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THE APPLICATION OF

CHLORIDE SALTS TC CONCRETE PAVEMENTS

FOR ICE CONTROL

At the pregent timéAit.is the policyxof the Michigan Steate Highway
Departmeﬁt to pernit the applicatien of rock salt without ebrasives %o
biﬁuminogs road surfaces for ice control. The guestion hag arisen as to
whetﬁer“or ﬁet sueh & proctice may be safely extendsd io inciude cenerate
pavements of o delinite ﬁinimum age whlch have been constructed without the

‘ usé'of airﬂeh%raining cemants. Th-.advantagas to be gained by such & bro-
cedure ars quité obwious and can be readily appreclated by the highway
enginéer. -It WOuid not only eff'sct o congiderable econcmy of materisle,
men, and équipmeﬁt, ut would algo eliminate troublesome abrasive vesitues
whlch ‘may clog drains and Poni?*bu ¢ materially to the Leter+orﬂbloﬂ of the
pavemant by their grinding action wder traffic and infiltration inte
joints and‘cracks.

With thﬁsn considerationg in mind, the Testing and Research Divisien
Was_reQuE$te& by the Meintensnce Division and suthorized Ey H. ¢. Coons,
Deputy Commi ‘;1nngf and Chief Ingmneer of tha Depa“tment tc make = study
of the problem cduring the past winter in prder_tbat conclusive data night
be obtained:ﬁpcn which to basé future Doilcy in the malttar.

In the literaturs on the subject of scaling caused by the applicaticon
of chloride salts te conerete pavémants, thi statement has frequentlj been
mede that concrete pavements more than about fuar years of po are less

vulnerable to attack by these salts than those of lesser sge (-‘3;}"\%1.2,.:1. A1~

though this statement appears to have been founded upon reliable genersl

-

E

See bibliography appended 4o this report.
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observaﬁicn‘and exﬁerience, ne definite statisticél data have heen found
which beuld be uged to datermine the minimum age at which chlorides could
bé-safely apgﬁied to concrete pavements in Michigen in sufficient concen-
tration for“&ée'control without the use of abrasives.

. -The first problem tc be solved, then, was: What ls the minimom nge

of the conerete after which rock selt may be used for ice contreol? Other

questiong naturally arose. What cheracteristics of the concrete itzelf,

other- than age, will influence its resistance to this type of attack?
Tl rock sali {sodium chloride) be more or less harnful than 77-80 percent
calcium chioride?  What will be the effect of concentration of salts un the

severity of attack? How will excesslive smounts of lmpurities in the rock

salt (i.e., sulfates) affect the congrete surfzce? Will roek ealt be as

+

effective in meliting ice and packed snow on concrete pavements as it is on

tltunminous surfaces? What effect will temperature at the time of applice-

tlon have on the comparative efficiency of the two methods in eliminating

traffic harards?

Some of these questions have been anewered for all practical purpesss

by the results of Tield studles. Others have been snswered in the iabora-—

tory. OF the pavements selected for the accelerated test, ranglop in age

frow four te nine yearg and all in goud initial condition,. none showed any
sppreciable scaling at the end of the test except the youngest. Observa-

tion of some other pavemneats whose history is lknom definitely establishes

the fact that sge 1s of ne benefit to intrinsically poor conerete; rather
the reverss. Roeck salt and flske csleiuwn chloride sppenred to be sbout
equal In thelr scaling effect wn the younger concretes, while evaporated

» fine salt of a reletively pure grade hnd s noticeecbly less effect than

ﬁi either. Since the use of salt without abrasives necessarily implies bare

R
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pa vement mdintenance and the mcltlng power of the chlorldes diminishes with

decreasing temperatures, some difficulty may arige when applicatlons are

made at temperaturss below appreoximately 10 degrees Fahrenhelt.

1

The seversl phases of the study nentioned sbove will be discussed 1n

this report under two general headings, field gtudies and laboratory etudles

The-f?f it part will deal with the results of the work desi gned te evalizaty

the age faster, TLth“Vh geverity of the three types of chloride salis and

'"CJ

'y

the *fféct of the quality of the cuncrete on reslatance to scaling. The

secund will deal with pruperties of salt solutlins and rhu relationg as
they affect the i roblvm mder consideration, the comparabive effect of

? 3 - A - v >
codiun chloride artd caleoium chloride cn thin concrete plates, and finally,

some theoretical conoldﬁrat rmg acncerning the mechanien of salt action and

age effsct.
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US 10 renging in agé from 6 to é years in yearly intervals lay within a
féﬁ miles of the test road: The following paragrapﬁs describe briefly the
}méiériﬁis~uséd, 1oca£icn and construction of test penels, test procedure
aﬁd.daﬁa obtained.

r-ﬁgﬁerialq: Rock salt znd floke calcium chloride conforming to stan-

——— _ .
dard specifications of the Department, and a commercisl evaporated fina
salt were used in the tests.
The calaiuﬁ ehloride was a well-kucwn brand meeting the o . L.

I

following requirements as to chemical compogition:

Celcium Chloride, Ca612 (anhydrous) 77% Min.

Magnesium Ghiﬁride; MgClQ 0.5% Max.
Total alkall chlorides 2.0% Max.
Other impuritieé : 1.0% MQX.

Chemilcal analyses of the rock galt and evaporated fine salt (Table I)
‘show that the evaporated salt was of & high degree of purity, but that the

rock salt contalned sn apprecizble anocunt of calcium sulphate.

7 TABLE I
CHEMICAL ANALYSES OF ROCK SALT AND EVAPORATED SAL

Roek Salt Evaporsted Solt

Moisture, ag recelved, percent 0.62 0.65

Calculated composition.(dry basis) percent

0aS0, : O 1.65 0.06
MegCls 02 0.11
CaCl, 0. 06 C0.24
FeEOB,AlzoB,Sioz 069 0.04

NaCl (by difference) 97.18 99.55



271

Location and Cengtruction of Test Panels: Six test aress were lald

out at‘theiloea%ions given in the following table:

TABLE II
" LOCATION OF TEST AREAS
‘ _
Test Area . Cencral | bdpe
Number __~ Route Eroject ILogaticn Station  Built Yanrs
! M-115  18-20,03 Series 4B L64+00 10-1940 4
’ Cement No. L
2 M~115  18-20,03 Series Al 499455 10-1940 4
Centent Ho. 2 .
D . US-10 0 18-16,09 H-115 to 8604060 51938 6
‘ o Lake Jtaticn
L US-10 = 18-16,09 M-115 to 89300 11-1937 7
_ leke Station
5 U8-10  18-10,06 Clare to 71400 7.1936 8
Farwell .
6 U8-10  18-16,01 PFarwell to 300400 61935 9
M-—-ll5 ’ '

#* Project 18-16,C9, Stations 930+00 to 862+00
constructed in 1938. Balance constructed in 1937.

) Bach test area consisted of thrse gections, one each for teste with

i

rock galt, fine salt, end calcium chloriéé. These sectiung weve each 2
feet ﬁide, 18 feet long, and dyked at the boundgries by mesns of 3/4 inch
wooden strips cemented and gealed to the pavement surface witﬁ tar.  Addi-
tional dykes were added to each section scrogs the shord dimension to
facilitate the daily work and cre&te‘a more uniform iayer of water cr ice

cver the surface of the pavement. Flgure 1 shows o view of 2 typical test

" mrea after the installation of panels}

I
&
i
i
i
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Figure 1. Typlcal installatien of test panels.
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".f Testhrocedure; The test prccedufe,adopteé was egsentially the seme
as that used inAtha accelergted scaling studles conducted ¢a the Dur-
abiiity Pfojecﬂrof the Test Road'duriﬁg the winters of 1940~1941 end
‘19£1~1942.' Water was added to each sebtioﬁ of the teét area to a depth

of 1/4. inch and allowed to freese over night. The following morning
,comﬁerciai rack 8al%, evaporated fine salt snd célcium chloride were
-applied té their'res?active panalg at the rate of 5 pounds per 36 squars
feet. After decampoéitien of the ice, the surface of the pavenent was
‘cleérad; flushed and again covered with water tw a depth of 1/4 inch. This
constituted a daily cycle of freeszing and Thawing. When scaling cccurred
ﬁhé ancunt was determined at sach successive cycle'by superimposing a grid
with cfoss pleces 12 inches spart wn the test panel and estimoting the ex-

tent of the affected arvea. .

Tept Results: Freezing and ﬁhawing with the two types of sodiom
chiloride was hégun January 23, 1945 and thirty cycles had heen conpleted
Wﬁen the teste were disecontirued on Mareh 10, 1945. The calcium chloride
tesfs 2ld not get under wey until Jemuary 30th, and ran for 26 cycles. At
test area Ne. 1, loctted on thae durabiiity prcjﬁct of the Michigan Test
Read (stondard cunstruction, brand Ne. 1 cement), the caleium chloride waa
applied to cuncrete of an adjoining series ccntaiﬁing Orvus. Complete data’
df the study are given in Table III. ‘

Digcugsion of Results

The data obbtained from this study throw some light on the subject of
age effect and tﬁe comﬁarative effact of different types of chloride used,
which topics will be discussed in order. There 1s, however, a third im-
portant factor which must be considered in comnectlon with the age effect.

This factor is the quality of the original conerate. Although no data of

-8 -
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fhiérgind were cbtained in the pregent field study, all of the test areué
.Bééng located on unscaled and apparently sound cbncrete, the subject of
fhe'efféct,éf;Quality on_%he subsaquent aealing of concrete will he
ﬁouched on he?efﬁecguse.of ite agsoclation with the age-éffect.
| " TABLE III
SUMMARY OF DA?A FROM CONUTROLLED FIELD STUDIES

. : Tercent Geale _
Test Area  ©  Age 30 _cycles 26 oye.

Numper =~ .  XYears - Fine Selt Rock Jalt Calciﬁﬁ_azigg%aﬁ
17‘- . 4 9 38 o
2 o s 13 on
3 6 0 0 0
4 7 c 0 0
5 g 0 0 \ 0
6 9 0 o - 0

#* This panel placed on concrete containing Orvua.

Effect of Age of the Cpncrete: Frop the data in Table IIT it cen be

seen ab onee that ne significant scaling oecurred. on any of the concrotes

6 to 9 years of age. Thig ig showm by Flgures 24, B, ¢ ond D which illus-

trate the condition of the rock salt penels at test arveas 3, 4, 5 and 6

L -

at the end of 30 cycles of freesing end thawing. Figures 34 and 3B show
that cohcrete contsining 6rvu5 ig still as resistant to the netion of
calc;um chloride ag it was three years aéo; _Eoth of the four year Qld
coneretes scaled fo some dégree in this test, ths extemflof the scale in

test area No. 1 being more than double that of No. 2, Both, however,

have improved definitely in scale regigtance since gimiler tests were
nmade when they were a little more than a‘yeaf vid. The folloﬁing data are
i taken frem the results of durability tepts on the Michigsn Test Read
during thé winter of 1941_1942;

‘ : P




Figure 2A. Rock -8alt panel of test area Vo. 3 after .
30 cycles. Cenerete 6 years old. No
scale.

Figure 2B. Rock Salt panel of test area No. 4 in ‘
foreground after 30 cycles. Concrete
7 yeare old. No scale.
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' Figure 2C. Rock Salt panel of test aren No. 5 after
’ 30 cycles. Concrete § years old. No ‘
gcale.

Figure 2D. Rock Salt penel of test area Nc. 6 after.
, 30 cycles. Concrete 9 years o¢ld. No |
o scale,



rard

‘Figure 3A. Calcium Chloride penel of test area Ne. 1
after 26 cycles. Pavement 4 years old
containing Orvus. Project 18-20,C3.
Station 463+50. No scale.

Figure 3B, Calcium Chloride panel No. 12 after 93 ‘
cycles. Pavement ) year old containing
Orvus. Project 18-20,03. Station 464+54.
Ne scale.
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Sealing Studies 1941-1942
Factor Studied Panel No. Cyeles Porcent Scale

standard Construction

Cement Brand No. 1 11 sl 100

jas)

Cement Brand No. 21 32 100

T Cement Brand No. 1 " 27 100
Gement Brand No. 2 - 16 100

Cement Brand No. 2 N 34 100

N =3 O D

Cenent Brand No. 2 -  : 33 105
Calcium chloride was usged in the teafs recordead in therabqve table.
Note that all eonervetes of standard construction scaled 100 percent in
7 to 41 cycles, with the majority failing cumpletely at lese thon 10
eycles. At four yéars of age, concretes of the same meterials and con-
struction show a maximum of 38 porcent scole at 30 cycles of freening and
thﬁwing. Photographs illustrating the condition of stemdard concrele in
Serles AL of the durability project contalning cement brand 2 afier testis
at ages of i and 4 years are shown in Figures A4 and AB. Thg conelugi-ng
to be drawn from;ﬁhe foregoing data confirm preveiling cpinien that there
iz = progressive.ﬁeneficiai effect of age un the resistance of good cun-
crete to scaling from the actiun of chloride salts. For these pavements,
and under ths conditions of this test, the minimum age for practical
immunity seems to lig scmewhere betwsen 4 snd 6 years.

Effect of Type of Chloride Uged for Ies Cuntycl: Lgain referring to

Table III, it may be seen that, Un.the iwo areas Where gcaling cccurred,
the actlon of rock sslt was congiderably mure vigofaﬁs than that of the
evaporated fine salt. Although it is dangercus to dréw final conclugions
- erm the limited data evailablé, the wide differsnce between the severity
of action of the two sodium chloride salts is certainly significant, and

- 13 -



Figure Ad.

Calcium chloride penel We. 16 after 9
cycles. Pavement 1 yesr cld contalning
cement brand No. 2. Project 18-20,C3.
Station 510+76. 100 percent scaled.

Calcium chloride peanel of test area No. 2
after 26 cycles. Pavement 4 years old
conbtaining cement brand No. 2. Froject
18-20,C3. Staticn 500+50. 11 percent
scaled. '

- 14 -
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add¢itionel fleld tests shonld bé perforned to verify the resulis-cof this
phase of the study. Phbto‘grapné in Pigures 54, B, C, and D show the
reletiVe effect of the twu types of sodium chleride at 30 cycles.
‘Because of the faet that gealing vceurred cn only two of the areas,
one of whidh_did not receive caleium chloride on & chblgn of sn:nd@rd
concrete, we have the data from éhiy one set of paneis Trom which to
- make a compafison ﬁf the effect of calcium chloride and sodium ehloride

L3

shltes. At test area Ko. 2, whére these panels were lecated, 11 percent

~af the surﬁace was scaled by raluzum chloride cumpared te 8 and 13 per-

cenﬁ by flne snlt and rock Sult tegpectively. Since the Sectlun treated

with ‘caleium chloride was subjected to only 26 cycles of freszing and
thaw1n¢ a3 dgalnst 30 cycles for the s sodium chloride punnl%, it appears
ﬂmtxmﬂ:yﬂtzmdcm&nm:mhwumxwxeahmtemmlinsmﬁﬂ%gmwm,

with the flne Salt producing noticeably less effect thsn either. The

photograph of the caleiuar chloride section of test ares No. 2 shown in
Figure AB may bb refér: ed to for comparisun wilth those of the rock salt

and fine salt mecticns of the same test aren given in Pigures 5C and 5D.

Eiffect, of Guality of the Concrste: The purpose of this paragraph is
to emphaglze the fact that initially poor concretes cammot be expscted to
derive beﬁéfit in salt resistance from the aging process. Charscterlistics

of the cement, quality end gradivg of the aggregates, proportiocning snd

placing of the wmix, finisghing, 2nd curing ali have an influence on per—
meability to salt solutions and subsequent durability. Figure 6 illus-

trates the effect of chiorxdes on a concrete pavemsnt 12 years old carry-

ing inferior sggregoates. Even ! 1rn=ntralnlng agents cammot be expected to

protect sueh aggregates (5) (6). Tha most egzentlal reguirement of a

potentlally resistant portlond cement concrete is a dense, more or less

— 15 -
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impermeable surface which ﬁrohibits the entrance of wataf and salt solu-
‘iiéns. In such & concrete, impermeabllity or "tighitness" will increass
with age.ﬂ Some or all of these consideraticns may have influenced some
_authors to modify the stétement referrad to in the introduction of this
”;éport to read "unscualed pavements more than four yeors old - — — M

(3} (4). There may be pavenents, however, which are fundanently sound;
and éfill show a light sufface scele due to laitsnce formed by excessive

- %A ' ’
manipulation at the time of placing the concrete. Unless the scaling

has been progressive, it may be teken for granted that the coneretes is
sound and ite condition can be consldersd to come within the meaning of

the term "ungealedh,

g
&




Figure 5A.

Fine salt panel of test area No. 1 alte
30 cycles. 19 percent scaled.

30 cycles. 38 percent scaled.

Figure 5B. Rock salt panel of test area No. 1 after.




Figure 5C.

Fine salt- panel of test area No. 2 after .
30 cycles. 8 percent scaled.

Figure 5D.

Rock salt panel of test area No. 2 after
30 cycles. 13 percent scaled.
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L LABORATORY STUDY

In addition to the field tests described in the preceding para-
gr&pﬁs sup?lementafy studieS‘were undertaken in the laboratory to oblain
further information of valﬁé bearing on the subject, and to aid in the
‘interpretatidn of the field datﬁ. The laboratory werk mey be most con-
z;ﬂ;;nﬁly*éﬁéﬂéiﬁﬁiy presented under the three general toplos mentioned
in the introductio% ofithis report. Under the first will be found = brief
review of some of the properties of caleium and sodium chloride solutions

and phase relations of the system palt-water-ice. Under the next a des-

eription will be given of the action of calcium and sodium chloride solu-
tions on thin conerete piates; and finally an atiempt will he made to
peint cut some of the factors having a bearing on the mechanism of salt

action and- the age effect.

Properties.of. Salt Sclutiong and Phage Relations

In order to fix in mind some of the fundsmental principles involved
in the actlion of salté on ice and snow, ettenticn ié called to the equili-
brigm'diagrams p;esented in Figure 7. Thesé diagrams give all of the
copditions of'EQui%ibrium, gxelugive of ithe vapor phase, which exist in
the two sﬁstems GaGlz—water—ice and NaCl-water-ice at normal atmospheric
é;% pressure, and are of_considerable praétical value in the study of salt:

action on ice or snow. Both of the diagrams were prepared from sclubility

and freezing point data of the pure salts (7), but mey be applied without
ki .
appreciable error to the materials used in this investigation. For the
purpose of the present discussion, attenition will be confined to the por-

tions of the two diagrams which 1ie below the normsl freezing pbint of

pure water (32°F.).

..20- -
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ﬂ@ o - - .Rgferring te the First diagram in Figure 7, CD rapresen@s the
4 - . freezing point curve of agueous solutions of calcium chleride and DE the
- solubility curve of calcium chloride in water at . temperatures below 32°F.

interpreting the curves, this mesng that at concentraticns of calcium

chloride of less than 45 pounds of the salt to 100 pounds of water, only

ice can exist in contact wlth the solution at temperatures from 32°F dom

to the eutectic point D al - 63.4°F, and that af greatef eoncentrationg
thénrthis, calcium’éhlori&e nexahydrate is the oniy‘possible éolid phase
in the some temﬁerature range. Twc exampies will illustrate. First,
suppose we start with a solution of 20 pounds of calcium chloride in 100
ﬁcunds of water at 68°F. (point A on the dlagram) and then cocl it gradually.
No solid phasé will form from the sclution until the freezing point curve
D is reéched at point ¥, corresponding %o a tempefature of about &°F. AL
f' this peint sclid ice begins o form which automatically inéreases the con-
g% 'centration of galt by removal of some of the éoivent from the liquid phase,
and, on further cocling, ice continues to form at temperatures and concen-
trations of salt sclution represented by the curve CD until the eutectic
poiﬁt D is resched whére'ﬁhe whole sclidifies into a mass of ice end cal-

clum chloride crystals. Below the point D no liquid phase can exist.

Now suppose we take a golution cqmtaining 55 pounds of caleiun
chioride, instead of 20 pounds, per'loo pounds of water and cool in the
same manner. Here no solid phase will leave the solution uniil point G

(14°F.) an the soluﬁility curve DE is reached. At this point golid crys-

talks:of the hexahydrate of Ealcium chloride, Caﬂiz.éHzﬂ, begin to form and,

on further cooling, more of the salt contimues to crystallize from the

golution due to its decreased solubility at lower temperatures. Calcium

chloride crystals constitute the only solid phage in contact with the

l | - -2l -
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-,solution, and, on still further codling, continie to form at temperatures
end concentrations of the salt solution given by the curve DE until the
eutsctic point D is.again réached. Below this point the whole solidifies
into a mixture of ice .and sa2lt crystals as belore. From these exampies,
it may Ze seen that only at the single point D, corresponding to a con-
centration of about 45 pounds of chloride (anhydrous) to iOG pounds of
water at a -temperature of - 63.4°F. is it possible for both golid phases
to exist simuitaneously in contact with the solution.

The two preceding exsmples serve to present a general plelure of

ilibrium conditions encountered in the use of caleluy chloride for

ice contr Of more pgrticular glgnificance froem our standpolnt, how-
ever, is the reverse process, which takes place when salt 1s used to melt
ice. In other words, what happens 1f, instead of starting with & given
calcium chloride solution and cocling to below 32°F., we now take o de-
finite amount of caleium chloride, say 10 poundsm, and add‘it to an excess
of ice at & given temperature, say 0°F? If the temperature is kepit con-
stant, it may be soen at‘ence from the freezing point curve CD of the
diagram thatlthis éﬁéntity of calciuﬁ chloride will melt sufficient icé 7
to produce a solufion in equilibrium wiih ice at the given temperature.
The amount of ice melied by the 10 pounds of chloride is pe?fectly definite
at this temperature and msy be'compu¢ed directly from the curve. At Q°F.
& solution of calcium chloride in equilibrium with an excess uf_ice‘cpn~
tains about 25 pounds of the salt per 100 pounds of water. By a simple"
éalculation we find that the 10 pounds of.chloride will wmelt approximately
AQ pounds of ice, or 1 pound to 4. The diagram for sodium chloride may be
intefpreted i;_a similar way, and it will be foﬁnd that 1 pound of salt

will melt about 3.7 pounds of ice under the same conditions. These

- 22 -
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3
figures agree with the experimental results publisﬁed by the Comuities
on Highway Maintenaﬁce'qf ?he.ﬁighway Resesrch Board (8). The element of
“tine is also a factor in the melting frocess since the addition of salt to
icé‘producés & "freeziﬁg mixture! which spontaneously lowers the ltenpera-
ture of the system below that of ite surroundings, resuliing in a tempor- f

ary decrease in meliting pover.

Comparing the two diagrams of Figuvre 7, it is immsdistely evident

that sodium chlomide hes no melting power below its eutectic peint {alout
~ 6.59F.) while calcium chioride contirmes to melt ice at much Zowsr Sed- -

; peratures. On the other hand, sodium chlcride has greater meliing power
in the region juét below the freezing polnt of water, the morgin of super-
iority decreasing at lower Vvemperabturss, and becones approximately squal
o calqium chloride in its ability to meli ice at about 10°F. Beleow this
point calcium chloride has the greater meliting power. Pgblished Aata
referred to in the preceding paragraph on the weliing efficiencies ¢f the

two salts are reproduced hers as Table IV for convenisace.
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TABLE IV

COMPARISON OF MELTING CAPACITIES OF CALCIUM AND SODIUM CHLORIDE

Poundp bF Ice Melted.Per Pound of Chemical

| Temperature 77-80 Percent Flake
Deg. ¥ . ‘ Caicium Chlcride = Pure Bodium Chloride
- 3090, 29 -
-~ 20 \ ' ' 3.é ’
;- 10 3.5
- 6.5 N
D o ' 4.0 3.";.
5 | | 4k C 4.1
10 . 428 L9
15 5.5 6.3
20 6.8 8.6
25 10.4 i 4
30 o ' 31.1 46.3
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Action of Chloride Salts én Thin Cencrete Plates

This phase of the investigation was planngd to supplement the field
ﬁork in ;;curing-information cn the agé effect and the relntive action of
differén%ﬂéalt'solutions on concrete by subjecting specimens of different
ages to several types of exposure and.differeﬁt cqnqenfrations of smlt
golution. The work in the laboratory centered chlefly afound the study
of the aection of solutions of rock salt, comercial fine salt and chemi-
cally pure sodium chloride on thin concrete snd mortar plates. A few
tests using calcium cﬁlbride were added later. Thin gpeeclnieneg were chosen
" hecause éf‘the'fact that'breakdown is much more rapid in thle btype then in
heaviir gections, and it was theought that variations in severity of atteack
“would ﬁhus be mere evasily detectable.

Materisls: Rock salt, evaperated fine galit and esleium chlaride
sampled from materials used in the field study and a c.p. grade of dodium
chloride were used in the laboratory tests. The chemi.cal eomposition of
‘the first three of these salte has been given previvusly and the c. p.
sodiunm chloride was, of course, of practically 100 percent purity. Two
concentrations offsodinm chloride scluticn were used, 12 perecent and satu-
rét;d. Saturated solutionsg containéd appreximately 26 grams of salt per
100 grams of sclution and the 12 percent soluticng were made up with 12
grams of the salt to 100 ml, of solution.

In order to accentuate the differences in salt resistsnce due to age,

]

specimens were taken from a 1:3 mortar, mixed in the laboratory and cured

7 days in watér, and from a concrete core four years old drilled from &
section of standard constructien in the Michigan Test Road. Specimens wers
prepared by cutting verticel slices abeut 1/4 dnch thick from the mortar
and from the top sectiun of the core. These slices were then ground on the

- 28 -
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faces to a thickness of about 1/8 inch using medium carborundum powder.

‘Procedure: Three methods of exposure were tried in an attempt to

gein a clue ag ature of the mechanism causing breskdown: (1) con-
tinuous immersicn in salt soluticn at room temperatures; (2) daily cycles -
of alternate wetting in the solution and drying in air at room tempera-

ture; and'(B) alternate freezing in the solution at - 20°F. and thawing

‘at roou temperatures. Specimens were examined periodicelly under the

microscrope to determine the time at which first cracks occurred.

Results and Discuselon: Data obiazined in the tests are recorded in

Table‘v.‘ Thé results shown can be regarded only as gualitative, since
small varietions in the thickness of different plates probably have some
influence on the time vequirsed to cause initial cracks and final disin-
tegration. They do indicate several interesting trends, however, scme of

which are well defined. In the first place, under all condltions of the

tests, the 7 day old mortar plates were attacked and finally disintegrated

“long before the corresponding 4 year old concreie core slices. Second,
rock salt was definitely wmore destructive than either the commerical eva-

porated fine salt or the c.p. grade. Third, with a single exception, all

sodium chlorides were more destructive in 12 percent éoncentration than
in aaturaied solution. Finally, in &1l godium chloride tests, salt action
combined with freezing and thawing was the most rigorous of the three.
methods tried, most specimens féiling in less than 10 cycles of ﬁhis
treatment, with wetting and drying next in severity, and continuous im-
meréion preducing the least destructive effect.

The preceding cbservations cmncernihg methods of exposure do not
apply when calcium chleride scluticns are used. It should be mentioned

here that, both in these tests and in previous tests of a like nature,
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Concrete
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Fresh
Mortar

Concrete
Core

First Cracks#
isintegration

First Cracks
Pigintegration

First Cracks
Disintegration

First Cracks
Disintegration

First Cracks
Pisintegration

First Cracks

Disintegration

TABLE V

 SUMMARY QF DATA FROM LABORATORY DURABILITY TESTS

Continuous [mmersion

Rock Salt Fine Salt
12% 26% 12% 26%
21 days 28 days 35 days 4R days
28 days 35 days 70 days 84 days
35 days A2 éays 42 days TD days
100 days+ 100 dayst+ 100 days+ 100 dayst
Wetting and Drying
14 deys 21 days 28 days 28 days
21 days 24 days 56 gays 70 days
42 days 35 days 49 days 70 days
100 days+ 00 dayst 100 dayst 100 days+
?reezing angd Thawing
3 cycles 3 cyéles 3 cyclas -
5 cycles 4 cycles 5 cyeles -
& cycles A4 cycles 7 cycles .
10 eycles 10 cycles 12 cycles -
* For sodium chloride spscimens this

noticen

ble loss of bond strength.

~ 27 .

c.p. Salt CaCl
12¢ 26% 2% - - - 30%
25 days 45 days - -
35 days - 98 days 5 days - -
38 days 77 days -
74 days 100 dayst -
31 days - -
42 days - -
35 days - -
- 10G dayst - - EtS -
3 cycles - - -
5 cycles - - -
8 cycles - - -
12 cycles - - -

term . refers tc first

863
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there'i>g a remarkable difference in the visible effects produced by im-
mersion in calcium chleoride and sodium chloride scluticms. Thin plates
of concrete continuously immersed in calciunm chloride soliiticns at ordin-

ary room tehperatufes spontanecusly disintegrated and diumbled to a heap

in a comparatively shori itime; the more concentrated the stlution, the
- more repid was the attack. This phepomenon never took place in sodium

4 chloride solutions. In the latter' case there was usuzlly s gradual and

! ! i ] .
progressive logss of sirength, although disintegration was not apparent

and no crumbling odcurred.

In the culciun chloride tests the end point, or time at which com~

plete. diszntpgration took place wag quite sharp; end pointe for specimens

- in sodiuh chloride solutions ceuld be determined only approximately by

estiﬁating the force required to break off pisces of the plate with the

fingers. BSimilarly, the term Y"initial cracks", when applied to specimens

in sodium chloride soluticns at roon femperature refers to the point at
which first weakening of the bondlwas noticed. Thig difference in he-
“havior, along witﬁ other significant Indicatiuns brmughﬁ out by.the in-
VeS?igation will ‘be discussed further in connection with the mechaniam
of salt action and the age effect.

Mechﬁniam of Sali Aotion

i : ‘From the information gained in the field and laboratory studieg

1

some general conelusions can be drawn regarding the nature of the pro-

cesses which take place in the action of chloride salts on concrete.

Because of esgential differences in chemical composition the galib-cement

reactions invelved in the use of reock salt, fine salt and calclum chleride

are, in some respects, different for each material and will be considered

Separately;
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Calcium Chlorides When soluticons of caleium chloride act on set

cement, disintegraticn is prebably brought about threugh three general

processes: (1) the formation of additien products from certain lime com-

" pounds of the cement and calcium chleride, which is accompanied by an in-

crease in volume; (2) migration and recrystallization of caleium hydroxide
in local masses through the intermediate formation of the wmore soluble oal-
cium oxychloride, and (3) removal of calciun hydroxide from the gel atruc-

ture due to its greater solubility in caleium chloride sclutions than in

water.

The formation of calcimm chlor-aluminate, one of the additien pro-

‘ducts mentioned above, not enly causes an increase in volume of about 63

percent over that of the original compouné, but algo retards the formetion
of hydrated tricaleium aluminate. In the second process, interstitial pree-
sures are built up through erystal growth, and in the third, célciym hydr-
okide is removed from the hydration products, thus Weakeﬁing the gel strue-
ture andraccelerating all reactions'which are dependent upon hydration and
hyéroly;is of the calcium silicates. These concepts are woll supported by
reseérch reported in the literature (9) (10) (11) end work conducted in our
rown laboratory (12). It is'poséible too that transitions of crystalline

ealcium chloride from the tetrahydrates to the hexehydrate (Figure 7) may

'have some effect during wetbting and drying at roon temperatures. The

photomicrographs of Figures 8A and B showing the effect of immersion of a
cbﬂcrete.plate in a 30 percent solutiun of calcium chloride at 30 and 40
days respectively illustrate this sort of breskdown. The first picture
shows the formation of initial crackes and the second was taken after the

specimen had broken spontanecusly inte four pleces.

._29_..,



Figure 8A.

Formation of initial cracks in concrete
plate immersed 30 days in 30 percent
calcium chloride scluticn.
Magnification, 40X.

Figure 8B.

Advanced disintegration of the same specimen
shown in Figure 8i.after 40 days immersion
in 30 percent celelma chleride solution.
Magnification, 40X.
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Sodiun Chloride: In regard to the actlon of pure sodium chloride con

Eydrated cement, some investigators {13) (14) are of the opinicen that solu-
‘tions of this salt depend for wltimate action on their internction with the
lime of the cenent tp form ealciwm chleride which in @urn reacts with hym
draticn products as described in the preceding pafagraph. To sane extent

this is probably true, but the amcunts of caleium chloride formed in this

‘manner are limited by the comparatively low solubility of calcium hydro%ide
f:in So&izm chloride solutions. Bogue (9) found that immersion of mortar

cubes in 3 percent scdium chlofide Sﬁlutimnahad little effsct on thelr

“strength. Lea and Desch‘(lﬁ) state that alkali chlorides have no effect on

natured concrete. It has already been noted in this report that the action

of pure socdium chloride soluticns on concrete plates st roon temperature

L)

{ . is very .slow.
éi} s The photomicregraph in Figure 9.shows the conditicn of a fresh
'%1. mortaf plate after 3G days'! immersicn in 12 percent c.p. sodium chlorilde
oy solution. Some attack is shown by the relief of aggregaile particles agai?st
,x the surrounding matrix, but the conditicn of the specimen is in sharp cun;
ifz trast to that of a”similar-plate immerged in 12 percent caleium chioride
soclution which disintegra%ed,COmpletely in five days. Comparing this

photomicrograph with the one given in Figure 10, which shows the conﬂitidﬁ

"of a matured concrete plate after 20 days' immersion in 12 percent sodium

chloride sélution, it is apparent that the attack was less severe in the
latter case. Here the matrix seens to have swollen above the surface of the

larger aggregate perticles which are surrounded by a margin of differantly

colored gel. Attack at the dggregate boundaries with the resulting loss of

. bond strength seems to be characteristic of salt actlon on concrete,
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Condition of Mortar plate after 30 days!
immersion in 12 per cent c.p. sodium
chloride sclution. Magnifieatiocn, A0X.

Figure 10.

Condition of Concrete Plate after 20 days’
immersion in 12 percent sodivm chloride
solution. Magnification, AOX.
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The fact that sodium chloride reacts with lime to feorm caleium chlor-
ide would indicate that the observed breskdown is due 1in part to the re-
mév&l of lime from the sirmcture of the set cement. From Figure 11 which
gives thé sélubiiity of calcium hydroxide in sodium chloride-solutions (7)y

s apparent thet maxinum amcunts of lime are dissolved when the concen-

e

it i

tration of salt is slightly under 10 percent. This probablyexplains the

phenomenon observed in our tests that deterioration of specinmens was in
general more rapid in 12 percent than in saturated salt solutions.
The attack of concrete gpecimens by godium chloride solutions ig

greatly accelerated, however, by freezing and thawing. Referring once more

to the equilibrium diagram for sodiwm chloride solutiong in Figure 7 it nay

- be sesn that there is z transition point at - (.15°C. gt which anhydrous

sclid NaCl changes to the dihydreie NaCl.2H20 in contact with the golutlon.
It is possible that alternate volume chenges accompanying this trensition
contribute to theﬂdisrupting effect of freesing and thawing.

| Rock 8alt: Thers can be no doubt that the cbserved difference in the&

actien of solutions of rock salt snd the pure sodium chloride, both in the

field snd laboratéry tests, s directly atiributable to the calclum sul-

phate content of the former. Chemical analyses of the two godiun chloride
galts given in Tablé I show that the roék‘salt contained 1.65 percent of
thig impurity while the fine salt contained little were than o trace. Al-
though -caleium sulphate is ordinarily scluble enly to the extent of less
than 1/4 percent in nlein wabter, more than thres tines fhis ancunt con he
carried in scdium chloride gelubions of 10 to 25 percent concentration.

The solubility curve of calclun suiphate in‘Sodium chloride solutions is
also given in Figure 11. Here, a8 in the cage of caleium hydroxide, we see
that maximum solubllity ceecurs at cuncentratioms of godium chloride consider-

ably less than the safuration values - ancther fact tending to explain the
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- greater activity of 12 percent salt solutionsg in our laboratory tests.

‘When set cement 1ls exposed to gulphate solutions, even in concentra-
tions of a few tenths of a percent, calcium sulphosluminate 1g formed and

e marked expansion occurg which is sufficlent to disrupt the moriter or con~

@

crete (15) (9). This effect is more proncunced in cements of high calcium
sluninate content, and which contain smaller initial encunts of gypsum

{ _ sdced as a retarder when the clinker is ground at the nill.

The Age Effect

:

The statenent was made eariier in thig repo:t thot the most gssentiil
requirement of a durabie portiand cement concrete . is a dense, more or leso
impefmeabie sﬁrfaca which prohibits the entrance of water and salt sclutions.
A natural coreliary, then, would state that agy factor which tends to pro-

:* duce this kind of surface would improve durability. Herein lies the key
to the explanation of the effesct of age on the salt resigtance of concrete
pavenents. The two mest importént procesgses which tend to increase the
inpermeability snd which progress with age are the gradusl closure of

capililaries ond small voids through the continued hydration of cement com-

pounds, and the formation of an impermeable czleium carbonate skin by at—

’moapheric carbonation of caleivm hydroxide on the surface.

Effect of Hvdration‘of Cement Compounds: Nermal concretes of good
quaiity congistently decrease in permeability with age. It ig known that
.hydration of cement particles continues for years after thé concretbe ig
placed, which process is accompanied by an increase in sgtrength and slight

lengthening of dimensions. The additional hydrated material produced in-

creagses the lupermeabllity of the mass, for it occuples a greater voluue

than the unhydrated mpterinl from which it was formed. Porous aggregates,

deflclent grading of aggregaites, poor curing and all the other defects whiok

produce an intrinegleally poor concrete will, of course, vitiate the benefi-

clal effect of thls process. _ 5, _




Figure 12.
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Photomicrograph of the same specimen in
Figure 8B, showing effect of carbonated
surface layer. Note abgence of cracks

at the. édge of the specimen. Magnification
40X,

Carbonated .layer an the top surface of
concrete pavement core 4 years old. This
layer is visible as a lighter colored band
across the top of the specimen. Photograph
about natural size.
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3 ~ Previous e¥periments in our laboratory, in which carbenation was ACCCIp-
Ly

lighed by expusure t¢ an atmosphers of carbon dicwide gas indicated defin-

itely Beneficizl results from the treatment. '
It was thought at first that there might be some relation betwoen

the depth of carbonation and the age of the concrete. Sanples of cuncrate

were taken from several pavements of different ages and specimens prepeved

for examihation by cutting vertical secticns about 1/4 inch thick through

the top surface, which were then groond on the faces and stained with
phenclphthalein. The carbunated surface waé'immediately visible a8 o colon-
less band in contrast to the brightly colorved red of ﬁhe concrete below,
which still contained cunsideralile smomts of baslc calcium compounds.

This carbonated 1ajer:may be seen in the specimen illustrated in Flgure 13.
Recent deterﬁinations of the distritaticon of ealcium hydroxide near the

surfaces of concrete ccres indicate that partisl counversiovn extends below

¥ the polorless pargin but the reacticn has not prugregsed suffliciently to
neutralize nll of .the calcium hydroxide present.

The depth to which the carbunatiun extends iln any particular con-
crete pavement proﬁébly depends upoh 2 munber of cheracteristics which are

related to its permeability. TFrom the examinaiicn of pavements in this

manner no correlation was found between age and depth of visible carbonated

layer. It should be kept in mind, however, that the permeability of this

carpenate skin is not necessarily relaoted tu its thickness. The depth of

apparent carbonation in samples studied ranged on en aversge between 1/64

dnd 1/16 of an inch.
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a

Saveral other Tactors usually incident with age, but not invelved in

N 2’

o

chemical or physlcal changes in the concreteifiself, may contribute to in-
creasing immunity of pavements with tims. Among these nay be menticned the
protective effect. of crank case oll drippings, silting of external pores

in the concrete, .and possibly a sezling action due to traffic.
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SUMMARY

~The combined results of the field and lsboratory studles nay be

supmarized as follows:

1.

h
-

Aging of normal concrete of good quality is henefical in
ging L

. ) ’ ) ¢ - 5]
ircroasing its resistance %o the anction of chloride salte

used for ice control.

For the pavenents tested in this iﬁvestigation, the mipi-
mum tinme nescegsgary o accomplisﬁ immunity to salt action
was Somewhére beﬁwe&n four and six yé&rs,

Concrete of poor guality does not lmprove in salt resis-
tance with age.

Trhe age effect ig considered to be due primarily to the
gradual continuation of the hydration process in the
cement, and %o the formation of a strong, laperneable
carbonate skin ihrough the reaction of iime coupounds

in the sst cement with atmospheric carbon dioxide.
Other external'factorsg such as the deposition of cil
filme from'grankcase drippings inéidenﬁ with age and
asséciatedlwith traffic conditions; wmey contribute
somewnat to ths improved salt regletence of pavements
with time.

Where scaling ocourred, rock salt and celcium chloride
were about egqual in geverify of action, with evoporsted
fine salt producing a noticeablylless affect than either.
The cobgerved difference in gealing action of the rock galt
and evaporated fine salt is considered to be due to the

caleium sulphate content of the former.
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30%
7. Celcium echloride hag greater ice melting capociiy then
sodium chloride below 10°F.; above thls point the re-
verse is true.
8. Sodium chlorids APPEALS te e more haraful i 12 rsroeat

than ln paturated ohqu ngy with caTclum chloride rhe

o K ERETTIE N
S e .t ! = -
f o LT TR

destrutb1Ve effefs increasges with ﬁhe concentrallon

9. The uge vf raw chloride salts will probably not be a

N

2

effective on cuncrete pavenents aé v the darker bit-
minous Arfnces dize to the higher terEfatar s avtained
at the surface of the latter frum the absorpticn of
radiant heat.

CONCLUSION

Tranglation of the above facts ond comclusions inte o definite pelicy

‘L‘.

to be followed in using chloride salbs for ice comtrol must of necessity
]

be nodified by practical. and econunic comsiderations. In concluding thls

report, the effects of sume of thése factors are considered and recommenda-

{ions nmade cuncernlng the revisiwn of progsent ice control methods.

= Practical snd Ecunoumice Congiderationg

lBecausa of the Tact that sulfetes are nearly alwaye present in rozk
Salt in deleteriocus amamte, it does not seem practicable to limit the sul-
fate content by specificaticn fur ubvicus ecenumic reascns. Suome main-
tenance men like fine salt betiter than vuck salt. If does not rodl wn fhe
ice during dpreading as‘:vck selt dees, and, bscause of its greater svrldﬁe
area and intimate contact with the lce, scts more quickly. On the other

hand, fine salt has not the advantags of the boring acticn of larger

graing, which helps to disledge ice without cuuplete welting, end larger

g
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~amounts of the fine salt would probably have to be used for this reason.

“The difference in cost of the two salis is not excesgive, the price of

‘rock galt being around four dollara a ton against six dollars a ton for

fine salt, the latter price f.o.b. St. Louls, WMichigan. Both of thess

salts are priced considsrably oelow fleke calcium chloride which costs

. around eighteen dollars - ton.

Weather conditions alco play an importsnt part in the determinétion
of a Specific treatment for ice control. Under mogst circuastances any cf
the three salts, rock salt, fine salt, or'éalciﬁm_chlﬁride, could be uged
without abrasivesg for Eare pavsuent malntenance, providsd they are wused ir
sufficient amounts during the.peribd of moderate températures which usually
prévail during and immediately after a snow storm. If, however, appiication
is delayed until the temperature falis again to a poiﬁt below about 10°F.
it may be difficult or even impoésible to melt the ice sufficiently to
eliminate traffic hazards by this methed. In such ceses the use of abra-
sives with salt would probably have to be resorted to in order to prevent
skidding. |

There seemsﬁto be no reason why fine azlt (suéium chlcoride) canrotf %
substituted for caleium chloride when it is necessary o use sand-chloride
rixtures, except uﬁder the nost exitreme tempefature conditions. in the
low temperature range {belcw 10°T.) there is not o great deal of differerce
in the embedding power of the two salts down to the eutectiec point of sncim.
chloride solutiong at - 6.5°F. [Iifferences in cost, ngt only of the ra7

materials but alsc of the damaging effect on the concrete surface favor the

. use of evaporated fine salt instead of ealcium chlcride with abrasives, at

least in those seclticns of the state where temperatures ne lower than abcut

Q°F are apt tu be encountered during ice cuntrel operations.
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Recommendations

On the basis of the foregcirg cmmsideraticns the following recommen—

dations seem justified:

1.

N
L

Raw chlorides of ril Lares tynes, rock salt, fine salt and
¢alclum cﬁinriﬁe, rayc gui'ely be applied to sound ond/or
unscaled concrwts ravemsnts filve ur nore years of age.

Use of raw chicrides uhould berrestricted o applicntion:
a2t temperatures above 10°F, . and when the foaperature Lo
rising,
When the femperature is less than 10°F., or when the ten-
perature ig falling, send chloride mixtures should be used.
Whére temperatures are not expected to fall.below 0%y,
dufing and immediately folluwing cperations, the use éf
fine salt (sodium chloride) instead of calcium chloride

ig recommended.
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