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In dense concrete without cracks or with cracks where the width
of exposure does not exceed approximately 0.1 mm, stressing of the
reinforcement results in virtually no change in its chemical re-
sistance in atmospheric conditions even when the concrete con-
tains 2% chlorine salts. The nature of the control over the cor-
rosion process is unchanged., Five-year full-scale tests have
shown the possibility of protecting unstressed and prestressed
reinforcement in solid concrete with 2% calcium chloride by in-
troducing an addition of 2% sodium nitrite. Sodium nitrite is
retained longer in the liquid phase of the concrete than the
calcium chloride; the latter converts to the low-solubility hy-
drate of calcium chloroaluminate, This lecads to a systematic
increase in the properties of nitrite additives as corrosion pro-
tection.
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FULL-SCALE AND LABORATORY TESTS OF THE
CORRGSION RESISTANCE OF PRESTRESSED
REINFGRCEMENT IN CONCRETE

WITH ADDITIVES

S. G. Yenisherlova, 0. I. Dovzhik,
and V. B. Ratinocv

Mcscow Automobile and Highway Institute

The addition of 2% and moe of calcium chloride intensifies
the corrosion of unstressed and stressed reinforcement in concrete,
especially when defects are present. According to laboratory data
[1] sodium nitrite effectively inhibits corrosion of unstressed
steel reinforcement in concrete with additions of calcium chloride.
However, these concluslons requiredconficmation by prolonged full-
scale tests. Bessildes thils, no data were avallable on the corrosion
of stressed reinforcement under these condltions. These problems
were the oblect of study in this work.

The experiments were conducted with models of prestressed
reinforcement and nrestressed rel’nforced concrete prisms 120 cm
long, reinforced with high-strength cold-drawn deformed steel wire,
0.3 mm, made from carbon steel with vhe following composition:

C, 0.78%; P, 0.048%; S, 0.031%, ancd traces of Mn, Ni, and Si. The
stress was 60% of destructive. During manufacture of the prisms
the coner<te composition (mark 300) was 1:1.2:2; cement consumption

FTD-HT-23~452-72 1
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was 520 kg/m3; and the water-to~-cement ratio (W/C) was 0.4, Three
lots of prisms were concreted on one line with identical reinfnrce~
ment stress: without additives, with addition of 2% sodium chloride,
and with additions of 2% CaCl, and 2% NaNo
mix water. After two months had passed the prisms were subjected
to "rooftop" tests — i.e., they were exposed to the atmosphere.

05 introduced with the

The degree of corrcosion damage was evaluated quantitatively
in terms of the maximum depth of corrosion plts and by the change
in the magnitude of the resistance of the armature to tensile
fallure, After the armature was covered it was found that after
five years damage with a depth up to 1.3 mm occurs only on the
reinforcement located in concrete with an addition of sodium
chloride., In the concrete with a complex additive (CaCl2 + NaNO2)
no visible traces of corrosion were fecund on the reinforcement;
1ts tensile strength was no lower than that for reinforcement
located in concrete without additives (Table 1).

Table 1. Results of corrosion testing of pre-
stressed reinforcement after 5-year storage of
prisms in the open air.

{1) Hobacka £ Gerox (I;:)xcuuanbuaa .;::‘yﬁu:«a KOPPO3HM, {I;a:;ptg:;g‘i :i;on‘fn;(zxme sp::rypu
(%) Bes poBabxu “(5) Koppostn ner 1260

2% ZaCl, {6)Or 656 Fo 1300 (6)or 1000 no 635

29 CaCls-

+2% NaNO; (5) Koppoauy Eer - 1270

KEY: (1) Additive in concrete; (2) Maximum depth

of corrosion, pm; (3) Breaking stress of rein-

forcement 3 mm in diameter, kg; (4) Without addi-

tive; (5) No corrosion; (6) From 650 to 1300 (1000-635).

From Filg. 1 it 1s clear that the complex additive, like the
addition of CaCla, improves sdheslion of the armature to the concrete,
These tests were zarried out by M., M. Kholmyanskiy and V. M.

Kel'ner according to¢ existing procedures [2].

FTD-HT=-23-452-72 P4
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Analyses were conducted on the solid and liquid phases of the
concrete to detect ions of chlorine and nitrite.

Chlorine ions were determined in the liquid phase by titration
of a water-~alcohol extract of the concrete by a solution of silver
nitrate, while the total content was determined by titrating a
concrete sample previously dissolved in nitric acid, using the
same silver nitrate solution.

%%8000 —
x

6,

HO®

wueé apmomype
S 8
§ S S

e@%ywmww

~%

4 8 12 15 20 24 28 32 35 40 U
( 2) Paccmoanue om mapya anemenmagr

Fig. 1. Distribution curve for
preliminary stresses in the
reinforcement: 1 —~ concrete
without additives; 2 — concrete
with 2% CaCl,; 3 — concrete with

2% Ca012 and 2% NaNO

,\
[

20
KEY: (1) Preliminary stress in
the armature, o, kg/cm2; (2)

Distance from the face of the
element, cm,

The content of nitrite ions (Nogl) was determined as follows:

NOEl ions were oxidized in a solution of potassium permanganate
(KMnOu) in an ac:id medium to NO'3'l ions, while the excess KMn0), was
titrated off by the iodometric method. To determine the free
nitrite ions, an aqueous extract of concrete with addition of
Ca(OH)2 was titrated, while the total content was determined by
dissolving concrete in dilute hydrochloric acid., The results of
these tests are shown in Table 2.

FID-HT~23~-452~72 3



Table 2. Results of quantitative determina-

tions of C1 1 and N021 ions in concrete.
(1)
Koauuecrso CaCly | Kosuuectso NaNO, ( 2)
(3) | 1(5) | (6)
3 x2 CaCly 3 r-#onCi=t g x2 NaNO,! s r-uon
ma &3 Ge- | ua a8 Ge- ; ua &5 6e- "NO,=' Ha &?
Tous ToHa l To13 I prous
(7) HUexomioe Komnaecrso RoGasox
(8)B 6erone ¢ CaCly 10,2 183,1 - -
(9)B Gerone ¢ KoMmmnekcHOR  moSauKof
{CaCl;4+NaNQ,) 10,4 187,5 10,4 132,0
(10) Owee xonnuecrso AcSaBok uepes 5 ner
(8)B Gerone ¢ CaCly 6,3 114,4 —_ -
B Gerone ¢ koManexchof noGaskofk (9) 6,3 1144 6.4 83,0
(11) {onuyecrsc cBOGOAHNX ACGaBOXK
B Geroite ¢ CaCl; (8) Lr 20,1 — -
(9)B Gerote ¢ KoMmnaexchofi RoGaBKof 1ot 24,8 5,8 73,6

KEY: (1) Quantity of CaCl,; (2) Quantity of

NaNO, ; (3) as kg CaCl, per m3 concrete; (4) in

g~lons c1~! per m3

3

concrete; (5) in kg NaNO
-1 3

2

per m” concrete; (6) in g-ions NO2 per m

concrete; (7) Initial quantity of additive;
(8) In concrete with CaCl,; (9) In concrete

with the complex additive; (10) Total guantity
of additives after 5 years; (11) Quantity of

free additives.

From Table 2 it fcllows
open alr 80% of the residual
reaction with the components
from the liquid phase, where

that after five years of storage in
calcium chloride has gone into

of the cement and has been removed
the cslcium chloride appears as an

aggressive substance with respect to the reinforcement, into the
solid phase, where it no longer behaves as an aggressive agent,!

In contrast to thic, the sodium nitrite reacted with the
components of the cement with the formation of poorly soluble

'Tn individual cases the

content of ¢al.:lum chloride and sodlum

nitrite in fthe cement was reduced due to washing out,

FTD-HT-23-452-72
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hydrated calcium nitroaluminate in a quantity of only 8%, with the
. principal amount foun¢ in the liguid phase, and passlivated the metal.

RV St 4

. Thus, sodium nitrite is retalned in the liquld phase of the
concrete for a siubstantially longer period and in a larger quantity
than caleium chloride; this, naturally, should lead to an increase

in the protective properties of the sodium nitrite with passage
of time.
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To elarify the mechanism by which an addition of sodium
nitrite acts on the corrosicn of prestresced reinforcement, electro-
£ chemical tests which involved taking polarization curves from a
144 model. of prestressed reinforcement were carrled out.

Ea

BER

TIPS

The installatlion whose diagram is shown on Fig. 2 was used for
the electrochemlcal tests.

Steel plates were pulled on the instal-
lation up to a given stress (usually 60% of destructive) and held
in the stressed state during the entire test. A cement~sand
solution was placed in a small mold 80 x 40 x 30 mm.

Fig. 2. Dilagram of installation for
testing stressed reinforcement: 1 —
channel; 2 — cylindrical spring; 3 —
nut; 4 — steel specimen; 5 — con-
crete; 6 — calomel electrode; 7 —

‘ potentiometer; 8 - auxiliary plati-

; : num electrocde; 9 — galvanometer;

; 10 — 120 MQ resistor:; 11 — DC source,.

Ny e e e T L, R B
PR R AT T

The specimen was connected to an auxiliary and a saturated
calomel electrode by means of glass tubes filled with the cement
solutlon. Potentlals were measured withan LP-5 potentlometer.
The electrlce clrecult permltted taking polarization curves at
growing current densitles without a break in the circult, All

visctrochemical measurements were carrlied our zt

v a relative

hmidity of 80%, which ensured the possihiiity =1 simulianeous

FTD-HT-23--452-TZ 5



penetration of moisture and air into the reinforcement through
the pores in the concrete [1, 3]. Such conditions are considered
very aggressive.

To accelerate the tests we took cement-sand solutions with
additions of 10% caleium chloride and 6% sodium nitrite. This
amount of sodium nitrite does not give a complete quarantee of
protection from corrosion [1, 4].

A8 1s evident from the data 1n Fig, 3 and Table 3, the armature
stress state finds no reflection whatever in the polarlzability of
the steel or in the magnitude of its corrosion in the concrete,

X,

Table 3.
(1) Maxcm‘a’:’?gg’s}‘ n;.:yo;xus (2)
X , MK
Rotasa 3 6e1arr | yowanpn- | manpaken- N
apurrypa | " tya
(5) (3) .
Bes noBasku 30 35 .
10% CaCl, 422 405
10%. CaCly+
+6% NaNO; 235 223

KEY: (1) Concrete
additive; (2) Maximum

: depth of corrosion, um;
(3) unstressed rein-
forcement; (U4) stressed
reinforcement; (5)
Without additive,

e

The tests (Fig. 3) showed that as in solutions of electrolytes,
sodium nitrite in concrcte operates as an inhibitor of steel

reinforcement corrosion oy ¢ anode effect but, in contrast to

; the behavior in electrolyte solutions, in concretes sodium nitrite

has no influence on the rate of the cathode process. This is

explained by the fact that corrosion of the reinforcement in ‘
concrete is basically determined by diffusion processes [1=-5],

whose rate depends in the presence of moisture on the quality of

the protective layer of concrete and 1s virtually independent of .

FTD-HT-23-452-72 6
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of the area of the cathode segments. The addition of sodium
nitrite does not lower the quality of the protective layer and,
consequently, does not lncrease the rate of diffusion of corrosion
agents; this 1s supported by the cathode\polarization curves.

2
vt

i
(£

ol

%g -200% Fig. 3. Effect of stress on

i polarization of steel in con-

%g 0 crete: 1, 1' - concrete without
%ﬁ additives; 2, 2' ~ 10% CaCl,; 3,
i 00 -

A . 3' ~ 10 CaCl, + 6% NaNo,.

unstressed reinforcene
—e=s=o= 3trcszsed reinforcement
KEY: (a) Current density

(mA/cmz).

nt;
L]

o
A

. (a) 4 8 R 15
* flnomuocmb mona (mafem?)

PRt B

Thus, in dense concrete, where corrosion proceeds with diffu-~
sion control, sodium anitrite slows the anode process through the
creation of a protective film on the surface of the metal; it does
not influence the cathode process and, counsequently, it should be
a safe corrosion inhibitor at any concentrations of the No-l ion.

2
This is confirmed by the results from our earlier laboratory

{ investigation.

o T T S

e

Contclusions

1. In dense concrete without cracks or wiih cracks where the
width of exposure does not exceed approximately 0.1 mm, stressing
of the reinforcement results ir virtually no change in its chemical

. resistance in atmospheric conditions even when the concrete con-
tains 2% chlorine salts. The nature of the control over the
corrosion process is unchanged.

FTD~HT-23-U452-72 7
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2. Five-yeer full-sczle tests have shown the possipnilicy of
protecting unstressed and prestressed re.nforcement in solid
concre¢te with 2% calcium chloride by int.roducing an addition of
27 sodium nitrite. .

3. OSodium nitrite is retained longer :n the liguid phase of
the concrete than the calcium chloride; the lztter converts to the
low~solubility hydrate of calcium chloroaluminate, This leads to
a systematic increase in the properties of nitrite additives as
corrosion protection.
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