WMICHIGAR
STATE RIGHWAY DEPARTMENT
Charles . Zlegler
State Highway Commissioner

/ / :) {

DETROIT MANUFACTURED BRICK FUOR

CATCH BASINS AND MANHOLES
by

E. A Finney

Regearch Project 47 G-33

Regsearch Laboratory
Tegting and Research Division
Report No. 108
March 1, 1948



TABLE OF CONTENTS

Introductlon « « o ¢ o & = o« o 2 5 « o s°9 o o s s s s o

Quality of Brick Suitaeble for Catch Basins and Manholes
Grades of Sewer Brick . « « o ¢ s o v o 5 o o o o
Physical Requirements o . &« o o 4 o o o & ; . e e
Durability of Clay Drick in Relation to Absorption

Freezing and Thawing Tests on Detroit Brick . . . . . .
Digeussion of Test Resulbs o o« ¢ o 4 o 6 o o o &

Fleld SUrvey « « o« + 2 = = 5 o & 5 s & 2 8 a4 &« s s 5 s

Gonclusions C e e e e e e e e e e e e e e e e e

Acknowledgment



DETROIT MANUFACTURED BRICK FOR CATCH BASING AND MANHOLES

The City of Detroit recommends the use of soft clay brick manu%actured
in the Detrolt asrea for the conetruction of manholes and catch basins on
Federal-8tate-City financially supported highway projecté in the Hetropoli-
tan area, even though the brick do not meeil Sitate Highway Specificaticns in
regpect to water absorption properiies. They base theilr recommendations bp
the fact that these brick have been used for this purpose for many yeare and
that they arve giving satigfactory service,

With this problem in wmind, the Highway Department has requested that a
study be made of the several brands of brick manufectured in the Detroit
area giving special consideration to their resistance to frost action and
performance under field conditions.

Brick samples from four menufacturers in Dearborn, Michigsn were pro-
cured and subjected to a definite number of freese and thaw cycles and theilr
deterioration noted., In addition, a field survey was made in Vayne County
to observe the physical condition of different makes of brick in manholes
and catch basing which have undergone vormal woathering for & great many
years.

The laborabory work subglantistes in general the findings of others in
that it is difficullt bo aredict the service behavior of 5rick from a glven
source on the basgis of water absorntion chlaracieristics alone. 0f the five
brick groups bested, tuo passed the freeszing and thawving test and the others
failed., One of the two zroups passing the test had an average absorption
value of 4.8 percent, the other Z2.1 percent, from the five-hour bolling

test.



The most serious structure faillures observed during the fileld survey
were obviously caused in the most part by poor workmanship in laying the
bricks, rather than by any lack of durability on the part of the brick used
in the structure.

The evidence submitted, although not conclusive, indicates that cer-
tain brick manufactured in the Detrolt area would be suitable for use in
manholés and catch basing even though they do nolt conform to the absorpiion
requirements of the Highway Department, or toc those recommended by the
American Soclely for Testing Materisls, provided the brick are carefully
selected from wniformly and well burnt stock and properly iustalled in the
structure.

The renort presents\a brief discussion on the durability of brick, the
results of laboratory freezing and thawing tesgts on gelected brick samples
from several Detroit manufacturers, end notes on a field survey of subgur-

face structures in the Detroit area.

GUALITY OF BRICK SUITABLE IOk CATOH BaSINS AND HMANHOLES

The lategt American Society for Testing Meterials specifications
(Designation € 52-42) specify the following plysical requirements for sewer
brick made from clay and shale. They Include lhree grades, de&ignate& SA,
MA, and NA. .

Brick intended for usge in structures reguiring imperviousness and
resistance toc the action of sewage carrying large cuantitics of abrasive

material at veloclties exceeding & fest per gecond.
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Grade MA

Brick intended for use in structures requiring imverviousness and
resistance to the action: {1) of sewage free from abrasive materials: and
(2) of sewage carrying abrasive materials at velocities of 3 feet per second
or less.
Grade NA

Brick intended for use in structures not requiring high degrees of
imperviousness nor of abragive ?esistance. Brick of Grade NA‘are suitable
for uge in catch basins, arches, the upper portions of menholes, and for
backing.

Physical Reguirements

Miniwum
compressive
strength, e imum
{(brick flat- ~ waher ab-
wise), psi., sorption by
averape 5-hr. boiling
EroEs area per cent
Avg. bve,
Degignation of 5 Indi- of & Indi-
brick vidual brick vidual
Grade SA 5,000 5,000 8 G
Crade Mi* 5,000 2,000 12 24
Grade A% 2,500 2,000 20 ol

#¥here resistance to frogt action in the wrosence of molsture is
regulred, Gradeg MA and W4 sghall conform to the sdditional reyuire-
ment that the saturation eoeificient ({/B) - that 1g, ratio of ab-
gorpbion by 24-hour submergence in cold water to that alter & hours
in beiling water — ghall not ezceed 0.80,

Under explanatory notes for standard American Soclety for Testing

ilaterials specifications for "Building Brick" (uwsde from Clay and Shale),

(Designation C 62-44) there are geveral commente which no doubt egually

e



apply to "Sewer Brick" (mede from Clay and Shale), (Designation C 32-42),

especlally the last paragraph which states: In using thess gpecifications

the purchaser is urged to congider both the requirements of the structure

snd the physical pronerties of Lhe brick available. To a degree &t least,

brick are a netural product since such pronertiss as color, compressive

strength, and absorption sre more or iess inherent in the raw material snd

frequently can be changed oniy within narrow limits by different methods of

manufacture. While the commiitee believes that the specifications as they

pow stand provide the beel wmtans available of gpecifying the desirable

properiies of brick, it recusnizss that the gpecifications are not perfect

and that, due to the wide vardiatior in raw matericls and metheds o

it

manuiac—

ture, it is probablie thatl gome brick which do

m to the reyuire-

ments of Grade S ptill have patisfactory durebilitv. It may also be trus

that some products which meet thess reculrements, pacticulariy of CGrade M,

do not have satisfactory resistence to weabthering. For this ressen, and

Fadion

becaige of the lack of datn on gome properties thet muy heve an Imporbant

bearing unon the performance of masonyy, the purcihaser should be guided to

e

degree by the record of cerformence of any serticular product.

in

The Highway Department now sjecifics the uso of sewer brick (Grade NA)
for seweré, manholes and celebh hasing vith the special provision thai when
used for such purposes they ehall not have sn absorpbion greater than 15
percent when all samples sre averaged, nor ghasl an individual unit have an
absorpbion greater than 17 sercent when tested for absorpblon by the S-hour

boiling test in zccordsnce with Americun Soclety fur Testing Materials

Designation C-67.



Durability of Clay Brick in Relation to Abgorpticn

A study of exleting literature concerning freezing and thawing tesis
on clay buliding brick will reveal that many fectors other than sbsorption
influence the resistance of a given brick to delferioration by frost action.
In other words, a brick with high absorptive properties may not necessarily
fail under freezing and thawling action. However, brick with high absorption
should be looked upon with susplcion and ghould not be used unless thelr ser-
vice record is well established,

Taole I presents & swummary by McBurney(l)of freesing and thawing data
on cley brick which substantiate the sbove points. In general, the data in
Teble I indicate that, for good performance, the saturabion coefficient of
brick should be under .80 which ig the value recommtnded by {the American

T

Soclety for Testing Materiais for brick subjected bo {rost action in the

presence of moisture., Algo the data in Table I indicate an abscrption range
with a saturation cecefficient above 2.80 in which brick may fail or pass the
Treering and thawing test. The same relationghip exists il absorption

velues based on the Z4-hour cold lmmersion or B-hour bhoiling tests are

considored,

FREEZIRG AND THAWING TESTS O DETROIT BRICK

Samples of clay and concrete bLrick wvere obtained from the following

gources whiloeh gupply the Detrolt area:

(1)Relation5 Between Recults of Laboratory freesing and Thawing and Several
Phygical Properties of Uertain foft-iud Bricks, by John i, .icBurmey, A.S.T.

M. Proceedinge, page 827, vol. 42, 1942,



_Plant

Series Hanufacturer Location  Type
& Daniel Brick Co. ~Dearbern Clay
B Daniel Brick Co. o Clay
C Clippert Brick Co. “ ‘Clay
D J. A, dercier Brick Co. " Loncrete
iy J. S. Haggerty Brick.Co. A Clay
F J. A. Mercier Bzick.Co, " Clay

After determining the saturation coefficilent (C/B) - that is, ratio of
absorption by 24-hovr submsrgence in cold wabter tp that alter B hours in
boiling water -~ the brick were subjected to o 48-hour immersion period fol-
lowed by 51 cycleg of fre&zing and thaving. A freezing and thawing cycle
consisted of freezing the bricks on their sides in a 1/2 inch depth of water
at zero degrees Fo for 16 hours, followed by en 8-hour thawing period in
water at 70 degrees F. The test wag conducted on 1/2 brick specimens. The
criterion for failure was complate breakage or loss iu welght exceeding 3
per cent of the dry weight of the brick.

In conducting the frecsing and thawing test, the procedure of American
Society for Testing Materiuls, Designation © #2-42, was followed with cer-
tain modifications necessary to conserve time and space,

The remaining hell portions of the vrick pamples not subjected to
freezing and thawing were tested in comprsssion, The surviving 5rick seC—
tions from the freeulug aﬁd ihawing toot were also tested In compression for
compsrative gtudy.

A complete sumpory of test date is presented in Table 1. Photographs
of the brick spaclmens after freezing and thawing for 51 cycles are siown in

Figure 1.



Diacugsion of Test Reszulte

The clay brick designated Series A hed a very low sbgorpotion and high
compresgive strengih., This would indicate a face brick and therefore they
ghould not be consgldered in the same category as the balance of the brick

samples,.

The other clay brick samples, designated Series B, © and E, had
abgorpbtion values higher than those vecommended by the American Scciety for
Tegting Materials for brick ia Grads WA, and as a group all failed the
freezing and thawing test. However, not all of ithe individual specimens in
each group falled the test. As may be seen in Fioure 1, failure occcurred by
either logs of welght duz to spalling or by compleie breakage of the specl-

men., AlL brick in these three series pasegsd the 2,000 pound per sguare inch

compression strength requirement before subjection to freesing snd thawing.
After the tecgt the compression strengths of fthe varlous birlek dropped con-

siderably. For exumple; Serieg B lost 22 percent, Series € lost 12 percent,

and Series B lost 22 percent of ithelr original compression strength value.
BSeries B, however, dropped below the 2,000 vound reguirement.

The clay brick in Serics F, although they had the highest saturation
coefficient of any of the brick tested, pagsed the freezing end thawing
test. The couwpregsive gtrength droppoed only 18 percent to o value of 5400
pounds per syvare inch after test.

The concrete bricks of Series D, with relatively low abgorption

values, failasd to pass the freezing and thawing test by loss of weight.
Wwith the excepbion of specispen B, whieh crumbled comnletely as may be seen

in Figure 1, the concrete brick failed by gradual digintegration and
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gubsequent crumbling only at the fractured fsce. 411 of the cuooth outpide
faces of the individual concrete bricks remuined intact. This would indi-
cate that a whole brick of this material, if subjected to the freezing and
thawing test, might not ghow any failure in Bl cycles. During the freezing
#nd thawing test, however, these brick lost 32 percent of ftheir original
compressive strength., Their average compressglve strength aftef test wés
1,896 pounds per syuare incn.,

In summary, the tesls indicate thalt the clay brick in Series F would
be satlisfactory for gubsurince structures sven though they have a high
absorption property. Althourh the brick in the other series fuiled to
comply in letter to the reguirement of the freezing and thaving test, the
photographs in Fipgure 1 snhowr that they were not 1n general materially
damaged by the accelerated test. In other uords, it ie difficult to predict
the behavior of the various bricks in service by their reaction to the
laboratory freeging and thawing test, although it might indicate in a

general way how these brick 111 ultimetely behave in secvice.

PIELD SURYEY

On Januwary 7, 1948, a field survey was made 1n liayne County b& the
author accompanied by Mr. W, J. Worth of the fayne County Road Commission
and Mr. C. J. Olsen, Materiale Fngineer of the Highway Department. The sur-
vey included the ingpeciion of brick in menholes and catch basins at 14 dif-
ferent locations in the vicinity of Weyne, wichigan. During the survey

samples of brick from geveral ceteh baging ard manholeg were obteined for

laboratory comparative study with the Drick recently procursd from



manufacturers in Dearborn. Plctures of brick specimens taken from several

gtructures are shown in Figure 2. Absorption data and othor pertinent infor-

mation agecciated with these brick sre Sumﬁ&rized in Tables IIT, IV and V.

It is of interest to note from the data presented in Tableg I, III
and IV that the sbsorstive properties of the field samples are practically
identical with thoge nrotureu from the same sources for laboratory freezing
and thawing tests. Thelr resosctive compressive strengths follow somewhat
in the same ordexr.

The service 1ife of the biick inspected veried from 13 to 26 years.
With the exception of a wvery few instances, the brick in all structures
examnined were apparently in excellent copdition considering the number of
years in service. It ip apparent from the pictures in Figure 2 of the brick
specinene taken from the fisld that the brick vwere badly. chippsd and broken.
From a visual exemination of the brick in the gtructure, it ig believed that
this condition was brﬁught about by orimen in handling and dressing the
brick to fit the structure rather than by frost action.

Typical examoles of failures encountered are illugbrated in Figures &
to 6 lnclusgive. Filgures b and 4 illustrate brick feilurs under frost action
ag menifested by chipping or gpsiling. In both caseg the biicks shom in
the photograrhe were the only ones in the structure showing signs of deteri-
cration from this cauee. Figurs & 1llustrates the failure of only one brilck
in a catch bagin by cracking and chipping. Figure § illugirates s manhole
in bad concition. 11 18 quegticnabls whether in this case the failure was
due to faulty workmanshin or detericration of the brick, of to & combination
of both., fimiler conditions sere obgerved in zeveral othier manholes.

Deterioration of manholies vas 1o all cases immediately under the casting.

G
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TABLE ¥ - SUMMARY

OF ABSORPTION DATA FOR BRICK OBTAINED DURIHG FIELD SURVEY IN 1948

SERIES A SERIES B SERTES C
Clippert Brick Co. Clippert Brick Co. Daniels Brick Co.
Specimen Laid 1222 Laid 1939 Laid 1941
Mpnber Absorption Absorption Baturation Avsorption Absorption Saturation Absorpoion  Absorption | Saturation
o 24 hr.Imn., 5 he, boil Coefficien 24 nr.dmm. 5 hr. boil Coefficient 24 hr.lmm. 5 hr. boll Coefficient
Percent Percent Percent Persent Percent Percentd
1 8.2 12.6 271 19.5 i12.9 L2768 ig.8 22,1 LBL7
2 18.2 19.2 951 ig.1 i8.7 . 968 — — —_
3 18.8 18.7 L9585 12.8 0.5 LB5E —_— — —_—
4 12.9 2G.3 278 20.9 22.5 <OZE — — —
5 21.5 24 .4 882 21.2 28.4 L3208 - —_— —
Average 19.4 20.8 . 948 2U.1 2L.2 948 i8.8 <5, 813
SERIES T SERIES B
J. 8. Haggerty Brick Co. W and F Brick Co.
Specimen Laid 185 Laid 1930
Nonber Absorption Absorption Saturation Absorption Absorption Saturation
24 hr,fmm., 5 hr. boil Ogeffiecient 24 hr.Ilmwm. § Iy, boll Ccefficisnt
Percent Parcent Percent Perceny

1 20.8 22,3 L9260 23.8 2200 . 335

2 21. 5 24 .4 .B79 20.7 22.8 .a17

3 21.7 24.8 .8832 21.0 2.7 LAR7

4 23,7 23.4 .B87 19,92 21.1 944

5 — — _— _— - _—

Average 21.1 22.7 802 Z0.5 N LDEL




Figure &. DBrick failure by spalling. In catch bagin at
Pelham Drive and Vabash R.R. grade separation., Daniels
Brick. Only one brick in poor condition. Age 7 years.

Figure 4. Brick failure by gpalling in another catch

basgin at Pel

.b

hem Drive ond wabash R.R. grade separation.
i

Daniels Brick. Qonly tvo bricks in catch basin have
spalled. Age 7 years.



Figure ‘6. Brick failing by cracking. Catch basin at
Middle Belt and N.Y.C. R.R. grade separation. Daniels
Brick. Only one brick in catch bagin had started to fail.
Age 7 years.

!

Figure 8. Prick failure. MNanhole at Quter Drive and
Rotunda Drive. A
;

O =

years. Brick cracked and dis-
placed. lioy be due to elther frost action or workman-

ship or both. Brick marked




The field survey did not disclose wny conclusive evidence that the

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

C }N CJ,JU Q.LOL\TS

The ultimate cervice iife of brick is most difficult to determine or
predict from laboratory durability tests because of the many inherent fac-
tors asgoclated with their menufacture and subsequent physical behavior in

underground structures such as manholeg or catch basins. Therefore, in the
setting up and enforcement of gpecifications, the purchager should consider
the requireﬁents of the structure and the pihysical progerties of the brick
available.

Fxperience indicates tiree ranges of freeze-bhaw resictance related to

at

water absorption; there ig the range of low abgorplion where no Tallures
take place, an intermediate range where both fallures and no failures take
place, and a high rauge where all bricks fail. Sever brick of Grade NA will
evidently fall in the intermediate and high absorplion runge because of
their inherent high abgorptive properties. Bricks with a paturation coeffi-
cient of less thsn 0.80 will be less likely to fail under frost action than
those with a higher saturation coefificient ratio. Therefore, specification
limite shouwld be esgtablishzd with that i1a mind., lowsver, there is evidence
that brick with high saturstion coefl icien%; give excellent service and,
unguestionably, brick of this type from meny sources could be usasd with
reasonable aggurance that they 115 give satisfachbory service for a long
period of time., . Cerisain brick from the Detrolt area spparently come under

this category and their fisld record must be correlated vith laboratory

-10-



It was obvious during the field inspection that practically all of the
worse conditions enoountefed in the manholes and calbch haging were a direct
result of poor workmenship in laying the brick rather than frost action.

Brick failures accountable te direct frogt action were manifested by
chipping or spalling of thé exposed surfaces or breakage of the brick. In
no casge wore the fallures due to frost action serious.

It wae evident during the field survey that brick are less pusceptible
to frogt action in-manholes than in catch basing because of differences in
the congtruction and function of these units. The brick in catch basins are
directly exposed to water, snow, ice, snd zalt golutions and large [luctua-
tion in daily temperature; whereas, the expoged surfaces of manhole brick
are protected from the elsmenis by the menhole cover and, in addition,
inside temperature fluctuations are moderated to a larpge degree by the
pregence of the gewer water. Therefore, brick for catch baging should be
selected with greatest care.

The evidence submitted, although not conciusive, indicates that cer-
taln brick manufactured in the Defroit area would be sultable for use in man--
holes and catch basins even though they do not conform to the absorption
requirements of the Highway Department or to those of the American Society
for Testing Materials, provided the bricx are carefully selected from uni-

formly and well burnit stock and properly dnstalied in the structure.

W11
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TABLE III.—COMPARISON OF RESULTS OF 50 AND 175 CYCLES OF FREEZING AND THAWING WITH
ABSORPTIONS, SATURATION COEFE‘IC%BE&\ITS AND STRENGTHS OF 50 SOFT-MUD, SURFACE-CLAY
ILDING BRICKS, '

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

EN m B.EM Number
i . - - - [T Iy - .
Range Within | &% &% Range Within f Bri
Ranoperiyand JPer | “Which All . |22 2| Which Bricks Both | DTk
P cles | Bricks Passed® | S a4| Passed and Failed®
Z, Pl|F|T
Weter Absorplions: ,
1-min. cold immersion (G.6 /| 350 | 0.6 to 1.2 6 1.9 to 10.8 39 | 14! 43
to 2.7 per cent) 1 173 | 0.6 te 1.2 6 1.9 to 4.2 6| 31 9
. . : [ 30 | 3.4 to 9.6 11 9.7 to 19.8 24| 15 | 39
Zbr o Jmmersion (G4 4 475 | 314 t0 96 | 11 | 97 t0100() | 1| 1] 2
: . | 9.8 toil.2 ()
= Sh . . ( 30 4.6 to 11.9 8 12.2 to 24.0 27 | 15 | 42
Shr boiling (46 to 280 per 1 475 | 46 1o 11l 8 1122 to13.8 (M) | 4| 1] 5
[ 12.0 to 13.2 (W)
Sainration Coeficienis: |
{ 50 0.61 to G.73 10 0.74 to .96 25 | 15 1 40
/B (0.61 to 0.56) 1] - 1735 0.61 to 0.72 7 0.73 to 0.800M) 5117 22
[ 0.75 to 0.8 ()
r / 50 0.37 to G.60 8 0.61 to 0.80 27 | 14 | 41
W/V (0.37 to 0.82) 1 175 | 0337 t0 060 | 8 | 0.61to 0.6 4| 4| 8
Strengihs: '
Modulus of rupture (275 to [| 50 g 273 to 1600 35 .15 50
1600 psi.) 1173 g 273 to 1600 12 | 38 | 50
Compressive strength (2000 [I 30 | 7030 to 12 600 10 2000 to 6400 25 | 15 | 40
to 12 &30 psi.) 1| 173 7030 to 12 600 | 10 5500 to 6400 2 5 7
Porosity:
{volume) (15.7 to 41.6 per | 50 5.7 to 29.1 11 I 20.8 to 4i.7 24 | 13 | 39
cent) 1 5 15.7 to 29.1 \ 20.8 to 30.9 1 117 2

=
Range Within| £.9
Which All | -2
Bricks Failed®| ==
Z
12,75 1"
4.3 t012.7 | 35
C .
11.7 to 19.8 | 37
d L
15.0 to 24.0 | 37
e - .
0.81 t6 0.96 | 21
0.82/ 1
0.66 to 0.82 | 34
g
g
h - .
2000 to 3450 | 33
i + o
32.8t04.7 37

@ 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)
¢ The brick with the highest absorption (19.8 per cent) passe
4 The brick with the highest absorption (24.0 per cent) passed.

¢ The brick with the highest saturation coefficient C/B (0.96) passed.
I The brick with the highest saturation coefficient W/V (0.82) passed.

9 Failures occurred at random throughout the entire range including the brick with highest modulus of rupture (1600

Dsi). .
i ;l The brick with the lowest strength passed.
¢ The brick with the highest porosity passed.

é)assed.
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