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DISCLAIMER

The contents of this report refiect the views of the author

who is responsible for the facts and the accuracy of the data
presented herein. The contents do not necessarily reflect the
official views or policies of the Washington State Department
of Transportation or the Federal Highway Administration. This

report does not constitute a standard, specification or regulation.
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SYNOPSIS

Darex Corrosion Inhibitor (DCI) was specified for use in the Dogfish Bay Bridge on
SR 308 in Kitsap County. The bridge is a 90-foot long structure located within a
tidal zone. The superstructure is an 138-inch deep prestressed concrete slab. The
end piers and two intermediate piers each consist of six 16¥-inch prestressed
concrete piles. DCI was added to all concrete used in the slab and piles except for
four control piles (one in each pier). The supplier, Grace Construction Products,
claims that the Calcium Nitrite contained in DCI will, when used as an additive in
the recommended dosage, strengthen the passivating film around the reinforcing
steel "making it more resistant to chloride penetration,” thereby protecting the
steel against corrosion. (The process is explained in detail in Appendix A.)
However, only half of the recommended amount of DCI was added to the test
sections. At this dosage, DCI appears to be no more effective than standard

Portland Cement Concrete in preventing corrosion of the reinforcing steel.



CONSTRUCTION SUMMARY

Prior to construction, use of DCI and the installation of a half cell potential
monitoring system were incorporated into the contract by change order. The
control piles were driven in July 1981. DCI was added to the concrete mix for the
remaining precast piles and slabs which were poured in August 1981, Forty-two
point five (42.5) fluid ounces of DCI was added per 100 pounds of cement. The rate
recommended by Grace and specified in the change order was two percent by
weight of cement (85 fl. oz/cwt cement). This fabrication error was not detected
during the construction. The prestressed units were in place by December 1981 at
which time the bridge was opened to traffic. The project was completed after

sealing the deck on April 2, 1982,

COST

The total cost to incorporate DCI on this project and to provide a monitoring
system was $8,596. The cost to add the DCI to the concrete was S47.66 per cubic
yard of concrete, for a total of $7,625. This total represented 2.8 percent of the

total bridge construction costs.

-2~



TEST RESULTS

Samples were taken to determine chloride content and half cell potential
measurements were made in September 1984. The results are given in the table

below. The sample locations are shown in Appendix F.

Chloride Content (Ib/CY)A) Average
Half Cell
No. Sample Location 1"-1%" 152" 2n-2%" (V)
Control Pile -
1 Pier 2: 1 foot below cap 7.41 4.20 0.78 -0.242
within tidal zone 5.71 2.72 1.57 -0.353
Experimental Piles
2 Pier 2: | foot below cap 5.38 2.97 1.14 -0.224
within tidal zone 8.42 7.27 4.56 -0.448
3 Pier 3: 1 foot below cap 7.08 4.06 1.61 -0.269
within tidal zone 5.48 3.38 1.37 -0.421
4 Pier 3: 1 foot below cap 5.12 1.99 0.49 -0.207
within tidal zone 4.57 3.15 1.19 -0.399
Deck
Sta. 0+16 27.8 feet right 0.27 0.21 -—— -0.095
Sta. 0+45 28.2 feet right O0.44 0.33 -_—— -0.065
Sta. 0+70 28.3 feet right 0.29 0.78 ———- -0.013

(A)  Reinforcing steel in the piles has 3 inches clear cover. Reinforcing steel in
top of the deck has 2 inches clear cover.



CORROSICN STANDARDS

A chloride content of 1.0-2.0 Ib/CY is generally accepted as the threshhold for

corrosion.(1)

ASTM C 876-80 states "if potentials over an area are numerically greater than -

0.35 V CSE, there is a 90 percent probability that reinforcing steel corrosion is

occurring.”

CONCLUSIONS

The average half cells indicate that there is a 90 percent probability that corrosion
is occurring in reinforcing steel in the piles within the tidal zone. There is no
significant difference in test results between the control piles and experimental
piles. The effectiveness of DCI as a corrosion inhibitor cannot be determined from
this project. The test results do confirm the supplier's previous testing which

indicates that concrete containing one percent DCI only slightly delays the start of

corrosion.(2)

Further field testing does not appear to be warranted. The structure will be
monitored through our bridge condition inspection program and reported on at such
time as any apparent corrosion is detected in either the experimental piles and slab

or the control piles.
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APPENDIX A
Mechanism of Corrosion

How DCI Works
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MECHANISM OF CORROSION
HOW DCI WORKS

The mechanism of corrosion is rather complex. A simplified approach to the
theory of corrosion methodology we subscribe to is presented.

The corrosion of reinforcing steel is the reaction of iron metal with oxygen
in the presence of moisture. The rusting of irom objects in the atmosphere
produces layers of iron compounds ranging from ferrous oxide (Fe0), through
Fe304, to ferric oxide (Fep03). We are simplifying the discussion of the
chemistry here by ignoring water which may be bound in varying amounts to
the iron oxides.

In concrete, which contains high levels of hydroxyl ions and thus exhibits

a relatively high pH, normal corrosion processes cause the iron rebar to
become coated with a very thin layer of Feg03. This layer of Fe203 serves as
a barrier which prevents iron ions from leaving the reinforcing bar. Corro-
sion, which is simply metal loss due to chemical processes, stops. Therefore,
concrete by itself is an excellent corrosion inhibitor. You can think of iron
in concrete being protected in an analogous situation similar to aluminum
products in normal use when no salt is present.

However, the presence of chloride in concrete prevents the ferric oxide

coat from stabilizing and, thus, allows further corrosion to proceed. The
chloride ion may be integral in the concrete from the use of marine aggre-
gates or chloride-containing admixtures, or it may enter the concrete over a
period of time from the application of delcing salts containing NaCl or
CaClys or even from salt-laden air. The chloride ion penetrates the thin
protection layer of Fep0; and forms complexes with ferrous ion (Fett) at the
steel surface. These iron-chloride complexes are solubilized and move into
the concrete. The ferrous ion eventually precipitates as Fe(OH); (=Fe0-Hy0)
and oxidizes to Fey03. Meanwhile, the chloride ion, which has been freed
from the complex by the precipitation, goes back through the Fe203 layer to
cause more corrosion. Eventually, the film of Fe203 is so undermined that
it offers no protection.

The diffusion of the iron-chloride complex away from the reinforcing steel
and the production of solid corrosion products with a fourfold volume
increases causing a disruptive splitting force. This expansion force easily
overcomes the relatively weak tensile strength of the concrete, resulting

in popouts, spalls, and general disruption of the concrete. This blitz-like
attack can result in complete failure of a reinforced concrete system.

(Cont'd.)

|

We hope the Intormation grven here will be helplui It is based on data and krowiedge cansigered to be trye and
accurale and is oflered for the user's consideration. investigation ond varitication. Please read all statements,
recommendations or suggestions in conjunction with our conditions of sale which apply to all goods supplied by

us. No sigtement. recommendalion or suggestion is intended for any use which would infiinga any palent or
copyright. Canstruchon Products Division, W.R. Grace & Ca., 62 Whiltemore Ave . Cambridge, Moss. 02120 CONSTRUCTION PRODUCTS DIVISION
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DAREX CORROSION INHIBITOR, based on calcium nitrite, acts to inhibit corrosion
through its unique oxidizing properties in the presence of iron. Remember,
the presence of chloride ion allowed movement of ferrous (Fett) complexes
through the concrete. The nitrite ion (NOz)“, however, immediately oxidizes
ferrous ions (Fet™) to the more insoluble ferric (Fe++4) state and in so doing,
reinforces the thin layer of Fey03 (ferric oxide) already present. The iron
is not carried away into the concrete, but bullds up a thicker layer of

Fey03 which 1s a barrier to chloride ion migration. Corrosion is inhibited by
the nitrite portion of DCI and the buildup of deleterious corrosion products
is prevented as long as inhibitor is present., The calcium portion of DCI is
very compatible with concrete and contributes strength enhancement and does
not add to alkali~aggregate expansion.

In summary, in concrete, iron is protected from corrosion by a thin layer of
Fep04 which prevents loss of iron loms.

In the presence of C1~ ion, this layer is penetrated and metal loss (corrosion)
OCCurs:

Fe® ——— 2e + rett
(iron metal) (Electrons) (Ferrous ions)
(These will be picked
up by oxygen at the -
cathode. ) Clm & ———— ——— —
{Feci)+

I
1
This complex moves i
through Fesz03 inte 1
|
|
|
I

concrete

1 OB~ (from concrete)

Fe(OH)2 + C1° ————-— 4

Lo

F8203
(Final corrosion product)

In the presence of nitrite ion, the |?ecﬂ + complex is precipitated at the
point where Fe,0q film is being penetrated, strengthening the film and making it
resistant to chloride penetration. The equation for oxidation of ferrous to
ferric is:

2Fett + 2N0T, + Hy0 ————> Fep03 + 2NO + 2HT

Therefore, it has been shown that calcium nitrite added in sufficient quantity
to reinforced concrete which may contain contamination from chloride salts
produces a stable iron oxide film preventing the formation of the highly dis-
ruptive corrosion products normally produced by the chloride.
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DESCRIPTION OF ¥/O RK

Yiru ure ordered to parform the following descri bed work upon receipt of an oscroved copy of this chcmcﬂ o"’er

7!&:1(1 Darex Cor*os:.on Iahibitor (DCI) to

all concrete uzed In the pre-—

stressad concrete piles, excluding the test plles, and in the pre—
stressed roadway slahs. The DCI shall he added In accordance with the
Mamufacturer's recommendations (2% x cement weight) and as diractad by
the Iagineer.

The tumd sum cost for "Darex Corrosion Inhibitor” shall be full compen—
sation for all labor, materials and eguipment required to furnish and

i f:roduce the DCI iato the concrete mix. : :
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DEPARTMENT OF TRANSPOGRTATION
o INTRA-DEPARTMENTAL COMMUNICATION

FROM: A. R. Morreli/D. L.  Barclay : -

pAaTE: August 5, 1981

Phoaa: SUBJECT: SR 308 T

k Dogfish Bay Brldge 308/51 Doy

;‘ —~ Replacement b A R T

o Contract 2053 T ' e C
To: T. G. Gray/M. J. Nash Loeeh ke e T
KF-01 T

Attached for your signature is Change Order No. 2 whxch prcv1des for ..
the addition of Darex Corrosion Inhibitor to all concrete used in, Lhe
prestressed concrete piles and in the prestressed roadway slabs. Thls- L

addition was requested by Headquarters Bridge with the concurrence of
the FHWA.

P

The breakdown for the cost to add the DCI is: AR

Material Cost $27.00% S
Waste, Testing, Dispenser i
Rental & Setup 9.50
Subtotal $36.50
15% P & oIl (Fabricator) 5.48
15% P & OH (Prime) 5.48

$47.46/CY of Concrete AX

* Bridge Division estimate = $24.62
160 CY x $47.46/CY = §$7,593.60
Verbal approval for this addition was received from Tom Murawski July 22,
1981.
ARM/mtc
DLB/EDS
Attach.

cc: M. H. Holzerson
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"TESTING LABORATORIES, IFIC, 1

TCONSTRUCTION MATERIALS 1945 EASY B877tH STREET

CHICAGO. ILLINOIS 60617
INVESTIGATION
OESIGHN AND CONTROL

CONEULTATION

November 21,1979

RESEARCH

Re: Darex Corrosion Inhibitor Coe
ASTM C 494-77a

a2

Qur data on the Darex Corrosion Inhibitor used in the caleulations in the test mix
are as follows:

Specific Gravity 60/60° 1,296
PH 9.3
Solids, 7 By Weight 32,4

The enclosed results indicate that Darex Correosion inhibitor added at aspproximately
2.07 by weight of cement, solids to solids complies with ASTM C 494-77a.

Included with this report is a summery data of the average regults to date followed
by individual tests results.

We would be pleased to discuss this report with you at your convenience.

Respectfully submitted,

FLOOD TESTING LABORATORIES,IRC.
/

Wit A Fbood

Waleter H, Tlood

3
Wir:1lg



U0 TESTING LAGORATORIES

IFHC

REPORY OF TEST QF

Design OF Concrete Mixture

ENE AR

E4 Cooe 3121 SACINAW (.22

e R

1945 EAST B71m STRE!

CHICAGO, ILLINOIS §06

Noveober 23,1979

Computed Mix Data
Sacks of Cement
Brand of Cement
Welghts{Sat.Surf.bry),1lbs.:
Cement:
Saad (Regraded)

Mo, 37 Crughed Staae(legra

Total Water
Adnilxiure:
Darex ARA
Air, Content Net 7%
Slump, Incheas
Water-Cemant Raiio,Cals,/Sack:
Yield: Cu,ft,/Volume of (ement
1. /Ctbic Foout of Conccrete,lbs
Bry Rodded Cubic of fGoars
Aggragate
Rule:

™ a
faal

and Harguebie Type T,

* 3,45 gallons of D.C.L. contains 12,07 1hs, of ¢o? tds and 25.12 Jts. of wat
rolution used to determine water-cemRREpFabig Ly susimiien.

Weter in p,C. T,

VHY g

barex Corrsion Inhibitor

LABORATORY NO. . DATE Pege No. 14
SAMPLED BY: <
SAMPLED FROM: S ~AMOUNT
MANUFACTURED AY:
CONTRACTOR: (Construction Products Division
7.R, Grace & Company
6051 West 65th Street
REMARKS: Chicago, Illinois 60638
Att: Mr. Leo Rojic
Project: D.C.I, Test Mix
Material: Coarse Aggregate Fine Aggrqg&;e
Type: No.57 Crushed Stone Natural Sand
(Regradad) (Regraded)
Design Data:
Bulk Specific Gravity(Sat.Surf.Dry) 2.70 2.68
Wt./Cubic Foot, Dry Rodded,lbs.: 96,8 112.4
Voids in Aggregate, % 42.5 32.8
Absolute Volume of Coarse Aggregate per =
Cubic Foot of Mortar 0.64
Absolute Volume of Mortar per Dry Rodded
Cubic Foot of Coarse Aggregate 0.89
Corrections: Coarse Aggregate in Sand, 7 0.0
Sand in Coarse Aggragate,? 8.0

Abroiute Volume

Per Cubic Yard Per Sack Cement Cu,Ft./ru.vd.

5.50

517
1350
1782
235

dad)

4.0 fl.oz.
5.5

2 1/2
5.67%
27.00
145,22

0.6832

P
LI

=]

)

fer Unlt Volume of Concrete)
Cerent was blend of squal parts by weight of Universal Type I, Penn-Dixis Tvis

3,45 gallons* 037627)gallons

1.0
2, c'-/;w-‘_ 7 6
s AT e
324.0 9’ 10.58
- 42.7 3.77
G.46
1.5 fl.0z.
3,47
4191 2?400

Al

28 -

ABDRATORILE, I,
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Change Order No. 3
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1 3 T WASHINGTON STATEL
Sheel_- _of . DFI’ARTM!‘I\] Ol‘ 'I RANSPORIA] 10N -
;ooat/auey | e e 2
I R - _CHANGE ORDER
= n "Ordered by Engineer under 1erms of Section &
= ‘ o of the Siondard Specifications
D - Change proposed by Contractor ’ : ‘
: : v« 1.« Hurlen Construﬂtmn Company
" P. 0. Box 80945 ‘
Endogsed by: HLrlen Con/s truction CO'DED&_}’ “ Seattle, Washingtop_ 98108
_/'"""“;'mrh ""mj T R N A R - ’ : ' ‘
M CWM'Z\—: 26 cc7 57 )
Signature l/ Pate . . o SE 308
Tlrle FREESIOE R IT™ _:'_‘__‘___.__ .. BRF‘-308(2)
- Consent given by Surety: fuhen reguired) - ) R R __ _DngiSh Bay Bridgﬂ 3.081,51
____ Replacement -
By: . I U
Attorney-in-fuct idte T
B OSSO DESCRIPTION OF WORK ..vvovr oo, e

You cre ordered to perform the following de;crnbed work upon 1eceip! of an opproved copy of this chcmge order

Install wiring and connections to the crosec beam and traffic barrier at the west
half of pier 2 as detailed on sheet 3 of 3 of this change order,

411 materials required, zs delineated on sheet 3 of 3 shall be in accordance with
the requirements of the Standard Specifications for ti;}%tem specified, A svpplier
for the eadwels c'leeve will be provided by the Project Engineer.

Zacd u.:(_lc}\

//V/é:"" '

The lump sum item “Corrosion Monitor Systen"” shall be full compensation for all
lebor, materials, and equipment necessary to perform the work as detailed in this
change order,

. . § = ) ' . N
The contract time is extended 3 vorLing days to complete thls item of Mj//"’/
ya4

All waork, materials and measuremeant te be in arcordonce with tha provisions of the Standard Specifications and Sceciol Frovisions tor the type of ronirac
tion invaivod.
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APPENDIX D

Prestressed Slab Reports
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