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calcium nitrite, the reinforcing steel showed moderate severe 10 severe COrrosion, ang : :
ranged in length from 2.0 to 15 in.. Moderate severe to very severe corrosion was [ o Data:(field evaluation)
observed in reinforcing steel specimens from slabs containing calcium nitrite at 6 gal/yd® Reference
The length of corrosion was from 3.0to 4.25in.. The length of corrosion and the overal OCIA
severity of corrosion are summarized in Table 3. ?iﬁ?z;;regate (Ibs/ yd®) 650 650
A chloride analysi i Coarse Aggregate : o i
ysis was performed on a total of nine test spec Water . 1800 1800
the control mix, calcium nitrite at 4 gal/ yd® and the OCIA at 1 gal/ yd* The chlorig Air Entrainer l 260 260
analysis shows that chloride levels were highest in the specimens containing 4 gal/yd®of H|RWRA (fl. oz/cwt) 1.4 1.4
calcium nitrite, and lowest in specimens containing the OCIA. The OCIA was found g § Organic Corrosion Inhibitor 12.0

" signifi ly hi the infiltrati f chloride into th oncrete and alon the
significantly inder the infiltration of chiloride | o the c [ g I e oFcement)® ig

bar (7). wic ratio
Slump (in.) ? 6.5
5.7

. Air (%)
STM G-109 Test " Unit Weight (Ib./cu. ft) 147.5

ASTM G-103 Test
: 72

Concrete Temperature (°F)

imens (three each from

The ASTM G-109 test procedure is similar to the Time to Corrosion test describel
previously. The maijor differences in the G-109 test procedure is the use of smalt® 1 o7 /owt. is equival
specimens (11 x 6 x4.5in.), a higher cement content (600 Ibs), a 39 salt solution, a Jewt. is equivalent to 0.01% by wt. of cement
a monthly drying cycle at a temperature of 7 3 Ex
s ; A ~ Set Time

The ASTM G-109 test was originally designed to evaluate the effectiveness of concret s
admixtures in inhibiting corrosion. However, because of significant variability in testdat Theteft

; . 2 ; ; ect of The OCIA on th i '
from different labs, the test method is currently being reviewed. b temperatures of 50, 72, and 90 "Fe ;g:;l?gitF;Te c(:;ffporl‘ncrete was evaluated at ambient
; : ial and final set times were obtai
ned at each

| | " temperature. The tes i
Prior to these recent developments, the OCIA was tested by Wiss, Janney, Elst¥® that The OCIA did nOtt ::\fg :’ggsr:?i‘é"a” ?ri?hlca“v e i L
nt effect on initial set time at i
ambient temperatures

Associates, Inc., @ leading independent corrosion laboratory. More than a year a_fte_r 8 of 72 and 90 aghees F ,
test had started, none of the specimens (the OCIA nor the control mix) had initid®® The OCIA retarded the Ca:jh'::rneflglt.l_ ﬁr\ltian ambient temperature of 50 degrees Fahrenheit
corrosion. that specified i slightly. However, the am = it
| pecified in ASTM C-494 for classification as a Type %“nFt‘;fa:gi(s;dagoq is less than
’ admixture.

ATt e s
e T o

Effect of The OCIA on Plastic Properties . Slump

The OCIA has very little effect on the plastic properties of concrete. In the followit The OCIA ha

sections, test data obtained from a field evaluation are presented on set time, slump, & s no effect on concrete slump as shown in Figure 4
content, and temperature development of concrete containing the OCIA and those of 1 ’
reference concrete. The mixture proportions used in this evaluation are presented intle Air Content
following table. The OCIA was used at a dosage which is consistent with 1

recommended for corrosion inhibition. ~  The additi
B i ar::lljt:ir:)?f OCIA to a concrete mixture may require extended mixi
3 S Tias . e :
air-entraining admixture used, to achieve a given af;:l)é::gtor anincrease
ntent.

Tem
Erature Development Profile

As shown j i
in Fi A wi m m
deve gure 5, the OCIA will not affect the peak exotherm of te perat
ature

D 0 ||e (0] n m
ro
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thermocouples placed in the middle of insulated 1.0 cu. ft. wooden boxes filled witt sulfate Resistance
concrete. The boxes were insulated to simulate a mass concreté placement. i
temperature development profiles are consistent with the set time data discussed aboe® The OCIA will increase the sulfate resistan £
[ : ce Of concr ;
st i ot devpes 0 o e, e
lest specimens for con o : igure 7 show
EFFECT OF OCIA ON HARDENED PROPERTIES * than that for the reference concrete, after 15023?(3522&3?;29 the OCIA is only slightly less
of testing, the . : ; esting. Howe
ofesting, the OCIA-treated concrete showed significantly less expans;‘cr:wenr ,Cif;epr:dezee:s
redto the

- o - H -
Air-void System Parameters reference concrete. This can be attributed to a slower in
the OCIA-treated concrete matrix. gress of the sulfate solution into

The effect of the OCIA on the air-void system parameters of concrete were extensivis
evaluated using truck-mixed and central-mixed concretes. Air-entraining admixtures wes
used in these evaluations at dosages ranging from 1.5 to 3.0 fl. oz/cwt The results of m; Concrete-Steel Bond Strength
air-void system analysis are summarized in the Table 4 for the truck-mixed and centi
mixed concretes. The data show excellent correlation between the plastic and hardexl® The bond strength developed betwee
air contents, indicating that the OCIA will not affect the stability of the air voids duiifTest data obtained from an independent n concrete and steel is not affected by the OCIA
the hardening process. The calculated spacing factors aré less than or equal to tefand presented in Figure 8 show that, on e:aluat'.on conducted at the university of Kansas-
maximum value of 0.008 in. recommended by ACl or adequate freeze-thaw durabilityd fnu difference in bond strength behﬂ;eentu? basis of equal compressive strength, there is
concrete. fosage rate which is twice that recommenzgsffec:n'ezg?rc?sr:gr:riiit’gq‘Concretes' el &
IDItion.

Abrasion Resistance Modulus of Elasticit

ADTdDIUIT T e ——

accordance with ASTM C 779, Procedure A. The test data, shown in Figure 5 indicafeccordance with ASTM C 469 using a :
equal depths of wear for the reference and the OCIA treated concretes after 60 minuEgéxtensometers. This test setup Engmec(;)::‘pu;er'ze‘j data acquisition system and a pair of
e toughness of th e determination of the strai
e concrete. The data obtained are presented ir:algri]gﬁ:epse?ié)loag and
and 11.

of exposure to abrasion. This implies that the OCIA will not affect the resistance
shown in Figure 9
, the modulus of elastici
sticity of the concrete mi
mixture treated with the

Slastic Modulus is, how

- ; ever, considered insignificant. Fi

T insignificant. Figure indi

t f L s i ﬂ:g ; S 10tand 11 waate that
| oad and toughness of concrete are not affec ed by the use of the OCIA.

Freezing and Thawing Resistance :

The effect of the OCIA on the freezing and thawing resistance of concreté

evaluated in accordance with ASTM C 666, Procedure A. After 300 freezing and thavﬂ CON
cycles, a durability factor of 96 percent was obtained for the concrete containing the O0F o CLUSION
relative to the reference. This excellent relative durability factor indicates that the 0“8 “1danic Corrosion Inhi

o . 5 : i i i
. | . ‘ . -‘l I : : : s g ) IXtU es (OCI 'S) p i
— 0s on |1'| h n s I n corrosion illhibftOI S OI |9I

icient met ; ;
| hod of controlling corrosion in steel reinforced concrete
ts of extensive i :
nsive independ i

ely effecti pendent testing have sho i :
i ive ¢ PR wn this partic
ate, B0SI0N in crackeq :c;'rT]zSIOn inhibiting system, particularly if': dei:ylr?rz OChIA et
cingMENOrcing steql. rete where the aggressive agents have directgatcce e

- ess to the

E Resy
eXirem

Compressive Strength

When used in combination with certain types of natural, rounded aggreg
addition of The OCIA may result in a decrease of compressive strength. By redu
w/c ratio, the compressive strength can be returned to the original level.

eva|u3tin
b - dUng the per .
"10Si0n tests, \?"i stormance of this

particular OCIA inuncrack :
00 2t 1 oy g ed and precracked time-to-

Janney, Elstn i

’ er Associates, In

. performe . Inc. concluded, "Concr ke

d as well or better than concrete containing Zeti C::ctialﬁnmgl
e ga
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of (calcium nitrite) in standard uncracked time-to-corrosion slab tests and p’ecraCkwbﬁT e iy : B
. Uncracked Beam Corrosion Test

tests (7)."

REFERENCES - Ssisie Corrosion Current Resistance
: (uA)
2 (Ohms) Half-cell Potential (-v)

Twk 23wk 48wk | Twk 48wk 1 wk 23 wk 48 wk
147 174 180 510 0:192 0536 0.589

179 164 180 610 0.186 0.511 0.553

82 54 140 520 0.190 0.483 0.459

56 253 150 420 0.176  0.400 0.589

63 160 1560 460 0.166 0.438 0.565

1 6 150 530 0.186 0.180 0.308

36 34 100 350 0.185 0.398 0.423

0 0 120 460 0.194 0.219 0.165

200 930 0:187—0:314—+-0:330

200 840 0:199--0.161 0.163

- Selected Facts and Figures,” U.S. Department of Tra - . Description

1. "Our Nation’s Highways
Administration, Office of Highway Information Managemns onitiol

tation, Federal Highway
" Scien Control

2 gal CNI*
2 gal CNI

3. "Corrosion Basics, An Introduction,
4 gal CNI

1984, pp. 5- |
orced Concrete," Concrete Consti 4 gal CNI

2. Dunker, K.F., and Rabbat, B.G., "Why America’s Bridges are Crumbling,

American, March 1992, pp. 66-68 .
" National Association of Corrosion Engi -

4. Holland, T.C., " Corrosion Protection for Reinf
March 1992, pp. 230-236. : 6 gal CNI
B 6 gal CNI

5. Nmai, C.K.; Farrington, S.A.; and Bobrowski, G.S, i
Inhibiting Admixture for Reinforced Concrete,” Concrete International, i 4 1 gal OCIA
| 1 gal OCIA

45-51.
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i * Calcium nitrite

r New Prestressed and Substructure C

6. RD-86/93, "Protective Systems fo
1987, pp- 21.

Federal Highway Administration, April,

7. Corrosion Testing of OCIA 222 for Master Builders, Inc., Wiss, Janney,

Associates, 1993, pp- 1-19.
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Will Secre, Marketing Mar#
for the Admixtures Division?
Master Builders, Inc.
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TABLE 2.

Uncracked Beam Corrosion Test- Rebar Condition

Sample No.

Length of
Corrosion (in.}

Top/Bottom/
Circumference

Description

Control

9.0

Moderate to severe-deep
pitting and flaking.

5.0

Moderate to severe- deep
pitting and flaking.

3.25

Severe pitting

5.0

Very severe, loss of rebar
deformation

Calcium nitrite- 2 Gal/ yd*

4.0

T

Very severe pitting

7.25

T

Moderate to severe
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TABLE 3. Condition of Precracked Beam Specimens
(Conclusion of Testing)

Specimen
No.

Top Width
of crack (in.)

Depth of
crack (in.)

Maximum
length of
corrosion (in.)

Severity
of corrosion

Location of
corrosion
(sides)

0.005
0.009
0.009
0.009
0.007
0.009
0.009

Control

3.50
3.00
25
3.50
3.25
3.50
3.25
3.25

7.00
8.00
8.00
10.00
11.00
9.00
7.00
5.00

Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe

Both
Both
Both
Both
Both
Mostly one
Both
Mostly one

6.25

T some on bottom

Moderate to severe

6.75

T some on bottom

Moderate to severe

Calcium nitrite- 4 Gal/ yd®

4.75

T

Moderate to severe and
very severe

3.5

T

Moderate to severe

0.25

T

Minor scale

0.0

Very light scale

Calcium nitrite- 6 Gall yd®

2.5

T

Moderate to severe scale

1.5

T

Moderate pitting

0.25

T

Minor scale

0.0

Very light scale

- 1 Gall yd?

Minor scale

Very light scale

Surface scale

Very light scale

0.007

0.010
0.005
0.005
0.007
0.007
0.009
0.007
0.005

Calcium nitrit

2.75
3.00
3.25
3.00
3.50
3.50
3.00
3.25

- 2 Gall yd®

14.00
14.00
14.50
8.00
15.00
15.00
5.00
5.00

Severe
Severe
Severe
Severe
Severe
Severe
Severe
Severe

Both
Both
Both
One
One
One
Mostly one
Both

0.010
0.011
0.007
0.009
0.007
0.007
0.007
0.005

Calcium nitrite-

3.25
3.50
3.25
3.00
3.00
3.75
3.50
2.75

4 Gal/ yd®

14.00
14.50
15.00
11.00
5.00
3.50
3.00
2.00

Severe
Severe
Severe
Severe
Severe
Moderate severe
Severe
Severe

Both
One
One
One
One
One
Mostly one
One

0.007
0.009
0.010
0.005
0.005
0.007

Calcium nitrite-

3.00
2.50
3.25
2.50
3.00
3.50

6 Gall yd®

11.00
7.00
7.00
9.00

4.00
3.00

Severe
Severe
Very severe
Severe
Severe
Severe

Mostly one
Both
Mostly one
One
One
One
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