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Our working group actually investigated the level of impact caused by deicing
salt on road structures in Tchoku district, which, among all other concrete
structures in Japan, especialhy sewn to be greatly influenced by the use of
deicing salt. From the obtained results of the studies, we projected the future
deterioration, considered the necessary countermeasures to be taken and made a
report. We would like to summarize here the major parts of them.
The types of deterioration caused by deicing salt, that are considered here are:
corrosion of reinforcing bars, frost damage on concrete and alkali-aggregate
reaction.
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1 . INTRODUCTION

Deicing salt has been used mainly in cold regions to thaw accumulated snow on
roads or to prevent freezing on road surfaces. Recently
used f'or preventing car Slips on icy TOads, have been
for reasons that they scrape road surfaces and produce
the use of deicing salt has been growing year by year
further into the future.
On the other hand, it is well known that deicing salt,
iS chloTides(calcium chloride and sodi.um chloride
variety of deterioration to concrete structures.

i.n Japan studded tires,
increasingly prohibited
fine particles, so that
and is expected to grow

w-hose chief ingredient
for the most Part), Causes a
In noTtheTn Europe, northern

America and Canada, where deicing salt has been used in quantity, such
deterioration has surfaced and posed a big problem since more than 10 years ago,
and vaTiouS countermeasures have already been taken against it.
The deterio1-.ation of concrete Structures Caused by chioTide usuaiiy occurs when
chlorides have been accumulated for such a long time as to suTPaSS a Certain
level, So that usually a significant amount of chloride has already been
unretrievably accumulated in the concrete when deterioration bigins. Therefore,
this type of deteTioTation needs to be provided against with Borne
countermeasures
Considering the
investi.Sated the
Tohoku district.

in advance, be for.e it actually occurs i.n quantity.
circumstances mentioned above, our WOrking group actually
level of impact caused by deicing salt on road structur.es i.n

which, among ail other concrete st1-.uCtureS in Japan, especially
seem to be greatly influenced by the
r.esults of the StudieS, we pr.ojected
necessary COuntermeaSurLeStO be taken
summarize here the major Parts Of them.
The types of deterioration caused by
aTe'. COrTOSion of reinforcing bars,
aggregate reaction.

use of deicing salt. From the obtained
the future deterioration, considered the

and made a report. We would like to

deicing salt, that are considered here,
f'TOSt damage on concrete and alkali-

2 . STATE OF DETERIORATIOh7AhTDCOUNTERMEASURESIN THE Uh7ITED STATES

It is well known that the deteTioTation of concrete St1-.uCtureS from the
deicing salt has already been emerging significantly in the United
TheTef-ore, We fiTSIL attempted an investi.gation i.nto the speci.f'ic state
deterioration from the use of deicing salt, such as the total sum of

use of
Sates.

of this
damages

from the deterioration of structures or the number of structures that requi.red
remedies or restorations as well as into the countermeasures tO be taken. In
the documents available in Japan, we could find records in the mechanism by
which deterioration occurs, OT On the methods for the prevention of
deterioration, that were Studied abroad, but no information on such matters as
the total sum of damages or the coslL Of remadies and restorations as mentioned
above.
In view of such state of affairs, we direully asked the concrete laboratories of
two universities, 1)the University of California, Sam Diego and 2)Northwestern
University (Illinois), for the introduction of information on matters E;uChaS
the total sum of damages on concrete structures from deterioration caused by the
use of deicing E;alt. Furthermore, we also asked 3)the American Concrete
Institute (ACI) for the same information.
At pr.esent, we have only received answers from the University of California, San
Diego, and ACI both of whom stated that they do not have any specific
information on the total sum of damages from deterioration caused by the use of
deicing salt, nor on the status of remedies of concrete Structures. flowever,
the University of California, Sam Diego, introduced us the Department Of
TTan5POrtation, the Sate of California, so that we could obtain the following
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On highways in California, as a result of the use of deicing salt since the
beginning of the year 1960, the pTObiemoccurred about 10 years later COnCerning
the severe deterioration of TOad slabs. In 1975, a careful investigation was
conducted of bridges that had received deicing salt spray, and the cost was
calculated as approximately i25 million dollars (approximately 275 million
dollars i 50 billion yen in today's money) for the restoration and remedy of
deteriorations. Nowadays, damages for the use of deicing salt are reduced to
the minimum by adopting protection films or. cathodic protection system, or by
using epoxi-coated reinforcing bars.
This was about the damages that occurred in California (presumably limited only
to northern California wherLeit snows), and more damages will be reported if
investigations should be conducted over the whole country, especially the
noTthem part. Thus, informations have not been available concerning the total
sum of damages on concrete Structures Caused by the use of deicing salt, as well
as their remedies, presumably because these problems are usually treated as
directly executive matters.

5. INBESTIGATION OF THE SALES REDORDOF DEICING SALTS

Along wi.th the
to the users
municipalities )
sales records.
directly asked
dealers. about

investigati.on of the employment record of deicing salt directed
(State, the Japan Highw-ay Public Corporation, prefectures and
, we also conducted one directed to the sellers concerning their
Since no association is formed for the sales of' deicing Salt, we
four major COmPanies, which were considered to be the main

the state of their sales. Furthermore. based on the answers for
the three who TePiied, we made a TePOTt On the sales record of deicing salt
i.e. calcium chlori.de oT natTium ch1.oride, but this will not be discussed here.

4. QUESTIONNAIREON TEE USE OF DEICING SALT

4 .1 Purpose

Almost nothi.ng has been
which aims at preventing
Snow and ice on them.
concrete in various ways,
con8tituents.

reported in Japan on the state of using deicing salt
the freezing of road SuTfaces and promoting thawing of
It can be anticipated that deicing salt will affect
as it contains a lot of chloTidetions or some alkalic

This questionnaire was caTTied out, with the time limit for answer being set at
March 1989, for approximately 850 public institutions in Tohoku district, namely
the national TOad maintenance offices of the Tohoku Bureau and the Hokuriku
Bureau(only iViigata) of the Ministry of Construction, the managerial offices of
the Japan Highway Public Corporation in Tohoku district, pTefectural
construction offices and Toad mai.ntenance related secti.ons of municipalities.

4.2 Content of the Questionnaire

The questionnaire set the following items to be ans-w-ered.. i) whether or not
deicing Salt had been used., ii) the starting year Of' the use of deicing salt and
the record of using it for the past three years., iii) standard for the use of
deici.ng sail (conditions, Standard amount, places, main constituents and brand
names)', iv) state of using deicing salt in the year 1989 (total amount, total
distance of TOad and amount used according to the month).
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Table-1 Standard Amount of Spray

4 .5 Results

Against 658 questionnaires delivered, the number of answers Obtained was 448,
and the recovery rate was about 68%.

4W

Deicing salt had been used at all the branch offices of the Ministry Of
construction, the JTapan Highway Public Corporation and the prefecturai
governments, and its employment rate there was 100%. Quite a lot of unevenness
was observed among the municipalities depending on the region(prefecture) they
belong to. The average employment rate Of deicing salt in cities was 69%, in
towns and villages around 37%, and it was found that the employment rate
generally decreased from cities to towns, and from towns to viliageS.
Furthermore, when observed accor.ding to the prefecture, there wet-.emany Offices
that used deicing salt in Iwate and Miyagi prefectures, While there Were much
fewer in Yamagata prefecture. The average rate of ail these came out too be
around 55% (number of deicing salt users/total number = 241/456).4*
The starting years Of deicing salt using offices were in the foiiowing order:
municipalities, pTefectuTeS, the Ministry of Construction and the Japan Highway
Public CoTPOTation. Most
before 1982. Of all the
The number of cases that
indicates that in most

cases of the Flini.stry of Construction were Started
cases, about 60% in average was started before lg82.
were Started after 1985 was only 10 in total, which

cases more than 5 years had passed since the use of
deicing salt had been started. There Were SeV-eTal cases whose starting year was
1965.

4.5.5 Standazid for Using Deicing Salt

1) Judging Standard for the Determination to Use Deicing Salt.

All the bL-.anChoffices of the Ministry of Construction and of' the Japan Highway
public CoTPOTation had their OWnjudging standards to determine to use deicing
salt. Furthermore, 75% of the prefectural construction offices and 41% of the
municipalities had some kind of standard for the determination.
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Most of' them set the following specific items:
i) When freezing i.s pTO3.eCted oT Observed by patrols oT forecasts.
ii) When there is a fear Of car slips in places where the compacted snow is
expected to turn into ice plate, oT Where the r.Dad iS in a wet condition. ,In
some cases the use of deicing salt is detelmined according to the depth of
accumulated snow.
iii) When there is any report from the residents.
iv) Places where the gradient is 3-5%, shadowy places and inter.Sections are
taken seriously.

2) Setting of the Standard Amount of Spray

The standard amount was set in 100%of the offices of the Japan Highway Public
CorpoTati.on, 97% of those of the Ministry of Construction, 74r. of prefectural
const:ruction offices and 15% of the municipalities. The standard amount of
spray are shown individually in Table-1. The JTapan Highway Public Corporation
and the Ministry of CoTPOTation had their standard amount set at SOS/m2. In
munici.palities there was a great Variety in their iev-el of setiLing, and there
were many unCleaT POints.

5) Method of Using Deicing Salt

The Japan Highway Public Corpor>alLion used specific cars f'or spraying deicing
salt, whereas the Mi.nistry- of Constmction mostly used either Specific cars or
trucks, and the pTefectural construction offices also used either specific cars
oT trucks when they have a 1.ot of deicing salt to spray, but 37% of their answer
also stated that they sprayed deicing salt in walking. In municipalities the
mainstream method was to spray in walking, w-hich made up 64%of' their total.

4) Types of Deicing Salt and Their Ratio

The Japan h'ighway Public CoTPO1"ationhad been using calcium chloride(CaC12) fo-I.
the col.a regions norLth of Furukawa, while using sodium chloride(NaC1) in the
waTmeT i-.egions to its south. However, NaCi was increasingly used, since the
monopoly restriction for the ialLteT had been abolished and its cost now became
only about 1/i.8 of the foTnTleT. NaCl was adopted in 96r. of the cases r.elated to
the Ministry Of Construction. NaC1-type deicing salt was used in 65% of
pTefectur-ai caSe8, W-heTeaSCaC12 Was used i.n about 85% of
uTea-type deicing Gal.i arid r{gCl2 magnesium chioTide, the
1 case and the latter in 2 cases. There Were also
combination of rlaCl and CaC12 Was used. As a whole,
offices using CaC12 accounted fo1-. Slightly iesS than
number. of those usi.ng NaCi.

W

1) Total Arr10unt Of SDI-.ay

The total amount of spray Q va18ies according to
sprayed with dei.ci.ng salt, and is giv-en in Table-2
Japan Highway Public Corporation, the MinistIV
prefecturai governments. The total amount of spray

municipalities. As to
for.meT Was Only used in

some cases where the
the number of b1-.anCh

64D/. and was douLuie the

the total distance of road
according to LLheusers: the

of' Construction and the
of

Japan Highway Public CoTPOTation was 766ton in average,
of spray for. the Ministry Of Construction was 102ton,
construction office was 49ton. The o1-ydeTOf amount

One
the
and

of
indivLi.dual prefectures was: Niigata > Miyagi >Yamagata

branch office of' the
corresponding amount
that for pr.efecturai

sp1-.ay according to
AomoTi. and Akita >

Fukushima and Iwate. It can be concluded from these results that 20.000 ton of
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Table-2 Record of Spray in 1989

Table-3 Amount of Spray per Distance (a/L:I/kzn)

deicing s-alt was used in total in Tohoku district(except Niigata) by prefectural
governments, the Ministry Of Construction and the Japan Highway Public
Corporation.

2) The Amount of SDI-dyOf Deicing Salt per lkm Distance

The amount of spray deicing salt per. distance a/L iS shown in Table-3. FTOm
this w-e can observe that a/L for the JTapanHighway Public Corporation and the
pfinistry of Construction were about 0.12-0.14ton/km in the six Tohoku
prefectures except Niigata, while for municipalities the ratio was 5-6 times as
large. =n SOmeCases the ratio was more than 10 times as lai-.ge. Furthermore,
the amount of splW in Niigata pr.efecture was a little less than 4 times as
lar.ge as in other PTefectures in cases related to the MiniStTy Of Construction,
a little less than 2 times as large in cases of prefectural constl-Action offices
and about the same in cases of municipalities, which indicates that quite a lot
was used in this prefecture. The order of the amount of spray according to the
individual prefecture was broadly as follows: Niigata >Iwate and Akita > Miyagi,
Fukushima and AomoTi> Yamagata.

5 . HEASUREHENTOF CfILORIDE CONTENTIN REAL STRUCTURES

Teal concrete Structures in various parts Of
, and measured the chlol-ide content in them.

in the Fig.1-5. Here, the chioTide content

Tohoku where
Part of the
is shown as

of chloride ion against concrete. FuTtheTmOTe, the level
of the permeation ovf chlol-.ides w-as studied by sampling from the surface or the
side of the structures.

We took samples from
deicing salt was used
results will be shown
the weight percentage

6 . PROJECTION OF FUTUREDETERIORATION

J

,udging from the results of the investigation of the sales and usage TeCOTdof
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N i i g a t a Y a m a g a t a F u k u s h i m a T i s : P I w a t e A k i t a A o m o r i T o t a l

( t o n ) ( t o n ) ( t o n ) ( t o n ) ( t o n ) ( t o n ) ( t o n )

t h e J a p a n H i g h w a y 1 7 6 2 3 7 3 2 4 1 9 2 2 2 6 9 3 1 7 0 0 8 8 2 5

p u b l i c C o r p o r a t i o n
( A v e r a g e ) ( 1 7 6 ) ( 1 1 8 7 ) ( 1 2 1 0 ) ( 7 4 2 ) ( 9 5 1 ) ( 3 5 0 ) ( 7 6 6 )

t h e M i n i s t r y o f 2 8 4 0 3 0 5 2 5 4 4 2 1 5 4 6 2 1 5 4 6 1 7

C o n s t r u c t i o n
( A v e r a g e ) ( 2 5 8 ) ( 7 6 ) ( 5 1 ) ( 5 3 ) ( 9 6 ) ( 8 4 ) ( 1 0 2 )

P r e f e c t u r e s 2 1 2 9 2 1 9 6 0 5 1 4 4 1 8 1 3 2 3 3 6 0 1

( A v e r a g e ) ( 1 2 5 ) ( 7 3 ) ( 7 6 ) ( 1 6 ) ( 3 0 ) ( 4 6 ) ( 4 9 )

T f f f A ? a y ? T ? E A 7 a F u k u s h i m a
( t / k m )

T f y E S 1 I w a t e
( t / k m )

A k i t a
( t / k m )

A o m o r i
( t / k m )

A 7 ; 7 ka S ?

t h e J a p a n H i g h w a y

p u b l i c C o r p o r a t i o n
0 . 2 6 0 . 1 0 0 . 1 7 0 . l l 0 . 0 4 0 . 0 9 0 . 1 2

t h e M i n i s t r y o f

C o n s t r u c t i o n
0 . 5 5 0 . 0 9 0 . 1 7 0 . 1 7    0 . 1 6 0 . 1 3 0 . 2 1

P r e f e c t u r e s 0 . 6 4 0 . 2 9 0 . 4 1 0 . 8 0    0 . 9 8 0 . 2 1 0 . 4 1

M u n i c i p a l i t i e s 0 . 7 2 0 . 2 8 0 . 6 0 0 . 5 2 1 . 5 8 I o . 4 8
I

1 . 0 8 0 . 7 5



C1- Content of Concrete-Blocks On Roads

Location: Na7T)ioka-cho. Aomori Prefecture
(National Highway No,7)
with vertical gradient of less than 5X

SaJnPle: Concrete-Block Border bet.ween
Sidewalk and Roadway

YearE; Pa88ed: Over 10 Years

use Of Deicing Salt: Since before 1982. approx. 60 times/y

Standard Usage: SOS/m2
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Fig.1 Measured Chloride Content (a)

deicing salt, we can say that a considerable amount of deicing salt has already
been used in JTapan. Besides, quite a lot of unevenness is observed in the
amount used., especially for- some municipal Toads; the standard for the amount of
spray is neat-.iy 50 times as iaTge aS that fop national TOads, so their situation
must presumably be dangerous in some places. FuTthelmOre, the results from the
chloride content structures, arid that the accumulation has air.eady proceeded to
the depth of 6cm from the Surface of old ones. Moreover, in some cases
reinforcing bars have corroded and the cover concrete already come off.
Based on the above results of the investigation, the pTOJ'eCtion of future
deteTioTation is given in the f'oilowi.ng according to its type.

6 .1 Corrosion of Reinforcing Bars in Concrete StTuCtuTeS

It became evident that deici.ng salt has aiTeady begun to accumulate in b1-.Oad
areas of the concrete, and has been spy.eadirlg deeper year. by year. Therefore,
it is already clear that before long the coTTOSion of reinforcing barLS in
concrete Will pose a big problem. Especially in the case of local roads where
the method of using deici.ng salt is still undeveloped, some concrete Structures
have already developed the co}TOSion of reinforcing bars because of the
intensive spr.ay of deicing salt on some spots.

6.2 FTOSt Damage

Frost Damage of concrete suffering the inTIPaCtOf' deicing salt is mainly the
surface scaling of concrete. This has already occurred on many TOad structures,
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CI Ion Concentration
(Sendai B)
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year.after EBtabli8hnent: Over 10 Years
start of U8ing Deicing Salt: Over 10 Years ago

0.16

G o.12

4J>

F]
a)

4.>

g 0.08
U

I
rl
U

0.04

Salt

lt

among
civil
badly
stream
in the

0 3 6 9 12

Depth from the Surface (cm)

Fig.5 HeasuTed Chloride Content (c)

which the worst are the cases of precast Products of concrete. As to
engineer.ing stmctures in general, damages ar.e limited to some parts of
constructed structures Or tO the portions where dr-ainage has come to
down the surface of structures. however, Si.nee most of the concrete used
past was mixdesigned and constructed without consideration to the impact

of deicing salt, these deteriorations might worsen if left as they -are.9@
wherl SOdium chloride is used as deicirlg Salt, it might cause an alkali-aggr.egate
reaction depending on the aggregate used. the point which will require SPeCia1
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attention is that some of' the concrete that was regarded usable under a nOr7rlal
environment might predictably become dangerous. The presence Of this
possibility also became evident f'rom the lL.eS-ults
clarify this point along wi.th the inveslLigation.

6.4 Other DeteTiorations

When calcium chloride is used as deicing salt,
expansion deterioration might occur even in the

of the research conducted to

it is said that a specific
concrete with a small water-

cement ratio. This was already made clear ar.ound i968, and it is foreseeable
enough that this type of deteTioTation will also surface in the f-utuTe Japan.

7. COUNTERMEASURESTO BE TAKEh' IN THE FUTUiTnE

Judgi.ng from the above resullLS Of the
following countermeasures Will be necessary
suffer the impact of deicing salt.
Against the coTTOSion of i-.einforcing bars,
advance, when building concrete Structures

investigation, it is assumed that
for COnCrete StTuCtuTeS Which should

such consideration will be needed in
, as using epoxi-coated i-.einfoTCing

bars.
Against the frost damage of concrete, WeShould perfectly obey the rules of the
standard specification for design and con8tTuCtion of the
set by the Japan Society of' Civil Engineers, Which TequiTe
cement Tati.o small
suffer the impact
adopted, a poll.cy
possible.
Besides, what we
reaction are not

and the air COntent iaTge in all the
of deicing salt. As to the type of
change to use

TefeT tO her-e
the ones JJ-LObe

environment. but f'or the structures

8 . CONCLUSION

sodium chloride will be

concrete
to make
concrete

deicing
needed

stTuCtu1-.eS
the water-
that will

salt to be
as much as

as counter.mea8uTeS against alkali-aggregate
adopted for. the structures under. a general
urlde1-. NaCl enviTOn7rlent.

With this investigation we tried to cia-18ify the impact of deicing salt on the
deterioration of concrete StTuCtuTeS.
scope of the inv-estigation was limited,
results.
Nevertheless, we consider that at least
of deteTioTation of concrete StTuCtuTeS
also surface in future Japarl, and that
consideration of this problem and to
possible.

However,, since the ti.me as well as the
-w-ecould not obtairl Sufficiently- precise

we could make it clear that the pr.oblem
caused by the use of deicing salt will
it is I.equir,ed to continue the further
adopt some counteTmeaSuT.eS aS Boon aS
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