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FOREWORD

The 50th Annual Convention of the National Sand and Gravel Associa-
tion (NSGA) and the 36th Annual Convention of the National Ready Mixed
Concrete Association (NRMCA) werc held in Chicago, Illinois, 6-10 February
1966. A total of 17,500 persons were in attendance,

This paper was prepared for and presented at a joint engineering
session of the two associations on 10 February. It was submitted to the
Office, Chicf of Engineers and approved for presentation and publication,
It will be rcpuoduced and distributied by the NSGA and NRMCA to their
members. The paper was prepared under the direction of Mr, Thomas B.
Kennedy, Chief, Concrete Division,

Colonel John R. Oswalt, Jr.,, CE, was Director of the Waterways
Experiment Station during the preparation of this paper. Mr, J. B,

Tiffany was Technical Director,
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Concrete Deterioratioa®*

by ;
Bryant Mather¥#*
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On a previous occasion I had the honor of addressing a joint session of

.,

& Aanual Coanveantion of the National Sand and Gravel Association and the

D A MR

+ional feway tiixed Concrcte Association. At that time, in New Orleans in

..}, my to.ic was "The Piineralogical Properties of Aggregates and Their

3ignificance." In the remarks I made then, I suggested that every person

2 . cted with either of your associations is necessarily a petrographer,

e}

.¢ al. ¢f you wrice about rocks, I also suggested that it was advantageous
. wv wach of sou to know whar rocks and minerals make up the aggregates you
“i. .38, seil, and use but that you should not expect that mere knowledjd
s caelr names will solve all the problems you encounter with these various
« fricles .2 rocks and minerals.,
Today the subject of my remarks is "Concrete Deterioration,' and par-

‘ow .-arly deterioravn:: of concrete in service that is caused by forces other

.

taan exte aallv appiie. ioads, This is a part of the problems that you e¢n-

V3 4 the use ¢. the rocks and mineral particles that comprise concrete

agycegates--and it also includes problems not related to aggregates. By an
interest. . coincidence, I am also scheduled to participate next wonth at the

ACT Convention in Philadelphia in the Symposium on Crackiag of Coucrete. for

-~

. .¢h the subject tl.r¢ has been zssigned to me is “Crack.ag Inuueed by

. —

sar . at the request of Mr, Delmar L. Bloem, Director of lminheering,
.ves. .tation at vhe Joint Engincering Session of the Annual C‘V\ULLLOuu
. e N. -onal Saa and Gravel Associatica and the National Rewiv-Mixed

... wfete .ssociati. , Chicago, Illinois, 10 Jebruary 19v00.

- * seay. Civil Enginecer, Concrete Divizioci, Waterways wnpt Tatetl Station,
“  » 0. gineers, U, S, Army, Jackson, Mississippi
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favironmeatal Efi:cts.” Theve is a senseé in which my remarks here today
are chapeter 1 and those I will make in Philadelphia are chapter 2 of a
continuea story. I hope that most of you will be at the ACI meeting, for

reasons ozher than hearing chapter 2 of my story, and, more jimportantly,

I hepe tuat what I say today "iill not keep any of you away from Philadelphia.

natural or nan~made, that is unchanging or everlasting, In the real world
all substances alter with time and exposure, no matter how miid ilic exposure

[AY

wéy be,  The oaly approach to efifective freedom from change over time for
nmwteisals I, to select the most inert available materials, such as pure gold
¢: pave plavinum, and store them at constant temperature in a vacuum. Thus,

far a sui .cance such as concrete, when one talks of freedom from deteriora-

cxos, one necessarily calks not in an absolute sense but in a relative sense,

pwryose foo a period of time appropriate to the intended serxvice life of the

structure J which it is a part.

4

t is chus suggested .mmediately that different structures have different
isceaded service lives--in military operations the service life may be days
or weeks; s.cuvtures at a World's Fair may need to remain serviceable for two
or three yeu.ss; a dam or a sea wall may, in some cases, be expected to endure
wesnfinitely, It is also immediately suggested that changes that impair the
« ..ity of concrete in one structure to serve ics intended purpose would not

~ ¢ssarily inpair that in another structuve te such a degree. Surface defec:

2
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prodaced by changes after coustruction on a surface with regard to waich
there was o recuirement for smoothness or aesthetic guality during con-
struction may be of no concern; similar defects on an architecturzl concrete
facuade way reader it unserviceable unless repaired, Cracks in a paved path

n & park may actuzlly zdd a desired rustic ~ffect--similar cracks in a tank

o

.

might render the tank usecless.
I assume, therefore, that we can agree that: ‘a) neither complete absence

of cuange nor initinite durability are desixed of concrete in service, and

{b) differing requirements for allowable degrees of change over differing
veriads of needed service free of excessive change are applicable to con-
erezes in Giffering structures, From thes it follows that, if it were more
coznly to produce concrete with confidence that it would serve with lesser
cicage or for a longer period before manifesting & given degree of change, it
wot.d also £ollow that the requirements for concrete--conerete materials and
o gnete construction practicas--should vary widely. NMore restriccive pro-
vi.:ong should be invowed the lesser the aliowable changes or the longe: the
raquired period of freedoa from a given degree of change--or both., Oaly if
consrete war. a material that was always ard inevitably the same--as is pure
gocld-~then there would be no reason t¢ raise any such questions. The only
guestions that would be appropriate under these conditions would be: (1) Will
gold serve the purpose? and (2) Is it the most economical available materiai?
If both questions are answered yes--use gold; if not, don't,

But, as we all know, concrete is not a single unifora material that always
and iaceviiscbly possesses the same properties and undergoes idantical chanres
ac .éentical rates in a ,iven enviconment., Thus it is appropriate to consider

3
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«ifferent ceoncretes for different required degrees of freedom from chaﬁge
and differcut periods of service without such specified degree of change.
i

There is the additional factor, which for our purpose is perhaps the
major cowplicating factor, namely, the difference in the environment from
p.ace to pluce where concrete must manifest the desired freedom from change
for the desired period of time., For our purposes I will include under the
sceding of the environment, as it affects the ability of a concrete to serve
.<3 intended purpose satisfactorily, not oaly those obvious environmental
“.actors such as weather or climate that aflect temperature extremes and rates
of temperucure change, freezing and thawing, wetting and drying, but also
facrurs =uch as actacl. on concrete by natural or man made agents or apencies,
toln chemical ané physical, including acids,‘salts, sulfates, air-borne

* [l

covaosive guuks, termites, marine borers, and so on,that can induce undesir-
ablLa cha. »25.

At &nis point 1 hope I have suggested, in a more or less logical and
¢ .rly niucer, a conclusion that everyoody knows already and which can be
steacad ia wony different ways, some of which are as follows:

&, No two concretes are alike, indeed no two points in a given
concrete coe alike,

b, WNo two struccures have precisely identical requiremeants for the
coacrete . which they should be composed; indeed no two points in a given
~ofacture nave the same requirements, since the environment will not be
pwecisely the same at two different points,

c. Yo one concrete should be expected to behave uitactly the same ...y

in two dilciert places, or ecven at two different points in the same structus.,

4
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Since it is my intention and my desire in making these remarks to be

useful, znd practical, rather than confusiug or Impractical; now that I

hevr indiccted the complexity of the situation with which concrete, and
those who make it and those who design, build, and use structures composed
wholly or in part of it, are confronted; I will try to suggest how these
complexities can be dealt with and their potenFially undesirable conscquences
car be tveided,

There are only two ways in which it can develop that the concrete «t
a point wn a structure has failed to maintain a satisfactory degres of f.cedom
Zrom chaage for a satisfactory period of time: eithexr (a) the specifications
snder which it was built were not complied with or (b) the specifications
W defoecive in failing to include one or more requiremerncs that should

0

kove peen inc:wuded,

-
Y

Failure to ccaply with the requirerzats of specifications is breach
of zoatrict, and remedial action folluwing such failure should be taken by

Losa cc.cernad with legal and fiscal matters, The tendency for such

ot

“ailuve to occur, however, is greatly iacreased by the inclusiona in specti-
catiers of ambiguous, redundant, unnecessary, impractical, or impossible
~vovisions, TIdeally the contractor should obcain appropriate positive ofrficial
clarificacia o gll ambiguities and removal of all redundant, unnecessary,

and impossi’ .e .rovisions before he is confronted with the point in the work
te which they apply. 1In practice, too oftca, this is not done, and such
provisions .re merely ignored., On such a job the likelihood is that some

ather prov .lon, one which must be complied wath if the intended service is

to be obta.. d, will also be ignored throusi failure to appreciate its

s itmificance.,

ha¥
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Failuzce of tle specifications to include all of the requirements that

oncrete is to give the desired scrvice, results either

}.!-
t
<
s
¢

n.st be nat,
from lacx of knowledge coancerning what should be required or from failure

Lo nse properly the available knowledge, It has recently been stated(l)

T
1)
I
v
[ N
%y
0

a22{ the available knowledge on conecrete was put into practice,

$5 percenc of the provlems would evaporate.'" Lack of knowledge results from
e failuse of rescarch to have been carrzied out ¢o produce the needed knowl-
segpie Thus, in tura, results primarily from failure of government and iadustry
fvoTuxtel' to support the research that needs to be done. Lack of knowlcdge,
eozvcially in the field of construction practice, is also significantly con-

y failure of those having such knowledge to record und publiish

[g]
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i, Kne.legge that has not been disseminated through publicat.on is knowledge
tron is unoveilable for use by others,

Fail.z: to ae2 available krowledge results from failure of specificatien
Wr.-ers Lo rvead, tadesstand, and epply the information and conclusions given

in che literaturc chat is available. This failure is contributed to, at

[}

@ait to scae exteat, by the failure of some writers to include with the
revort of chelr fiacd.ngs the sort of discussion and interpretion of these

aat will faeilitate the application of the findings to specifica-
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o
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tion requirements,

We may taen conclude thau, while thece are an infinice number of varieties
of concretc aad an .aiinite range of requirements that concrete must meet,
the concreve in iy ziven point in a structure will remain satisfactorily
.o: from decericzacion if the specifications include the necessary require-

~<ats and are ccwplied with, I have also suggested that gcueaster assurance

6
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cf complicnice w.th necessary xequirements of specifications will be promoted

ambiguity aad uanccessary, redundant,

v
’
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i

by exclusion freoa specifications o
and impossible requirements,
At this point the question might properly be asked: How many variations

on & concrate specification must a specification writer have available to

stivct umong in order to have any chance of matching the right one to any

culer job? Indeed, it might be asked if I am advocating an infinite

o
a2
by
ci
i
poatd

Keldase

namber of variwntions of concrete specifications! My answer is (°s, I am
advocating an awnfinite number of different concrete specifications! But

L nasten to add, as I hope now to explain, that I do not propose to try to
avai.arou present practices today or even tomorrow, What I suggest is that

ke time will come, and T believe ‘oomer than most of us think, when specifi-

cecions wili be wusemdled by computers, Cae will feed into the computer a

AT

vida ran-e of wormation concerning all the factors I have mentioned, in-
cuuuing che desived service life of the strucrure or the element of the
structure, the hinds and amounts of changes that can be tolerated during
thas serviie iutcey the nature of che climate and the weather; the characteristics
of the site; the nature and severity of all other relevant agents and agencies
w.ose attack must be resisted and to what degree; a variety of structural

dzca, including thinness or thickness, orientation, degree of restraint,
viiiekness of cover over steel, ability to drain, and so on; a wide variety

of data Caorivaed ivoam tests of locally and econcmically available materials and

L L necessary, otner data from tests of nose e¢xkotice, less econoani-
Ld mixtures)y wad £inally data on construcceloa systems, wmet.ods,

e wohadules.  Inocols manner the truly infiaice ausber of

st ElG e v Oy ACRITLE] COmwiawcions of maccarials and methods can be cowpared
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r ‘ : with the egually truly infinite number of aiternatives regarding the service
& : . . . . . .
. recuirements for the concrete and the environment in which these requirements

must be met so that the one solution that is most economical can be selected,

indicated, and specified., Thus I am suggesting that the concrete specifier

()

should have, “n effect, an infinite number of alternative specifications but

that only the best one will actuzlly ever need to be assembled for any given

If wa were today ready to approach the question of preventing undesir-
abia deterioravicon of concrete by the process outlined above, by specifying

only those things that need to be required, all of them, and no more, we

Z
¢
12
€
-
(o}
th
n
O
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rse, avoid the tyvoubles that confront us when concrete manifests
more detesioratica than anticipatad during its specified service life, 3But,

)

17 we assume we nust continue for & time under procedures of the sort to which

we ore now accustemed, what improvewments can we make? I suggest that the

¢ sureat guide to success today is simply to learn from experience, prefercbly

. the unhapsy einerience of somebody else, The principal reason why the Corps

<

of Engincers has had no significznt trouble w.th excessive expansion of
%’ cencrete dve to alkali-silica reaction in its flood coatrol and navigation
ri structures in the West ic that, as socn as the experience with such expansion

by the U, 5. Burcau of Reclamatica and the California Division of Highways
was reporred, the investigational program of the Corps of Engineers on the
cuacrete for Clvil Works activitics was immediately enlarged to develop data

-

and recorrcadations on how to determine when the danaer of such deterioration

el.vted and waot requirvements should be imposed to zrevent its occurrence.

Suui des  uinctions have been rout.ncly nade for many yecrs, and when it is

3 8
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determined cthat specific requirements should be included in specifications

.

to provida assurance that deterioration from this cause will be avoided,

such requirements are included and are eunforced,
The effect of freezing and thawing in producing deterioration of con-
rete was pevhaps the first factor thac was recognized by those sent by the

s,

Engineers to wmake preliminary plans in 1935 to construct a tidal

o2

power project near Eastport, Maine, They saw the deterioration that had
Ifzcted other pecple's concrete in the area, and they concluded that «
coencertel ¢ifort would be needed Lf the Corps were to build a mejor structure

+

thaze thas would manifest no. greacer changes due to frost action than could

tenms

ba tolerwtad over its desired service life, Their conclusion has been

still yielcéing,
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botl. genarsl and specific answers on how to specify concrete that will with

scand fréezing and thawing, Expericence has shown that natural weathering at

brvawe

tne mean :iide level there is as severe a natural freezing-and-thawing exposure
a2s has bewn reported anywhere in the world, Much of the information upon
vhiich the decision of the Corps of Engineers to require that all concrete in
its Civil Worlks Program that might be exposed to frost action be air entrained,
and to do so 1n advance of similar decisions by any other major «-ecifying

agency, was derived from tests conducted there, based ultimately on observing

deterioration due to freezing and thawing of other people's coacrete,
411 cencvate changes with che passage of tiwe, Conerete cdecerioration
1

L. NOt & notoer of concern unless the changes that ere described as ‘''derozyora-

tion" are .atnges of & greater dugree or o differcat type than were anticipated

9
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i cad therefore would have been tolerwted in the time during

“Wad been in service, Changes of undesirable types or

etnb \_‘XPC\:C\“}

.=ch the concrece
undesivable degree can be prevented by including in the construction

sezificacions those provisions which, if complied with, will causc the

AN K o M e S
1
v
H
z
»

_aewTete caciufeszorily te wesist the forees of change to an adequate degree

f time; and by insuring that chese provisions .ie

£
[¢]

mer L .prosviate perio

! wplied wich, The best way, today, to insure that the specifications for

i

i

i

! . . o PR
T ? ; any given concrete contain the necessary provisions is to appreciate the

1

1

i

t

aweoOYS Chai have been responsible for previous deterioration of other people's

es.crete ond to inciuie provisions in your specification that will preclude

‘. e 2

PR ‘ deserioration for ti.at cause in your concreve, Ultinmately, as more prec..2

PR,

ar

L . seentitasive knowlidze of che rolacionshin of concrete properties and propel
] cxde of :zac envirenmant becomes aveilable, precise specifications can bz
zoi.ablew that properly mateh service conditions and coacrete properties c¢
vioride Tha acst ccoacmical concrete thet can be guaranteed to give the wenlred
i SrewGom frem caterloration in the service environment.

. -

Rerfozences

: x)  Meloughlin, Jcia ¥,, "Wiew froa the ivory tower.! Coacrete Products

~ o)

vo. £8, No. 12, December 1985, p 24,
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