Auburn Hills, Michigan, is clad with 9 in. 

Fig. 7b. Each panel is 20 ft (6 m) wide 
by 10ft (3 m) high with a false joint in 
the middle. The intersection of the 
grids is accentuated by a cluster of 
glazed tile units_ The panel edges are 
exposed concrete and deeply 
chamfered to provide shadow lines. 

(225 mm) thick curved precast concrete panels cast with a contrasting 
basketweave pattern of 8 in. (200 mm) square, 2 in. (50 mm) thick brick units and 
a rectilinear grid of blue-green glazed brick. Architect: Rossetti Associates, Detroit, 
Michigan. 

meet the minimum requirements published by th.: Architcc­
tUla] Tl:!la Colla Ilistitute:' Archile(.:Wrill terra COtlil is il cu~­
tom made product and, within limitations, is produced in 
sizes for specific jobs. Two thicknesses and sizes of units arc 
usually manufactured: I~;' in. (3] mill) thu.:k units, including 
dovetails spaced 5 in. (125 mm) on centers, size may be 
20 x 30 in. (500 x 750 mm); 2~, in. (56 mill) thick units in­
cluding dovetails spaced 7 in. (175 mm) 011 (.:enlcrs, Slze may 
he:":2 x 48 in. (ROO x 1200 mm). Other sizes used are 4 or 
6 ft x 2 ft (1200 or 1800 mill x 600 mm). Tokranccs on 
kn~th and \vidth arc a maximum of ± ~;. in. (± 1.59 mm), 
with a warpage tolerance on the exposed face (variarion from 
a plane surface) of not more than 0.005 in. per in. of len~th. 

The usc of terra cOlla-faced preC;;<;t cOI!<.:retc panels for 
restoration and ncw construction are illustrated in Figs. 10 
~lnd 11. 

Variations in hrick or tile color will ()(,;cur. The clay prod­
uct supplier must prehlend any color variations and provide 
units which fall within the color range selected by the archi­
tect. Clay products also suffer from vanous ~lI[facc defects. 
as do most materials used for architectural facings. Defects 
such as chips, spalls, face score lines and cracks an: com­
mon with hrick, and the defective ullits should he culled 
from the hulk of acceptable units by the clay product sup­
plier or precaster according to the architect's re4uircments 
and applicahle ASTM specifications. 

DESIGN CONSIDERATIONS 
Tile day product surfaces arc important in order to bond 

to the backup concrete. Textures that offer a good bonding 
surface include a: 
• Sl:Ofed filll~h, In which !.he surface is grooved as it comes 

from the die 
• Combed finish, in which the surface is altered by parillld 

S\;rak:hes 

Fig. 8. The ability of architectural precast concrete to create 
the new and restore the old is demonstrated by the new 
22-story San Francisco Federal Savings and Loan Building 
and (the barely visible) old six-story adjacent building (see 
Fig. 10). The 22-story tower has three different surface 
finishes: (1) lightly sandblasted white concrete, (2) 6 in 
(150 mm) square glazed white ceramic tiles and some 
additional 10 in. (250 mm) square accenting blue tiles, and 
(3) a combination of the first two. Architect: Skidmore, 
Owings and Merrill, San Francisco, California. 



FigS. 9a and 9b. Spandrels and wall panels on Sylvan Corporate Center, Englewood Cliffs, New Jersey. have integrally cast 
8 in . (200 mm) square brick-co lored tiles with pigmented mortar. A beige band of concrete surrounds the tile field. 
Architect: Herbert Beckhard Frank Rl chl an & Associ ates, New York. New York . 

• Roughen.::.l fin i ~h . whu,.: h i:-. prvdun:d hj wire clltt ing or 
wirc t-mshing to remo .... e the ~ ml)()(h l> urhlce or die ~"in 
from th.: extrus,IOIl pf(",:~ s~ 

It i~ r rl' f.:ra bk Ihat the har.: k:. idc o f cl ay pwd uct un its 
h'I\·r.; a keyoack or dovetai l ~'onfigur:ll i() n in order to develop 
an adequate bond to COIlCn.;!..: . Gmoved or rihhed hack lluih 

Fig. 10. Buill In 1906. the six-story 88 Kearney St. is 
considered one 01 San Francisco's a rchitectural tandmarks. 
For that reason, il was decided that the build:ng's terra cona 
lacade would be preservOO on an otherwise all-new structure 
of slightly taller height. The terra cotta was taken off the 
OUllding. piece by piece. and lhe pieces were identified for 
subseq uent reassembly on new precast concrele panels 
Architect Skidmore, Owings and Merrtll , San Francisco, 
Ca liforn ia. 

Fig. ' 1. This 42-story office budding, 575 Market Street , 
San FranCISco, Calilom ia has 9 It (2.7 m) wide by 13 ft (4 m) 
high L-shaped terra colla·l aced precast concrete panels. 
Seven equal 1'Y. in. (44 m) thick te rra cotta pieces were 
placed in a struclura llightweight concrete backup In the 
7" in. (190 mm) thick story high panels. Architect: Hertzka & 
Knowles, San Francisco. California. 



al>;(, ",ill pmv idc an :Jd.::qu<ltl' b()nd. When th in day products 
are used to f3Ct' precast concrete pands. metal tic ~ arc 110 t 
rL'<luircd I I) 3!1l<.' h th<!m to Ihe CQncrete 'iim:e a<lequate bond 
i .. achicvet.l . 

LlI~x addili ves in the concrete or latex bu nd ing malerials 
rrovide h i ~h bond :Jnd high <;trenglh, but have limi t:llions. 
They are water sensitive. lo~ing :IS muc h <I" 50 I)CCCCIll of 

Iheir s trength when WeI (:dlhough they regain lhal strell~ lh 

when they hcx nmC" dry). The lowered 'ilrcligth of the con 
crete is usually ~uftident hJ ~ust ain low ~hcar st:n.:s~ sudl as 
the deud ..... ~ igh l of Ihe clay product. However. when differ· 
ent ial moVcm": 'lt s tlCcur. ,ldd il ional ~ trc~ses arc produced 
which can cau~ bond problems. 

In general. clay produ,·ts that are cast integrally with the 
concrete have hond ~tfl.· ngth~ exr.:eeding that obtained when 
laying unItS in the C(l nventionai manner in the field (clay 
product 10 rllortar). In ei ther ca.~c , it i~ llcr.:..:ssary to be care­
ful to 110 t entrap air or e)(ce~s wllter"cau~cd .. ·oids. These 
void~ cnuld reduce the ll-ea 01" contact between the unit~ and 
the concrl' tt' and ll 1tl~ ro.:ducc bund. 

The bond belween the facing and the concrete depends on 
th tt i l b~orptj~m (ll" thl.' cl tly pwduct lnd the water ce me nt 
ratio o f the cu ncrete . Low <'IIN'rption will n:.~u l t in a p[)or 

bond. as wi ll high absorption caused by the rapid loss of the 
mixing Willer. W[Il,:h rfe~' Cr'lt~ r mrcr hydration of d ie n·· 
me lll and Ihe de velopment of good bund )-Ircngth. RricL: s 
..... ilh a wllIcr :lbsmpLion o f 6 to C) pen:enl obtained by 5 hour 
hoi ling pmvidl.' goo.,] bo nding putential. 

Bncks with an init i:tl r:l.Ie o f absorpt ion (suction) of le":o. 

than .lO g per 30 sq in. pt: r Oli n. (30 g per 194 em" per min.). 
when tes ted ill accord,mee wilh ASTM C67.' arc no! re­

quired to be wetted. Howe\'er. bric k with high suction or 
wlI h an inili,ll ra te (\1' ah"'l)rp t ion in cxr.:css (If 30 g pcr 
30 sq ill. per min. (30 g per 194 cm' per min.) should be 
welled prior to plu .... cm~nt of the concrete. "Ibis will reduce 
th e amou nt (1f m ix w:Hcr ab~(Jfhcd and tllerehy improve 
bond. Unglazed quarry tile and froslresistant glazed \/o'a11 
tiles. generally, arc nnt required 10 be wetted. Terra cotta 
units should be sou ked in water for at least one hour prim tn 
plaL"cment to reduce suction. They should be damp at tbe 
time of C(lIl(: rc tc placement. 

l3ecause of The differeoct's m materia l propertics hctwccn 
the fa.;ing and concrctc. cl:lY product faced concrete panel" 
are more :o. u.-.ccptihlc to bu ..... ing than homogeneolls co ncrete 

unilS. However. panel manufacturers have developed design 
and prnducrion proce durcs to minimil.c j,(lwill~ . 

The like hhoOO thai a pane l w ill how deremb 011 the de­
s i}!1J (I f Ihe: panel and its relative stltfness or ability to r .. s is! 

dencction as a pla1c me mher. C ritica lll<md lengths for bow­
ing depend o n temperature and mo isture grad ient". pand 
thick ness and c()ncrctc modulus o f elastici ty. Panels th<l t <Ire 
re lati ve ly thin in cross ~r.:t1ll 1l as t llll1pared h) Iheir OVC r<1 1l 
plan dimensions are mort' likely [0 bow as a resul t of design, 
ma rlUfac lu ring and environ mcn tal r.:omlitiollS. Minim um 
thickness of backup concrete of flat pands to control bow­
ing i~ usually .5 to 6 in. (125 to 150 mm), but 4 in. (100 mm) 
can he used wh~'rc the panel i~ ~mall or \vhcrc it has ade­
quate rigidity obtained through panel shape or clay product 
th ickness. 

UnrestrOJined bowi ng of a panel mduces no ,trc,~c~. If lhe 
howing is rc~tru ( ncd. hy u midpoint tie back con ntx:tion or 
by end cHnnecti()n~ 1h~1 re~i~t rotatiun . . ,ignificant s trcs~cs 
may d evelop over time. If f.xcessi\"e bowing is taken OUI 

aflo: r th,:' panel ha~ Ilcen c rcr.: tcd. then cracking of the r and 
mily occur. The force neces":JI)' W siraighlcn 11 bO""ed pa llc l. 
rmd the rC'iu hing stre:o.S(s_ can be de tennined easily. 

I'ancl dt'sign dlSl,l "'11,1 t,.ke inll) consid{'("minn the conJi­
lions that pane l ~ will ~ncounter when in Iheir fi nallllCil tiOIi Hl 

the ~tnKlure and suh.;Ccled II) ttll! wide range of 5t'a<;on:l l and 
dai ly tempe r:llure.~ In l!I:neral. inten llT ~urfaces nf rand ... arc 
~ubjec(ed to a very small tem perature range wh ile eX lerior 
su rf;.l.C;C~ may I~ e~pos\:d to a lurf!c duily Of seasonal range. 

The precasler and designer ,hou ld nlllsidcr tht' f(lll tmill J]. 

fuctors in dc\ign !lnd production in order to minimize or 
eliminate panel txlWlIl!;: 

I. The temperulure differential (exterior to interior) 
2. Codfick:ms of expansion of the makriah 
_l Ratio of cros~- sectional area~ of thl· nIil1cril.l~ arId their 

ll ltxlul i of el:ls ti cil} 
4. Am(lunt. h IC:l\lrlll (l1It1 type of reinforccmel1l in thc ':01\' 

nele panel 
5. Usc of prc~ tres~ i ll g 

O. Typ~ and lHCdli(ln of connt:Ction, to the sTrucTure 

7. Shrinka~e 0' the c~ncrete ;md npan,>ion o f the fac ing 
Ct.llc rCIC )-hrinkage pTCldul'C)' p<incl shurtcni ng which '" 

re s is ted by the rei nfo rc ing ~tcd. inducing cClnlrrn~ i \(: 

st rc'iSC"~ in the ~ tee! !lnd t~n sil t' stresse~ in The .::ono(:te . The 
m.agnilude of the shri l1 l.. ~lge curVij tUrl.' ihowingJ de(lt'nd:o. tlll 

the amount 0 1 n()n.~ymmelTy of reJll forcement ami on Iht" rd ­

.... ti ve arca~ of concre te and 'ted in the " ane! a'> well as 
the phys ica l rropert il's of the hncb - ii ' th ,~y rd ate 10 the 

co n..::rele b3ckup. b : centl"lL' rein loru:men t ne;Jr the d .l}, 
product face 1fu.: r c,' ~cs how in g. .\~ drying procecds. The 
grealer The steel )X'rcentage. the higher the !:lowing lcmlenry. 
If the panel's thid.ness i ~ ~ ullicient . uSll .. dly 6 in il50 mm) 
or more. I W(' layers of n~i nlllrcenwnl should he u~("d. with 
the greUler $Ieel pen:cntage near the drying: face (the surt'an; 
wiThout '-" lay pr'CIdUC l llll ill. 

Prt' $ tre~~ ing of punc1~ ha, tx-en lI~cd 011 severGlI projCl:ts 
and has been el1e~' ti ve in ('ontro lJing bowing I,f long. tlJt. 
rdauvdy Thi ll p:ua:].... Sur.:h p,U1d~ are gellt· r:.l lly more ~u~ ­

ceplible to bowing . r\ ~ with any m ul ti- layer p,lIld, (1l"O 1< ' ­

typc~ may be !\c.:c,.'ury In vcrify analysi" a~ to the best pre­
lo IH;:o.,; ing s U',md ltKUlioll 10 ;t\oid atl rn(:n:l:I.'t.: iu hllwlU& . 

Prism te!)ts ,hQu ld he conducted on the proposed d ay prod-
111:1 hI est:Jhlish the lluO(lu lus o f ciil:o.l ic ity. Th!." pn: .... aster can 
the n d<,,"ign the r re'ilrcs,:elt cn .. ,s :o.t:(..1ion for a tr.msform(·d 

cm:o.~ ~~·t:t i c) n b:J ~ed llpon the ralio o f the estabh~hed mDd uli. 

T his u, ua lly r\;, uh , ill tht.: pr(:~lrt:~s llll? stnm.1 hcing mu~cd 
l:ucrally off c·emer 10 compensate iOT the lri\nsf(.rmetl ;,ce­
tion. Pr..:~trc~s"d Jluncb which are Min. , 200 mm i thic k h.lye 
heen protlutl'd up to 60 (I ~ IS.:! Ill ) H1 kllgth, with ;l max .­
mum ~weep (bowlllg I 01 /l in 113 mm). 11 is recommended 
that, ill tJ()n -preslrc'~ed .;:onr.: rc1c pune]..;, a c:ontrol joint be 
introduced through Ihe clil)" pnxlur.:t face thickncs~ when lht:: 
panel length e.'(c<!eds 25 It 0.6 mi. 

Panel pr('d ll r.:er~ 11);\ )' r.:n mpc nsalc for howing by using 
cumbo:.red ronn~ . e.g .. I ill. i25 mm) for 40 ft (12 m). to pro-



ducc ~ocls ini tially howe<l inward. Also, in some cases, rc ­
mfnr<:illg' trusses may be used fa add sliffnclo"_ In Ulh l.: rs . 
vertical and/or hnrizontal concn::\!.:: rib~ that run continuously 
from one cnd of (he panel to the olher may be fonned (In the 
hack of the panel to increa~c ~tiffncss. ThIS wlll require 
backJomlin!! , however, which i~ more costly. 

After initial toel. concrete begms to shrink as it lu.'.e\ e).­
cess water to the surrounding cnviro nml'nl. When the clay 
prodUCb aTC Ixl11dctl , the "hrinka gf'; of t~ concrete i .~ re­
Mrained by the facing as well as Ihe reinforcing s\eel. This 
results in compressive stresses in the facing and tens ile 
strcs<;e~ in the wncrete at the interface. The deformation n.:;. 

suiting fro m these stresses may cau'\\! an nUl ward bowing of 
the clay pnxluct surface. 

Shrinkage of concrete is illtluenced by a variety ~ )f (ill.:­

tors. including: (I) watcr-crn~nl ratio o f Ihr cement paste, 
(2) phy~i l':ll characlcristics of the aggreg ate. (3) cement 
paste content and characterislic~ , (4) mix prnporrions, (5) 
age of concrete when txposed to drying or when an external 
load i ~ applied , l6) si ze and shape (If the memhcr, , 7i 
amount of steel reinforcemcnl_ (~) envirunmental expostlre 
Coooiliun :-o such a_" relat ive humidity. temperature and car­
bon dioxide content of the air, and (\) ~' uring cooditioM. 

I'he most important single facwr affecting shrinkage is 
the amount I,)f water placed in the mix per unit volume of 
concrete. Thi s is because shrinkage of concrete is due 
mainly to thc cVUpt)r.l.tioll of thc mixing water. As a result, 
,he humidilY of Ihe surroundinJ!. air fo r a given euncrcte mi ., 
affects, to a large extent. the mugni ludc of Ihe resulting 
shrinkage. Valul..'s of final shrinkage are generally of the 
ordcr of 0.0002 to 0.0007 in.fin. , depending on the factors 
listed earlier. 

Control of I.:O['K;rcle shrinkage necessitates close allemion 
to the cone-rete mix design and curing regime (proper hu­
midily and teffipo!ralUre) contlitions. The application of a 
curing (;ompound on all exposed concreLe surfat:cs prior \(I 

~tripping w111 result in nearly unifonll shrinkage on (he two 
faces of the panel and thus limit the magnitude of the mois­
ture differential that causes bowing. 

Moisture: di ffcn:ncc~ hetw een the in~ide and outside of all 
enclosed hUl lding. can also cau~ bowing: "ow~vcr , such a 
calculation is not precise and invHlves many variah l e~. The 
clay products layer of the panel absorbs moisture from the 

atmosphere and periodic preclpilation. while the inl erillr 
layer is relati ve ly dry, espl!ci ally when the building i~ 

heated. Thi s ~' au~c~ the inside layer to shrink more thall the 
outside. causing an outward bow. This would lend \I) hal­
ance the lhl-'on:licul in\\<afd thennal tmwing in cold weather. 

Tcmpcrdlure differentials between the inside and Hutside 
ofa wall panel can C3U~ the mcmhef~ 10 bow, too. II should 
be nOled that, since dark surfat'es absorb solar radiation, the 
mlOT of the clay product can ha\'e a marked effect orl the 
surface temperature reached . The temperature differential is 
lempcn::d hy "thermal lag" due 10 the J'l\:l.SS of the clay prod­
uct and the concrete. 

It is desirable In ha\'e a backup {'I)flcrete with low sflrink ­
age and a iht."TI1'lal expansion coeftktent thai clmely approx­
imates that of the clay product faCin g. The tncfficient of 
thermal c"'pan~ion of concrete cOIn be varied by changing lhe 

aggregate type (sec l 'able 1.3. 1. Ref. I), for example , to 

limestone, which has a coetlic iclH of e"'pan~inn clo.'\\!r to 

Ih:lt of clay prtxiuet~. 
When rcm[lved from the kiln after firing, clay bricks will 

begin to permanently incrca~ in ~ izc as a result of absnrp­
tion [If almn.'pheric m(Jisture . The design coeffident for 
moisture expansion of clay bncks as recolllmcntit!.1 by the 
Urick Institute of America (Ref, 61 is 0.0005 in . per in .. and 
i ~ specified a_~ OJJ001 by Hef. 1: 3. coef ficient of expansion 
of 0.0005 is typical for ceramic quarry tile. 

The faclIIrs affetting moisture expansion are: 
1. Tim~ since manufacturln~ - Expansion inc reascs 

linearly with the logarithm of time. It is e stimalct! that ap­
prm imalcly 25 percent o f the total potential moislUre ex· 
pansio n of bricks will hllve occurred within two week" after 
the bncks ha\'C' been fired. Abo, appm",imately 60 percent 
of the t(>toll Plltcntial moisture expansion will occur apprll.l; i­
mately one y~ar after the bricks have heen fired." H(Jw 
much the brick will e"'pand suhsequent to placement in the 
p.md dCJlCtlds upon how mueh exp:msiol1 ha .. alreudy oc­
CUlTed and what proportion this rer re--enls of the tota l poten­
tial fnr cx pallsion. 

2, Temperature - The rate o f expansion increa"Cs with 
iocreased temperature when rmnsturt is present. 

3. Humidity - The rale of e"'pansion increa~clo wiLh an 
increase in relOltlve humidity. Brick~ expo~cd to a relative 
humidity of 70 perecnt h,avl' a moislure expansion two (0 

four times as large as those exposed to a relati ve humidi ty of 
50 percent over a four-month inl.erval. The 70 percent rela­
tive humidIty bricks also e",hibit almost all of their expan­
sion wllhin the first 12 months o f exposure, while thc 50 
percent relativc humidity bri.:h generally e",hibit a gradual 
continuous moisture expansion over a mueh lon ger period 
of lime. 

In additio n to continuuus pennanem growth due to mois­
{un: ah:'ol'p( ion, seasonal reversible expan~ion iUld contrac­
tion of clay bricks will occur with changes in the ambient air 
temperature. When directly exposed to solar radi ation, il is 
not uncommon for the exterior ~urfacc of a panel to reach 
temperatures of 150" F (650 C) with dark colored brick. 
130e. F (5; " C) with medium co lo red bric k_ or 120 0 F 
f.5 0° C, with light colored brick ()n a hot l>ummcr day with 
an ambient air temperature well below 100" F (38 3 C). Like­
wise, sun'ace temperatures of a.s low as _30 0 F (·35 ~ C] ran 
be reached on a cold winter rli ght. 

The e"'pansion of the clay products can be absorbed by 
four simultaneously occurring negative dimel\~'l\,"a l changes 
of the day r rodul' t anti mortar (groul) or concrete: 

I . Drying shnnkage of the mOr\lf or concrete 
2. blastic deformation o( the mortar OT concrete under 

stres~ 

3. Creep of the mortar or concrete under stres~ 
4. Ela~r i..: ddormatiol1 (lfthe elHY produci uooer stress 
In general. s trains imposed slowly and evenly wil l not 

cause problems." Consider the IiTSl .~ i ;'( monthl> 111;1 year after 
panel proJuctjtm (~ Fig. 12). Tile expansion is small and 
the riit~ of strain application is slow. but mortar shrinkag.e is 
nearly complete. The mortar or cnncrctc (;rccp~ under the load 
to relic .. 'e Ihe tensile stress generated in the tile by the mortar 



,)r concrete shrinkage sincc the tile are 
f('lat ivel), rigi d (cla~lit, modu lus of 
,i le/da ... tic I!lotiulu ... of monar o r L'IO­
l"feteJ . After this lime pcriod. thc tile 
ha s many ye:lTs to a~'C(1mmodate the 
additinnal m\ll-;ture e,xpansion. 

Ro ntl f" i lure~ oc.;: ur whl! lI ~train 

rates exceed crecp reli ef ra tes . This 
can occur ",, 11\;n: 

I. 11l.: 101:1.1 shrinJ.;agc is highl:r than 
normal becau~c O\icrl) nch conaete or 
mortar ... ,..a.' UM:U. 

.M 
£ ... no~~J.b""stricluOgo! 

c-~ Cone""" lOll_ie> 
lllOOpj;' O!7O'F 

WF oITok:: 

TiIo_""UiJe· ..... 
'I 7(1' 1<. IIO"F 

2. A s lldden rise in temllCr<1 1u rc or 
drop in hum idity cau~c~ shrinkage to 
proceed fa ... ter than creep relieve'i the 
~ t re ... Sl'_S that are generatcd . 

:'. The bond hCl.we.;n d <lY product 
and cont'l'e tc was never adequately 

IT -~~~~~~ 

~:""_...J~ _ I' '-"'-:";-~--~--;M~~-~­
TlIne(_o), _h. 

a.:h il:vcd. Fig. 12. Relative temperature and moisture movements of concrete, bricl<.llle a nd 
4. t\ sudden tempe rat ure drop im­

pose~ a ~uddcn diffe rential strain he­
CU II<;C the clay product and nwnar lor 

mortar.'4 

l:oncrete) have differenl thenn:tl cneffic itnl"; of e'p:ln~ ion _ 

Creep ill 11m.:!.: m:l.sonry prim arily ni,;l:urs in thfi' mortar 
jnillts and is negliglblc. Rcf 7 .. uggesis O.? x 10-' in .!ill_ per 
ps i (1.02 X !IF mmJlllin rer MPa) o t load. 

The diffe reflCe~ in ('feep chari.lncristi l·~ hetv.'et'n ('oncrt:tc 
alld day products. along with the differences in their rc~pec ­

l ive moduli of da~tici ly . do not pose a prohlem \I) the pro­
ductinn of "' 111<111 [less than 30 ft (9 Ill)] panels when good 
lJual ily day products nn: used . This observation is ha~cd on 
static load tc!!.ts simulating differen tial cre o.: r. 

PROOUCTION AND 
CONSTRUCTION CONSIDERATIONS 

Clay product-facoo unib have joint widths ('ontmlled hy 
locating the units in i1 ~ui[able template or grid ~y~lem set 
out accuratdy on the mold face (scc Fi g. I ~ ). The most jXlp­

ular grid system cons i ~l"; of either an elastomeric (or ruhhcn 
f(l rm liner or a w{).l(kn haS<!: mly with shaped w(lnc! joint 
sections . Liner ridges are typicall y shaped ~ () that joints be ­
tw~e ll units may SImulate rakl!u (recessed) or tookt.l j llint..;. 

Fig. 13_ Thin brick being placed in eiastomeric form liner. 

The c1aslllmcric form liner can bc pmdlK"cu 10 a tolerance of 
f. kin_ (± 0.4 mm). 

In ~orne casc .~. th i~ grid ~ystem has ~U(;CC~~fll !ly mcorp<l 
ralcJ II)l)~e ruhl1er joint st rips of Shur..: _ ..... -60 durometer 
hardncs~ [0 form a " bui lt.1-a ... -you -npply -bri ck" grid i~e\~ 

Fig. 14) or lla ~ u~ed urethane, pl aslc!r or ~:Jnd to en sure 
proper kll.:a tion "nd secure tit during the casting operatIOn. 
Cl ay product u nits :.h{)uld 1;><.: c hecked for t ight i"il <Iud 
wedged if not t ight ly ~c!lred - especially nn re turn ~ec 
tions - t. ) prncnt grout le:J.k.:!ge to the cxpt1~ed f:tce of the 
POilleI. 

Usi n~ a grid Sy~ I . (" \IJ, Ihe jomts are reccs<;cd , l!~Ll ally h in. 
(6 mill ), and arc filled with dther a 1:4 cement -sand mortar 
.)r the structural concrcle I.iM:d in Ihe s tructural l.:ompn nelll 
of the panel. Cu lort:XI joints Are not necc!ssary. ,ll tl ltlUgh such 
an architect ural choice ('all be aCCOlllmodated. The aggre­
gille in Ille concrete for th .:: j lllnt~ Sholl ld have a 1))11.-.:i l11\1I1I 

Fig_ 14 , Saw-cut bricks placed using loose rubber s trips to 
separa te the bricks. 



Figs 15a and 15b. The Nikko Hotel, San Francisco. 
California uses 2 x 2 in. (50 x 50 mm) tiles, which were 
supplied face-mounted on 12 in , (300 mm) square paper 
sheets (see inset). Architect ' Whisler·Palri, San Francisco. 
California_ 

~ i ze of less than the join! width. Joil"l ts narrower !han X in. 
(10 Illm) may have to he n ll..:d h o m the !"rom aftt' r the panel 
ha!. been stripped. which adds \(1 the ~o~t. 

Steel reinlorct'ment i ~ pos it ioned in the panel. and conlltx:­
ti (ln h<:lrdwarc and handlillg in ~~n~ Uft' located and secured. 
Then the backup concrcle b placed ill a normal manncr. Care 
must be taken during concrete pl."tClOg and consolidation tt) 

1}l'e" cnt movement of the individual t'u..:ing materials, \"h !ch 
would up . ..etthe appearJI\CC of tlw fim"hw .wrface. 

Tiles. measuring :2 x 2 in . or 4 x 2 in. (50 x 50 mm or 
100 >; 50 mm). may he .. upplied face ·mounted on polyethy­
lene or papt'T shec B and '>CCun,;d to til t' mold hy IJIc :.ms Hf 
double ·faced tape or a spe<".ial adh~$ive . The sp<lce bet ..... een 
the t ilc ~ i ~ filled with a thin gm ul and thell the backup con­
crete is plilced prior to initial ~Ct of thi.! grout. Fig . 15 ~how~ 
a project that uses :2 x 2 in. (50 x 50 mm) tiles which ha\'e 
h.!~n placed with the mdhod dc ~r ibed. For tht' best appear­
ance, narrow tile j()int~ shllUld he tilled from the fro nt, par­
ticularl y if cu~h i{)n edged (iles are used. 

Aft.;r thc concrel..: curc~ amJ the panel is remo ved from 
the moltl . juinls may he filled, Lf "<:CC~"'Hy . wilh pointing 
monar or grout carefully fo rmulated for co lor and texture . 
Rc(mc ""inling, joints ~hou ld ~ ~turated with dean water. 
A f ter the j oin ts arc pf{lpcrly pl1lnted and have hecome 
thumbprint hard. they may be ( I) woled to a smooth ( on­
cavi.! surface. which ()ffer~ lh¢ best durability. or t21 $\ruck 
Ilnd troweled flu~h with the flu,:c of Ul\': clay unit ;;. Inili al 

grout cleanup shou ld bt'". done within 15 minutt's o f poinnng 
III <lvoid harJ ....:u iug (If Ihc g.mul t >n the UlliK Fin;.1 d~anup 

shou ld be completed with in 60 to I.)() minutl·s. 

CLEANING 
Mm1ar stains may he l"clllt)\"cd fmlll brick panels by thor­

[)l.Ighly wetting the pane l and scrubbing with a ~tiff fib c r 

hru~h and a masmu-y deaninp. solut ion." A prepared cI~anin g 

cllmpound i~ recoIIHflClld!!il ; !)(IWCver. on red brick. u we:lk 
solution of muriatic, acid and waler (not to exceed a 10 rer­
cellI muriatic lIcid -;o lut ion l may bt' used . Acid ~h ()uld be. 
flu she d off the pand wit h large amoum <, uf cl ean waler 
within 5 to 10 minute~ of lpplicatTo n. Buff. gmy or !Jro\\·n 
bril:k ~lmu1d be clean~'d in accordance wllh tht' brick m:mu­
facturers' recommen dUli om. uSlIlg proprietary c le an i.! rs 
rather than acid to pre ~'e nt green or yellow vanadIUm sta ins 

and hrm\n rmlJlg:"ne~e ~Taill~, 

Following the appl icali on of the deaning sol uti on, The 
panel ~houlJ be ri n~ed thorough 1) with clean water. Hi gh 
rres~lIre water deanmg l(:chniques. w ith a 1000 Itl 20t.)0 psi 
(6 .9 to U .S MPaJ washer. may lilso I:'t'" 1.1 .,(,.:1 10 remo Ve mor· 
I;.T .. tains . Many pre;:a~tcr~ apply a water-based rewrdc:r 10 

the face of the hrick of tile prior to VlacC"lIlelll in the mold It) 

f:l..: il itate mortar s tain removA l. With anlique brid.:, the I\! ­

larder may ~tJmclime s cause di~(." t)I()rat ion of' the surtace. 
and retarder papo!r pre( ut t(1 the brick diJnellSitlll~ i~ laid in 

the fo rm liner face up prior to setting the bricl. 
When tile OT lelTa l: ()I.la joint~ art: groUlcd after the panel 

is stripped. a dean. hard rutlber fluat ~h()uld he u ~~,d f,'f 
s pre ading grou l and full y pack in )! joints. L."(c e- ~ s grDllI 
<;hould he removed by ho ill ing Ihe noat at a 9O·dcj!rt:c augl!! 
and moving it ac rO&<i the panel diagonally to the ju inl:-: . To 
maintain a uniform gmut ~'o lor and lexture. co lo red ~rout 

should tle (' Ieaned off the panel ~ with a chc l.> eclnth pad 
and/cr terry doth towel prior to grout setting. 

Proper cleaning of tile s u rface~ eliminates the need fo r 
acid cleaning. Howc!ver. ~hould ~ome residue be left on un 
unglazed tile or telTa cotta surfuc~, it can be cleaned after III 
dap With a 5 pcn:ent ~1)l !1tj () n of sulfamic acid for gru)' or 
whit(" jo i n!~. and a more dilute (2 percent) so lutiOn h)r 1.'0 ) ­

on.:d joinb. Cleaning the pane lS tOO early mlly f.'mbed the ce 
ment rastc 1010 Ihe pvrt:s of I~ clay prnd ucl. The surfa~'e 

should be thoro ughly rinsed WIth clean wate r hoth heforc 

Fig, 16. Support framing is kept away from brick edges to 
prevent spalling, 



Fig . 17. A vertical easel was an effective restrainl for 65 ft 
(19.8 m) long p restressed concrete panels during 
stoctc::piling. 

:md after cleaning. Ghuc!d till.: !Il:lnufadurers go.:w:ra lly dfl 

1l0! rccoJllmc nd 1he U~ ~~ ~.f af,ad for clean up pUfJXlses." 

HANDLING, STORING AND SHIPPING 
In all uf'l~ r itTion~ <Ifler remov:tl (rom forms. clay producT­

(aced prec:lsi ('ollnelc! pan,, '" arc ha nd!..:" . Mured an J 
shipped on the e~lnerele cdfc ... I)f Ih..; panel or o n the ir bll: I.. s 

wil li the facing lip. '1\) a\·oid ch ipP Ing or spilllin).! (Sl'e 
Fig. 16J. panels must nOI rest, ul uny lime, on th~~lr falTs or 
on any of the cby pmdlld cdgc~ (lr corners. 

Bowing of panels in storage ,,"an be minimiled by provid­
ing blocki n.l!. so that the pand~ remain plafw. Long ranel~ 

swn.:d nn A-frames ~h(lu ld he supported across their entire 
Icn~th . Stnri nE panel s so that fl e.x ure is resisted aoout the 
si rong aX Is Will minimile ~lrc~.;c~ anll hllwmg. It is r refer­
ail le to S(llfi: pall el~ as n.:ar \ ert i.::al liS possible {see l·ig. J7}. 

Where feasib le. pands should tie orien ted in thc yard -.<:) th:"1 
the' !iun does not ()vcrhc[I\ one ~ i dl~ (stort~ with length ori­
.:nted in nurth-south direction). 

During shipping, p::mels must be pbccu on paddetl rad:~ 

or o ther measures mu st he taken It> prnenl chipping of 
cdgc~ or damage \(1 return~ (see Fig. 18). Long returns D.! 

.~il h and soffi ts generally creal';: haflul i n~ pmhkm" \JII1c s~ 

proper procedures arc wnrk.::d tlu l .. head of li me. 

Shou ld f llinor damaEe occllr to I~ cl tly product I"al'e dur­

ing shipping. hand1in~ or erect io n, Iic1J remedial work can 
be a.:colllplishcd ca"ily. ind\l(lil'g rcplal"('.menl of individual 
day pr(lducts. 

Il owever. because one color will not makh all or the v~ri ­

ous huc~ in ll-.;c Oil any l'lIe joh, il i~ important to determine 
Ih e lJuantity of patching th:1I will be permitted. Pau.:hin g 
s3mple~ ~hould be viev. .. ed at a di~tal1cc or heIgh! nlllsi~tcn! 
wilh actual panel loc.1I1on". Abo. a panel must be viewed in 
it , entirety from a 20 t"t (6. 1 m) distance. not just examin.:d 
for ind ividual urnt detlcien.:ics. 

APPLICATIONS OF CLAY PRODUCTS 
AFTER CASTING OF PANEL 

Thin brick and ceramic tile U~ wdlliS full hrio.:k haw heen 
la id at tht: prco.:asl COfl\:rcte plaOl and at the jobsite on a 

pOInd ledge. generally created by a recess on the pr"::l"U~t 

Fig. 18 . Panel edges protected to prevent chipping during 
shipping. 

concrete panel race. or on a shelf angle. Fig. 1 t) show.~ the 
use of 0. bullnose h' prnviJc II ,hiJll()w hne hetween the fleld ­
bid h rid: and prcl·a~t "::oncrere. 

Thin Brk:k and Ceramic Tjle 

Thin brick ll.nd HTdlllh': tik rna:,. he apphed to a recess.!U 
wncrete surface Ihj l has been properly roughen.:d lly "\<lIld­
blastlll)! or bushhanlln~rin )!. using tlry -.,cr llIortar cnnfl.rming 

Fig. 19 . Spandrels on the Poplar and Walnut Parking 
Garage, Reading , Pennsylvania, are deSigned With 
segmen1ed bullnose ledges and Infegral copings. The ledges 
support lield-Iaid brick. Architect: Syne rgetics Architects , 
Reading, Pennsylvania 



wi th ;\;../S I A I I X I ilr 1;llC'-pllrl lam.l l"l"ment mortar con 
formi ng with ANSI A II !S.4.' In~lall al i () n ... pc!.:Jficali(ll1~ for 
bOlh Jry-~c j and latex-portland ,enWl1 l mortars art' l"llll ­
tained in ANSI A [ n~.5 .' W hen dry-..ct mortar IS used, the 
nccc~s ity or wellillM either the Cflllactl' sur f;t(:c or d ay prod­
m:1 i ~ c l uJ)lIlatcd. SilH.:": lattice s vary l'onslder:ihly , cach 

Fig . 208 The surface of the panel is Ilghlly sandblasted prior 
to par~ing with a skim coat of latex-portland cement mortar. 

Fig.2Ob A second coal of mortar is applied 10 the pan~ 
surface uSIng a notched Irowel. The glazed brick is Ihen 
applied 10 Ihe panel surface. 

Fig. 20c. The bricks are tapped into thc mortar using a rubber 
malleI. l evel and alignment are also checked at this pOint. 

1,llex manuf,lC IUrt'( S directions mu~t be follow.,1 C.' phl:l tly, 

particuiJrly III reg<1rd 10 r UTin I:" 

Slncc about 4U pe rcent of thc C(l !1cn~t c pane l dry ing 
,hrinbgc occurs wi thin 3() dl),s, it i .~ prefe-rable th.lt <it kast 

one month elapse tx' tween casli nF and application of brick 
or ti le III allow Ihe .;hrinkage 10 (KTUr. 

-Flg:26d~GrOU1-iS placedi ntott1l3 Jo;nts using abaker'Sbag 
or large caulking gun. Excess grout is struck f rom the brick 
surface using a rubber-laced float. The lloal is worked at4S 
degrees 10 the surface. 

• 

, 

groul begins to set. joints are tooled. 

Fig. 201. After the groul has cured, the panel IS cleaned 
using sti fi brushes and then rin sed with low-pressu re water. 
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Saskatoon City Hospital walls are precast concrete sandwich panels 
incorporating insulation and a rain screen, with ceramic tile on the exterior. 
Architect: City Hospital Architects Group, Inc., Saskatoon, Saskatchewan, Canada, 
a Joint Venture of Foistad & Friggstad Architects, Billington Poon Associates Ltd. 
and Arthur Erickson Architects. 

Fig. 21 b. The paper-faced 2 in, (SO mm) 
square tiles on a 1 ft (0.3 m) square 
sheet were applied in the plant using 
latex-portland cement mortar and easily 
adapted to the complex wall profiles, 

The mortar is first applied to the concrd~ panel with the 
/lat mit' of the trowd to get g(}<)d mechanical hond with the 
precast concrete. Prior to initial set of the mortar. the 
notched edge of the trowel is scratched over the surface to 
Ilbtllm the desired Ih1(;kllcSS of the bond coat A small quall­
tity of mOrlar then is troweled onto the back of the thin brick 
or tile Iwhich has a keyback or dovetail configuration) to 
promote good [lll:ch(lnu:al bond and full unit ~upporL 

When thin brick or tile have smooth bacb. the rows of 
mortar formed by the trowel notches should be aligned at 
nght angles to t.he lTlortar rows on the precast concr(:l.(;. 

Applying the thin brick or tile with pressure and a slight 
twi~ting or sliding motion is another way to promote good 
hondo Proper heat-in with a hard ruhber float, wno<lcd mal­
let, trowel handle or power impacting vibrator also improves 
bond and helps achieve level surfaces without high corners. 

Units arc then grouted and tooled using dry-sct or lakx­
portland ('ement grouts conforming with material and instal­
lation specifications contained in ANSI A118.6 and ANSI 
Al 08.1 0.' Joint sile should he selected so as to avoid cx..::es­
sive cutting of the thin brick or tile, and can typically he 
I, to ~,! in. (6 to 13 mm) wide. 

A step by step pmcedure for thc application of glazed thin 
brick is shown in Fig. 20, 

ANSI AIHl.l' and ANSI A118A' require a minimum of 
4-week shear hond strengths of dry-set mortars l"anging 
from 250 psi (1.72 MPa) for gl:ued wall tile to 100 psi 
(().6X95 MPa) for quarry tile. with latex-portland cement 
TI\[)rtar~, the minimum 4-week shear bond strengt.hs require­
ments are 300 pSI (2.07 MPa) for glazed wall tile and 
150 psi 11.03 MPa) for quarry tile. Laboratory tests on thin 
hrlck veneer show shear hond is in the 200 to 400 psi (1..18 
to 2.75 MPa) range." 

Immediately after stripping a panel. joints in thin brick 
veneer should he filled with latex-modified portland cement 
grout and tooled. Leaving joints IIngrouted has heen done 
frequently to save money and achieve the popular deep 
ra1..cd joint look: unfortunately, ungrouted joints arc suscep­
tible to freeze-thaw damage. 

Joint grouting improves the adhesion ot even properly in­
~tallt:d ullih. Tests Iwve shown t.hat grouted joints improve 

the shear bond by ahout 10 percent when there is full contact 
with thc bond mortar and hy uhout Tl pcrc..::nt wh..::n there are 
voids in the hond mOl1ar. For tensIle OllmL thae IS a 36 per­
cent improvement in units with full bond contact and a 98 
l}Creen! improvement in unils with v()id~ in the lxmd mortar." 

All excess grout material should be r..::moved as grouting 
is carried out. using a damp cloth or sponge. Excessive eJrly 
watlT application can retard the lu!ex eure and re-emulsify 
the latex polymer. 

Maximum vuriatioll of finished surface (iocal smoothness) 
~hould hc"; in. in 10 ft ((i mm in 1.05 Ill). with no more lhan 
j:" in. (159 mm) variation hetween adjacent clay products. 

Applications of hoth plant and ~ite applied tile using 
latex-pmtland eeJllent lTlortar lire shown in Figs. 21 and 22, 

F~. 22. The Ravenna Eckstein Community Center in Seattle, 
Washington uses precast concrete panels articulated with 
reveals and recesses varying from 'r. to 1'~ in. (19 to 35 mm) 
to reflect the adjacent 1911 school's proportions. Ceramic tile 
was then selectively field-laid on the concrete to reference the 
school's brick and terra cotta banding and details, Architect 
ARC Architects, Seattle, Washington, 



Full Brick 

Full 'bra:k supported nn a COllcrete led?c or steel .~hclf 
angle reqllires anchors to provide lateral ~upport. The an­
chors should be t1exible. capable of resisting tension and 
l:[J[Tlpression resulting from forces pcrrendicuiar to the plane 
of the wall, but permitting slight vertical and hllfllOntal 
movement parallel to the plane of the walL This f1exibility 
permits lliffercntial movements betwccn the precast COJH;rete 
and the clay product veneer without cracking or distress. 

Wire anchors (ASTM AH2 or 13227, Grade 30BS)' should 
he at least. :~. In. (W 2.R) in dia]TIl:tl:r and hnokl:d on Olll: elld 
atld looped through a ,,~ in. (25 mm) wulc, 12-gage 
(2.6!1 mm) steel sheet bent over the wire (see Fig. 23). The 
~ted ~heel is dovetailed on the olher end to fit inlo a mini­
mum 22·gage ((J.n mm) dovetail slot in thl: concrete panel. 
The dovetail adjusts verticully so that the wire anchor can be 
plw.:ed in tile bedjoinl of the orick. 

lt has been found 111at a 16-gage (1.52 mm) dovetail an­
char slot lails at approximately the smne load as a 26·gage 
(OAh ITHn) thick slllt cmhl:ddl:d in concrete, so there is not 
much advantage to using heavier ,mehor slots to achieve in­

creased load capacity. Instead, more anchors should be llsed 
tll ohtailllhe r<'lJuircd load capacity.',; 

The minimum J in. 175 mm) wide wire anchors ~h(luld be 

embedded at least I ~.~ in. (38 mill) lpreferably 2 in. (SO mm) I 
Inlo the hed JOint of Ihe hrick, \vith a minimum Yo ill 
(16 mm) cover of mortar between the anehor ;inu the ede­
rior wall face. The size and spacing of anchors are based on 
tellsilt.: and compressivc loads induced hy wind suction imd 
pressure on the walls.""" 

Most designers use the simple force multiplied by the con 
trihutnry area to delermine anchor loads. When this technique 
is used. additional anch(lrs should he provided at all openrngs 
and discontinuities, such as windows, shelf angles and con 
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Fig. 23. Anchorage of brick to precast concrete using 
dovetail anchor and slot. 

Fig. 24. The low-scaled, arched facade of Oriole Park at 
Camden Yards presents itself in the form of elaborate 
cornices and rustication joints. Brick anchored to dovetail 
slots in the precast concrete was field-laid on concrete 
ledges via scaffolding following precast concrete erection. 
Architect: Hellmuth, Obata and Kassabaum Sports Facilities 
Group, Kansas City, Missouri. 

crete kdge~, whefC stn~s~es are known 10 he higher. They 
should be ~paced not more than 3 ft lO.9 m) <lpan iiround the 
perimeter of an opening and within 12 in. (JOO mm) of the 
opcnlllg. 

ACI 530 recommends that there he one anchor per 
4j{ ~q ft (0.42 Ill') 01" wall area. ' The maximum spaeing be­
tween anchor-; should not Clicccd 24 in. (60() mm) vertically 
and 36 in. (900 mm) horizontally. Anchors in alternate 
courses should be staggered. Applicable huilding codeS 
should be consulted fur ,ulditional reinforcement rCLJuire­
ments. such as those for resistance to ~eisillic forces iicting 
pmalld to panels and for stack bond (which i~ weaker than 
running bond). 

rhe published tests'" on dovetail anchor sims iind dove­
tail anchors indicate an ultimate tension range of 713 to 
965 Ibs (323 t(1 43S kg) and ultimatc compression wilh a 
1 in. (25 mm) cavity of S60 Ills 1254 kg) for a 12-gage 
(2.6S llllll) dovetail anchor in a 22-gage (0.73 mm) dovetail 
slot (~ee Fig. 23). A ~afcly faclor of 3 hased on failurc mode 
should be applied to arrive at de~ign values. 

To avoid anchor buckling, the distance between the inside 
bnck face and tile concretc panel should nO[ he grcater than 
I in. (25 mm) nor less than .~.~ in. (I J mm). This space should 
he kept free of mortar or other rigid material to permit tbe 
differential movement hetween the concr'cte panel and orick. 

Brick· and split·face block sUPP(lffed on concrete ledges 
and all<tched 10 the precast concrete paneh with dovetail an­
chl)rs are shown 1J\ Figs. 24 and 25. 

Shelf angles may be used ((1 support the full hrick veneer al 
each floor. or at least every other floor. in place of a concrete 
ledge (sec Fig. 26). The shelf ~hould hc made of structural 
steel conforming to ASTM A36' and properly sized and an­
chmed to Crul~' the imposed loads. AnchClr holt holes should 
be hlln/ontaHy slotted III allow f('ll" ea~e of construction and 
horizontal movement. For shelf angles supporting unrein· 



t'on:ed ma~onry , J etltX'"tion should he 
]illl ilt':d It) u(m hut [lot exceed 0.3 in. 
0 .5 mm). A ~maJ I sJldc,: .. tK""IJ he k ft 
between the lengths of anglt's 10 <1 l1ow 
fDr llnri/,onlai lhcnnal 1ll0V\!fl)ents. 

ror ~e VCf(: climates <11111 C\p()~u!'e~ , 

consideration should be gl \i en In the 
Il~e of p.alvan io.::d or ~tajnl ess steel 
:;hcl! angk~ . With shL'lf angles, cont in­
uous fl a ~h ing ... hould be in !:.:t al!ed to 
em'cr the angle. To ensure adequate re­
Sistance 10 cOlTtlsion. l"l';l ling" or matc­
rials should conform 10 ASTM A 1:!3 
I\r ASTM A 167. ' Tho:: ~uggesled mill i­
mll m I~vd tJf l'p!Tt)'; itHl pru1t:ctilll1 for 

c('la!1n~~ of anchor maten:!l"' '' ' i ~ ei­
Ihel' ASTM A 153, Cbs~ B-2. or ASTM 
A167. TyfX! 304: 

-

-

'," 
" 

Horiw l1lal pressure, rc licvi ng joints 

... Imuld bl' pl<lccd immediately beneath 
e<lch :.ng le. Prcssure-rdi l:v;n;; j(lints 
may be con~tructed by either l e<l v jll~ 

:JIl air "pan: Pr plat: illg :l highly com­
pres~il>l e material unl,iI;r the ~he lr allgJt: 
and seOl l ill~ tht' joi nt with :In ehl ~l i l' 

!oi:(lIt,nl and hada:r roth' (see fi g. 27). 

Fllis ning lil J. masonr~' wall ~ tlr ­

ported on shelf angles is importllnt fur 
Ihe pmpcr drainage of water that may 

Fig. 25. Panels lO t the Oakland County Jail Addition in Pontiac, Michigan . were 
del ive red to the si te complete with slots for dovetail anchors to support split lace 
block. Architect: NSA-HDR - A Joint Venture, Southfield. Michigan. 

penelrutc the m<l~(lnry' FI" ... hi llg is not reqUired If the ma­
S(\llry Ii' i'upported on a COllcn'lt: l ed~e that I I;~ .~ a ~ Inp ..; or 
:,: itl. i ll 5 in. (3 mm in 125 mm). :llthough weer holes :lrc 

Ilclo:t:s~:lry . Fl ii~ llIlIg 1l1:,la ia b arc t!t!ncraUy formed fr(lm 
sheet mt'tal~. bimmmotls-cv:.lle(1 mt:mhr;me!,. pla~t jc:<., vinyl 
or ";olllbinalions thereof. the !'oelectiotl being largely tleta-

Fig. 26, The column covers on the City Crescent Federal 
QtfK:e Building. Baltimore, Maryland, have field-laid bricks that 
are supported on shelf angles welded 10 the precast concrele. 
Architect: The Weihe Partnership, WaShington, D.C. 

mined by cost and ~u itabiJ ll Y, The C() ... t of flashing malCrial ~ 

"uric~ widely. Only wpctior quali1Y m"terial~ ~h{)uJJ hL' ~e · 

k <: ted. ho ..... c\'c r. <; inct' n.:placl'menl in the e vent o f fa il ure 
would be exceedingly e !lpcn __ I VIo:, 

Flashing may be imta lled in a continuou.~ regIe! or rc<:\'~'" 

in tllc n moclc. Tn he most c1fo::elive, the t1 .. ~h jng ~hould ~x -
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Fig. 27, Shelf angle with flashing and weep holes, 



h:od f. in. \ I.~ mm) heyond Ihe wall .~urf3ce and be turned 
down al :I ·I)-degree angle to form (I drip. Weep boles. al 
least X in . ({I mm) in d iamete r. ~hou ltl he providerl in h .... Ml 
j o in ts imnl<:li ialdy ahovl: Ihc n~shins or Ulncrele ledge a l 
inH;rval ~ of 161024 in. ( 400 10 6(Xl mrn) maximum \0 per­
mi l drainage of accumulated wOlter. 

Jf. for aesthetic reasom. il is necessary 10 conceal Ihe 
n,,~hing, Ihe number and spacing of weep holes are even 
more· important. In these co.~e~. thl! ~pac ing should not ex · 
cc..:d 16 in. (400 m m) on ~· Cllt<.:r. Concealed flas hing with 

w(lled monar j oinls can relain wate r in the wall for long pe. 
riod!' of time. thus coocenualing tnc IJMJisturc m one spul. 

WORK AS A TEAM 

C lay pruduct-faced precast concre te panels offe r a Ilexi · 
ble and economical way (0 achic\'e (he desired arrcafallcc 
through prefahricatinn. Th(~ designer must develop it good 
working relationship wi th bo th the precaster and the clay 
product supplier so that all panics an: aware of cxpcerati()l1 ~ 

and potential problem~ with, fur ~:\ample. return s, so ldtc.:r 
courses, joints and windo w details . The contract documents 
should clearly define the S("op.;: of \'eneer patte rns. When 
thi s occurs as it stli)ll)d . the n,:su lt is if pl~asing cumbin:l(ion 
( I f acs(h~lic beauly and durability. 
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