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DETROIT j>/lANUFACTU!'tr;D BRICK FOR CA~QH BA,SINS AND MJ\IH£0LE:S 

The City of Detroit recommends the" use of soft clay brick manufactured 

in the Detroit area for the condoruction of manholes and catch basins on 

Federal-State--City financially supported highway projects in the Ilietropoli

tan area, even though the bri.ck do not meet State Hiishway Specifications in 

reHpeet to 'Jatcr absorption properties. They base their recommendations on 

the fact that these brick have been ue.ed for this purpose for many years and 

that they are gi.vinc satisfactory service .. 

With this prob.lem in mind, the Highway Dc,partment has re<;uested that a 

study be made of the soveraJ. brands of bric!< mrxnufactuN:d in the Detroit 

area giving special consi.deration to the.:ir nesietcmce to frost action and 

performance under field conditionso 

Brick samples from four manufacturer~1 in. Dearborn, Michigan v1ere pro

cured and subjected to a defini.te number of freeze and thaw cycles and their 

deterioration noted.. In addition, a field fmrvey das made in Wayne County 

to observe the physical condition of c'.ifr'erent makes of brick in manholes 

and catcl1 basins 1rvhich hav'3 undergone normal \H;athering fu:c & great mo.ny 

years. 

The laboratory -,fOrk sube.tantiates in gen(;ral thf-: finding;:) of others in 

that it in difficult to predlct th~;'; SL·n·vicc:; behavior of brick from a given 

source on the basis o.f v;,n.ter ,;~bsor"[Jtion cl:tarc.wteri.stics a1one. Of the five 

brick groups tested, t\io . 1 :-;as~;ed th(~ free::~ins and thaning test and the others 

failed. One of the tvvo (:;roupr, p0.ssing the test had an average ab::1orption 

value of 4.G percent_, the o-ther 22.1 percent, fTom the five--hour boiling 

test. 



The most seriou~3 structure failureB observed during the field survey 

were obviously caused in the most part by poor workmanship i.n layinG the 

bricks, rather than by any lack of durability on the part of the brick used 

in the structure. 

The evidrmce submitted, although not conclusive, indicates that cer-

taii1 briclc manufactured in the Detroi.t area would be tmi table for use in 

manholes and eatch basins even though they do not conform to the absorption 

requirements of thrJ Highway DeDartment, or to those recommended by the 

American Society for TestinG ivle.teriiils, provided the brick 11re carefully 

selected from uniformly and well burnt stock and properly installed in the 

structure. 

The report presentc; a brief discusGion on the durability of brick, the 

results of laboratory freezing and thawing tests on selected brick samples 

from several Detroit m~:mufacturors, and notG.s on fi field survey of sub sur-

face structures in the Detroit area. 

The latest American Soctety for Test:Lne::; Hlaterials specifications 

(Designation C 32--42) specify the fol1owiN; pljysical requirements for sewer 

brick made from clay and f\hale o ~Chey J..nelude t.hreo grades 1 dG~lignated SA, 

MA, and NA .. 

Briek intended for uf;e in ;Jtructur8fl rec1uiring imJ.Jerviousness and 

material at VE";loci tiee exceeding d feet _per second. 



Brick. intended for use in rstructures :ceq_uiring im;;)erviousness and 

resistance to the action: (1) of SOJa(e;e free from abrasive materials: and 

(2) of sewage carrying abrasive materials at velocities of 0 feet per second 

or le.ss. 

Brick intended for use in structures not rec,lliring high degrees of 

imperviout~ness nor of abrasive resistance. Brick of Grctde HA are sui table 

for use in catch bar.eins, arches, the upper Dortionf! of manholee1, and for 

backing. 

Physical Requireme~_ts 

Minimum 
compre,ss.i.ve 
strength, 

(brick nat
·wiBe), pHi~) 

average 
gross area 

Maximum 
\'"ID.t.er ab

sorption by 
5-·hr. boiling 

per cont 

Avg. Avg. 
Dconignation of 5 Ind.i-· of 5 Indi-
__________ J2f.:i:.9l' _____ vic!.ual._ ______ _9r i ck ___ vil~ uaJ, 
Grt:.tde SA (), .JC)O E, COO () D 
Grade MA~~- b _1 OOC 3, OO~l 1~: ;~:4 

Gra_de J~.£\:l~~---~.IiQQ __ ... ____ iLl.9i!.\._l _______ .;?0 ···------· ;:~4~-

-i~Hhere rcsistan·ce to froft i}Ctiort in the ~)l'CE'·ence fJf moisture is 
req_utred, Grades WiA and ·,:~l'" fl1tn.l1 confv:cm to the £;.ddit.iona.l reciuire·
Htent that the sat.ure .. tion c:-':!rd:ficient (C/B) - th,tJ..t i£), rat:Lo of ab-
sor·t)tion by 24-··hour cubm(-n ... r;once .in eold wuteT to that after 5 hours 
in boiling VNlt.er ·- .sha.11 not exceed \).00. 

Under explanatory notes for sts.ndard American i:~oci.c:~ty for Tc;stin&; 

i~Iaterials specific,~ttions fo:r HBuild:Lng Br.ick 11 (liktde from Clay and ;?,hale), 

(Designhtion C 6;>-44) there are several cmmw:·m.t~·· -;~hic.h no doubt equally 

'Z -,)--



apply to ".Sewer Br1ck11 (made from Clay and Shale), (Desi,;nation C 3;2-42), 

especially the last paragraph which states: l:r!. _12sing j;he~."!_ J!.fl.SJcifications 

For thiE reason, and 
"''==·= ·-= 

rrhe. Highway DeparGm•~mt nm, s_:.H~c.if'ir:-:s the USiJ of set.rF:I' br:Lcl<: (Grade NA) 

used for such purpo::;es they el.£~11 not ha.ve <:.:.n abGoTption greater than 15 

percent ·,1hen all sam}>les c.ru 'lvera;;ed, nor ;3ho.~.l an individual unit h&ve an 

absorption greater than 1'/ }(;rcGni ;-:hen testnd for absorption by the 5-b.oul· 

Designation C-6'/. 
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Durabilii;~ Clay Brick. in Relation to Absorpt:hon 

A study of exi:~ting literciture coneerning freezing Etnd thauing tests 

on clay bui.J.ding brick vlill rev"a1 that many factors other than absorption 

influence the resista1.i.Ce of EL g1ven brick to deterioration by frost action. 

In other words, a brick vd tb high absorptive properties may not necessarily 

fail under freezing and tha:aing action. Hme;ever, brick v;i th high abcorption 

should be looked upon \Yith suspicion 1:u1d f;:hould not be u,sed unless their ser-

vice record is \'Jell estab1it:jhed. 

Table I rwesBntB a sutmn8.ry by JVicBu:rney( 1 )of' free~jine; and thaviing data 

on clay brick which substanti.ate the abovE.• points. In general, the data in 

Tablo I indicate that, for good performance;, thfl flaturection coefficient of 

brick should be under 0. (30 VJhich is the value :recommtmded by the J\m~.3ricnn 

Society for Testing Matert:1l:' :for brick :mb;j ected to fro0t actlon in the 

presence of moir:.ture. Also th~~ data in TabJ..e I indicate an absorption range 

~o;ith a r:>atu.rati0r.1 coefficj_ent above 0.80 in -~Jr.Lch brick may fail or pass the 

freezing and thawing test. The ~1a.me re.lation,'?hi.p exists if absorption 

values bas~?d on the 24--hou:c cold immersion or i5-holn' boiling t8sts are 

con~ddnred. 

f~ample:o of clHy and concc:·.,te brick ;•ere obtai.ned from the following 

(l)Helation,s Bet/v-·een Hesultrj of Laborc-.ttory li'ree~·.in[; and Tha·,-;ine; and Several 
Phyr:d.cal Properties of Certain ~::oft-iAul:;. Bricks; by .John ~~. ,__icBurney, A.S~T. 

iVI • .Proceeding,~--', page 8?:·'"/, vol. •12, 1~)12. 

,. 
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Series 

A 

B 

c 

D 

E 

folanufactur~r 

Daniel Briel;: C.o. 

Daniel Brick Co. 

Clippert D.d<:k Co. 

J. A. Mercier.Brick Co. 

J. S. HaggertyBrick.Go. 

J. A. Mercier B1·ick Co. 

Plant 
Location 

·Dearborn 

" 

" 
" 

" 

Clay 

Clay 

•Clay 

.Concrote 

Clay 

Clay 

After determining the saturation coefficiont ( C/B) .. that io, ratio of 

absorption by 2'1-hour f\Ubmergence in cold v•ater .to that afte~~ 5 hours in 

boiling water - the brick were t!Ubjectod to £1 .48-hour immBrsion period fol-

l~:rwed by 51 cyclez of free? . .iug and thawing. A frt~ezing und thawing cycle 

consisted of freezing the bricks on their sides in a 1/2 .inch depth of vvat.er 

at zero degreE;s F. for 16 hours, follovred by en 8-hour thawing period in 

water at 70 0egre£~8 .F'.. The test Vlaf: conducted on l/2 brick speeimenB~ The 

c:riterion fqr .failure was compl·Jte breakage or loss in we;ight exce€1ding 3 

per cent of' the dry \'Ieight of the brick. 

In conducting tho frneooing and tLawing i;Gst, the procedure of American 

tain modificationr~; necessary ifo conserve time a~si spa.ce ~ 

The remr.dning hc~lf portions of t:ilH "'orick .sampl8B not subj octod to 

freezing and thawing ;·1ere tested in comp:ct:sslon, 'l'he surviving brick sec-

tion.s ~~om the freezing and thav;ir.:.g te;.:~t 'iWrB &J.so teztcd in compression for 

compa.ra ti ve study. 

A COl'J.ipJ.i.~tc E'Uln.t1lnry of test data is presented :i.n Table II.. Photographs 

Figure L 
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Discussion qf_Test Re~~~Js 

The clay brick designated Series A had a very loVI absorption and high 

compressive strength, This ;10uld indicate a face bricx hnd th<oorefore they 

should n·~t be considered in the same category as the balance of the brick 

samples. 

r:Ch<~ other clay brick AamT)les, designated Series B, C and E, had 

absorption values higher than those recommended by the American Society for 

Testing Mateo:rials fo:r brj_ck ii1 Grada NA, and as a ,;:roup all failed the 

freezing and thcu:Iing testo Ho· . .,-ever, not al1 of the individual specimens in 

each group failed tho test~ A.s ma:;;:r bf; s€:-,en 1n Figure l, .fai1ure occurred by 

either loss of weic;ht d.u;;:-; to spal1ing o:c by complrJtc~ brealrage of the speci

men~ All bric'k in these three serie~:; pags~::d tht; ~~,000 pound per square inch 

compression strength requirement before sub.i ect.ion t,rJ free:Jing e.nd thawing. 

After the test the compression utrengths of thd various brlck dropped con

siderably. .For examp1e; Se:cies B Jost ;.:;.~ pc:rcer:t, Serien C lost 12 percent, 

and Series E lost 22 percont of t.t1ei:r.' original. compr0E~sio:rc st-r·'-~nG·t:t v-alue. 

Series E, ho'Hcvor, droppr:;d belo\.; the 2, 000 pou .. itd rec1ttiremen to 

rl1he cli:iy brick in 8eric~B F', althor~glJ they had the highest saturation 

coefficient of any of the brick te:..";ted, );:.s,~;ed th~~, freezin§; Lncl. th.a·'~~'ing 

test~ Tho co1uprecsive ~t:r:e.1.1L,tb C~rupp(~;d only 1~:, pe::_--c;:.:r.t to a valut.:: of 3400 

pounds per square inch aftr.~r test Q 

The concrete brick.s of Serie:·, D, -~: ... itb. :ro1ative1y- 1o'~; &bso:cption 

values 7 fai1ed to })i:J.f,s tb:-) freez,ing and the:.dng test by loss of \'i8ight ~ 

·vYi th the exception of ~~pecLaen 5, ~ .. ::d.ch crum"L·1f3(5. C',Jii11)letol·y as may be seen 

in .F'igure l, the concrete brick failed by g.racJ.naJ .. d.iGintegration and 

-7-



subsequent crumbling only at the fractured face. All of t)w c'l,;ooth outside 

faces of the individual concrete bricks rmuuined intact. ~'his ·,,ould indi-· 

cate that a whole brick of this material, if sub,j eeted to the freezing and 

thawint, test, might not ·slw·.T a;w failure in 51 cycles. Dur:lng the freezing 

e.nd thawing test, hmvever, thesb bl':i.ck lost 32 percent of their original 

comyrrGGSi ve strength. Their avt}rage comprer~s:lve strength after test was 

1, B'Jtl potulds per SL1uare in en. 

In summary, the tests i:nd:Lcate that the clay b~cick in Series .F' ~;ould 

be satisfactory for ~'~ubsurft'.ce structures evon though they have a high 

absorption property~ Althou:'h the bric:It' i11 the other series f,:;d.lcd to 

comply in letter to the rcqui.rement of' the freezing and thaHing tf3st, the 

photographs in Figure 1 sho~:.r ths.t they v:ere n.ot in g,eneral materi-:tl.ly 

damaged by the accelerated test, In otl10r ,:ords, it is di.fficul. t to predict 

the behavior of the v-nrioufJ bricks in service by their reaction to the 

laboratory freezint; and thr.r:d.ng t~jst, a.lthouch it might indicate in a 

gf3neral. >1ay hm;· the8e brick · .. i.l..l u.l.timc,_te.ly behave in .ser·vice, 

On Janu,uy 7, 1948, a :fie.~Ld .survey was mane in \.Jayne County by the 

author accompanied by 1\fi:r .. W ~ .J. Worth of the Fiayne County H.o&d Commission 

and Mro C. ,J. 01sen;l lv1atE)r:La.1.r~ Engineer of the Eighrt:::ty Department. The sut·

vcy included the :ln::Jpection of b:t·ick in mo.nhol~?s and catch basins at 14 dif

ferent :Locations in the vicinity of Wayne, ~!~1ch.igan e During the survey 

samples of brick from several CD.tci:1 hard.nr 6.1."'.::!. manholr;s ·,·;ere obtained for 

laboratory comparative stuciy \·.ith the brick recently _procur~:::d from 

-8-



manufacturers in Dearborr1o Pictures of brick r_,pecl.lnens takf}n from several 

structures a.re sho.,,n in F'igure 2 o )\.br:-;orption datt~ and othor pertinent infor-

mat ion associated Hi th these; bric\ are Gummarhced in Tables III, IV and V. 

It is of interest to note from the data presented in TablerJ H, III 

and IV that the absor-otive properties of the field samples are practic&lly 

ident:Lcal '.;ith those 01rocureu from the same sources for laboratory freezing 

in the same ordco·r . 

The service life of the b1·icl\ inspected va.ried from 15 to 26 yearso 

With the exception of &. vr:<ry fe\: instances, the brick in all structures 

examined •;J8re apparently in excellent condition considering the number of 

years in service~ It iG apparent from the.~ pictures in .B'igure ;2 of the brick 

specimens taken from the field that the brick ·;;ere badly chipped and broken. 

From a vi,.,ual exarnin,J.tion of the bl'ick :in the ~Jtructure, it is believed that 

thin condition o;1ar; brought about by ·_:orkmen in handling and dressing the 

brick to fit the cd:.ructure rather than by froct action. 

Typical examples of fa:Llu1·es encounte:cod <."ire illustrated in Figures 3 

to 6 inclusive. Fi.&,ul~es ~) ~-tnd 4 i11u~·rtrate br:\.ck. feJ.lur~~ under frost c.,ction 

as manifested by chip pine ox· S(Jf:tl1ing. l:l both cases the b:r·ic~~s sho;m in 

the photOEJ:'anhc ·aere tl1e o:c.ly ones tn tbe structure r:f.· .. o,,rj_ng r3igns of deteri

oration from th1s C2~UP8. Fig-urr-_; S :~llustrates the failure of onJ.y one brick 

in a catch br.ti.:~in by crae~ring and chipping. Figure G illuf:.trates u. manhole 

in bad condi tio.n. It is l_;_1J.e~..;tionab1E; ~-;bethc:r in "this case the failure \!&S 

due to faulty \,orl::rnanship or (.ietcrior-::·.-:.tion of the "bt'ick, or to a combination 

of both. ?imi1ar conditions ;,.ere observ8c\. in ;3LVr'l:'L1 other manholes. 

Det~?-rio:r:·ation of rnanhoJ .. es ·~:as :Lt1 all cases irrunediat,?.ly uncle:~: the casting. 

-9-



'i'iillLE IV 

STJJ'ciliviARY OF GOLlPRESSI.JJ:·J STHEiJGTH DATil FOEt BRIGf~ OBTAiiJED DU"Rii~G FIELD SUEVI'Y 

Sample 
No .. 

1 

., 
~ 

3 

4 

5 

Average 

Series A 
Cli~nert 

2955 

:3510 

2960 

3160 

1925 

2860 

Series B 
CliTJpert 

5500 

295C 

26?0 

2615 

2955 

Ser1es C 
Dc\niels 

5355 

5535 

Series D 
J ~ S 0 Ecq:::g0rt:r 

37SO 

1410 

1975 

1465 

1910 

Series E 
W and E' 

2670 

1578 

l()l?) 

3195 

211.0 



Specimen 
Nu::nber 

1 

2 

3 

4 

5 

Average 

TABLE V - SUivllVlARY OF' ABSORPTION DATA F'OH BRICK OBTAINED DllRilJG FIELD SURVEY IN 1948 

SERIES 1'. SERIES B 
C1ippert Brick Co. C1ippert Brick Co. 

SERIE.S C 
Daniels Brick Co. 

Laid 1932 
A.b sorption Absorption Saturation Absorption 
24 br .. Imm~ 5 br. boil Coefficient 24 br.Imm. 
Percent Percent Percent 

18.9 19.6 • 971 19 0 ;:: • 

18.2 19.2 .951 19~1 

18.8 19.7 ,'358 13.6 

19.9 ")r· C.:: 1'-.-U.v .979 2CL9 

21.5 24.4 .883 21.2 

19.4 20.6 .948 2U.1 

SERIES D 
J. s. Haggerty Brick Co .. 

Specimen Laid 1925 

Laid 1959 
Ab sol·ption 
5 br. boil 
Percent 

19.9 

19.7 

20.5 

r.r, I:' 
~t::..<.) 

23.4 

,.-,·; ,--, 
..:...L.;:,_ 

Saturation 
Coefficient 

.976 

.969 

.953 

.92~ 

.908 

o946 

Absorption 
24 hr. Irnm. 

Percf::!llt 

18.8 

18.8 

SERIEf. E 
~~j~ and .F' Brick Co~ 

Le.id 1930 

Laid 1941 
Absorption 
5 h. boil 
Percent 

2{Ll 

Saturation 
Coefficient 

.2.10 

23 .l .Sl?; ------'----

Number Absorption Absorption Saturation Absorption A' ' • 
.~.-~osorpt.J.on Saturation 

24 hr. Irmn. 5 r~. boil Coefficient 24 hr. Irc!Ll" 5 h .. -r: ~ boil Coefficient 
Percent Percent Percent Perce11t 

1 20.6 ~~ ~ 

,:.;:_.c:.,.;:; .920 20.6 .-.,-, ""I 

~,:.:~J.. .935 

2 21,. 5 24.4 .879 20.7 22.6 ~917 

5 21.7 24 .. 6 .883 21.0 22.7 .927 

4 20.7 25.4 .887 19.9 21.1 .944 

5 

Average 21.1 23.7 .. 892 ,20.5 00 l ,::....::...._ .,931 



Figure 5. Brick failure by spalling. In catch basin at 
Pelham Drive and tabash R.H. grade separation. Daniels 
Brick. OnJ.y one brick_ in poor condition. Age 7 years. 

Figure tl. Briel;: :f\tillU'(;: by spalling :in another catch 
ba~lin at PPlh:::m Dd.v~; n.nd ':~abash R.n. grade separation. 
Daniels Brick. On.Ly t, ·o bricks in catch basin have 
spalled. Age 7 years. 



Figure 5. Brick failing by cracking. Catch basin at 
Middle Belt and N.Y.C. R.R. grade separation. Daniels 
Brick. Only one brick in catch basin had st.arte<~ to faiL 
Age 7 years. 

Figure 6. Brick fcd.Lur::.'. Manhole at Outer Drive and 
R.otunda Drive. Age 1'7 yearr,, Brick cracked and dis
placed. ivlc~.y be due to eithc~r frost action or Y!O;d~man--
8hip or both. Brick m£l,J'ked y, D~ F. 



The field survey did not diselose c,ny conclusive evidence that the 

brick examined were not suitable for manhol8 and catch basin construction. 

'l'he ultimate service life of brick is most difficult to determine or 

predict from laboratory durability tests because of the many inherent fac-

tors associated r1ith their iilfJ.nufacture c.nd subse~Luent physical behavior in 

Underground structures such as manholes or catch basinsg Therefore, in the 

setting up and enforcement of specifications, the purchaser should consider 

the requirements of the structure '"nd the physlcal pro;Jerl,ies of the brick 

available. 

Experience indicates three ranges of freeze--thar.c resi::=.~tance related to 

·,-iater absorption; there ir- the range of 1o·.~- [cbGOI'Iii.,irJli ·::here no fs.ilures 

take place, an intermediate range ·; .. ;'here both fLdlures and no fuilures take 

place? and a high ranGe ~-il:u::re all bric.ks f'a11. Se·.-:er brick of Grade NA -~:iJ.l 

evidently fall in the intermediate and high absorption ranLe because of 

their i.nherent high aboorpt:Lve properties. BrickB r1ith a ;3aturation coeffi

cient of losn than 0. 80 \Jill be less Hke1y to f2,il under frost action than 

thof3e v1ith a higher saturation coefficient ratio. Therefo~~G, specification 

limits should be estab1ish·3d ·,_ ith that in mind~ Jlm;'.:~ver, there is evidence 

that bric1.<: .,-.-ith hi~;h saturE;:tion c:Gefficients give excellent service and, 

urtquestionably, brick ,,f this type from mo.ny r:ources could be used Viith 

reasonable asf.:lUrance that ttwy .. ilJ.. give satisfe.ctory service for a long 

period of time. Ca·tain brick from tile Detroit arc" a ccp9arently come u...11der 

this category and their field r2cord must bo correJ.ated <..i th l1J.bora tory 

testso 

-10-



It vms obvious during the field inspection that practically all of the 

worse conditions encountered in the manholes and catch basins ·c1ere a direct 

result of poor uorkmanship in laying the brick rather than frost action. 

Brick failures accountablro to direct frost acti.on were manifested by 

chipping or spalling of the exposed surfaces or breakage of the brick. In 

no case were the failures due to frost r:wtion serious 4 

It was evident during the field survey that b:rick are less tlllSCElptible 

to frost action in manholee. than in catch basins hecLuse of differences in 

the construction and funct:Lon of these units. The brick in catch basins are 

directly exposed to water, snor_; J iee, EJ.Dd salt solutions and large fluctua

tion in daily temperature; \lhereas, the; exposed surfaces of manhole brick 

are protected from the elornents by the manhole cover ~o1nd, in addition, 

inside temperature fluctuations are mod,_n·ated to a large degree by the 

presence of the sevver HatE-n'. Therefore, bric1c for catch basins should be 

selected rli th greatest care~ 

The evidence submitted, although not conclusive, indicates that cer

tain brick manufactured in the Detroit area would be suitable for use in man-

holes and catch basins even though they do not conform to the absorption 

requirements of the E:Lc';h\·my Department or to those of the Arnerlcan Society 

for TesU.ng Mc"terials, provided trw bric:, are carefully selected from uni

formly and v;ell burnt stock and prope:r1y i.nstalled in the structure. 

--ll·· 
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F-1 F-2 F 3 \<'-5 

CONDITION CJ-* BRICK 
AFTER FREEZING aVLd THAWING 

(51 CYCLES) 

Figure 1 



F-1 F-3 ! r- 4 ' \'<'-5 

CONDITION CJ-* BRICK 
AFTER FREEZING aYLd THAWING 

(51 CYCLES) 

Figure 1 



CONDITION et* BRICK 
TAKEN t'Jt.om MANHOLES and CATCH BASINS 

p (16 -23 YEARS IN SERVICE) 

F'lgure 2 



CONDITION a* BRICK 
TAKEN t'Jr.om MANHOLESa.nd CATCH BASINS 

0 (16-23 YEARS IN SERVICE) 

Figure 2 



' . 
TABLE UI.-COMPARISON OF RESULTS OF 50 AND 175 CYCLES OF FREEZING AND THAWING WITH 
ABSORPTIONS, SATURATION COEFFICIENTS AND STRENGTHS OF 50 SOFT-MUD, SURFACE-CLAY 

BUILDING BRICKS. . 
P = passed, F = failed, T = total bricks in range. 

I c.=~ I Number iNurn- R w· . 1-o tf.l /),)~ 
Range Within Range Within Property and be ange 1 th1n "'"""" of Bricks 

of C. Which All ~-~ r:: Which Bricks Both Which All Range in Property ~"' cle~- Bricks Passed• "1"1 r>: Passed and F ailed• 
PIF T 

Bricks Failed• z 
-- -- _, __ -

II" aler Absorptions: I 

1-min. cold immersion (0.6 I 50 0.6 to 1.2 6 1.9 to 10.8 29 14 : 43 12. 7b 
to 12.7 per cent) l 175 0.6 to 1.2 6 1.9 to -!.2 6 3 ! 9 4.3 to 12.7 

24-hr. cold immersion (3.4 J 50 3.4 to 9.6 11 9.7 to 19.8 24 15 39 c 

175 3.4 to 9.6 11 9.7 to 10.9 (M) ! 1 2 !1.7 to 19.8 to 19.8 per cent) l 9.8 to11.2(N) 

5-hr. boiling (4.6 to 24.0 per ~ 50 4.6 to 11.9 8 !2.2 to U.O 27 15 42 d 

175 4.6 to 11.9 8 12.2 to 13.8 (M) 4 1 5 15.0 to 24.0 cent) l 12.0 to 13.2 (N) 

Satu.ration Coefficients: 
r 50 0.61 to 0. 73 10 0. 74 to 0.96 25 15 40 e 

CIB (0-.61 to 0.96) \ 175 0.61 to 0. 72 
I 

7 0.73 to 0.80(~!) 5 17 22 0.81 to 0.96 
l 0. 75 to 0.80 (N) 

r 50 0.37 to 0.60 8 0.61 to 0.80 27 14 41 0.82! II' IV (0.37 to 0.82) I 

l 175 0.37 to 0.60 8 0.61 to 0.65 4 4 8 0.66 to 0.82 
i 

Strengths: 
Modulus of rupture (27 5 to I 50 g .. 275 to 1600 35 15 50 g 

1600 psi.) 1 175 g 275 to 1600 12 38 50 g 

7050 to 12 600 I Compressive strength (2000 I 50 10 2000 to 6400 25 15 40 h 

to 12 600 psi.) 'l 175 7050 to !2 600 10 5500 to 6400 2 5 7 2000 to 5450 

Porosity: 
i (volume) (15.7 to 41.6 per I I 50 5.7 to 29.1 11 29.8 to41.7 

12t 
15 39 

cent) 1 175 15.7 to 29.1 1l 29.8 to 30.9 1 2 32.8 to 4.7 
: 

---

a The criterion for passing is no breakage or loss in weight not exceeding 1.0 per cent at stated number of cycles. 
b The brick with the next highest absorption (10.8 per cent) passed. 
c The brick with the highest absorption (19.8 per cent) passed. 
d The brick with the highest absorption (24.0 per cent) passed. 
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c The brick with the highest saturation coefficient CIB (0.96) passed. 
f The brick with the highest saturation coefficient W IV (0.82) passed. 
" Failures occurred at random throughout the entire range including the brick with highest modulus oi rupture (1600 

osi} · 
- ·. The brick with the lowest strength passed. 

'The brick with the highest porosity passed. 
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