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INTRODUCTION

PROBLEM

Corrosion of reinforcing steel in concrete bridge decks has

been accelerated by increasing use of de-icers. Increasing

concentrations of chloride ion around the reinforcing steel has

enhanced rapid g~owth of corrosion products which ultimately

!\
t·

causes loss of concrete on the surface of the bridge decks.

Repair cost has accelerated causing severe budgetary problems.

Solutions to abate or stop the corrosion deterioration of

existing bridge decks and to prevent corrosion deterioration of

\
future structures are needed.

HISTORY

The Missouri Highway and Transportation Department, on

identification of a problem with bridge deck deterioration due

t
to scaling and spalling, and evaluating possible future

maintenance costs, began in 1955 to place bituminous and
----------

} aggregate seal coats on bridge decks. This application was to

seal the immediate surface of the concrete and the structural

cracks to prevent further deterioration.

Construction specifications for new construction were

changed in 1959 to help cope with deterioration problems. From

~ observed defects in existing structures, more restrictive

J

~
limitations on the shale or shaley stone contents of the coarse

aggregate were imposed. Design changes increased cover to two

J
)

inches above the top reinforcing steel and established

1



limitation on the maximum air temperature during a concrete deck

pour of 90 degrees F.

In 1960, further restrictions were placed on fresh concrete

properties by specifyin~ a four inch maximum slump and entrained

air content of 4 to 7%. Application of double boiled linseed

oil to the surface of the concrete deck and parapet walls of new

structures was also specified after a given curing period and

before opening to traffic. One application of double boiled

linseed oil was required each year thereafter, for a period of

five years.

In 1970, because of the theory of corrosion due to salt

intrusion, the use of several proprietary waterproofing membrane

systems to protect new and existing bridge decks was initiated.

These liquid and sheet type membranes were normally thicker in

application rate than the seal coats and were protected from

traffic abrasion with a two inch asphaltic concrete overlay

system.

In 1973, experimental use of epoxy coated reinforcing steel
---------

was initiated for new bridge construction. The coating, an

electro-static heat treat process, was designed to protect the

reinforcing steel from the corrosive environment. Handling and

placing procedures were improved during the construction of

experimental installations. Epoxy coated reinforcing steel has

subsequently been specified for new reinforced concrete bridge

decks.

In 1975, cathodic protection was placed on a pair of twin

box girder bridges. The design of the system, done inhouse, was

2



a copy of the original Stratfull(2) design which used pie shaped

cast iron primary anodes with coke breeze asphaltic concrete as

secondary anode. Missouri has subsequently engaged in active use

of cathodic protection since 1~.

In 1976, low slump ,concrete and latex modified mortar-
overlays were used to rehabilitate existing bridge decks.

Shortly thereafter the latex modified mortar was re~designed to

the present latex modified concrete overlay. During the same

'~

~

I

period of time, the cover on the top reinforcing steel in the

new reinforced concrete bridge decks was increased to a total of

3 inches. A new concrete mix design (B-2) for bridge decks was

designed with 7.75 bags of cement per cubic yard at a maximum

water-cement ratio of 0.40 to increase density and reduce

permeability of the concrete to help retard chloride

I, t t', pene ralon.

The above historical sketch of the Missouri Highway and

Transportation Department's efforts to find acceptable

J

r

~

rehabilitation methods for existing bridge decks and to design

preventative measures into new construction to prevent further

corrosion deterioration has been productive.

THEORY

Basic consideration of the above problem would dictate

elimination of de-icers. Short of this solution, a method to

o render the chloride ions ineffective must be developed.

Numerous reports have offered laboratory and field research

results on the effectiveness of many protection systems to stop

l 3



corrosion deterioration of bridge decks. Many questions,

however, have been raised about the true performance of

protection systems based on the data and test methods used.

Ultimate evaluation of a protection system should be from field

performance records. Many forms of deterioration can occur to a

protection system, but it is the continued corrosion of the

reinforcing steel attributable to failure of the protection

system that is important in this research investigation.

The theory which was pursued by Missouri in the formulation

of this research project was primarily directed to existing

structures which were considered as structurally

rehabilitatible. Removal of the deteriorated concrete in

delaminated areas, cleaning the remaining concrete surface, and

placing a protection system appeared to be the most economical

measure to extend the life of existing decks. This study was

designed to evaluate several protection systems that were being

utilized within the State of Missouri, and to include the new

proposed concrete overlay designs that had not previously been

used in Missouri.

OBJECTIVE

The objective of this study was to determine the

effectiveness of seven protection systems which may be applied

to the surface of concrete bridge decks to either eliminate or

retard the corrosion process. The 7 protection systems

used on 14 bridges in the North Kansas City area were:

1. Cathodic Protection - Bridges L-701 and L-702

2. Low Slump Concrete - Bridges L-501 SB and L-642

4
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6.

7.

Dow Latex Modified Concrete - Bridges L-759 SB and

L-641

Protecto Wrap M-400A w/Protection Sheet (sheet type) ­

Bridges L-501 NB and L-759 NB

Heavy Duty Bituthene (sheet type) - Bridges A-1613 and

L-719

Gacoflex UWM-2811 (liquid type) - Bridges"L-720 and

L-721

Superseal 4000LT (liquid type) - Bridges L-563 and

L-57l
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All of these structures carried main line traffic on either

Route 1-29 or 1-35 as shown in Figure 1. The heavy traffic

afforded by the location of the test bridges was considered

essential to obtain deterioration rate data to establish

protection system performance in the least amount of time

possible. Performance under those conditions was considered

harsh and should give indication of expected performance in the
\

lighter traffic areas.

RESEARCH APPROACH

All structures selected for use in this study were located

in close proximity and were all placed under the same contract

to eliminate as many extraneous variables as possible. Each

phase of the rehabilitation and construction program was

observed and recorded. Tests during the construction period

were performed at the completion of each phase of work which

were considered to best reflect any changes in the condition of

the deck or to test the characteristics of applied protection

5
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systems. Subsequent testing annually was to develop a record of

the relative performance of the protection systems with age and

traffic loading. Observation of any maintenance performed on

these protection systems was duly recorded and reasons for such

determined.

Evaluation of the construction sequence was used to

consider specification applicability and to determine if changes

were needed to insure proper handling of the products.

Evaluation of these protection systems was to be based on the

physical test results as well as observation of the general

overall performance.
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CONCLUSIONS AND RECOMMENDATIONS

Based on field observations and test results after an eight

year period, the following conclusions and trends appear

warranted.

1. Each of the protective systems provided a relatively

maintenance free overlay for a five to eight year period.

2. Low slump and latex modified concrete overlays

provided the smoothest riding surface.

3. Low slump and latex modified concrete did not prevent

chloride ion penetration within the overlay. However, the

overlays appeared to have slowed down the process of chloride

ions penetrating deeper into the overlay and eventually to the

original deck concrete.

4. Each of the liquid and sheet type membranes prevented

additional chloride ion penetration into the original deck

concrete.

5. Cathodic protection system (Stratfull design type) ­

Distresses noted in the asphaltic concrete surface were not

considered to be caused by disruptive forces within the concrete

deck, therefore, cathodic protection appeared to be performing

satisfactorily. Distresses were identified as cracking,

rutting, and minor shoving of the asphaltic concrete surface.

That distress could be attributed to debonding of one or both

asphaltic concrete courses, stripping of porphyry coarse

aggregate near the bottom of the asphaltic concrete surface

course, or a slightly unstable coke breeze asphaltic concrete

layer. Evaluation of the copper-copper sulfate and zinc (coated

8



I \

l
\

I
~

cl

),
~

f

~

~

and uncoated) half cells indicated copper~copper sulfate was

more sensitive to changes in environment of the system.

6. Low slump concrete - Surface cracking was considered

to be the major cause of concern. Cores drilled from the

concrete overlay indicated cracks were generally full depth of

the overlay regardless of the surface crack width. Minor areas

of patching were required. Less than four percent of each deck

area surveyed indicated delaminations. Delaminations were the

result of debonding of the overlay over the patched concrete

deck and fracture planes.

7.. Latex modified concrete - Surface cracking was

considered to be the major cause of concern. Cores drilled from

the latex modified concrete overlay indicated cracks were

generally full depth of the overlay regardless of the surface

crack width. Minor areas of patching was required. Less than

ten percent of eac_h deck area surveyed indicated delaminations.

Delaminations were the result of debonding of the overlay over

the patched concrete deck and fracture planes.

8. Sheet types Protecto Wrap M-400A and Heavy Duty

Bituthene.Membranes - Based on "waterproofing" ability, the

membranes failed. Resistance scans dropped sharply after the

first ye~r of service and remained low for the remaining seven

years of the study. Based on chloride ion content, the membrane

systems provided the protection sought. Minor cracking,

patching, and rutting occurred. Delaminations of deck areas

surveyed ranged from 1 to 18 percent. Delaminations could have

been the result of debonding of one or more layers of the

membrane system and/or stripping of the porphyry coarse

9



aggregate near the bottom of the asphaltic concrete surface

course. Some fracture planes were detected in the decks with

Heavy Duty Bituthene.

9. Liquid types Gacoflex UWM-2811 and Superseal 4000LT

membranes - Based on "waterproofing" ability, the membranes

failed. Resistance scans dropped sharply after the first year

of service and remained low for the remaining seven years of the

study. Based on chloride ion content, the membrane systems

provided the protection sought. Minor cracking, patching, and

rutting occurred. Delamination of deck areas surveyed ranged

from 21 to 75 percent. Delaminations could have been the result

of debonding of one or more layers of the membrane system and/or

stripping of the porphyry coarse aggregate near the bottom of

the asphaltic concrete surface course. Some fracture planes

were detected in the decks with Superseal 4000LT.

10. Predictability of chloride ion concentration from

electrical potential values would be subject to large error and

therefore unacceptable.

11. All liquid and sheet type membrane systems had

effectively stabilized chloride ion concentrations at levels

existing prior to placement of the systems. Chloride ion

concentration had undergone some redistribution in the concrete

overlays.

12. Generally, all protective systems, except cathodic

protection, indicated stable or decreasing electrical potentials

in the "active corrosion" range of voltages more negative than

-0.35 volts.

10
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IMPLEMENTATION

This study provided a concentrated effort to evaluate

specification requirements, construction procedures, and

serviceability of the overlay systems tested.

Specifications for handling and placing each of the bridge

deck protection systems and construction procedures were

evaluated during the actual construction phase of this study.

Basically, the manufacturers suggested procedures were followed

and no particular outstanding problems were noted. However,

numerous notes were added to future spec1fications for purposes

of clarification of intent or procedure.

Serviceability of the overlay systems as discussed in this

report has given the department a systematic evaluation of

various bridge deck protection systems. Even though all of

these systems may have some problems associated with cracking or

deterioration of the overlay materials, protection of the

original deck appears to have been achieved. Frequency of

maintenance operations to maintain a particular system in place

has a great bearing on 'acceptability. Therefore, the

implementation of the conclusions and recommendations relating

to each individual system has generally been accepted and has

influenced the use of these systems within the Missouri

highway system. Concrete overlays are now being used more

extensively in Missouri than any other rehabilitation type

overlay system.

Additional studies were initiated because of observations

made from this investigation. A study was conducted on low

12
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slump and latex modified concrete overlays to determine how

extensive the overlay cracking problem was. This resulted in

increased thickness of the overlays to prevent most of the

cracking problems. Another study was conducted into the mix

design of the porphyry asphaltic concrete overlays to study the

stripping of the aggregate. This study caused a redesign of the

asphaltic concrete mix to better control this problem by

addition of a minimum of one percent hydrated lime, by weight of

total mix.

In general, the Missouri Highway and Transportation

Department has undergone many design changes in bridge deck

rehabilitation since the beginning of this project. As specific

aspects of a particular system are considered, subsequent

designs may reflect changes due to reported field evaluations.

Presently, only the liquid applied membranes are used, if used

at all. Concrete overlays (low slump and latex) are used

extensively in rehabilitation and some new construction. The

7.75 bag concrete mix design (B-2) is now the standard for

bridge deck concrete on new or replacement contracts. Cathodic

protection has been used extensively on bridges requiring

rehabilitation in sensitive and heavy traffic areas. Advances

in technology and product concepts have caused cathodic

protection to be a viable asset to rehabilitation rather than

costly replacement.

13



RESEARCH DATA AND TEST METHODS

SELECTION AND LOCATION OF TEST SITE

During the planning phase of this study, liquid and sheet

type membrane bridge deck protection systems were being placed

on both new and rehabilitated bridge decks. However, with the

specification change to use a denser concrete mix design, epoxy

coated reinforcing steel in the top mat and the increased depth

of concrete cover on all new construction, such protection

systems would be used exclusively on existing rehabilitated

bridge decks. Therefore, the bridge decks considered for use in

this investigation were existing bridges which were in some need

of repair and generally had chloride ion contents sufficiently

high enough to promote corrosion.

Selection of the North Kansas City, Missouri area on Routes

1-29 and 1-35, Figure 1, satisfied the above criteria and also

provided for all systems to be placed in similar environmental

and traffic load conditions. Specific characteristics of the

bridges selected and the associated traffic data per bridge are

shown in Table 1.

CONSTRUCTION OF PROTECTION SYSTEMS

Each bridge selected in this study was evaluated for its

condition immediately prior to removal of deteriorated concrete

and fracture plane areas. Testing to establish the condition of

the reinforced concrete decks before rehabilitation work began,

consisted of fracture plane, potential scan, surface profile,

14



Table 1 - Summary o£ Characteristics o£ Bridges

Bridge Width(1) Length(2) Bridge Year(5)
No. Lane (Feet) (Feet) Type(3) ADT(4) Built

Low Slump Concrete Wearing Sur£ace

Latex Concrete Wearing Sur£ace

S20
S20

S20
S20

Design
Load

1958
1954

1957
1957

16200
14400

25300
25300

I-BM
I-BM

I-BM
I-BM

182
182

207
149

30
28

30
42

SB
NB

NB
SB

L-501
L-642

Cathodic Protection

L-701
L-702

t

I
1

)

I
\

L-641
L-759

SB
SB

28
40

149
133

I-BM
VSLB

<012500
13400

1954
1958

S20
H15

Gaco£lex UWM-2811 (Liquid Membrane)

Superseal 4000LT (Liquid Membrane)

Heavy Duty Bituthene (Sheet Membrane)

Protecto Wrap M-400A (Sheet Membrane)

S20
H15

S20
S20

S20
S20

S20
S20

1957
1957

1965
1957

1958
1958

1958
1958

15400
15400

27900
27900

15400
12300

27500
27900

VSLB
I-BM

I-BM
I-BM

I-BM
I-BM

I-BM
VSLB

155
295

152
317

245
282

207
133

37
30

32
30

30
40

42
30

NB
NB

NB
NB

SB
NB

A-1613 NB
L-719 NB

L-720
L-721

L-563
L-571

L-501
L-759

'[

\

t

\

't

1
r

,~

~

1,

(1) Width in £eet £rom curb t~ curb.
(2) Length in £eet along centerline £rom abutment to abutment.
(3) Bridge types shown are:

I-BM is a concrete deck on an I-Beam stringer system.
VSLB is a thick concrete deck with hollow £iber tubes

which is termed a voided slab bridge.
(4) ADT (Average Daily Tra££ic) is expressed as total tra££ic on

all lanes on the structure as per last inventory 1980.
(5) Date o£ construction o£ original structure.

~, \

15



laboratory and field chloride ion testing and an underdeck

profile study. Tabulation of the results of this survey are

shown in Table 2.

During rehabilitation of the decks, specific locations of

the patched areas and whether the patch was half-sole or full

depth were recorded. Corrosometers were placed in a chloride

laden concrete patch (2 pounds per cubic yard equivalent) at the

level of the top reinforcing steel to monitor the corrosion

activity under the membranes. After repair and immediately

prior to placement of the membrane or overlay system, a final

fracture plane, potential scan, and resistance survey was made.

Tabulation of these results are shown in Table 3.

During placement of these bridge deck protection systems,

specific notes were maintained on ease of placement, uniformity

of coverage, specific locations of cover sheeting, and other

information which was considered to have bearing on the ultimate

performance of the system. Results of this information

gathering is discussed in the following section of this report

entitled, Observation of Placement of Protection Systems.

After completion of the membrane or overlay system and

prior to opening to traffic, the decks were again surveyed for

fracture plane, potential scan, and resistance scan to provide

the zero point for future annual evaluations and comparisons.

Tabulation of these results are shown in Table 4.

The results of these tests were used as a basis of analysis

for performance of the protection systems during the four annual

observations.

16
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Table 2 - Condition of Bridge Decks Before Repairs Were Made By Contractor

Part A- Elec:trical Potential Scan

I No. of Percent of Suple Within Potential Range (Negative Voltage)
Bridge Lane Suples H.10 8.11-0.20 1.21-0.38 e.31-0.40 8.41-0.:iI 1.51-0.68 1.61-0.71 1.71-0.81 1.81-0.911 )1.91

\
Cathodic Protec:tion

L-701R NB 4:i1 0 4.5 39.3 36.4 14.9 4.9

I L-702R SB 630 7.' 45.5 31.4 12.9 3.2

LON Slulp Concrete Nearing Surface

l, L-501R SB 512 13.2 67.2 17.0 1.8 1.8
L-642R . NB 147(1) 4.1 30.6 11.2 14.3 21.8 19.1

\
Latex Concrete Nearing Surface

L-641R SB 147(1) 2.0 28.0 13.6 11.2 15.6 . 23.1 7.5

I L-759R SB 431 0.5 40.9 51.4 5.8 1.2 0.2

Protec:to Wrap M-400A(Sheet MelIIbrane)

~ L-501R NB 514 12.2 67.7 . 16.4 2.7 1.'
L-759R NB 433 1.4 46.8 40.9 10.2 0.7

I.
Heavy Duty Bituthl!ne Melbrane (Sheet Melbrane)

A-1613R NB 463 0.4 34.1 53.6 10.4 1.5

\
L-719R NB 725 5.5 79.0 12.7 2.1 0.7

6acofll!x UWM-2811 (Liguid MeMbrane)

! L-720R SB 479 1.6 86.3 9.8 2.0 0.3
L-721R NB 690 0 67.8 26.6 4.6 1.0

1-
Superseal 4000LT (Liquid Membrane)

L-563R NB 379 30.4 58.0 9.5 1.6 0.5
L-571R NB 794 0.8 9.6 27.4 26.4 27.7 13.0 1.1

\'

1-

~

)

t

(1) Tested driving lane only bec:ause of At overlay.
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Table 2 (Continued)

Part B- Chloride Detertinations

Average Chloride Ion Content Clear Depth
No. of (Pounds Per Cubic Yard of Concrete) of Steel (2)

Bridge Lane Samples 1/4-3/4 3/4-1 1/4 1 1/4-1 3/4 1 3/4-2 1/4 2 1/4-2 3/4 2 3/4-3 1/4 ~.)

Cathodic Protection

L-701R NB 16 10.76 6.12 3.16 1.41 0.62 0.27 1 1/2u

L-702R SB 24 7.81 4.90 2.75 1.17 0.49 0.25 1 1/2u

Low Slump Concrete Wearing Surface

L-501R SB 16 5.00 1.74 0.49 0.28 0.21 0.20 1 1/2u

L-642R ·NB 12 6.52 5.32 4.39 2.76 2.28 1.67 1 1I2u

Latex Concrete Wearing Surface

L-641R SB 12 5.67 5.04 4.12 3.09· 2.36 1.96 1 1/2"
L-759R SB 20 5.89 2.46 0.63 0.25 0.20 0.20 1 3/4"

Protecto Wrap M-400A (Sheet Membrane)

L-50IR NB 16 3.40 1.66 0.70 0.26 0.21 0.20 1 1/2u

L-759R NB 16 6.20 2.88 1.00 0.48 0.28 0.20 1 3/4u

Heavy Duty Bituthene Membrane (Sheet Membrane)

A-1613R NB 12 8.62 5.45 3.11 1.39 0. 74 0.36 2 1/2u

L-719R NB 24 6.58 3.32 1.16 0.47 0.32 0.28 1 1/2u

Gacoflex U~-2811 (Liguid Membrane)

L-720R SB 30 5.81 3.51 1.16 0.46 0.27 0.22 1 1/4u

L-721R NB 24 6. 71 3.90 1.61 0.59 0.26 0.20 1 1I4u

Superseal 4000LT (Liquid Membrane)

L-563R NB 12 6.03 2.39 0.44 0.27 0.20 0.20 1 1I2u

L-571R NB 24 5.86 3.13 1.64 0.82 0.65 0.48 1 3/4"

(2) Original deck construction design.
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Table 2 (Continued)

\ Part C- Physical Condition of Concrete Deck By Visual Observation

1 Delallination
By Delutect Total Patching Surface Profile Underdeck Survey

Percent Area of Partial Full Cracking Area (3) Cracks(~) Cracks(~), Total Ln. 2-5 )5 Survey Depth Depth . Spalling Scale Avg. No. Efflor. With Without
Bridge Lane Ft. Trace Dev. Dev• .!.§g. Ft. ) (~Area) (~Area) (~ Area) (~ Area) Cracks/Grid (~ Est.) Efflor. Efflor.

( Cathodic Protection

L-701R NO 6808.1 2.66 1.88 5374.80 1.77 0 0 0 0.M 0 0.2 6.0

1

L-702R SB 9316.3 0.83 0.12 7S2~.72 0 0 0 0.~ 0 1.0 5.0

Low Slump Concrete Wearing Surface

\
L-S01R SB 6571.5 0.430.12 6160.80 0 0 0 0 0.56 0.1 1.0 0.1
L-642R NB 4398.3 7.40 6.92 ~10S.08 9.26(5) 0(5) 0(5) 0.67(5) 0.36 13.0 0 0

I
Latex Concrete Wearing Surface

L-~IR SB ~710.1 7.85 4.90 ~121.~0 0.5~(5) 0(5) 0(5) 3.28(5) 0.32 20.0 0.1 0.5
L-759R SB 6365.3 1.09 0.38 S3M. ~0 0.20 0 0.01 0 0.18 0 0.2 0.2

\ Protecto Wra'p' M-~00A (Sheet MeMbrane)

I,
L-S01R NB 6571.5 3.690.79 6160.80 0.01 0 0.01 0 0.91 0 2.0 0.5
L-759R NB 6630.5 4.25 0.73 530~.40 0.62 0 0 0 0.25 0 0 0.2

\
Heavy Duty Bituthene Membrane (Sheet MeMbrane)

A-1613R NO 6493.2 0.68 0.26 5797.50 0 0 0 0 0.50 0 0 0.5
L-719R NO 10021.5 2. 28 0. 56 8842. 50 0. 01 0 0.01 0 0.89 0.02 1.0 0.5

Gacoflex UWM-2811 (Liguid Membrane)

1 L-720R SB 13212.2 0.490.13 10276.14 0 0 0.01 0 0.M 0 0.1 3.0
L-721R NO 10S08.1 1.170.15 8295.90 0 0 0.02 0 0.45 0 0.5 2.0

r

Superseal 4000LT (Liquid MeMbrane)

L-563R NB 5426.6 5. 90 1. 66 4522. 20 0. 06 0 1.00 0 0.38 0 1.0 3.0
L-571R NB 10901.6(6) 8.66 7.20 9498.00 30.36 0 1.00 0 1.27 5.0 1.0 1.0

I \

(3) Estimated because no dimensions shown or possible.

I
(4) Crackinq estimates based on visual rating of 0 for no cracking to 10 for cOlplete coverage of deck area Mith visual

cracks respectively.
(5) Estimated after scarification and AC overlay removal and cracking could not be deterlined.

~
(6) One span of passing lane on deck Mas omitted because of construction equiplent on deck.

, }
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Table 3 - Condition of Bridge Decks After Repairs Were Made But Prior to Plact!lll!nt of Protective Systell

Part A- Electrical Potential Scan

No. of Percent of Salple Within Potential Range (Negative Voltage)
Bridge Lane Samples H.10 0.11-0.20 0.21-0.30 0.31-0.48 0.41-0.50 0.51-0.61 e. 61-0. 70 0.71-0.80 0.81-0.90 )0.91

Cathodic Protection

L-701R NB 450 0 4.9 43.3 37.9 11.4 2.5
L-702R SB 630 0.2 48.1 34.6 15.2 1.7 0.2

Low SIUip Concrete Wearing Surface

L-501R SB 512(1) 10.3 n,1 10.8 1.6 0.2
L-642R NB 329(1) 7.0 17.0 16.1 33.4 24.3 2.2

Latex Concrete Wearing Surface

L-641R SB 330(1) 7.0 26.7 18.5 15.4 24.5 7.9
L-759R SB 430(1) 9.3 62.1 22.8 5.3 0.5

Protecto WraJ!. M-400A (Sheet Membrane)

L-501R NB 514 24.7 57.6 15.3 1.8 0.6
L-759R NB 433 0.7 44.4 45.0 9.0 0.7 0.2

Hea~ Bituthene Membrane (Sheet MeIIbrane)

A-1613R NB 463 1.9 36.3 52.5 8.2 1.1
L-719R NB 725 5.5 n,4 14.0 2.5 0.6

Sacoflex UWM-2811 (Liguid Membrane)

L-720R SB (2) (2)
L-721R NB 690 0.3 65.2 29.0 4.7 0.8

Superseal 40001..T (Liquid Membrane)

L-563R NB 379 25.8 54.0 17.9 1.8 0.5
L-571R NB 794 0.9 7.3 37.4 48.8 12.e 1.6

(1) Data taken after scarification.
(2) No potential scan made because only lIinor repairs were made.
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Table 3 CContinued)

1

'\

t No. of
Bridge Lane SaMples

Part 8 - Resistahl:e Scan

Percent of Salple. in Resistance Range Cohll)
1....1K-IM UM

Heavy Duty 8ituthene MeIIIbrane (Sheet Membrane)

Latex Concrete Wearing Surface

Low SIUilp Concrete Wearing Surface

Gacoflex UWM-2811 (Liquid Membrane)

2.6

2.4

8.4

9.4
6.1

15.5

38.2
8.3

4.3
6.6

7.2
2.8

12.0

6.2
1~.7

11.7
2.4

9.7
12.9,

42.1
54.9

19.6
38.0

15.5
61.4

25.0
9.8

62.1
32.0

43.5
45.1

36.0
38.0

74.7
84.3

53.9
81.7

(3)

(3)

NB 128
NB 108

S8 209
NB 173

S8 83(4)
S8 108(4)

S8 128(4)
NB 82(4)

NB
S8

L-720R
L-721R

A-1613R NB 116
L-719R NB 181

Protecto Wrap M-400A CSheet Membrane)

L-501R
L-759R

L-6ltIR
L-759R

L-501R
L-6It2R

Cathodic Protection

L-701R
L-702R

'I

(

'}

\

I
\\

t

\

't

1 Supersea! 4000lT (Liquid Melbrane)
r

L-563R
L-571R

NB 95
NB 198

12.6
74.8

45.2
15.2

22.1
5.0

20.1
5.00

(3) No resistance tests performed on these structures.
(4) Data taken after scarification.

J
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Table 3 (Continued)

Part C- Physical Condition of Concrete Deck by Visual Observation

Deluination
By Delamtect Total Patching Surface Profile(5) Underdeck Survey

Percent Area of Partial Full Cracking Area (6) Cracks(7) Cracks(7)
Total Ln. 2-5 )5 Survey Depth Depth Spalling Scale Avg. No. Efflor. With Without

Bridge Lane Ft. Trace Dev. Dev. .!§g. Ft.) (~Are4) (~Area) (~ Area) (~ Area) Cracks/Grid (~ Est.) Efflor. Efflor.

Cathodic Protection

L-701R NB(5) 2866.6 6.45 0.40 5374.80 8.85 0 0 0 NA 0 0.2 6.0
L-702R SB(5) 8958.0 0.51 0.04 7524.72 0.96 0 0 0 NA 0 1.0 5.0

Low Slump Concrete Wearing Surface

L-501R 5B(5) 7393.0 0.39 0.03 6160.80 0.17 0 0 0 NA 0.1 1.0 0.1
L-61t2R NB(5) 2052.5 4.38 3.93 4105.08 16.31 33.99 0 0 NA 0.5 0 0

Latex Concrete Wearing Surface

L-641R SB(5) 2355.0 4.63 5.50 4121.4 17.32 29.55 0 0 0.32 4.0 0 0.4
L-759R SB(5) 6365.3 0.78 0.03 5304.40 1.97 0 0 0 0.18 0 0.2 0.2

Protecto Wra.!!. M-400A (Sheet Membrane)

L-501R NB 6982.2 5.11 0.08 6160.80 2.37 0 0 0 0.91 0 2.0 0.5
L-759R NB 6630.5 3.81 0.38 5304.40 1.58 0 0 0 0.25 0 0 0.2

Hea~ Bituthene (Sheet Membrane)

A-1613R NB 7116.2 0.130.03 5797.50 1.21 0 0 0 0.50 0 0 0.5
L-719R NB 10611.0 0.72 0.06 8M2.50 1.28 0 0 0 0.89 0.02 1.0 0.5

Gacoflex UWM-2811 ILiguid Membrane)

L-720R 5B (8) (8) (8) 10276.14 0.22 0 0 0 0.34 0 0.1 3.0
L-721R NB 9402.0 0.890.06 8295.90 0.79 0 0 0 0.45 0 0.5 2.0

5uperseal 4000LT (Liquid Membrane)

L-563R NB 2411.8 3. 34 0. 29 4522. 20 3. 57 0 0 0 0.38 0 1.0 3.0
L-571R NB 11397.6 0.670.12 9498.00 27.35 16.34 0 0 1.27 2.5 1.0 1.0

IS) Observation on original or scarified surface as applicable.
(6) Estimated because no diJnensions shown or possible.
(7) Cracking estimates based on visual rating of 0 for no cracking to 10 for COIplete coverage of deck area Mith visual

cracks respectively.
(8) No fracture plane survey made because only minor repairs required.
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Table 4 - Condition of Bridge Dec,ks After PlaceEnt of Protection Systll

Part A- Electrical Potential Scan

\ No. of Percent of SuDle Within Potential Rtnae(Ner!ative Voltage)
Bridge Lane Suples H.le e.l1-1.28 e.21-1.311 e.31-1.48 e.41-1.51 ••51.....6I 8.61-1.78 '.71-1.811 e.81.... 911 )'.91

~ Cathodic Protection

L-7elR NB 458 3.8 37.5 58.9 7.8

/
L-712R SB 6J8 28.8 53.7 22.2 2.7 '.6

Low SlUMp Concrete Wearing Surface

1 L-501R SB 512 2.8 57.1 36.9 2.8 e.2 e.' e.2
L-642R NB J29 e e.9 46.5 47.1 4.9 '.6

\
Latex Concrete Wearing Surface

L-641R SB 3Je e 8.5 53.4 32.4 5.7

I L=759R SB 438 3.7 73.5 18.9 3.9

Protecto Wral!. M-480A (Sheet Membrane)

L-501R NB 128(1) lee.e
L-759R NB 108(1) lee.e

I,
Heavy Duty Bituthene (Sheet Membrane)

A-1613R NB 69(2) 94.2 2.9 1.5 1.4

\
L-719R NB 183(2) 89.3 6.8 e.e I.e e.e 1.' I.e e.9

Gacoflex UWM-2811 (Liquid MeMbrane)

l L-728R SB 289(1) 7'.8 16.3 le.e 1.4 ••e e.e '.e ••5 e.5 e.5
L-721R NB 115(2) 97.5 e.9 e.e e.e e.8 e.' '.e e.e e.e e.85

~
Superseal 4eeeLT (Liquid Melbrane)

L-563R NB 94(1) 85.1 8.6 4.2 1.1 I.e
L-571R NB 199(1) 84.9 6.e 0.5 7.1 1.5

~
~l

j

1\

I

(1) Spot checked in both lanes. Used staggered 6 ft. by 8 ft. grid.
(2) Spot checked in the passing lane only. Used staggered 6 ft. by 8: ft. grid.
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Table 4 (ContiriuecU

Part B- Resistance5can

No. of
Bridge Lane Samples 0·.

Cathodic Protection

L-701R NB (3)
L-702R SB (3)

LOIf Slup Concrete Wearing Surface

Percent of 6alplein Resistance Range (ollIS)

5lII1-1K 1.01K-l.5K 1. 51K-ll11K 11.IIK-II1K lee. 11K-1M )1M

L-501R SB
L-642R NB

128
82

110.0
100.0

Latex Concrete Wearing Surface

L-641R SB
L-759R SB

83
108

100.1
100.1

Protecto Wrap M-400A (Sheet Membrane)

L-501R NB
L-759R NB

128
108

o
o

o
o

o
o

I
o

4.0
o

6.2
10.8

89.8
89.2

Heav~ Bituthene (Sheet Membrane)

fH613R NB 116 0 0
L-719R NB 181 0 0

Gacoflex UWM-2811 (Liguid Membrane)

L-72l11R SB 209 0 0
L-721R NB 173 0 0

Superseal 4l1100LT (Liquid Membrane)

L-563R NB 95 0 0
L-571R NB 198 0 0

o
o

o
o

o
o

o
o

o
o

1.0
8.6

0.9
1.1

4.8
1.1

7.4
0.5

o
4.9

7.6
0.6

2.1
12.6

99.1
94.0

87.6
98.3

89.5
78.3

(3) No resistance survey taken on these decks.
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OBSERVATION OF PLACEMENT OF PROTECTION SYSTEMS

GENERAL

Construction was initiated in the spring of 1977 and

completed in December, 1977. A minimum of one lane of traffic

was maintained on each bridge during repair and placement of the

membrane or overlay, therefore, all systems were placed in a two

stage construction sequence.

Corrosometer probes, used to detect corrosion activity,

were placed in the concrete decks at the depth of the top most

reinforcing steel with a 2 pound per cubic yard chloride ion

bearing concrete backfill. The probes register consecutively

higher readings on a CK-3 meter as it corrodes. Placement in

the backfill was done in such a manner to insure that the probes

were isolated from the steel rebars, however, provision was made

whereby the probe could be grounded to the reinforcing steel by

a remote receptacle. One corrosometer probe was placed in each

traffic lane at or near the centerline of the lane on each

structure. Exception to this procedure was on the cathodic

protection structures where additional corrosometer probes were

placed in the decks to monitor specific locations.

Observations made during construction helped to modify

existing specifications to clarify intent or to make application

of the system easier. Outline of these observations would

consist of many pages of discussion as well as having to

reproduce the specifications for each protection system.
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Therefore, for brevity, the following descriptions and

discussions of application of the various protection systems

will be general.

CATHODIC PROTECTION

The cathodic protection system used in this evaluation was

designed by department personnel. Plans and specifications are

shown in the Appendix to this report. Bridges which were

selected for application of this cathodic protection system were

on tangents and of equal length, however, one was 2 lanes wide

and the other was 3 lanes wide. The difference in width

1 afforded the opportunity to study the effective areas of
~

, I
influence of the anodes and the ultimate ability of the cathodic

system to cover variable widths.

\

l
!
I
l

,0

I \

J
}

1
\

Anodes were placed at a twenty foot spacing in the curb

------
lines. The remainder of the length was divided equally between

the last anodes on each end of the bridge. Anodes were placed

directly opposite each other with regard to both curb lines.

This arrangement afforded a study of placing anodes in a square

grid arrangement with 20 foot longitudinal by either 28 or 40

foot transverse spacings.

Equipment was provided in this study to monitor each anode

and half cell placed on the decks. Anodes were a high grade

chromium silicon steel which would give a low rate of loss due

to corrosion per year.

Half cells permanently placed in the concrete decks for

monitoring potential levels were of three types: copper-copper

27



sulfate solid state and zinc with and without encapsulation in a

proprietary backfill material. Results from these half cells

will be compared to determine if one particular type is more

reliable than the others.

Number 8 stranded, copper, Haylar fluoropolymer covered

wire was used to connect anodes, half cells, and grounds with

rectifiers and read-out devices. Haylar covering was specified

because it had a high resistance to heat and deformation which

was necessary because of the temperature of asphaltic coke

breeze mixture. Silicon rectifiers were manufactured by RIO

Engineering Co., Houston, Texas. Voltage to each anode was

varied by rheostats placed in each anode supply line. Each

bridge had a separate rectifier for independent cathodic

protection operation.

The electrolyte used to distribute the current density

across the concrete surface was constructed with coke breeze as

the aggregate in an asphaltic concrete mixture. The coke breeze

material had a high carbon content arranged in a crystal lattice

configuration which enabled the material to be a good electrical

conductor. The coke breeze asphaltic concrete was placed using

conventional asphaltic paving equipment and techniques.

Coke breeze asphaltic concrete was placed at temperatures

ranging from 17So F to 27So F at the paver. Best compaction was

obtained with batches which were on the cooler side of

specification limits. The coke breeze electrolyte layer was

covered with a special asphaltic concrete surface course

28
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consisting of crushed porphyry aggregate for protection and a

riding surface.

The cathodic protection systems were activated in November,

1977 by a representative of Cathodic Protection Service, Tulsa,

Oklahoma. The parameter used for establishing the current

density necessary to assure protection of the reinforcing steel

was a -0.30 volt shift from the original half cell value.

LOW SLUMP CONCRETE WEARING SURFACE

Low slump concrete used in this evaluation was similar to

the Iowa Low Slump deaign which had beeh in use for bridge deck

resurfacing for some time. Materials used to construct low

slump concrete wearing surface on this project were: crushed

porphyry coarse aggregate, Kansas River sand fine aggregate,

Type I cement from Missouri Portland Cement Company, AD-AIRE air

entraining agent, and ~lastocrete 161 water reducing agent.

A mobile continuous mixer was used for the first time in

Missouri for placing overlay concrete. Material stockpiles were

located a short distance from the bridge site. The mixer trucks

were loaded at the stockpile site and traveled to the bridge

sites for calibration. The procedure was determined to be

satisfactory as no problem arose due to uniformity of aggregate

feed. Each vehicle containing the various materials was

calibrated individually.

Traffic, maintained on the bridges during reconstruction,

did not present a particular problem for application of the
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wearing surface, however, cracking did develop in the wearing

surface of one of the structures at a very early age.

LATEX MODIFIED CONCRETE WEARING SURFACE

The latex concrete overlay used in this evaluation was

designed primarily from the Dow Chemical Company's

specifications. Material used to construct the latex modified

concrete wearing surfaces on this project were: Meramec River

Gravel coarse aggregate, Meramec River sand fine aggregate, Type

I cement from Missouri Portland Cement Company, and Latex

Emulsion Admixture, Modifier A, from Dow Chemical Company. A

mobile continuous mixer was used to mix the overlay concrete.

Calibration procedures were identical to that for the low slump

concrete.

Construction of the concrete wearing surfaces for latex was

completed by placing one lane at a time while maintaining

traffic through the project. The traffic itself, as discussed

previously for the low slump construction, did not cause

construction problems, however, transverse cracking did occur in

the wearing surfaces at a very early age. The wearing surface

placed in the first stage of construction was observed to have

transverse cracking before construction of the second stage.

PROTECTO WRAP M-400A

One of two types of sheet membranes used in this evaluation

was Protecto Wrap M-400A system. This system consisted of a

cold-applied pre-formed reinforced coal tar and synthetic resin
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membrane of approximately 70 mils thickness, applied over a

Protecto Wrap #80 primer. The membrane, once in place, was

primed with a Protecto Wrap PS Primer and asphaltic-impregnated

roofing sheets of at least 65 pound grade placed over the entire

surface. Roofing sheets should be precut before placing on

membrane to prevent damage to membrane. Terminal edges of the

membranes were then sealed with a Protecto Wrap CA-1609H mastic

material. A special asphaltic concrete consisting of crushed

porphyry aggregate was placed over the membrane system.

The Protecto Wrap system was completed one lane at a time

while maintaining traffic on the bridges. The only adverse

effect of construction of the membrane system one lane at a time

was the inability to protect with any great success, the exposed

edge of the membrane during concrete deck repair in the second

lane of construction. Weathering, debris, traffic, and

construction equipment were factors which accumulatively caused

deterioration of exposed membrane. Without a good edge of

previously placed membranes available to continue placement of

second lane of construction, the effectiveness of the membrane

system could be diminished.

HEAVY DUTY BITUTHENE

The second of the two types of sheet membranes used in this

evaluation was the Heavy Duty Bituthene system. This system

consisted of a cold-applied pre-formed self-adhering membrane

incorporating a woven polypropylene mesh embedded between a

layer of self-adhesive rubberized asphalt and a non-tacky
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bituminous compound, total thickness of 65 mil minimum. The

membrane was applied to the deck with a primer and terminal

edges of the membrane were sealed with a mastic material as

recommended by the manufacturer. A special asphaltic concrete

consisting of crushed porphyry aggregate was placed over the

membrane system.

The Heavy Duty Bituthene system was completed by closing

one lane at a time and maintaining traffic on the bridge.

Again, the edge of the previously placed membrane was very

difficult to protect from damage during repairs made in the

second lane of construction. Without a good edge of the

previously placed membrane available to continue placement of

the second lane of construction, effectiveness of the membrane

could be diminished.

This membrane was applied without roofing paper protection

sheets, therefore, the surface of the membrane was visible prior

to covering with a wearing surface. As a result, the membrane

was observed to have large blisters under the membrane when left

overnight or for several days without the wearing surface in

place. Blisters would appear to decrease in size during the day

and reappear larger in size the next morning. Puncturing the

blisters and forcing the membrane back in place, then applying a

patch of Heavy Duty Bituthene over the puncture proved

successful to eliminate the blisters.

This membrane had a pre-tacked top surface to accept the

asphaltic concrete wearing surface. This pre-tacked surface was

very slippery when exposed to the sun a sufficient length of
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time to become warm. Paving in the late afternoon on a hot

sunny day is difficult, especially, if the bridge ~s on a

significant grade or superelevation. Damage to the membrane is

less apt to occur if paving is done during the coolest part of

the day.

GACOFLEX UWM-2811

One of the two types of liquid membranes used in this

evaluation was Gacoflex UWM-2811 system. This system consisted

of a two~component, cold-applied, elastomeric polyurethane

applied to the concrete deck as a liquid coating and an asphalt­

impregnated roofing sheet, 55 pound grade or heavier, laid over

the liquid coating. A special asphaltic concrete consisting of

crushed porphyry aggregate was placed over the membrane system.

The Gacoflex system was completed by closing one lane at a

time and maintaining traffic on the bridge. The only adverse

effect of construction of the membrane system one lane at a time

was the inability to protect, with any great success, the

exposed edge of the membrane during concrete deck rep~ir of the

second lane of construction. Weathering, debris, traffic, and

construction equipment were factors which accumulatively caused

deterioration of the exposed membrane. Roofing paper should be

precut before placing on membrane to prevent damage to membrane.

Without a good edge of the previously placed membrane and

roofing paper available to continue the placement of the second

lane of construction, effectiveness of the membrane system could

be diminished.
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The two-component elastomeric polyurethane materials

consists of Part H and Part U which were pre-packaged in exact

ratio for mixing. Part H was packaged in a 5-gallon type

container with a molded insert in the top portion to hold the

pre-packaged Part U. Part U was packaged in a rectangular 1/2

gallon metal can with a small 1 inch screw top opening. This

metal can design ·caused some problem in ability to get all the

Part U component into the mix. Thus, the contractor was

required to cut the bottom out of the metal can before mixing

the Part U into the Part H mixture to ensure all the available

material was used.

When a membrane is applied to a concrete deck surface,

bubbling will usually occur because of air trying to escape from

the concrete pores. To alleviate this problem, the deck was

first primed with a mixture of no more than 1 part solvent to 2

parts of the Gacoflex membrane. The solvent content was varied

within the 1:2 ratio depending on daily temperature and cloud

cover.

SUPERSEAL 4000LT

The second of the two types of liquid membranes used in

this evaluation was Superseal 4000LT. This system consisted of

a single component, hot-applied, polymer type elastomer applied

to the deck as a liquid coating and an asphaltic-impregnated

roofing paper of 65 pound grade laid over the liquid coating.

Superseal 4000LT system was also completed by placing one

lane at time because traffic required the use of the remainder
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of the structures during reconstruction. The edge of the

membrane was very difficult to protect from damage during the

concrete deck repairs made in the second lane of construction,

the same as with the Gacoflex membrane.

Of importance also is the necessity of keeping all extra

construction traffic off of the membranes until the wearing

surface is placed. During the construction of one lane of the

Superseal system, the contractor who was placing the asphaltic

concrete tapers at each end of the bridges, tried to place the

tapers before the wearing surface on the membrane was placed. A

finish roller operator proceeded to run across the roofing paper

to get to the other end of the bridge and in doing so caused

considerable damage by pressing large particles, rock or debris,

on the surface of the roofing paper through the membrane system.

The damage was extensive.and required considerable time and

expense to repair. This damage and required repair was not a

fault of the membrane system but rather the sequence of

operations.

Handling of Superseal 4000LT membrane after heating to the

desired temperature and drawing from the double boiler heater

must be quick. The "open time" on the heated membrane after

taking it out of the double boiler is very short. Application

to a cold deck surface further reduces "open time" as does

cooler air temperature. Generally "open time" from the heater

to final squeegee pass was less than 1 minute and the placement

of the roofing paper was within 1 minute after final squeegee

pass. Therefore, the closer the heater to the operation, the
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more time there is available to work the material to proper

thickness. Excessive thickness will give a spongy layer of

material which will yield under heavy traffic usage thus leading

to failure of the wearing surface. Spray application may

eliminate some of the problem with open time, however, roofing

paper operation will have to be quick to get adherence. Roofing

paper must be precut before placing on membrane to prevent

damage to the membrane.
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ANNUAL FIELD OBSERVATION AND TEST DATA

All bridges in this study were surveyed before and after

concrete deck repair and after placement of the various

protection systems. Thereafter, surveys were made for four

consecutive years. A final survey was made in 1984. These

surveys included delamination profile, potential scan,

resistance scan,. surface profile, and underdeck profile

observations. De1amination is defined in this report as the

general term used to indicate a h0110wness detected by tapping

the existing surface of the over1ay protection system. Possib1e

fai1ure mechanisms causing de1amination are separation between

1ayers of membrane materia1s or the aspha1tic over1ay, debonding

of the over1ay from the concrete deck, and/or fracture p1ane

within the concrete deck. Data must be so interpreted as used

in this report.

Data obtained from these surveys is presented in Table 5,

Parts A through N. Each part of the table represents the

applicable test data for the individual protection system placed

on a respective bridge deck.

These data will be used extensively in the discussion which

follows.
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Table 5 - SUEry of Observations for Analysis of Protection Systl!lS

Part A, Bridge No. L-7elR, Cathodic Protection SysteM

a. Potential Scan

No. of ' Electrical Potential (Negative Voltage)
Year Salples 0-.10 .11-.20 .21-.31 •31-. It0 .41-.58 .51-.60 •61-. 7e .71-.80 .81-.90 ).91

Before 450 0.0 4.5 39.3 36.4 14.9 4.9
After 450 e.e 4.9 43.3 37.9 11.4 2.5
1977 450 3.8 37.5 58.9 7.8

b. Cathodic SysteM Activated (Current On)

Electrical Potential (Negative Voltage)
Year Suples 0-.50 .51-1.00 1.el-l.50 1.51-2.00 2.el-2.50 2.51-3.00 3.el-3.50 3.51-4.00 4.el-4.50 )4.51

1977 458 e.0 1.8 6.7 9.6 42.8 33.9 1.6 1.6 0.e 2.0
1978 450 14.2 71.9 9.7 1.6 0.7 0.7 0.7 e.5
1979 450 8.0 74.4 13.5 0.0 e.2 1.4 1.8 0.7
1980(1) 225 1.3 68.6 24.0 , 2.2 e.4 e.0 ' 0.e e.4 1.3 1.8
1981 450 28.8 42.4 22.4 3.6 0.5 e.5 e.7 0.9 e.2
1984 450 0.2 3.8 12.7 20.2 14.2 14.0 12.9 6.9 5.3 9.80

Cathodic System Polar Volt (Differential between ON and OFF, instantaneous)

No. of Electrical Potential (Negative Voltage)
Year Suples 0-.10 .11-.20 .21-.30 •31-. It0 .41-.50 .51-.60 .61-.70 .71-.80 ' .81-.90 -l:1!

1977 450 8.7 18.9 51.9 15.6 2.5 0.2 0.2 2.e
1978(2)
1979 450 63.9 14.e 5.8 3.8 3.6 3.1 1.1 0.9 e.e 3.8
1980(1) 225 81.0 7.6 2.2 4.0 0.4 0.4 0.0 0.0 0.0 4.4
1981 450 65.5 17.3 7.1 3.6 2.0 1.1 0.0 0.2 0.5 2.7
1984 450 0.0 6.2 12.9 9.1 9.3 6.0 6.2 4.2 3.8 42.3

c. Delamination(3) d. Surface Profile e. Underdeck HE"
IArea Only)

IPatching) Cracking
Year Ln. Ft. " Sq. Ft. " (Cr/Grid) ...§g. Ft. "

Before 129.0 1.89 95.2 1.77 0.34 9.5 0.15
After 10.0(1) 0.40(1) 475.5(1) 8.85(1) - 9.5 0.15
1977 63.5 0.93 0 0 0 9.5 0.15
1978 310.0 4.55 0 0 0 9.5 0.15
1979 58.5 0.86 0 0 0.43 9.5 0.15
1980 961.7(1) 28.3(1) 0 0 0.97(1) 11.5 0.18
1981 6808.1 100.0 0 0 1.21 11.5 0.18
1984 6808.1 100.0 0 0 1.56 27.0 0.43

(1) Only one stage of construction tested, calculated on that area surveyed only.
(2) No test made on either stage of construction because of polar volt test equipment malfunction.
(3) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 (Continued) - S.-ary of Observations for Analysis of Protection SystellS

Part B, Bridge No. L-712R, Cathodic Protection Systn

a. Potential Scan

No. of Electrical Potential (Negative Voltage)
Veal" Samples ".11 .11-.20 .21-.38 .31-.48 .41-.51 .51-.61 .61-.78 -171-.81 .81-.91 ).91

Before 630 7.1 45.5 31.4 12.9 3.2
After 631 1.2 48.1 34.6 15.2 1.7 1.2

r
19n 630 20.8 53.7 22.2 2.7 1.6

b. Cathodic System Activated (Current On)
, }

No. of Electrical Potential (Negative Voltage)
Veal" Samples 1-.50 .51-1.00 1.11-1.51 1.51-2.00 2.11-2.50 2.51-3.00 3.11-3.50 3.51-4.11 4.11-4.50 )4.51

\ 19n 630 1.1 0.1 1.1 2.7 15.7 13.8 13.2 13.5 14.9 25.1
1978 638 62.9 29.2 6.4 1.0 0.2 0.3
1979 631 47.4 42.1 7.6 1.1 0.3 0.5 1.1

) 1980l1l 405 52.4 42.4 1.5. 2.2 0.3 0.0 ' 0.0 0.3 0.3 0.6
1981 630 20.9 49.4 14.3 6.5 3.3 1.4 1.9 0.3 0.8 2.2
1984 638 3.3 29.3 36.4 12.5 7.5 4.1 2.2 1.1 1.4 2.2

') Cathodic System Polar Volt (Differential between ON and OFF, instantaneous)

l
No. of Electrical Potential (Negative Voltage)

Veal" Samples 0-.10 .11-.20 .21-.38 .31-.40 .41-.50 .51-.60 .61-.70 .71-.80. .81-.91 ).91

19n 638 0.2 0.0 0.0 0.3 0.3 0.5 1.7 1.2 1.3 94.5

) 1978 369 1.9 11.4 16.3 26.4 22.0 8.6 3.8 3.0 2.2 4.4
1979 630 75.0 9.6 2.7 3.6 1.6 2. 7 1.1 1.1 0.6 2.0
1980l1l 405 87.2 5.7 1.7 0.3 1.7 0.7 0.7 0.5 0.0 1.5
1981 638 1.7 70.1 9.2 3.5 2.2 1.9 2.1 1.7 0.2 7.4
1984 630 5. 7 44. 7 16.2 5.9 4.8 4.3 2.4 2.7 1.6 11.7

39
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c. Delalination(2)

Vear Ln. Ft. "
Before 11.0 0.12
After 4.0 0.04
19n 16.5 0.17
1978 171.5 l.n
1979 73.5 0.76
1980 122.3(1) 1.26(1)
1981 9674.6 100.0
1984 9674.6 100.0

d. Surface Profi Ie e. Underdeck up
(Area Only)

(Patching) Cracking
Sg. Ft. " (Cr/6rid) ..§g. Ft. "

0 0 0.48 6.5 0.08
72.07 0.96 - 4.0 0.05
0 0 0 4.0 0.05
0 0 0 4.0 0.05
0 0 0.18 7.2 0.09
0 0 0.60l1l 7.2 0.09
0 0 0.79 7.2 0.09
0 0 1.07 7.2 0.09



Table 5 (Continued) - SUlliry of Observations for Analysis of Protection Systet15

Part C, Bridge No. L-58IR SB, LON SlUMp Concrete lIearing Surface

a. Potential Scan (. of readings)

No. of ' Electrical Potential (Negative Voltage)
Year Salples 8-.10 .11-.20 .21-.38 .31-.40 .41-.58 .51..,..68 .61-.70 .71-.88 .81-.98 ).91

Before 512 13.2 67.2 17.0 1.8 0.8
After (3) 512 10.3 n.l 10.8 1.6 0.2
19n 512 2.8 57.1 36.9 2.8 0.2 0 0.2
1978 512 2.6 45.5 36.0 14.5 1.2 0.2
1979 512 " 41.7 46.1 10.8 1.0 0.4
1980(1) 255 0 43.1 49.0 7.1 0.8
1981 512 8.0 65.6 24.1 1.9 0.4
1984 512 6.0 68.7 27.0 5.5 0.4 0.4

0 10.0

67.5 12.5
33.3

d. Surface Profile e. Underdeck "En
(Area Only)

(Patching) Cracking
Sq. Ft. " (Cr/Grid) ..]g. Ft. •

0 0 0.56 317.6 4.68
10.6 0.17 - 317.6 4.68
0 0 0 317.6 4.60
0 0 1.33 317.6 4.60
0 0 1.65 317.6 4.60

38.75(2) 0.63 1.96(1) 325.0 4. 71
38.75 0.63 2.05 325.0 4. 71
46.92 0. 76 2.12 325.0 4. 71

b. Resistance Scan (. of readings)

No. of
Year SaIIples 8-500 501-1K

Before No Test
After (3) 128 53.9 25.0
19n 128 100.0
1978 128 13.3 86.7
1979 9 0 98.0
1980(1) 5 lee. 0
1981 9 0 20.0
1984 9 44.5 22.2

c. Delamination(4)

Year Ln. Ft. •
Before 9.5 0.12
After 2.0 0.03
19n 1.0 0.01
1978 0 0
1979 0 0
1980 7.33(1) 0.09(1)
1981 21.00 0.27
1984 89.36 1.14

Resistance (ohMS)

)IK-l.5K )l.5K-l0K' )l0K-leeK

11.7 9.4

>leeK-1M >lM

(1) Only one stage of construction tested.
(2) Patch placed by maintenance at north expansion Joint because of loose angleiron.
(3) Data taken after scarification.
(4) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Part D, Bridge No. L-642R, Low SlUMp Concrete Wearing Surface

a. Potential Scan (~ of readings)

No. of . Electrical Potential (Negative Voltage)
Vear Salples 0-.18 .11-.28 .21-.38 .31-.48 .41-.58 .51-.611 .61-.78 -£71-.81 .81-.98 ).91

BeforeUl 147 4.1 38.6 18.2 14.3 21.8 19.8
After (2) 329 7.8 17.8 16.1 33.4 24.3 2.2
1917 329 8 0.9 46.5 47.1 4.9 8.6
1978 329 8 11.8 36.8 42.8 8.2 8.4
1979 329 8 23.4 38.4 41.3 4.6 0.3
1980(1) 184 2.2 35.3 43.8 17.4 2.1
1981 329 5.5 37.4 41.8 14.8 2.1
1984 . 329 26.4 52.4 17.6 3.8 8.6

Table 5 (Continued) - SUlUflY of Observations for Analysis of Protection Systen

c. Delalination(3)

b. Resistance Scan (~ of readings)

)1">leeK-1M

6.1

Resistance (OOIS)

2.4

0 61.3 12.9
41.7 58.0

d. Surface Profile e. Underdeck·P
(Area Only)

(Patching) Cracking
Sq. Ft. " (Cr/Grid) ...§g. Ft. ~

381.1 9.26 0.36 819.58 16.68
2065.0 58.38 -- 158.58 3.06

0 0 0 160.58 3.27
8 0 0.78 160.50 3.27
0 0 1.38 160.58 3.27
0 0 1.17Ul 160.58 3.27
0 0 1.77 160.50 3.27
0 0 1.92 160.50 3.27

)lK-l.5K )1.5K-18K· )18K-1eeK

9.8

188.0
108.0
19.4
8.3

581-1K.
No. of

Vear Salllpies e-see

Before No Test
After(2) 82 81.7
1917 82 108.8
1978 82 108.8
1979 12 0
1988(1) 7 0
1981 12 6.4
1984 12 8

Vear Ln. Ft. ~

Before 345.0 6.92
After 98.0(1) 3.93(1)
1977 0 0
1978 0 0
1979 9.0 0.18
1980 7.49(1) 0.15(1)
1981 126.46 2.54
1984 191.69 3.84
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(1) Only one stage of construction tested.
(2) Data taken after scarification.
(3) DelaMination is shown as total lineal feet of delaMination found per year in the area surveyed.
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Table 5 (Continued) - Su.ary of Observations for Analysis of Protection· SystllS

Part E, Bridge No. l-641R, latex Modified Concrete Wearing Surface

a. Potential Scan (. of readings)

No. of . Electrical Potential (Negative Voltage)
Year Samples 0-.10 .11-.20 .21-.38 .31-.40 .41-.50 .51-.60 .61-.78 .71-.88 .81-.98 ~

Before(1) 147
After(3) 338
1977 338
1978 338
1979 338
1980(1) 183
1981 J38
1984 338

2.8
7.8
8
o
2.1
2.2
3.7
3.0

28.0 13.6 18.2 15.6
26.7 18.5 15.4 24.5
8.5 53.4 32.4 5.7

19.4 40.1 32.7 7.2
26.4 42.4 23.8 6.1
29.5 47.5 19.2 1.6
32. 7 48.8 13.6 1.2
37.9 40.8 16.4 2.1

23.1
7.9

0.6

0.6

7.5

40.0
87.5 37.5 12.5
37.5 25.0

d. Surface Profile e. Underdeck liE"
(Area Only)

(Patching) Cracking
Sq. Ft. ~ (Cr/6rid) ...§g. Ft. ~

22.4 0.54 0.32 972.6 19.72
1931.7 46.87 - 477.9 9.69

0 0 0 477.9 9.69
1.06(2) 0.02(2) 0.26 477.9 9.69
1.06 0.02 0.85 477.9 9.69
1.06 0.02 1.66 477. 9 . 9.69
1.06 0.02 1.80 477.9 9.69
1.06 0.02 2.09 477.9 9.69

b. Resistance Scan (~ of readings)

No. of -
Year Samples 0-500 501-1K.

Before No Test
After (3) 83 74.7 9.7
1977 83 188.0
1978 83 85.6 14.4
1979 8 25.0 75.8
1988(1) 5 0 60.0
1981 8 0 0
1984 8 0 37.5

c. Delamination(4)

Year In. Ft. ~

Before 245.0 4.98
After 137.5(1) 5.5(1)
1977 0 8
1978 5.0 0.10
1979 13.5 0.27
1980 0.3(1) 0.01 (1)

1981 90.1 1.80
1984 458.1 9.15

Resistance (ohlS)

HK-l. SK H. SK-l0K H01<-1eeK

7.2 8.4

)1001<-1" WI

(1) Only one stage of construction tested.
(2) Patches placed by contractor in footprints near end of bridge.
(3) Data taken after scarification.
(4) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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a. Potential sean (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Suples 8-.10 .11-.20 .21-.38 .31-.40 .41-.51 .51-.61 .61-.78 .71-.88 .81-.98 ).91

Before 438 0.5 40.9 51.4 5.8 1.2 0.2
After (2) 430 9.3 62.1 22.8 5.3 0.5
1917 438 3.7 73.5 18.9 3.9
1978 430 0 13.3 63.0 21.2 2.5
1979 438 0 24.7 64.2 10.9 0.2
1988(1) 231 3.0 65.8 26.5 4.7
1981 438 1.6 56.8 36.9 3.3 1.4
1984 430 1.4 68.9 26.7 3.0

Table 5 (Continued) - SUllary ofObsfrvations for Analysis of Protection SysteMS

(1) Only one stage of construction tested.
(2) Data taken after scarification.
(3) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.

Part F, Bridge No. L-759R S8, Latex Modified Concrete Wearing Surface

)1(11)lNH(II
Resistance (ohlS)

2.8

87.5

d. Surface Profile e. Underdeck "ED
(Area Only)

(Patching) Cracking
Sq. Ft. ~ (Cr/Grid) ..§g. Ft. "
10.6 0.20 0.18 0 0

104.7 1.97 - 0 0
0 0 0 0 0
0 0 0.01 0 0
0 0 0.68 0 0
0 0 0.62(1) 0 0
0 0 1.11 0 0
0 0 1.82 0 0

43

)1K-l.5I< )1.51<-101< )l0K-101lK

b. Resistance sean (~ of readings)

No. of -
Year Suples 0-500 501-1K

Before
After (2) 108 84.3 12.9
19n 108 100.0
1978 108 100.0
1979 8 12.5 87.5
1980(1) 4 100.0
1981 8 0 100.0
1984 8 0 12.5

c. Delamination(3)

Year Ln. Ft. "
Before 25.5 0.38
After 2.0 0.03
19n 6.0 0.09
1978 1.0 0.02
1979 29.0 0.44
1980 27.54(1) 0.83(1)
1981 77.15 1.16
1984 389. 75 5.88
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Table 5 IContinued) - SUlliry of Observations for AnalySis of Protection SysteMS

Part G, Bridge No. L-511R NB, Protecto Wrap Melbrane SysteM

a. Potential Scan I~ of readings) \

No. of Electrical Potential (Negative Voltage)
Year Samples 0-.10 .11-.20 .21-.38 .31-.48 .41-.50 .51~.60 .61-.70 .71-.80 .81-.90 ).91

Before 514 12.2 67.7 16.4 2.7 1.0
After 514 24.7 57.6 15.3 1.8 0.6
1977(2) 128 100.0
1978 514 18.8 14.2 50.2 12.1 2.7 0.4 0.6 0.4 0.2 0.4
1979 514 23.0 33.8 34.2 5.6 1.0 0.8 1.0 0:4 0 0.2
1980(1) 257 4.3 21.0 47.8 20.6 2.7 2.0 1.2 0 0.4 0
1981 514 19.6 30.3 31.4 13.8 3.1 1.4 0.2 0.2
1984 514 13.6 30.4 43.1 7.6 3.1 1.4 0.6 0 0.2

b. Resistance Scan I~ of readings)

No. of Resistance lohRlS)
Year Samples 0-500 501-1K )lK-l.5K )I.5IH0K )10K-100K )100K-IM )1M

Before No Test
After 128 36.0 19.6 6.2 38.2
1977 128 0 " 0 0 4.0 6.2 89.8
1978 128 0 0 1.6 43.0 23.4 15.6 16.4
1979 128 0 0 3.1 50.1 16.4 7.8 22.6
1980(1) 64 0 1.6 0 79.6 15.6 1.6 1.6
1981 128 0 0.8 2.3 64.8 13.3 9.4 9.4
1984 128 0 0 3.1 64.0 14.1 9.4 9.4

c. Delamination (3) d. Surface Profile e. Underdeck uE"
(Area Only)

IPatching) Cracking
Year Ln. Ft. ~ Sq. Ft. ~ ICr/Grid) .,]g. Ft. ~

Before 61.5 0.79 0.8 0.01 0.91 290 4.20
After 6.5 0.08 146.3 2.37 -- 290 4.20
1977 16.5 0.21 0 0 0 290 4.20
1978 78.0(1) 2.00(1) 0 0 0 298.5 4.33
1979 1781.5 22.83 0 0 0.44 298.5 4.33
1980 1083. Sill 27.77(2) " 0 0.06(1) 298.5 4.33
1981 967.9 12.40 0 0 0.62 300.5 4.36
1984 1237.9 15.86 0 0 1.09 300.5 4.36

II) Only one stage of construction tested.
(2) Spot checked in both lanes. Used staggered 6 ft. by 8 ft. grid.
(3) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 (Continued) - SUlliry of Observations for Analysis of Protection SystelS

Part HI Bridge No. L-759R NBI Protecto Wrap Membrane Systell

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Samples 8-.18 .11-.211 .~2l-.30 .31---.40 .41-..50 .51-.60 .61-.78 -" 71-.80 •81-. 911 ).91

Before 433 1.4 46.8 40.9 10.2 8. 7
After 433 8.7 44.4 45.8 9.8 8.7 8.2
1977(2) 108 100.8
1978 433 37.2 18.7 30.9 9.9 2.8 8.5
1979 433 15.8 25.1 37.8 13.9 6.2 2.1 8.7
1988(1) 233 31.8 18.3 34.3 17.2 6.4
1981 433 16.2 43.2 26.1 18.6 3.9
1984 433 JIt.6 29.6 28.6 6.7 0.5

b. Resistance Scan (~ of readings)

No. of Resistance (ollIS)

Year Salples e-see 501-1K )lK":'l.5K )1.51<-101< H0IH00K H00K-1M >1M

Before No Test
After 108 38.0 38.0 15.7 8.3
1977 108 0 " 8 8 0 18.8 89.2
1978 108 0 0 0 2.8 49.1 12.8 36.1
1979 108 8 0 0 13.9 30.5 20.4 35.2
1980111 58 0 8 0 24.1 46.5 3.5 25.9
1981 108 0 0 8 15. 7 20.4 21.3 42.6
19M 108 0 0 0 25.8 40.8 12.8 22.2

c. Delamination(3) d. Surface Profile e. Underdeck·P
IArea Only)

(Patching) Cracking
Year Ln. Ft. ~ Sq. Ft. 1- (Cr/6rid) ....§g. Ft. 1-

Before ItS. 5 0.73 32.9 0.62 0.25 8 0
After 25.0 0.38 M.l 1.58 - 8 0
1977 10.5 0.02 0 0 0 8 0
1978 14.0 0.21 0 0 0 8 0
1979 39.0 0.59 0 0 0.12 0 0
1980 72.63(1) 2.03(1) 0 0 0.07(1) 8 0
1981 56.10 0.85 0 0 0.25 " "1984 1008.81 15.21 " 0 0.68 0 0

II) Only one stage of construction tested.
(2) Spot checked in both lanes. Used staggered 6 ft. by 8 ft. grid.
(3) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 lContinued) - SuMMary of Observations for Analysis of Protection Systeis

Part I, Bridge No.A-1613R, Heavy Duty Bituthene

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Samples 0-.10 .11-.20 .21-.30 .31-.40 .41-.50 .5l-.68 .61-.70 .71-.80 .81-.90 ).91

Before 463 0.4 34.1 53.6 10.4 1.5
After 463 1.9 36.3 52.5 8.2 1.1
19n(1) 69 94.2 2.9 1.5 1.4
1978 463 15.1 25. 7 48.8 8.4 1.2 0.4 0.2 0.0 0.2
1979 463 4.8 56.6 31.7 5.8 1.1
1980(1) 194 0 57,2 36.6 6.2
1981 463 21.2 50.5 26.1 2.2
1984 463 12.5 47.1 32.0 4.3 3.9 0.2

b. Resistance Scan l~ of readings)

No. of Resistance lohlds)
Year Samples 0-500 501-lK HK-l.5K )1.5K-I0K H0K-leeK H00IHM HM

Before No Test
After 116 62.1 15.5 4.3 15.5 2.6
19n 116 0 0 0 0 0.9 0 99.1
1978 116 0 15.5 0.9 55.2 14.6 6.0 7.8
1979 116 0 " 1.7 56.9 31.9 8.6 0.9
1980(1) 49 0 0 4.1 71.4 20.4 4.1 0
1981 116 0 0 0 53.5 33.6 6.0 6.9
1984 116 0 0 0. 7 46.7 29.3 11.2 12.1

c. Delamination (2) d. Surface Profile e. Underdeck"P
lArea Only)

(Patching) Cracking
Year Ln. Ft. " Sq. Ft. " (Cr/Grid) ...§g. Ft. ~

Before 18.5 0.26 0 0 0.50 0 0
After 2.0 0.03 70.4 1.21 - 0 0
1977 4391.5 61.75 0 " " 0 0
1978 2796.0 39.32 0 0 0.02 0 0
1979 19.0 0.27 0 0 0.12 0 0
1980 545.5(1) 7.67(1) 0 0 0.24(1) 0 0
1981 311.5 4.38 0 " 0.42 0 0
1984 1251.7 17.60 45.4 0.78 0.86 0 0

II) Only one stage of construction tested.
(2) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 (Continued) - SUMar'y of Observations for Analysis of Protection Syste115

Part J, Bridge No. L-719R, Heavy Duty Bituthene

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Samples 8-.10 .11-.20 ~_-:._30 •31-.41 ~_;.. 50 .51-.61 .61-.70 .71-.80 .81-.90 ).91

Before 725 5.5 79.0 12.7 2.1 0.7
After 725 5.5 77.4 14.0 2.5 0.6
1977U1 103 89.3 6.8 0 1.0 • 1.0 1.' '.9
1978 725 12.0 66.0 12.5 4.4 4.3 0.3 0.3 0 0.2
1979 725 19.0 63.6 12.4 3.2 0.7 '.2 0.7 0 0.2
1980U1 358 27.4 66,5 4.2 1.1 0 0.8
1981 725 64.9 24.4 6.6 2.6 0.7 0.6 0 0.2
1984 725 44.4 43.4 9.2 1.9 0.4 0.3 0.4

b. Resistance Scan (~ of readings)

No. of Resistance (OOIlS)
Year Sallples 8-500 501-1K >1K-l.SK )l.SK-l01< )10K-I. !!!I!1-1" >1"

Before No Test
After 181 32.0 61.4 6.6
1977 181 0 " 0 0 1.1 4.9 94.0
1978U1 157 0 3.8 0 73.3 21.0 1.3 0.6
1979 181 0.6 1.1 2.2 56.9 35.9 3.3
1980U1 89 0 0 0 49.5 43.8 5.6 1.1
1981 181 0 0 0.5 48.6 38.7 10.5 1.7
1984 181 0 0 0 39.2 38.7 15.5 6.6

c. Delamination(2) d. Surface Profile e. Underdeck "EU

(Area Only)

(Patching) Cracking
Year Ln. Ft. " Sq. Ft. " (Cr/Grid) ....§g. Ft. ~

Before 63.0 0.56 0.4 0.01 0.89 18.2 0.18
After 7.0 0.06 113.1 1.28 - 18.2 0.18
1977 3403.0 30.38 0 0 0 18.2 0.18
1978 652.5 5.82 0 0 0 18.2 0.18
1979 207.5 1.85 0 0 0.06 18.2 0.18
1980 189.6U1 3.38U1 0 0 0.15U1 18.2 0.18
1981 178.7 1.60 o . 0 0.60 18.2 0.18
1984 89.1 1.01 1.2 0.01 1.22 24.2 0.23

(1) Only one stage of construction tested.
(2) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 (Continued) - SWilllary of Observations for Analysis of Protection SystellS

Part K, Bridge No. L-720R, Gacoflex lJIIII-2811 Melbrane Systl!ll

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Veal' Samples 0-.10 .11-.20 .21-.30 .31-.40 .41-.50 .51-.60 .61-.70 .71-.88 .81-.90 -l:..2!

Before 479 1.6 86.3 9.8 2.0 0.3
After No Test
19n(4) 209 70.8 16.3 10.0 1.4 0 0 0 0.5 0.5 0.5
1978 835 6.6 69.5 17.4 3.0 1.5 0.9 0.8 0.2 0.1
1979 8J5 9.0 76.0 8.9 2.1 2.0 1.2 0.7 0.1
1980(1) 299 20.7 70.3 4.3 2.0 0. 7 1.4 0.6
1981 8J5 48.6 43.6 4.4 0.9 1.3 0.8 0.4
1984 8J5 34.1 57.0 5.7 1.3 1.0 0.4 0.5

b. Resistance Scan (~ of readings)

No. of Resistance (ollIS)

Veal' SaMples 0-500 501-1K ) lK-I. 51< >1.51<-101< )101<-1001< >1001<-1" >1"

Before No Test
After 209 43.5 42.1 12.0 2.4
1977 209 0 0 0 0 4.8 7.6 87.6
1978 209 1.4 9.6 12.4 56.5 14.4 1.9 3.8
1979 209 0 4.3 13.9 56.0 16.3 7.1 2.4
1980(1) 75 0 0 24.0 73.3 2.7
1981 209 0 1.9 4.8 59.8 21.1 8.6 3.8
1984 209 0 9.1 15.3 37.3 18.2 10.5 9.6

c. Delamination(5) d. Surface Profile e. Underdeck·P
(Area Only)

(Patching) Cracking
Veal' Ln. Ft. ~ Sq. Ft. " (Cr/6rid) ....§g. Ft. ~

Before 17.0 0.13 0 0 0.34 0 0
After (2) (2) 22.5 0.22 - 0 0
1977 3685.5 27.89 0 0 0 0 0
1978 329.0 2.49 40.42 0.39 0.11 0 0
1979 328.5 2.49 137.50(3) 1.34 0.12 0 0
1980 2668.5(1) 20.20(1) 137.50 1. 34 0.26(1) 1.0 0.01
1981 1015.6 7.69 137.50 1.34 0.40 1.0 0.01
1984 2730.1 20.66 137.50 1.34 0.98 1.0 0.01

(1) Only one stage of construction tested.
(2) No potential scan made because only minor repairs were made.
(3) Permanent patch replaced by contractor due to potholes developed during winter 19n.
(4) Spot checked in both lanes. Used staggered 6 ft. by 8 ft. grid.
(5) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 (Continued) - SUMary of Observ~Uons fo.r An.lysis of ~tection Systl!lS

Part L, Bridge No. L-721R, Gacoflex u.-2811 IlleIbrane Systet

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Samples 0-.10 .11-.20 .21-.31 .31-. 'te_ .41-.50 •51-~ 611 .61-.7' .71-.80 .81-.90 ).91

Before 690 1.0 67.8 26.6 4.6 1.0
After 690 0.3 65.2 29.1 4.7 0.8
1977(1) 115 97.5 0.9 0 0 0 0.8 1 0 0 0.8
1978 690 10.7 64.1 20.5 1.7 1.8 0.3 0.2
1979 690 15.4 65.5 14.5 2.9 1.0 0.4 0.1 0.2
1980(1) 345 53.3 37.4 7.5 1.5 0.3
1981 690 45.6 42.4 8.8 1.7 0.8 0.3 0.2 0.2
1984 690 25.8 59.1 9.8 3.6 1.2 0.1 0.4

b. Resistance Scan (~ of readings)

No. of Resistance (ollIS)

Year Salples 0-. 5II-IK HK-l.5K H.5IHeK )UIK-leeK HeelHM HM

Before No Test
After 173 45.1 54.9
1977 173 0 9 0 0 1.1 e.6 98.3
1978 173 0.6 28.9 1.1 49.7 16.2 3.5
1979 173 0 0 4.6 69.4 17.9 5.2 2.9
1980(1) 87 0 10.3 13.8 51.6 25.3
1981 173 0 0 1.8 57.2 33.5 7.5
1984 173 0 1.2 6.4 2.6 20.2 12.7 6.9

c. DelaMinat ion (3) d. Surface Profile e. Underdeck"P
(Area Only)

(Patching) Cracking
Year Ln. Ft. ~ Sq. Ft. ~ (Cr/Grid) ..§g. Ft. ~

Before 16.0 0.15 0 0 0.45 0 0
After 6.0 0.06 65.6 0. 79 -- 0 0
1977 1801.5 17.14 0 0 0 0 0
1978 1696.5 16.14 58.31 (2) 0.7 0 0 0
1979 692.0 6.58 58.31 0.7 0.01 0 0
1980 1079.5(1) 10.27(1) 58.31 0.70 0.03(1) 0 0
1981 879.2 8.37 58.31 0.70 0.47 0 0
1984 2084.2 19.83 374.0 4.51 0.84 0 0

(1) Only one stage of construction tested.
(2) Permanent patch placed by contractor due to potholes developed during winter of 1977.
(3) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.

49



Table 5 (Continued) - SUIIIt1ry of Observations for Analysis of Protection Syste15

Part M, Bridge No. L-563R, Superseal 400el.T MeMbrane Systelll

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Samples 0-.10 .11-.20 .21-.38 .31-.40 .41-.51 .51~.6e .61-.70 .71-.80 .81-.90 ~

Before 379
After 379
1977(2) 94
1978 379
1979 379
1980m 189
1981 379
1984 379

0.4
5.8

85.1
10.5
24.3
19.6
72.8
41.2

58.0
54.0
8.6

29.0
54.3
17.5
20.3
47.0

9.5
17.9
4.2

47.0
18.5
7.4
5.8
8.2

1.6
1.8
1.1

12.7
2.9
0.5
0.8
1.2

1.5
0.5
1.0
0.8

0.3
0.5 1.3

b. Resistance Scan (~ of readings)

No. of
Year Samples 0-500 511-1K

Resistance (ollIS)

)IK-l.5K H.5K-I0K HIH0II< HI0IHM HM

Before
After
1977
1978
1979
1980m
1981
1984

No Test
95
95
95
95
47
95
95

12.6
o
I
o
o
o
o

45.2

"1.1
o
o
o
1.0

22.1
o
o
o
o
o
3.2

21.1
1.0

33.7
45.3
76.6
61.1
48.5

7.4
41.0
28.4
8.5

31.5
29.5

2.4
20.0
15.8
10.6
3.2

16.8

89.5
4.2

10.5
4.3
4.2
1.0

c. Delamination(4) d. Surface Profile e. Underdeck "ER

(Area Only)

(Patching)
Sq. Ft. _~Year

Before
After
1977
1978
1979
1980
1981
1984

Ln. Ft.

95.0
7.5(1)
3.0

12.0
1856.0
1606.4(1)
886.5

1320.6

~

1.66
0.29(1)
0.05
0.21

32.40
28.04(1)
15.48
23.06

2. 7
161.4

o
o
o
o
o

112.4(3)

0.06
3.57
o
o
o
o
o
2.48

Cracking
(Cr/Grid)

0.38

o
0.01
0.15
0.15m
0.41
0.77

~

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

~

0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39

(1) Only one stage of construction tested.
(2) Spot checked in both lanes. Used staggered 6 ft. by 8 ft. grid.
(3) Full depth deck repairs included in this patching was 15.25 sq. ft. or 0.~ of area.
(4) Delamination is shown as total lineal feet of delamination found per year in the area surveyed.
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Table 5 (Continued) - SUlliry of Observations for Analysis of Protection SystHS

Part N, Bridge No. l-511R, Superseal 4_T JlleMbrane Systell

a. Potential Scan (~ of readings)

No. of Electrical Potential (Negative Voltage)
Year Samples 0-.10 .11-.20 .21-.30 .31-.40 •41-. 5tI .51-.61 .61-.70 .71-.80 .81-.90 ).91

Before 794 0.8 9.6 21.4 26.4 27.7 13.0 1.1
After 794 0.9 7.3 37.4 40.8 12.0 1.6
1977(3) 199 84.9 6.0 0.5 7.1 1.5
1978 794 16.6 13.0 27.6 34.1 6.0 1.1 0.0 0.6 0.1
1979 794 11.3 22.0 42.9 17.7 3.2 1.7 0.9 0.2 0.1
1980(1) 390 15.1 30.0 43.9 7.7 1.5 1.8
1981 794 14.3 31.5 38.3 11.1 2.5 1.3 0.5 0.5 0 0.2
1984 794 14.4 19.4 32.7 20.1 7.9 3.1 2.1 0.2 0 0.1

b. Resistance Scan (~ of readings)

No. of Resistance (OOIS)
Year Suples 0-. 501-1K HK-l.5K H.5K-11K HIK-l. )100K-1M HM

Before
After 198 74.8 15.2 5.0 5.0
1977 198 0 ., 0 8.6 0.5 12.6 78.3
1978 198 0 0.5 0 49.5 31.3 12.1 6.6
1979 198 0 2.0 14.7 47.4 20.2 5.1 10.6
1980(1) 97 0 0 15.5 50.5 15.5 1.0 17.5
1981 198 0.5 6.1 6.6 68.7 12.1 2.5 3.5
1984 198 0 1.5 7.6 51.5 24.2 8.6 6.6

c. Delamination(5) d. Surface Profile e. Underdeck "E"
(Area Only)

(Patching) Cracking
Year In. Ft. ~ Sq. Ft. ~ (Cr/6rid) ..§g. Ft. ~

Before 866.0 7.20 2884.0 30.36 ·1.27 494.2 4.65
After 14.5 0.12 4150.0 43.69 - 494.2 4.65
1977 81.5 0.68 0 0 0 494.2 4.65
1978 921.5 7.66 62.9(2) 0.66(2) 0.01 539.5 5.07
1979 1830.0 15.21 62.9 0.66 0.08 539.5 5.07
1980 5521.0(1) 45.89(1) 62.9 0.66 0.43(1) 539.5 5.07
1981 3807.7 31.65 62.9 0.66 0.77 539.5 5.07
1984 9110.8 75.73 249.0(4) 2.62 1.67 539.5 5.07

(1) Only one stage of construction tested.
(2) Permanent patch placed by contractor due to potholes developed during "inter 1977.
(3) Spot checked in both lanes. Used staggered 6 ft. by 8 ft. grid.
(4) Full depth deck repairs included in this patching "as 123.75 sq. ft. or 1.16~ of area.
(5) Delamination is sh~ as total lineal feet of delamination found per year in the area surveyed.
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INTERPRETATION OF TEST DATA

GENERAL APPROACH TO ANALYSIS

The performance analysis and discussion of these bridge

deck protection systems will be based on test data presented in

the preceding section of this report. The discussion is

supplemented with photographs and graphs when appropriate.

CHLORIDE ION DETERMINATION

Chloride ion penetration analysis was included in the

testing procedures on these bridges to determine the

effectiveness of the membrane system to control further chloride

ion intrusion. Chloride ion test locations were established on

the deck surface during the initial condition survey. These

test locations were selected on the basis that no delamination,

underdeck efflorescence, or patching was present in the

immediate area.

In conjunction with this chloride ion testing program, two

additional analyses were incorporated for informational

purposes. First, the specific location of the chloride ion

samples were chosen to correspond to a range of electrical

potential readings. Each chloride ion sample was obtained at

the grid location relative to a given potential reading to

obtain data to analyze the relationship of potential reading

with chloride ion concentration.

Second, also incorporated with the initial chloride ion

sampling, a corresponding in situ chloride ion determination was
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made. These analyses will be discussed first and then the

analyses of chloride ion intrusion after placement of the

membrane will follow.

ELECTRICAL POTENTIAL READING RELATIVE TO CHLORIDE ION
CONCENTRATION

Chloride ion content of the deck concrete was determined

for each 1/2 inch increment of depth from 1/4 inch to 4 1/4

inches by AASHTO Method T 260. The top 1/4 inch of the concrete

was discarded. Each of the eight lifts (A through H) for each

sample location was tested separately for"its chloride ion

content. Thus, with the electrical potential reading at each

chloride ion sample location, a simple linear regression

analyses was run to determine if association existed. Table 6

is the product of the regression analyses made by accumulating

all data for the fourteen bridges for each lift of chloride ion

sample.

The number of pairs of values (N) is noted as a decreasing

value as the depth increases. This is a result of not drilling

to the depth indicated because of coming in contact with

reinforcing steel or having to discontinue taking the sample due

to weather or traffic conditions. However, the number of

samples for each lift was quite sufficient to establish

relationships.

The significance tests show that chloride ion contents at

all lifts were significantly related to the electrical potential

readings. However, as noted in Figures 2 and 3, which represent

chloride ion sample lifts A and C, as examples, have very large
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Table 6 - Simple, Linear Regression Results for Electrical
Potential Vs. Chloride Ion Concentration

2
95X

Lift (Inches) N b a _r___r__ Sy.x CVX Signif.

A 1/4-3/4 258 9.854 4.23 0.08 0.28 3.37 52.1 Yes

B 3/4-1 1/4 258 10.094 1.35 0.14 0.37 2.55 70.2 Yes

C 1 1/4-1 3/4 257 9.908 -0.50 0.25 0.50 1.74 100.1 Yes

D 1 3/4-2 1/4 255 6.409 -0.59 0.28 0.53 1.03 120.2 Yes

E 2 1/4-2 3/4 254 4.908 -0.56 0.31 0.56 0.74 133.2 Yes

F 2 3/4-3 1/4 240 3.818 -0.46 0.22 0.47 0.73 175.9 Yes

G 3 1/4-3 3/4 234 4.440 -0.65 0.26 0.51 0.75 201.2 Yes

H 3 3/4-4 1/4 226 3.890 -0.56 0.26'0.51 0.64 197.3 Yes
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Figure 2 - Analysis of Chloride Ion Concentration at 1/4 to
3/4" Depth With Electrical Potential

I
1

I
I
I
J

l
I
1

I
-}

I
I
1

I
\

I
I
}



Figure 3 - Analysis of Chloride Ion Concentration at 1 1/4 to
1 3/4" Depth with Electrical Potential

(Represents approximate depth of top reinforcing steel in most
bridges in this study.)
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distributions of data. This variation is related to in Table 6

through the coefficient of variation (CV%) for all lifts and the

implied accompanying errors of estimate. Also, the regression

formulas indicate further lack of meaningful-relationships

because the y axis ordinate becomes negative as shown in Table

6, which is definitely not realistic. If good results were

accomplished, the best fit curve would intersect the y axis at

approximately 0:20 pounds of chloride ion per cubic yard, which

through numerous tests has been determined to be the average

chloride ion content for fresh concrete produced in Missouri.

Therefore, based on this large sampling of bridge decks in

a very limited area of almost similar environmental conditions,

these results indicate the predictability of chloride ion

content from observation of the electrical potential scan would

be subject to large error and would be unacceptable.

EVALUATION OF A RAPID IN SITU DETERMINATION OF CHLORIDE ION IN
PCC BRIDGE DECKS

Determination of chloride ion content of a powdered sample

of portland cement concrete by AASHTO T 260 is time consuming

for a laboratory. A report entitled "Rapid In Situ

Determination of Chloride Ion in Portland Cement Concrete Bridge

Decks" by Garrett L. Morrison (1) provided a field method for

determination of water soluble chloride ion content which was

reported to have good correlation with laboratory results. This

method utilized a specific chloride ion electrode and a buffer

solution which had been placed in a clean dust free hole drilled

in the bridge deck. Potential readings from the electrode after

57



an immersion time of 90 seconds were converted to chloride ion

concentration in pounds of chloride ion per cubic yard of

concrete.

Incorporation of this in situ chloride ion concentration

method afforded a good opportunity to evaluate its merits for

utilization as a substitute for the laboratory method. Chloride

ion samples were removed in 3/4 inch increments from a special

test hole. The field in situ chloride ion analysis was then

made in the same hole after each lift was removed. Only two

horizons were used in this correlation. One at 1/4" to 1" and

the other at 1" to 1 3/4". Method of performing the in situ

chloride ion test was similar to that described in the report by

Morrison (1)

Each bridge deck used in this investigation was tested for

in situ chloride ion content by taking a minimum of six

individual samples per deck. Therefore, a total of 200 samples

from the two horizons were available for this analysis.

Twelve samples were omitted from the population because the

concrete in the upper portion of the decks were in very poor

condition. When the asphaltic concrete overlay which existed on

these decks was removed, a considerable amount of moisture and

debris was observed at the surface of the concrete. This

moisture and debris continued to drain and crumble into the hole

interfering with the in situ chloride ion test. The remaining

188 samples were used to determine if a statistical significance

existed between in situ chloride ion results and laboratory
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potentiometric titration of the concrete removed from the test

hole.

Figure 4 exhibits the 188 samples for both horizons shown

as chloride ion per cubic yard of concrete as determined by

laboratory potentiometric titration as a function of the

uncorrected in situ electrode reading. Attempts were made to

satisfy the relationship by either a linear or quadratic curve

of best fit using all 188 points. Electrode potentials were

used in the uncorrected state, corrected for standardization of

the probe immediately prior to test only, and corrected for

temperature of the buffer solution and standardization of the

probe in combination.

Coefficient of variations from the above analyses indicated

none of the above correlations would represent the relationship

with less than a 39% or 40% error based on a quadratic or a

linear analysis respectively. Corresponding coefficients of

determination were 0.49 and 0.46 respectively. The best

relationship derived from this data was with uncorrected

electrode readings in the 1/4" to 1" horizon. Table 7 shows

overall results of relationships for the two best fit curves and

uncorrected and corrected electrode readings.

In situ chloride ion determination method used in this

analysis did not yield results at the 95% significance level

desired. However, the method does provide a base from which

modification could enhance the quality of results. Potential

readings from the chloride ion specific probe in this field

study were in the range of 60 to 140 mV. Figure 5 is a
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Table 7 - Correlation of Field Electrode Values With Laboratory
Chloride Ion Content as Determined by Potentiometric
Titration

Linear 114--1- 0.46 0.67 5.7 2.3 40.4 188
Quadratic 114--1- 0.49 0.70 5.7 2.2 38.6 188

Linear 1--1 3/4- 0.63 0.79 2.1 1.2 57.1 188
Quadratic P-1 3/4- 0.64 0.80 2.1 1.2 57.1 188

Part B - Corrected Field Electrode Value for Calibration with 1 x 10-3 " Chloride
Solution

Linear 114--1- 0.44 0.67 5.7 2.3 40.4 188
Quadratic 1I4--P 0.47 0.69 ·5.7 2.3 40.4 188

Linear P-l 3/4- 0.63 0.80 2.1 1.2 57.1 188
Quadratic P-l 3/4- 0.67 0.82 2.1 1.1 52.4 188

Part C - Corrected Field Electrode Value for Calibration with 1 x 10-3 Chloride
Solution and Temperature of Buffer Solution

Linear 114--1- 0.32 0.56 5.7 2.6 45.6 188
Quadratic 114--1- 0.33 0.57 5.7 2.6 45.6 188

Linear P-l 3/4- 0.56 0.75 2.1 1.3 61.9 188
Quadratic 1--1 3/4- 0.66 0.81 2.1 1.2 57.1 188

Part A - Uncorrected Field Electrode Value
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Correlation Horizon

Coefficient
of Correlation

Determination Coefficient
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laboratory calibration curve for the electrode used in this

evaluation. Slope of this curve for this observed range of

potential readings approached zero. If the buffer solution

would be modified to cause the electrode sensitivity to occur

within -30 to 50 mV range, the quality of the results may be

greatly enhanced.

Study with this method should continue. A fast method of

chloride ion content evaluation of bridge deck concretes could

be helpful when used in conjunction with rehabilitation of

existing salt contaminated bridge decks.

CHLORIDE ION PENETRATION ANALYSES AFTER MEMBRANE PLACEMENT

Prior to rehabilitation, two bridges, L-641R and L-642R, had

an asphaltic concrete overlay and three bridges, A-1613R, L-759R

NB, and L-759R SB, were in the original state with bare concrete

surface. Remainder of the bridges had a seal coat with porphyry

rock chips.

Data in Table 8 shows the relative chloride ion

concentration for the bridges used in this investigation prior

to rehabilitation. Figure 6 indicates the average chloride ion

content for the deck surface conditions mentioned above. Except

for the decks having an asphaltic concrete resurfacing, none of

the decks had chloride ion concentrations above 2 pounds at the

level of the reinforcing steel.

Study of the chloride ion penetration after the membranes

had been in place for four and seven years necessitated the

destruction of the membrane system at each location where the
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Table 8 - Distribution o£ Average Chloride Ion Content
Within and Between Bridges Be£ore Reconstruction

Average Chloride Ion Content (lbs./c.y.)
Li£t

Bridge H(l) A _8__C__0__E__F__G__H_

L-701R HB 16 10.76 6.12 3.16 1.41 0.62 0.27 0.20 0.20
L-702R SB 24 7.81 4.90 2.75 1.17 0.49 0.25 0.35 0.23

L-501R SB 16 5.00 1.74 0.49 0.28 0.21 0.20 0.20 0.20
L-642R 12 6.52 5.32 4.39 2.76 2.28 1.93 1.65 1.16

L-641R .12 5.67 5.04 4.12 3.09 2.36 1.96 1.99 1.70
L-759R SB 20 5.89 2.46 0.63 0.25 0.20 0.20 0.20 0.20

L-501R HB 16 3.40 1.66 0.70 0.26 0.21 0.20 0.20 0.20
L-759R HB 16 6.17 2.89 1.00 0.48 0.28 0.20 0.20 0.20

A-1613R HB 12 8.62 5.45 3.10 1.39 0.75 0.36 0.23 0.21
L-719R HB 24 6.58 3.32 1.16 0.47 0.32 0.28 0.24 0.23

L-720R 30 5.91 3.50 1.16 0.46 0.27 0.22 0.20 0.20
L-721R 24 6.71 3.90 1.61 0.59 0.26 0.20 0.20 0.20

L-563R HB 12 6.03 2.39 0.44 0.27 0.20 0.20 0.20 0.20
L-571R HB 24 5.85 3.13 1.64 0.82 0.65 0.48 0.36 0.30

Average o£
All Bridges 258 6.49 3.70 1.88 0.98 0.65 0.50 0.46 0.39

( 1 ) H represents the number o£ test sites. Li£ts £rom 0 through
H actually had lesser number o£ samples because o£ hitting
rein£orcing steel or having to terminate drilling because o£
weather or tra££ic conditions.
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chloride ion sample was taken. Therefore, only one-half of the

initial sample locations were selected to represent each deck in

this analysis. Samples removed in 1981 and 1984 were located as

close as possible to the original samples by using the same

survey grid layout.

Average chloride ion concentrations for the locations which

were chosen for resampling in 1981 and 1984 are shown in Table

9. Graphic illustration of the trends are shown in the relative

chloride ion concentrations curves in Figure 7, parts a through g.

Each structure is represented with.four chloride ion

concentration curves. The first curve is the average of all

chloride ion samples taken in 1977 from Table 8. The second

curve is the average of the 1977 chloride ion samples selected

for retest as shown in Table 9. The third and fourth curves are

the average of the resampling in 1981 and 1984 respectively,

taken from results also shown in Table 9.

Generally, from parts d through g of Figure 7, the results

of this evaluation indicate that for the liquid and sheet

waterproofing membrane protection systems, chloride ion

concentrations have either remained stable or have been slightly

redistributed throughout the depth tested. The exception being

the Protecto Wrap membrane which shows a slight overall increase

in chloride ion concentr·ation in both bridges. Redistribution

has generally resulted in a slight lowering of chloride ion

concentration in the top inch or so of the concrete deck and a

slight increase in the lower increments.
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Figure 7 - Chloride Ion Concentration Before and
After Protection Systems were Installed.

a. Cathodic Protection System.
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b. Low Slump Concrete Overlay.
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Figure 7 - Continued

d. Protecto Wrap Membrane System
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Significance of these results is not the concentration

levels per se but the fact that the membranes have generally

protected the concrete from additional intrusion of chloride

ions. These membranes also have apparently prevented moisture

absorption by the concrete thus reducing the presence of a

mechanism available to the chloride ions to migrate.

Essentially, for the liquid and sheet type membrane protection

systems, the goal of stabilizing the rate of deterioration based

on chloride ion concentration and migration has been achieved.

Observation from parts band c of Figure 7 indicate that

neither of the concrete overlay systems are immune to intrusion

of the chloride ions. Results of the 1981 and 1984 surveys

indicate high chloride ion concentration in the top 3/4 inch of

the concrete overlay which is increasing with time. Two

bridges, L-641R and L-642R, were extensively patched during the

reconstruction phase of this contract. Sampling in 1981 and

1984 could not be adjusted to completely eliminate these patched

areas, therefore, as a result, the lower portion ·of these data

curves reflect a significantly lower average chloride ion

content. However, by the significantly lower concentration of

chloride ion at the previous original surface of the concrete

deck of the other two bridges, the chloride ions have apparently

redistributed themselves within the concrete mass. In fact,

some chloride ions have apparently moved upwards into the lower

portion of the concrete overlays. This also means that moisture

is penetrating the concrete overlay to allow for movement of the

chloride ions. Such moisture and chloride ion intrusion could
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followed the assumed behavior patterns. Liquid and sheet type

membranes have effectively stabilized the chloride ion

concentrations at the levels present during reconstruction and

placement of the protection system. The latex modified and the

low slump concrete overlay systems have shown chloride ion

penetration of the overlay system, however, the rate of

penetration may have been slowed. Since two of these bridge

decks were extensively repaired prior to placing the concrete

overlays, no specific trend is evident with regard to the

chloride ion movement in the original concrete. Cathodic

protection has not presented a clear indication of the chloride

ion condition in the concrete deck. Apparently the chloride

ions have redistributed themselves toward the lower depths

tested, however, it is not clear if resupply of chloride ions in

the top portion of the. concrete is occurring.

ELECTRICAL POTENTIAL SCANS

Use of half-cell voltage potential scans on the surface of

an original concrete bridge deck have been widely accepted to

determine the level of corrosion activity on the surface of the

reinforcing steel. Potential scans made on surfaces other than

the surface of the original concrete deck are subject to the

possibility of some error. Taking potential measurements

through different types of overlay systems could cause error in

the assumed location of the potential being measured. Water

standing between the layers of products on built up type

membranes could cause different lines of least resistance for
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the potential readings other than straight· down. Variation in

density of the overlay and the presence of patching in the

immediate area may also cause some variation in the path of

least resistance.

In an effort to test the same relative location with the

half cell probe in each successive survey, a permanent location

was established on the bridge from which all surveys were laid

out. A grid of 3 by 4 feet (longitudinal by transverse

respectively with the centerline of the bridge) was used to

locate the points to take potential measurements.

Table 5 in the Annual Field Observation and Test Data

zero to 100. The actual formula which was used is:

Section of this report gives the potential scan summaries for

numerical value to represent the data collected for each

Changes in environment of the reinforcing steel with time are

V = potential scan summary factor

75

A through J represent the electrical potential
percentage values found in Table 5 Sub-part a of
each Part A through N, with J representing 0 to
-0.10 volt range with A representing the >-0.91
volt range.

y = Year of survey

Where:

2 ·39V = A + 0.8B + (0.8) C + (0.8) D + ••• + (0.8) JY .

test date. Each value in the potential scan is the percentage

each individual bridge protection system for each successive

evident by the changing values noted in the table. A single

of potential readings within each specified category of voltage.

reduction factors whereby values would fall within a range of

respective survey was derived by using a progressive series of
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Actual range of values for V is 100 if all potential

measurements were at the >-0.91 volt level and 13.4 if all

potential measurements were at the 0 to -0.10 volt level. A

potential value >-0.91 volts may seem high and unrealistic,

however, on many occasions values of highly active corrosion

areas have been found to be in the -0.8 volt range. The formula

used in determining this potential scan summary factor is more

sensitive to the higher voltage ranges, therefore, adjustment of

this factor up or down indicates that either more or less of the

potential readings fell in the higher voltage ranges.

Table 10 represents the potential scan factor (V) values

determined by the above method. These values reflect the

relative condition of each bridge prior to repairs being made in

conjunction with this contract, after repairs were made, and

immediately after the protection system was in place as well as

successive annual surveys. These results are produced in

graphic form in the bar graphs shown in Figure 8.

Several of the graphs in Figure 8 show that repairs and

patching on these bridges reduced the electrical potential

levels. This would be realistic, especially for those bridges

having extensive patching operations where the chloride ion

laden concrete was removed and the reinforcing steel cleaned.

Values shown for 1977 represent the potential level with the

protective system in place. Tests in 1977 were made the day

following the final placement or curing of the protective system

and before traffic had been allowed to use the new surface.

This value was considered to be the zero point for evaluation of
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Table 10 - Electrical Potential Scan Factor (V)

Be:fore A:fter Survey
Bridge Repair Repair 1977(1) 1978 1979 1980 1981 1984

I Cathodic Protection

I
L-701R 25.47 24.60 19.54 (2) (2) (2 ) (2) (2 )
L-702R 19.80 19.99 17.14 18.23 (2) (2 ) (2 ) (2 )

Low Slump Concrete Overlay

I L-50IR SB 17.36 17.08 18.62 19.83 20.00 19.65(3) 17.78 18.41
L-642R 26.52(4) 24.94 24.12 23.70 22.77 20.96(3) 19.94 17.02

I Latex Concrete Overlay

,I L-641R 28.93(4) 24.36 23.03 22.99 21.69 20.76(3) 20.25 20.40
L-759R SB 19.71 18.09 17.86 21.88 20.56 18.86(3) 18.86 18.16

Protecto Wrap,I
L-50IR NB 17.48 16.86 13.40(3) 20.78 19.02 22.18(3) 19.74 20.03
L-759R 19.48 19.62 13.40(3) 18.08 20.72 19.80(3) 18.98 17.53

I Heavy Duty Bituthene

I
A-1613R 20.26 19.89 14.53(3) 19.62 18.70 19.04(3) 17.38 18.79
L-719R 17.45 17.54 18.17(3) 18.28 17.48 16.34(3) 15.46 16.13

Gaco:flex

.~ L-720R 17.52 17.52 15.62(3) 18.50 17.97 17.28(3) 15.86 16.43
L-721R 18.51 18.58 14.04(3) 17.87 17.54 15.49(3) 16.10 17.02

I Superseal 4000LT

L-563R 16.40 16.92 14.35(3) 19.73 17.02 16.49(3) 14.68 16.31

I L-571R 28.14 24.49 14.82(3) 22.48 21.26 19.53(3) 20.18 22.48

(1) Survey immediately a:fter placing protective system.

I
(2 ) No surveys were made with the cathodic protection system o:f:f.
(3 ) Only one stage of construction surveyed, partial survey.
(4 ) Expanded grid su~vey made on asphalt overlay.

I
I

,I
I
I 77



Figure 8 - Potential Scan Surveys Expressed
as a Single Numerical Potential
Scan Summary Factor.

a. Cathodic Protection System.
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the performance of the protection system in terms of voltage

potential scans.

Parts d through g, Figure 8, show that except for Bridge

L-719R, a significant drop in the potential factor was evident

immediately after placement of the liquid and sheet type

membrane systems. Bridge L-719R showed an increase in potential

factor immediately after placement of the Heavy Duty Bituthene

membrane system and a declining factor each year after 1978

until 1984. The other bridges with membrane type protection

systems gained in potential factor during the first year or two

of service nearly equaling or exceeding the potential value

after repair of the bridges. Thereafter, most of the bridges

with liquid or sheet type membranes have shown a general trend,

with some fluctuations, of decreasing potential factor from the

1978 value. However, none of the bridges have returned to the

value observed in 1977 before rehabilitation under this study.

Two bridges, L-720R and L-563R, have almost achieved the

original zero (1977 after placing membrane) value.

Generally, the voltage potential levels in the concrete

decks with the liquid and sheet membrane protection systems have

stabilized around the level observed after repair immediately

prior to placing the system. This situation could only be

brought about as a result of the membrane system affording the

concrete protection from further intrusion of chloride ions and

moisture. Without mobility, the chloride ions will not be free

to migrate to the immediate area around the reinforcing steel to

act as a catalyst in the corrosion reactions. These membrane
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systems appear to have effectively prevented further

deterioration by stabilizing the corrosion potential within the

concrete deck with regards to the measured electrical potential

levels.

Parts band c, Figure 8, show potential factors for the two

concrete overlay protection systems. Except for Bridge L-501R

SB, the 1977 potential factors were below those values observed

on the original and repaired deck surveys. During the first

year, potential factors were either stable with the 1977 values

or slightly higher. Thereafter, all four bridges show a

declining trend for potential factors.

Two bridges, L-641R and L-642R, which are identical twin

structures, were originally high in potential factors. Both of

these bridges had a history of numerous repairs to the concrete

deck and had an asphaltic concrete overlay in place prior to

reconstruction. Each bridge had a different type of concrete

overlay system placed on it for purposes of evaluating the

performance of concrete decks. From the observed similarity of

the potential factors on these two bridges during the period of

this study there appears very little difference in performance

of the two types of overlay systems. Performance of the

concrete overlay protection systems appear to be satisfactory in

terms of stabilizing or reducing the electrical potential

levels.

Part a, Figure 8, shows potential factors for the two

bridges which were selected for the application of cathodic

protection systems. These bridges were also beneficiated in
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terms of reduction of potential factors by application of the

coke breeze and asphaltic concrete overlay. Since activation of

cathodic protection sy~tems, voltage potential measurements have

not been made with the system in the completely discharged

condition except for L-702R in 1978. Based 'on observation of

other bridges in this study, slight rise in the potential

factors appears normal during the first year of operation as the

protection system becomes electrically integral with the bridge

decks.

Electrical potential measurements made on these various

protection systems indicate that generally the trends are for

the potential levels to be decreasing. Except for two bridges,

all the protection systems showed equal or lower voltage

potential levels in 1984 than on the original concrete surface

at the beginning of this study in 1977. Bridge L-501R SB, is

very near the 1977 level and showing some fluctuation with no

specific trend developed. Therefore, at this poi~t in time,

based on the voltage potential readings, there is little

difference between product performance.

RESISTANCE SCAN

Resistance scans through membrane systems are normally used

to determine the "waterproofness" of the membrane. Many

articles have been written which point out deficiencies in the

application of results from the resistance test to the actual

quality of the product. However, this test remains the

predominantly accepted non-destructive measure of a membrane's
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resistance to moisture penetration. In the same framework as
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explained for the potential scans, the resistance scans are

subject to error because of the line of least resistance being

variable as a result of water between the various layers of the

membrane systems.

To insure repeatability of test locations, the same type of

grid system as ~escribed for the voltage potential scans was

used. However, the spacing of the test locations was a 6 by 8

foot staggered grid. Terminology used with these grid systems

labeled the longitudinal spacings as "Stations" and transverse

spacings as "Lines". Therefore, a staggered grid example would

be to test the even numbered lines on Stations 1, 5, 9, and

every 4th station thereafter and to test the odd numbered lines

on Stations 3, 7, 11, and every 4th station thereaft~r.

Using the above technique, resistance tests were taken and

results were reduced to a resistance factor shown in Table 11.

J(
Testing on the cathodic protection bridges was eliminated from

this test procedure because "waterproofing" was not a function

calculation of the resistance factor was:

Resistance factors shown in Table 11 were calculated in

of that protection system.

much the same manner as the potential factor. Equation for the

Resistance factor

Year of survey

=R
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y

A through G represent the percentage values from
Table 5, Sub-part b of each Part A through N,
with G representing the 0-500 ohm range and A
representing the >lM range.

Where:

2 6
R = A + O. 8B + (0.8) C + ••• + (0.8) G
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Table 11 - Resistance Scan Factor (R)

Bridge
After
Repair 1977(1) 1978

Survey
1979 1980 1981 1984

Cathodic Protection

L-701R
L-702R

No Tests
No Tests

Low Slump Concrete Overlay

L-501R SB
L-642R

31.93
28.73

26.20 31.92 34.64(2) 80.00(2) 40.64(2) 32.59(2)
26.20 26.20 32.80(2) 32.80(2) 47.68(2) 45.42(2)

Latex Concrete Overlay

L-641R
L-759R SB

30.00
27.47

26.20 27.15 31.15(2) 36.08(2) 52.08(2) 40.48(2)
26.20 26.20 31.98(2) 26.20(2) 32.80(2) 39.98(2)

Protecto Wrap

L-501R NB
L-759R SB

37.96
33.11

97.32 66.53 66.26
97.84 78.56 78.16

54.14(3) 59.82
70.80(3) 80.73

59.98
70.71

Heavy Duty Bituthene

A-1613R
L-719R

Gacoflex

L-720R
L-721R

32.72
31. 23

31. 35
29.82

99.68 55.66 58.02
98.62 53.86 56.17

96.75 52.06 54.29
99.48 48.70 55.93

54.57(3) 60.60
58.96(3) 59.96

49.10(3) 57.39
51. 14(3) 57.46

64.01
63.84

58.00
59.94

Superseal 4000LT

L-563R
L-571R

37.48
29.19

96.43 64.06 64.51
93.10 61.82 58.56

57.44(3) 58.20
60.43(3) 53.26

59.79
58.94

(1) Survey immediately after placing protective system.
(2) Numbers of samples drastically reduced because protection system

was not designed as a "waterproofer".
(3) Only one stage of construction tested.
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Actual range of values for R was 100 if all kesistance

measurements were 1M ohms and 26.2 if all resistance

measurements were 0-500 ohms. Therefore, as the concrete decks

are tested prior to application of a protection system, the

resistance factor should be close to 26.2. After application of

a protection system resistance factor should approach the

maximum of 100.

Figure 9 is a graphical representation of resistance

factors shown in Table 11. Parts c through f show results of

liquid and sheet type membrane protection systems. Resistance

levels immediately after placing these membranes show the

desired effect of waterproofing. However, with the first year's

service, resistance levels dropped significantly. Thereafter,

resistance levels show a fairly stable quality around that which

was observed after the first year's service. Generally,

interpretation of a drop to a resistance factor of 60 means that

less than 15% of the resistance readings are in the preferred

range of 1M ohms. A drop to a resistance factor of 75 will

show only about 35% of the resistance readings are in the

preferred range of 1M ohms. Based on these resistance

measurements and preferred objective of "waterproofing" the

concrete deck, none of the liquid or sheet membrane systems have

proved to be outstanding. Protecto Wrap did have one bridge

that out-performed all other membrane systems when considering

only resistance criteria.

Parts a and b, Figure 9, show the limited resistance

studies of the concrete overlay systems. The results were as
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Figure 9 - Resistance Scan Surveys Expressed as
a Single Numerical Resistance Scan
Summary Factor.
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expected. Concrete overlays are not designed as "waterproofing"

systems. Very few readings were taken in or above the 10K ohm

range on either of these systems. Continued moisture

penetration of these systems may provide mobility to the

chloride ions thereby continuing the corrosion process.

Resistance measurements may be a useful tool to determine

initial uniformity or quality of a liquid or sheet type membrane

protection system, however, resistance measurements do not

appear to provide much meaning to the long term quality of the

system. Stability of the chloride ions and the apparent

decreasing electrical potential levels in these bridges as

previously discussed indicate satisfactory performance of these

systems.

DELAMINATION SURVEYS

The SIE Delamtect was used to make all delamination surveys

on these bridges. Delamination, as used in this report, means

hollowness as determined by Delamtect regardless of origin of

hollowness, i.e., fracture plane, debondment, or separation of

products comprising the protection system. Fracture plane will

be used to define cracking within the original concrete deck

caused by rusting of the reinforcing steel. Debonding will be

used to define lack of bond between any two layers of the

protection system or between" the protection system and the

original concrete deck surface. Delamination profiles for each

of the bridges used in this study were made before repair began,

after repairs were completed, after placement of the protection
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system, and as surveyed thereafter. The Delamtect was operated

such that a longitudinal trace was achieved at nine inch spacing

across the deck. Delamination, in terms of percentage of the

deck effected, was calculated as the total length of delamtect

trace indicating hollowness divided by the total length of

traverse. Delamination results shown in Table 5, Sub-part c of

Parts A through.N, have been summarized in Table 12 for

discussion of comparisons.

Delamtect results on anything other than a concrete surface

are subject to possible errors. Asphaltic concrete overlays

create problems in response levels in the Delamtect. Generally,

the deck must be rechecked with a steel rod or hammer and sand

method to determine if the response is correct. All Delamtect

surveys were checked after the 1977 surveys.

Delaminations come in many forms when discussing membrane

or overlay systems. The bonding plane between each step of

material application is a possible source of hollowness. The

values in Table 12 attest to these problems because of

fluctuation from year to year on the observed percent of

delamination.

Cathodic protection indicated a uniformly hollow sound in

1981 and 1984. Observations were made from cores which were

removed from the protection systems during the 1981 and 1984

survey to verify the existence and the position of the

delamination. Generally, there were large areas of little or no

bond of the coke breeze to the concrete deck and the asphaltic
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Table 12 - Delamination Survey Results In
Percent of Deck Area Affected

Delamination(l) - Percent of Area Surve~ed

Before After Survey
Bridge Repair Repair 1977(2) 1978 1979 1980 1981

Low Slump Concrete Overlay

1.14
3.84

1984

100.0
100.1

0.27
2.54

o 0.09
0.18 0.15(4)

o
o

4.55 0.86 28.3 (4) 100.0
1.77 0.76 1.26 100.0

0.01
o

0.93
0.17

1. 89 0.40(3)
0.11 0.04

L-501R SB 0.12 .0.03
L-642R 6.92 3.93(4)

L-701R
L-702R

Cathodic Protection

\

I
, \

l

t

(1) Delamination means hollowness as determined by Delamtect
regardless of origin of hollowness, i.e., fracture plane,
debondment, or separation of products of systems.

(2) Survey immediately after placing protection system.
(3) Partial test in one stage of construction only.
(4) Only one stage of construction tested.
(5) No test made.

Superseal 4000LT

Heavy Duty Bituthene

Latex Concrete Overlay

9.15
5~82

1. 80
1.16

4.38 17.60
1. 60 1. 01

7.69 20.66
8.37 19.83

15.48 23.06
31. 65 75.73

0.21 32.40 28.04
7.66 15.21 45.89

2.00 22.83 27.77 12.40 15.86
0.21 0.59 2.03(4) 0.85 15.21

0.10 0.27 0.01(4)
0.02 0.44 0.83

0.21
0.02

0.05
0.68

o
0.09

27.89 2.49 2.49 20.20
17.14 16.14 6.58 10.27

61.75 39.32 0.27 7.67
30.38 5.82 1.85 3.38(4)

0.26 0.03
0.56 0.06

0.13 (5)
0.15 0.06

1. 66 0.29
7.20 0.12

L-563R
L-571R

A-1613R
L-719R

Gacoflex

L-501R NB 0.79 0.08
L-759R NB 0.73 0.38

L-641R 4.90 5.50(4)
L-759R SB 0.38 0.03

L-720R
L-721R

Protecto Wrap

I
I
}

r
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concrete surface next to the coke breeze showed stripping

and generally poor bonding.

Both concrete overlay systems indicated a slight increase

in delamination with each successive annual survey. Cores

removed in 1981 and 1984 indicate that fracture planes were

developing and some debondment, especially at patch areas placed

immediately prior to the overlay, was occurring. Latex concrete

overlay system showed the largest increase over the 1981-1984

time interval.

Sheet type membrane protection systems presented rather

large variations in delaminations between surveys. This is

believed to have been a result of the condition of the asphaltic

concrete or the sheet membrane and the effects of temperatures

on these systems. However, cores were drilled in areas of

hollowness on all membrane bridges to determine probable cause.

Sheet type membrane systems were observed to have stripping

of the aggregates in the asphaltic concrete overlay at the

contact surface with the roofing paper. The Heavy Duty

Bituthene membrane was observed in a few cases to have large

blisters which apparently developed after being placed on the

concrete deck. The membrane, where these voids occurred,

appeared to have been effected by heat during placement of

asphaltic concrete overlay. Bridges with Heavy Duty Bituthene

also presented areas where fracture planes within the concrete

deck were observed. Bridge A-1613R was checked by drilling four

holes in areas of apparent hollowness. Three of these four

observations revealed corroded reinforcing steel and fracture
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planes~ Bridge L-7l9R was also checked by drilling four holes

in areas of apparent hollowness. Only one area resulted in

corroded steel and fracture plane •

Liquid type membrane protection systems were observed to be

in much the same condition as the sheet type membrane systems.

Asphaltic concrete was nbserved to have stripping of the

aggregate at the bond face with the roofing paper. Roofing

paper was generally bonded to the membranes, however, with

Superseal membrane, roofing paper was highly saturated with an

asphaltic appearing and smelling substance. Source of this

substance was not positively determined. The asphaltic concrete

was identical in mix design and appearance a~ the other bridges.

The membrane appeared to.be in good condition and well bonded to

the concrete surface. None of the hollow sounding areas which

were checked by core drilling, on the Gacoflex membranes were

due to fracture planes.· However, for the Superseal systems, one

of the five areas tested on L-563R and two of six areas tested

on L-57lR were observed to be fracture planes in the concrete

decks. In each case, corroded reinforcing steel with associated

cracking was observed.

Generally, from observations of cores and the data

obtained, delamination surveys on overlaid bridge decks do not

express with any certainty the condition of either the

protection system or original concrete deck. Many forms of

deterioration in the membrane system such as stripping of the

asphaltic concrete, debondment of any two layers of materials,

debondment of the membrane to the concrete deck" or failure of

the roofing paper to remain as originally placed will cause a
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hollowness to be registered on the Delamtect. Corrosion and

fracture planes have in some cases been detected in the hollow-

sounding areas on some of the systems. Because of the

relatively small number of cores drilled on each bridge, no

certainty can be expressed that one system is better than the

other based on delamination. The concrete overlays appear to be

in good condition based on the relatively low values obtained,

however, they are showing increasing percentages of delamination

annually.

CORROSOMETER PROBE READINGS

Corrosometers (manufactured by Matcor, Inc.) are precision

probes which were placed in the same environment as the

reinforcing steel. The corrosometer probe operates on the

principal that electrical resistance increases as the cross-

sectional area of a metallic conductor decreases. A probe

functions as an in situ sensor that accumulates the corrosion

history of the environment. Rate of corrosion in Mils Per Year

(MPY) may be calculated by the use of the formula:

, Instrument Reading . .Corroslon Rate(MPY)= T' x 0.365 x Probe Multlpllerlme

Probes used in this study had probe multipliers of 25,

therefore, the constant portion of the equation was reduced to

9.125.

Each bridge deck in this study had one corrosometer probe

randomly placed in each traffic lane. The corrosometer probes

were located in a wheelpath at the depth of the reinforcing

steel. Exception to this was the cathodic protection systems

which had two corrosometer probes per traffic lane. Table 13
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shows the rate of corrosion for each of the probes in terms of

mils loss per year. The corrosion rates were calculated over

the longest period possible to show the general trend rather

than small incremental fluctuations.

Placement of the corrosometer probes must be considered as

being very critical in using this data to evaluate performance

of the protection systems. With the sheet and liquid type

membrane systems, it is a matter of where the probe was placed

with relation to the nearest void in the membrane. From Table

13, there appears to be some areas in just this situation. Of

the eight bridges with liquid or sheet type membrane systems,

three bridges have one of the corrosometer probeS showing a

moderate rate of corrosion. All three corrosometer probes were

located in the passing lane.

One bridge with the low slump concrete overlay system,

Bridge L-501R SB, and one bridge with the latex concrete overlay

system, Bridge L-759R SB, also show one corrosometer probe with

high corrosion rates. Both probes in this case are located in

the driving lane.

The corrosometer probe in Bridge L-759R SB, had a higher

corros~on rate than any other probes noted. However, no

cracking or delamination was noted in the surveys at the

location of this probe.

Four corrosometer probes placed in the cathodic protection

bridges showed moderate rates of corrosion. However, three of

these probes developed problems rather early in the testing

program. Shorts were assumed to have occurred due to breaks in

the electrical cables or failure at the junctions of the probe
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Table 13 - Corrosion Rate of Corrosometers

Corroso- Corrosion
meter First Reading Last Reading Difference Rate

Bridge No. No. Date value Date value Readings Days (IIPY) Remarks

Cathodic Protection

L-701R 1 9-30-77 107.0 12-29-77 11~.0 8.0 91 0.80 (1)4-12-78
2 9-30-77 6~.0 2-11-82 82.0 17.0 1596 0.10
3 9-30-77 77.0 2-11-82 ~~.O -22.0 1~96 -0.12
4 9-30-77 11~.0 2-11-82 82.0 -33.0 1~96 -0.19

L-702R 1 9-29-77 116.0 2-11-82 1~4. 0 38.0 1~97 0.22
2 9-29-77 26.0 2-11-82 20.0 -6.0 1~97 -0.03
3 9-29-77 36.0 2-11-82 10.0 -26.0 1~97 -0.14
4 9-29-77 110.0 2-11-82 228.0 118.0 1~97 0.67
~ 9-29-77 67.0 6- 8-78 104.0 37.0 2~2 1. 33 (1)2- 7-79
6 .9-29-77 144.0 6- 8-78 218.0 74.0 2~2 2.67 (1)2- 7-79

Low Slump Concrete

L-~OlR 1 11-14-77 127.~ 2-18-82 248.0 120.~ 1~~7 0.71
2 11-14-77 48.~ 2-18-82 ~O.O 1. ~ 1~~7 0.01

L-642R 1 12-1~-17 67.0 ~- 4-81 104.0 37.0 1236 0.27
2 12-1~-17 117.~ ~- 4-81 13~.0 17.~ 1236 0.13

Latex Concrete Overlay

L-641R 1 12-14-77 182.~ 2-18-82 186.0 3.~ 1~27 0.02
2 12-14-77 121. 0 2-18-82 88.0 -33.0 1~27 -0.20

L-7~9R SB 1 11-14-77 95.0 2-18-82 924.0 829.0 1557 4.86
2 11-14-77 92.5 2-18-82 86.0 -6.5 1~~7 -0.04

Protecto Wrap

L-501R NB 1 11-14-77 121. 0 2-18-82 301. 0 180.0 1557 1.05
2 11-14-77 151. 0 2-18-82 143.0 ";8.0 1557 -0.05

L-7~9R NB 1 11-14-77 74.0 2-18-82 333.0 2~9.0 1~~7 1.~2
2 11-14-77 116. 5 2-18-82 10~.0 -11. ~ 1~~7 -0.07

Heavy Duty Bituthene

A-1613R 1 9-21-77 62.0 2-16-82 55.0 -7.0 1609 -0.04
2 9-21-77 145.0 2-16-82 141. 0 -4.0 1609 -0.02

L-719R 1 9-21-77 64.0 2-16-82 108.0 44.0 ·1609 0.2~
2 9-21-77 146.0 2-16-82 135.0 1609 -0.06

Gacoflex

L-720R 1 9-21-77 0 2-16-82 ~7.0 ~7.0 1609 0.32
2 9-21-77 104.0 2-16-82 111. 0 -7.0 1609 -0.04

L-721R 1 9-21-77 52.0 2-16-82 60.0 8.0 1609 0.04
2 9-21-77 71. 0 2-16-82 7~.0 4.0 1609 0.04

Superseal 4000LT

L-563R 1 11-1~-77 118.0 2-17-81 122.0 4.0 1190 0.03 (2)5- 4-81
2 11-1~-77 129.5 2-18-82 122.0 -7.~ 1~56 -0.04

L-~71R 1 12-15-77 72.~ ~- 4-81 318.0 24~.~ 1236 1. 81 (3)
2 12-1~-77 33.0 2-18-82 19.0 -14.0 1526 -0.08

(1) Corrosometer shorted out on date shown, water and/or corrosion products in

(2 )
receptacle.
Corrosometer probe was accidently cut by drilling for fracture planes during 1981
surveI·(3 ) Lock roze on electrical outlet box, no test made in 1982.

98



\

l
\

.~

\

I

\

or the ground connections. Solidified calc·ium carbonate

products or water was noted in junction receptacles of these

probes in the instrumentation cabinet. Corrosion probe number 4

on Bridge L-702R, which had moderate rate of corrosion has been

stabilized since the last reading by adjusting the rectifier

output to the bridge.

Rate of corrosion on corrosometer probes must be

interpreted as a failure in the protective system if any

positive corrosion rates are expressed. Literature from the

manufacturer of the corrosometer probes show the effects of

corrosion on a particul~r system the same as a weight 10s6 by

coupon in relating the corrosion of the probe to the corrosion

occurring in the system .. Therefore, from the information in

Table 13, no certainty can be derived from the state of

corrosion of any bridge reinforcing steel because of the large

variability of the resuits and the relatively small area of the

bridge deck that the probe senses.

SURFACE PROFILE

Surface profile relates to the visual condition of the deck

surface with emphasis primarily on cracking and patching. The

square feet of patch surface area observed before work commenced

under this study, after patching was completed immediately prior

to the placement of the protection system, and as surveyed

thereafter is shown in Table 5 for each bridge respectively.

Numerous areas on some of the decks received extensive repair

during the preliminary rehabilitation prior to the protective

systems being placed. At the time the protective systems were
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placed, the decks were considered to be in good repair. Surface

cracking was surveyed before repairs were made. Some cracking

could have been eliminated by thehalfsole repairs, but was

considered insignificant and not resurveyed.

Table 14, shows the cracking noted in each surface profile

survey with the final survey in 1984 reduced to a numerical

value of number of cracks by grid. As mentioned previously,

with the electrical potential scans, a survey grid of 3 by 4

feet was used for control points in the annual surveys. The

surface profile data was observed and recorded for each survey

using the same grid reference system. Cracking was noted to

increase in length and1vary in direction as well as to increase

in numbers with each successive survey. Therefore, to account

for the increasing lengths of cracks, the data was reduced to

numerical values by counting the number of cracks within each

grid. This data was further reduced to the average number of

cracks within a grid or 3 by 4 foot area of the deck for the

1984 survey to give a bases for evaluation which eliminates

variable lengths and widths of the bridges.

Based on this analysis procedure, the number of cracks per

grid section or 12 square feet of surface area appears to be

fairly similar between bridges within each respective protection

system except for Superseal. All four of the membrane

protective systems show relatively low number of cracks per grid

on the average as compared to the concrete overlays systems.

The total number of cracks actually counted during the 1981

survey approached the original surface profile survey. Cracks

in the asphaltic concrete overlay as shown in this survey, are
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not considered to be reflective cracks. Generally, the cracking

in ,the original deck was primarily transverse, whereas, cracks

in the asphaltic concrete overlays qre longitudinal. Because of

this crack pattern, the porphyry asphaltic concrete overlays

apparently function as an independent layer of material with the

membrane functioning as a stress relief system. Traffic loading

on the asphaltic concrete surface has also caused some wheelpath

rutting with accompanying longitudinal cracking patterns.

Therefore, cracking, per se, in the asphalti~ concrete overlay

in this study does not appear to be detrimental to the

functioning of the memb~ane.

Cracking within the concrete overlay protective systems is"

considerably higher, than, that observed in the membrane

protective systems. The rate of cracking is roughly 2 times

greater per grid. Total cracking recorded in the 1981 survey in

the concrete overlays was 3 to 6 times greater than was

originally observed in the concrete surface before

scarification. The 1984 survey showed increase in surface

cracking, however, at a considerably lesser rate of ,occurrence

than observed between 1980 and 1981.

On February 18, 1982, observation of one of the latex

concrete overlay systems following two days of fog, rain, and

cloudy weather gave indications of a very alarming concentration

of cracking which was not previously observed in the 1981

survey. Figures 10 and 11 are typical of the observed crack

pattern. Near the ends of the deck, the cracking normally

orientated diagonally with the centerline as shown in Figure 10.

Cracking within the interior spans of the bridge normally
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orientated longitudinal and perpendicular to the centerline as

shown in Figure 11. This crack pattern was the first of its. .
type observed in MissourI concrete overlay systems.

To better understand the cracking observed in the concrete

overlays, 4 inch diameter cores were drilled which would be

representative of various crack sjtuations.Three categories of

cracks were established for the purpose of defining the

seriousness of the cracking observed. Large cracks were those

which were easily observed from 20 or more feet in distance with

a large opening of the crack and the edges of the crack may

possibly be rounded from wear. Medium cracks were those which

were easily observed from a lesser distance of approximately 10

feet with only slight opening and sharp edges of the crack.

Fine cracks were those which were observed from an intense study

of the immediate area at a distance of approximately 5 feet with

no opening of the crack~

The data thus developed from study of the depth of cracking

in each bridge deck is presented in Table 15. Sample

photographs of the cores which were observed are presented in

Figure 12. These five typical cores are each presented in

different views. The first photogr~ph is the top of the core as

observed in the surface of the deck. The next two sets of

photographs are the sides of the core showing the crack depth.

The first set o£ photographs were made after soaking the cores

overnight, therefore, cracks which were not apparent to the

naked eye were highlighted. The second set were made from a

surface dry condition.
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Figure 10 - Diagonal Crack Orientation at the
Skewed End Joint of One Latex
Concrete Overlay, Passing Lane.

Bridge L-759R
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Figure 11 -Per:pendicular Crack Orientation· in. the
. Interior Spans and Bents of'One Latex

Concrete Overlay, Passing Lane.

Bridge L-759R
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Table 15 - Summary of Observations of Cores Taken to Determine Crack Depth

Crack Surface Crack
DepthClnches) First Crack Crack Hollow Steel Fracture Depth

Brid~ Core Overlay Steel Observed Orient.· Size Area Rusty Plane CInches)

Latex Concrete Overlay

L-641R 1 1 1/2 3 1981 Trans. Kediulll No Yes No 1 1/2
2 1 5/8 3 7/16 1981 Diag. Fine No Yes No 1 5/8
3 2 1/4 3 1/8 1981 Trans. Large No Yes No 3 1/8
4 2 5/8 4'1/4 1979 Trans. Large No Yes No 4 1/4
5 1 7/8 NA 1981 Longit. Fine No NA No 4 11/16
6 1 7/8 3 7/8 None Diag. Fine No No No 1

L-759R 1 1 7/16 2 1/2 1979 Trans. Large Yes Yes No 2 1/2
2 -1- -3/-16 11-1-1-16-- 1980 - -~ongit; -Kelfi-ulIr-- Ncr ·--Yes- Yis -lH/16
3 1 7/16 2 7/8 None Longit. Fine No Yes No 2 7/8
4 1 1/2 3 None Trans. Fine No No No 1 1/2

Low Slump Concrete Overlay

L-501R 1 2 1/8 3 3/8 1978 Trans. Large No Yes No 2 1/8+
2 1 15/16 3 11/16 None Trans. Kedium No Yes No 1 15/16
3 2 1/16 3 5/8 1980 Longit. Fine No NA No 2 1/4
4 2 3/16 3 1978 Trans. Large No Yes No 3
5 2 3 3/8 None Longit. Fine No NA No 2 1/4+

L-642R 1 2 3/8 3 11/16 1979 Longit. Fine Yes Yes Yes 3 11/16
2 2 3/8 3 7/16 1978 Trans. Large No Yes No 3 7/16
3 2 9/16 3 3/4 1979 Longit. Kedium No Yes No 3 3/4
4 2 3/8 3 11/16 1981 Longit. Kediulll No No No 2 3/8
5 2 3/4 NA 1978 Trans. Large Yes NA No 3+

NA - Used in this table means -Not Available- because steel was not encountered in
drilling the core.
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From the data presented in Table 15, it is apparent that

the cracking, except for one core, penetrated the concrete

overlay full depth regardless of type of overlay. Approximately

one-half of the cores from each overlay type had cracks

extending to the depth of the steel which was encountered during

drilling. Except for a few cases, the reinforcing steel was

corroded at the location where the core was drilled.

Cracking observed in the cathodic protection systems

overlay was much the same as observed in the membrane systems.

However, the cathodic protection systems showed rutting more

than the membranes. The coke breeze asphaltic mixture was

observed to be rather soft when the overlay was removed to take

chloride ion samples. Apparently, the stability of the coke

breeze asphaltic mixture will influence the performance of the

porphyry asphaltic concrete riding surface. Generally, the

surface condition of all the protection systems had deteriorated

with regard to cracking.

Significant patching of the asphaltic concrete overlay had

been required on bridges with membrane systems. One bridge with

Heavy Duty Bituthene, both bridges with Gacoflex, and both

bridges with Superseal 40QOLT membrane systems required patching

since final completion of construction. Generally, the patching

was required because of breakup and potholing or shoving of the

asphaltic concrete overlay. Observation of the materials during

removal indicated large areas of stripping of the aggregate,

poor bond of the asphaltic concrete to roofing paper, and poor

bond of membrane to concrete deck to all be problems in the

areas requiring patching. Movement of the asphaltic concrete
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Figure 12 - Five Typical Cores Removed from the Concrete
Overlays to Check for Crack Depth.

a. Core No.2, Bridge L-501R, Low Slump Concrete Overlay

Top of Core

Side, Partially Dry after Soaking Overnight

Same Side, Surface Dry Conditibn
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Figure 12 - Continued

b. Core No.5, Bridge L-641R, Dow Latex Concrete Overlay

Top of Core

Side, Partially Dry after Soaking Overnight

Same Side, Surface Dry Condition
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Figure 12 - Continued

C. Core No.1, Bridge L-642R, Low Slump Concrete Overlay

Top of Core

Side, Partially Dry after Soaking Overnight

Same Side, Surface Dry Condition
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Figure 12 - Continued

d. Core No.2, Bridge L-642R, Low Slump Concrete Overlay

Top of Core

Side, Partially Dry after Soaking Overnight

Same Side, Surface Dry Condition
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Figure 12 - Continued

e. Core No.1, Bridge L-759R, Dow Latex Concrete Overlay

Top of Core

Side, Partially Dry after Soaking Overnight

Same Side. Surface Dry Condition

112



-\

\.

I

resulting from anyone of these problems could be established as

to probable cause of failure, however, many of the cores removed

for purposes of taking chloride ion samples did indicate

stripping of the aggregate and loss of bond of the asphaltic

concrete overlay to be the predominant problem. Effective use

of the membrane system, i.e., to pond water to prevent

penetration into the deck, naturally will aggravate or

precipitate such deterioration. Proper drainage must be

incorporated into all membrane system designs.

Maintenance of the membrane. systems must be prompt upon

identification of a problem. Replacement as soon as possible of

any deteriorated membrane must be done to prevent further and

more massive deterioration. The damaged membrane system must be

replaced to prevent water intrusion under the remaining membrane

and continued deterioration. Failure to properly maintain a

membrane system will result in mandatory premature replacement

of the entire system. None of the membrane systems used in this

study stood out as exceptionally better or worse than the others

because of patching or required maintenance.

UNDERDECK SURVEYS

Underdeck surveys were conducted to visually determine

areas of the concrete decks which had deteriorated beyond the

fracture plane stage. Individual cracks with or without

efflorescence was surveyed but not tabulated because cracking,

per se, had not been correlated with rate of deterioration of a

concrete bridge deck. Efflorescence is normally observed as a

whitish deposit along a crack opening on the bottom of the deck.
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This deposit has resulted from crystallization or deposition of

minerals which have been leached from or carried through the

cracks and the water having since evaporated. Multiple full

depth cracking within a very limited area will cause the

appearance of efflorescence to be uniform over the area and not

specifically related to individual cracks. Areas which were

observed to be in this state were considered to be extensively

deteriorated and should be repaired by replacing the concrete

full depth.

Values reported in Table 5, Sub-part e of Part A through N,

for the Underdeck "E" s~rveys was related to the observed areas

of efflorescence only. From the tabulated data, only one bridge

of the fourteen in this study showed a substantial increase in

the square footage of area affected. The area of efflorescence

observed on L-571R, which had a Superseal 4000LT membrane

protection system, had increased by some 45 square feet.

Several other bridges showed between 2 to 20 square feet

increase since the placement of the protection system.

Significance of this observation is uncertain. Apparently

some moisture was being allowed to penetrate the protection

system at specific locations. Continuing deterioration

evidenced by increasing area efflorescence on the bottom surface

of the concrete deck must be considered unacceptable. Of the

systems in this study, the following show some increase in area

efflorescence: cathodic protection, both bridges: low slump,

both bridges: Protecto Wrap, one bridge: Heavy Duty Bituthene,

one bridge: Gacoflex, one bridge: and Superseal, one bridge.

Basically, the problem appears to be in the curb and parapet
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wall overhang area and is rather universal ~ith all protection

systems. The curb area being designed as a natural drainage

device will be the area which will have the highest probability

of being wet. Slow drainage from the asphaltic concrete overlay

and cracking along the curbline between the concrete overlay and

the parapet structure aggravate the situation.

CATHODIC PROTECTION

Cathodic protection systems are designed, in principle, to

change the electrical potential environment of the reinforcing

steel causing it to become cathodic relative to the system.

Various designs have emerged from research and industry to

provide the anodic polarized systems to create the cathodic

environment desired. The system used in this research study was

basically similar to the impressed current system designed

earlier by R. F. Stratfull (2)

Details of the design of the cathodic protection system for

the two bridges in this study are shown in the Appendix.

Basically, the cathodic system is all above the surface of the

concrete deck except for the zinc half cells, ground connections,

and corrosometers. All wiring is located on the surface of the

concrete deck. The coke breeze asphaltic mixture used as the

electrolyte to distribute the anodic charge on the deck was

placed at a thickness of 2 inches. A 2 inch layer of asphaltic

concrete with trap rock aggregate provided the riding surface

and protection for the coke breeze asphaltic mixture and the

cathodic protection system.
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Performance of these cathodic protection systems is rather

hard to define. As long as proper voltage levels and current

flow are maintained over the concrete deck surface by the anodes

and coke breeze electrolyte, the reinforcing steel will be

protected. Annual surveys indicated that correct voltage levels

were generally b~ing maintained. Criteria for protection was a

-0.30 volt shift to the half cell embedded in the concrete deck.

A substantial quantity of data was collected during the

initial four years of this study from the half cells and anodes

placed in these cathodic protection systems. The following

discussion is based on trends in the data and the relationships

expressed from comparisons of these trends.

During the design phase of this study, various types of

half cells were described in the literature. Two types of half

cells were used in this study to determine their effectiveness.

The solid state copper-copper sulfate and high purity zinc half

cells were used. Zinc half cells were used in a coated and

uncoated condition. The coating was 75% gypsum, 20% bentonite,

and 5% sodium sulfate with a thickness of 0.4 to 0.6 inches. A

copper-copper sulfate half cell was placed within one foot and

adjacent to each zinc half cell which was placed in the deck.

These half cell pairs were to be used for comparison of the

types of half cells. During this evaluation, the rectifiers

were manually controlled to observe the behavior of the systems.

Initially, the rectifiers were set to cover the -0.30 volt

shift at the half cell showing the most requirement. After

achieving -0.30 volt polarization shift, the output of the

rectifiers were gradually decreased to them keep from
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overdriving the systems. Thereafter, the rectifiers were left

at a constant setting to allow for study of the environmental

changes.

Cathodic protection was applied to two separate bridge

decks, however, these bridges were side by side on an interstate

system over a c~ty street. One bridge deck, Bridge Number

L-701R was 30 feet wide (curb to curb) and the other, Bridge

Number L-702R, was 42 feet wide (curb to curb) with a common

longitudinal length of 179 feet. The variation gave opportunity

to observe the performance of similar cathodic protection

systems at two specific widths of bridge. decks.

From Bridge L-701R, effects of air temperature on the

distribution of the protective current was observed by comparing

responses of half cells in the curb lines and the centerline of

the bridges. The copper~copper sulfate half cell responses

indicated that, generally, as air temperature decreases, the

response of the system will be to go more negative in voltage.

This follows that as the system becomes cooler and possibly more

moist, the resistance to the current flow becomes less. As

expected, overall current density near the centerline appears to

be less affected by the resulting power fluctuations than

density near the curb lines where the anodes were placed.

Protection of the most remote area on the bridge decks was

checked by placing half cells in such areas. The most remote

area was determined by assuming that the area of influence of

each anode was a circular area. Therefore, with the anodes in

a square grid layout pattern, the least protected areas would be

a somewhat diamond shaped area at the centerpoint of each grid
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square or rectangle as the case may be. Halfcells placed in

such areas indicated sufficient protection was being afforded

these areas.

Comparison of the coated and uncoated zinc and the copper­

copper sulfate half cells indicate variation in responses.

Generally, the coated zinc cells appear to be overprotected as

compared with the -0.30 volt shift response of the accompanying

copper-copper sulfate half cells. Uncoated zinc half cells

showed a more sturdy response over the same period of time and

was more consistent with the response of the copper-copper

sulfate half cell.

Generally, from the observations of the half cells on

Bridge L-701R, the uncoated zinc half cells show adequate to

slightly over adequate protection is being afforded the

reinforcing steel. Coated zinc half cells .appear to be more

variable in the voltage responses and tend to indicate more

unstable results. The copper-copper sulfate half cells appear

to be more susceptible to location on the deck with regard to

anode placement.

Bridge L-702R, the wider of the two bridges, showed the

response of both coated and uncoated zinc and copper-copper

sulfate half cells placed in the curb line to be similar when

comparing the peak to peak voltage fluctuations. However, the

copper-copper sulfate half cells showed several readings where

the system would not be properly protected. The companion

uncoated zinc half cells in the curbline indicated proper

protection of the system. Coated zinc half cells in the curb

line on the opposite side of the bridge indicated similar
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response with the copper-copper sulfate half cells ~nd both

indicated proper protection of the system.

Two questions arise when pairs of half cells are observed.

First, why is the response to power outages more pronounced for

one location than the other, and second, which of the half cells

show the correct-response. All anodes, being connected to the

rectifier output through a common buss, develop the same voltage

pressure for the current flow. Some anodes developed better

current flow characteristics than others. Apparently, those

anodes which are more active than the others will cause higher

amplitude variations in the half cells which are close to them~

It appears that plac~ment of the half cells remote to the anodes

will sense the general environment of the deck and better

maintain proper protection. Correct response must be answered

when failure occurs to the system and visual observation is made

of the concrete deck in the relative locations and the records

compared.

With the 42 foot width for Bridge L-702R, half cells were

placed at the centerline of the main roadway or 15 feet from the

north curb line and at the lane division between the main

roadway and the ramp lane or 12 feet from the south curb line.

Observation of the copper-copper sulfate half cells indicate

somewhat similar patterns of response. Response of the copper­

copper sulfate half cells when placed adjacent to coated or

uncoated zinc half cells appears to be more erratic than those

placed elsewhere. However, response of the copper-copper

sulfate half cells appear to agree between the two bridges.
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Basically, what all this information.yields is a discussion

of the variations that may be expected to occur within a

cathodic protection system. Relative placement of the half cell

with distance to the anodes and the type of half cell used could

cause erroneous assumptions as to the level of protection

afforded the re~nforcing steel. The more sensitive the half

cell is to temperature, moisture, and applied power levels from

the rectifier the more constant the system will operate. Of

course, the assumption with this data is that no adverse changes

have occurred to or within the half cells and the readings taken

are true with relation to the system. The cathodic protection

system on these bridge decks appears to be operating

satisfactorily.
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EEE SPECIAL WORK - BRIDGES L701R and L-702R - Project I-IR-29-1(41)

The items of special \vork consist of the following:

Removing the existing concrete slope protection and excavation necessary for the construction of the concrete
base for the control cabinet as shown on the plans.

Constructing concrete base complete in place including anchor bolts and installing conduit. The anchor bolts
shall be located by a template supplied by the manufacturer of the control cabinet. Furnish and install aluminum ladder
at wingwall as shown on bridge plans.

The entire length of the curb face exposed to the coke breeze a'sphaltic concrete shall be sealed with a sheet
type rubberized asphalt membrane before the tack coat is applied to. the deck.

The materials used to geal this curb area shall consist of:

A cold-applied self-adhering membrane incorporating a woven polypropylene mesh embedded between a la)'er
of self-adhesive rubberized asphalt and non-tacky bituminous compound; a primer; and a mastic. The system shall be
the Heavy Duty Bituthene Waterproofmg Membrane System, a product of Construction Products Di~ion, W. R. Grace
and Company.

The sides of the curbs from the junction with the deck to the top of the proposed asphalt wearing surface
and approximately four inches onto the deCk shan be thoroughly cleaned by the·use of air jets, sandblasting, mechanical
sweeper, hand brooms, or other approved methods, or as directed by the engineer until this surface area is free of sand,
clay, dust, salt deposits, oil or grease deposits, and all loose or foreign matter. The surface. of the deck shall be visibly
dry prior to and during application.

Inside corners at curb faces shall have a minimum 3/4-inch fillet of roncrcte grout' or cpOX)' mortar.

Application of the membrane system shall be in strict accordance with the manufacturer's instructions. The
contractor shall acquaint himself with the materials specified and their handling characteristics. He shall be thoroul.:hly
familiar with the construction procedures recommended by the manufacturer before application of the system. The
contractor sh3Jl furnish the engineer. a copy of the manufac'turer's printed instructions for application and construction
procedures· recommended.

Neither the primer nor the membrane shall be applied when the air temperature or deck temperature is below
4OF. The deck shal1 be surface-dry at the time of application of the primer.

Primer shall be applied uniformly with a brush or roller and worked thoroughly into the concrete surface at
an approximate rate of one gal10n per 250 to 350 square feet. The primer shall be allowed to dry until tack free
(approximately one hour) before applying the membrane. Primer shall only be applied to an area that will be covered
with HeaVy Duty Bituthene· membrane withfu 24 hours. lf the membrane is not plaCed over the primer within· 36 hours
or if the surface of the membrane becomes contaminated, the area shall be reprimed. Metal surfaces shall not be primed.

Primer shall be applied to the curb faces from the junction at the curb to the top of the proposed asphalt
wearing surface and four inches onto the deck.

After the primer has dried to a tack free condition, the membrane shall be applied to the primed surface area.
The membrane shall extend fun bridge length.

Special care shall be used at the curb face to insure that the membrane is uniformly· adhered to the concrete.
The entire membrane shall be free of wrinkles, air bubbles, and other placement defects. In the event bubbles or blisters
do form under the membrane, they shall be punctured with a sharp pointed instrument such as an awl and the membrane
pressed firmly into contact with the deck. The small puncture opening should be self-sealing, however, openings which
are considered to be too large to self-seal shall be patched as directed by the engineer.
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.The edges of the membrane on the curb faces shall have a troweled bead of mastic applied to insure a seal
at the curb face. Any terminating ·edge of the membrane system shall be sealed in the same manner.

Payment for the above described special work will be made and considered completely covered under the unit
price bid, lump sum, for Special Work w}llch price shall include excavation, all materials, disposal, equipment, tools,
labor and any other work incidental thereto .

FFF. ELECTRICAL SYSTEM·. BRIDGES L·70IR·~nd L~70:iR - Project I-IR-29-1(4I).

The cathodic deck protection system for prevention of deck deterioration from reinforcing steel corrosion is
reqUired.

The electrical phase. of the work shall consist of the installation of anodes, half cells, corrosometers, temperature
probe, control cabinet, power supply, conduit system and all associated wiring necessary to make the cathodic protection
system function as designed.

The control cabinet and any associated instruments shall be installed and operational prior to beginning of
installation· of electrical system on the· deck.

The contractor shall have a technical representative from an approved cathodic protection consulting fum present
or>~~e-.jobduring the fmal· inspection of the wiring in the cor.trol cabinet and during activation of the systems after
completion of the asphaltic concrete overlay and cathodic system. The contractor shall be responsible for notifying
the company representative or technical consultant prior to the date of installation or inspection where he is required.
The expense of having this representative on the job shall be the contractor's responsibility and no direct payment will
be made for this expense.

The control cabinet shall be of 0.1 25-inch sheet aluminum adequately reinforced, with double doors, with tumbler
equipped type locks mounted in door handles. The door shall fit against rain light rubber gaskets. The door hinges
and pins shall be of corrosion resistant metal. The cabinet shall have a .thermostatically controlled ventilating fan with
exhausting capability, in a water-tight enclosure, of at least 250 c.f.m. installed in the top of the cabinet. The cabinet
shall be supplied with a replaceable furnace type fiber glass filter of at least two square foot area mounted behind louvers
located in the lower one-fourth of the left door (when facing the cabinet). The cabinet shall be of the size as shown·
OJl the plans. The cabinet shall be equipped with two 225-watt thermostatically controlled heaters. The cabinet doors
shall be eqUipped with heavy duty door stops to hold doors open during testing and data gathering periods.

Electrical equipment and materials shall be as follows:

(a) Two 100-watt lamps with individual switches shall be installed in the center front of each door opening
in the top of the· cabinet.

(b) A 100-foot 3-lead extension cord of 110 volts on a suitable storage reel shall be provided and become
part of this system, and remain in the cabinet.

(c) Automatic Cathodic Protection Units shall be RIO Constant Potential Control Model without enclosure.

The rectifier shall be· of the selenium type with maximum output of 28, volts DC and 20 amps. The
transformer shall be provided with 3 coarse and 6 fme tap adjustments which may be manually set. The
units shall operate with any reference \vithin the range of +15 volts and -15 volts.

The units shall employ solid state circuitry for dependable operation and minimum "down time." The
units shall be equipped with an automatic current limiter and shall hold potential within..±. 5 millivolts.
The unit.s shall be cquipped with automatic surge pr_otection and automatic "fail safe" to effect shut down
if reference lead wires arc broken or if an external electrical surge is induced from the DC side. Each
unit shall be eqUipped with a volt metcr and an ammeter to measure output voltage and total cllrrent
flow.
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(d) The rectifier \'olt meter shall be scaled to read to the nearest 0.2 volts and the ammeter scaled to re~

to the nearest 0.2 amps.

(e) . Annode shunts shall be O.ol ohm pigtaUtype meter ~unts as manufactured by Holl~way. Type RS.S
Amp. 50 mv. and one end shall be soldered to a co~on bus b~r or bars.

(1) The rheostats shall be 50 ohm. 2S watt. vitreous enamel rheostats. Ohmite Model H with 1·1/2 inch finger
grip knob.

t

::·
""

(g) A SPST. 10 amp capacity. switch shall be located in line with the rheostats whereby individual anodes
may be" disconnected from the system at any time desired. These switches shall be flush mounted on
the control panel immediately below the rheostat to which it belongs.
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(h) Anode selector switches shall be silicon treated ceramic switches with 30 amp. 5 volt DC coin silver contacts.
1Jjo positive. index and adjustable stop. They shall have the proper number of sections and positions as
shown on the· plans. They shall ·be Allied Electronics" Series 747-90_.

(1) Polarization switch shall be" an SP Triple Throw. 30 amp capacity, flush mount.

0> Volt meter shcll be a 0-5 microampere, DC suspension typ-c: microainmeter in serie~ with a resistor so
that the scale indicates 0-5 volts. The instrument shall be a Triplett Model No. 320-G. The resistor
shall be a miniature 1/4 watt,O-2 megohm linear taper trimmer control resistor, Allied Elec.tronic Type
MLG-26IA. scale divisions to read to 0.2 volts.

(k) Ammeter shall be a 0-15 millivolt DC. suspension type millivoltmeter to indicate 0 to S amps with 0.2
amp divisions when connected across a 0.01 ohm shunt. Triplett Model 320-G.

(1) Ammeter selector switch "shall be SPS1" 30 amps capacity. flush mount.

(m) Meter terminals for external ammeter and volt meter shall be panel-mounted binding posts. The ammeter
terminals shall be shorted by a slotted copper bar. Allied Electronics Type DF "31 BC.

(n) Main AC power switch shall be a SO-ampere 120/277 volt AC single pole fusible switch mOWlted in a
metal box with hinged cover with external "on-off" handle. This box shall be surface mounted in the
lower portion of the control cabinet. AC power line to the automatic recording equipment shall be grounded.

(0) Convenience outlet shall be a 3-wire. IS-ampere. 12S-volt, groWlded type, common feed duplex plug outlet
in a metal box with metal cover plate. It shall ~ mOWlted in the lower portion of the control cabinet.
Another electrical outlet shall be mounted next to the shelf in the left side of control cabinct.

(p) Heater resistor shall be a vitreous enameled, 150-ohm. 22S-watt power. resistor installed in an expanded
metal cage. The heater shall be "moWlted in the lower portion of the control. cabinet.

(q) Anode terminal blocks shall be Buchanan sectional or expandable type to accommodate No. '8 conductor
on one side and No. 12 conductor on the other. Terminals shall be of the positive clamping type.

(r) Half cell terminal blocks shall be single paneljack banana type with female outlets on one side spaced
S/8-inch apart and positive clamping lugs to accommodate No.8 conductor on the other side.

(s) All hook-up wire within the control cabinet shall be No. 12 gauge coppcr stranded machinc tool wire.
All conductors shall b~ marked as shown on the plans. Marking shall be accomplished by the use of
adhesive backed plastic or wrap-around cloth type markers.

(t) All No. 8 copper conductors connecting anodes and half cells to terminal blocks shall be Cyprus Wire
and Cable 40 mil single extrusion Halar fluoropolymer insulation Type E·CTFE.These conductors s.~all
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also be marked in the manner as set out above before termination in the control cabinet. All conductors
shall be tagged p,,-!,manently with ·tf1e, indentification of the item with which it is associated.

(u) Recycle timers shall be connected to the interrupter bus in the control cabinet. The recycle timer shall
be Potter & Brumfield CR Series, No. CR B-48·70180, and mounted in the lower right (when facing the
cabinet) portion of the control cabinet. They shall be equipped with on-<Jff switches so they may be
placed in service or completely isolated from the circuit and turned off as required.

(v) Three thermocouples shall be installed as follows: One on the northbound bridge (L·701R), and one on
the sOuthbouild'bridge (L-702R), and one on the top of the control cabinet. Installation detaib ~re shQwn
on the plans. All leads from the thermocouples shall be marked as set forth above before termination
at a terminal block. :Lead-in conductors shall be 'Leeds and· Northrup No. 16-56-18, Type TX (Solid).
The thermoco'uples'shall be Leeds and Northrup No. 8784-T-3-5-12-I-l.Q. All conductors from the probe
to the control cabinet shall be continuous without splices. An L & N 269219 Quick Disconnect Mounting
Plate with two' L& N 0404282-circuit panels shall be installed in the cabinet and the thermocouple
conductors terminated to these panels.ubels shall be afflXed to the panels to identify the probes. Three
male L & N 040433 Quick Disconnect plugs shall be provided with 5 feet of L & N 16·56-18 lead \vire
which shall be used with the temperature potentiometer for recording purposes. A cable clamp L & N
072513 shall be used with the male plug. Instrument for temperature readout shall be Leeds and Northrup
Model 8692-2, portable type, Catalog No. 8692-2-541. The miniature head on 'the probe shall be sealed
to prevent moisture intrusion, prior to, being placed 'in the mortar mound. The meter shall be made available
'to the engineer at any time during constructiOIi." Th..is'instruinent shall become the property of the Missouri
State Highway Department at the conclusion of this project.

(w) A digital multimeter for testing and calibration purposes shall be furnished as a part of the work. This
multimeter shall be a Simpson Model 360 'Digital Volt-<Jhm Multimeter with test lead wires and rechargeable
Nickel-Cadium batteries and shall be made available to the engineer at any time during construction. This
instrument shaH become the property of the Missouri State Highway Department at the conclusion of
this project.

(x) Nime plates shall be fmnly affhed' to identify various components of the control panels.

Name Plate location

Ammeter'

Voltmeter

Polarization Voltage Push Button

Rheostats N.lI. Bridge,

Rheostats N.B. Bridge

Rheostats S.B. Bridge

Rheostats S.B. Bridge

Anode Row Selector Switch N.B.

Anode Row Selector Switch S.B.

Anode Selector Switch N.B.

Anode Selector Switch N.B.
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Inscription

0-5 Amperes

0-1.5 Volts

Polar Volt Test

RI-l Through RI-8

R2·1 through R2-8

RI-1 Through RI-8

R2·1 Through R2-8

Anode Row I &2

Anode Row 1 & 2

Anode I-I Through Anode 1-8

Anode 2-1 Throughl Anode 2·8



Anode Selector Switch S.D.

Anode Selector Switch S.D.

Anode I-I Through Anode 1-8

Anode 2-1 Through Anode 2-8

::::' r· .(y)

In addition, the ground terminals and .the half cell plug-in terminals shall be n,umbered to coincide with
the correct ground or half cell. . .

Anodes shall be of the size and shape as shown on the plans. Each anode shall be equipped with an
'insulated pgtall lead conductor approximately 3 feet in length. This lead will be spliced to a No.8 conductor.
The splice shall be of the crimJH)n type and dipped in molten non·acid core solder before taping. Mter
electrical splice has been made, it shall be insulated with a minimum of six half-lapped layers of g mil,
all-weather electrical tape. The tapedspJice shall then be placed on the concrete surface and sealed with
a prefabricated, resin filled splice kit.

J
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(z) the half .cells shall be of the number and type as shown on the plans. All copper·copper sulfate half
cells shall be placed such' that the recording end faces toward the nearest end of t,he bridge with respect
to the transverse c:enterline of th" deck. The zinc half cells shall be placed in the center of a grid space
of the top reinforcing steelll)at appro)dmately 6 to 12 inches frorothe recording end of the copper-eopper
sulfate half cells. . .

(aa) Half cell electrodes equipped with 3 feet of lead conductor shall be connected to a No.8 irIsutated conductor
by a crimp.o~ splice, .dipped in molten non-acid core solder, taped and seated in the same manner as
the anodes. After the electrical connection has been made, the half cell shall be mortared to the concrete
deck with a grout meeting Section 1066.1.2 of the Standard Specifications.

(bb) At four locations on each bridge deck ari insulated copper conductor shall be cad welded to both transverse
and longitudinal steel of the top mat reinforcing. After the weld has been completed, it shall be insulated
with 3M No. 4 resin and the excavation brought back to original grade with grout meeting the requirements
of Section 1066.1.2 of the Standard Specifications. The four locations are shown on the plans by a W/W
symbol and are approximately 45 feet from each end of the structure. Distance from the curb of each
.cad weld shall be approximately 18 inches. The reinforcing steel shall be mechanically cleaned before
the splice is made.

The engineer will make the fmal decision as to the location of all anodes, haIf cells, andcorrosometer probes.
The copper-eopper sulfate half cells shall be so located that the recording end is directiy above a transverse piece of
reinforcing steel. The zinc half cells shall be located such that they are not touching any reinforcing steel. The engineer
will indicate the location of the reinforcing steel and approve such location as finat.

After installation of the anodes and half cells, the engineer will test the electrical connections and continuity
of the systems. The engineer will make a comparative survey between the embedded half cell and a· portable half cell.
A half cell determined to be non-functioning shall be replaced at the contractor's expense. Replaced half cells will be
retested.

The corrosometers shall be cleaned on the job site per manufacturer's recommendations. The engineer will
check the corrosometers, prior to embedding in the mortar mixture, 'for proper connection and will establish the initial
zero values for each. The corrosometer shall be placed at the depth and with its longitudinal axis parallel with the
top reinforcing steel, as shown on the plans. The mortar for embedding corrosometers shall comply with Section 1066.1.2
of the Standard Specifications, however, the water shall contain calcium chloride at the rate of 0.4 pound of Type 2
grade, as specified in Section 1068 of the Standard Specifications, to five (5) gallons of water, with the exception of

orie corrosometer which will be located on the southbound structure (L-702R), as directed· by the engineer. The calcium
chloride shall be thoroughly mixed in the water prior to use. Curing of the mortar shall consist of wet burlap or oth~r

. suitable rmtetial for a minimilm of 12 hours. The mortar patches shall be air dried a minimum of 48 hOUIS prior
to being· covered wi.th a seal or membrane system. '.
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"
The corrosometer connections in the cabinet shall be of the Magna 32135, Type B male with waterproof cap.

A ground lead with a Magna 32135, Type 8 female with waterproof assembly shall be installed but not hooked up
until the engineer so directs. . "

. .
Four corrosometers shill be installed in the northbound structure (L-701R) and six corrosometers shall be installed

in the southbound structure, (L-702R). at locations shown on the plans. Installation details are shown on the plans.
The corrosumeters shall be of the Type PR·CPBD·13, as manufactured by the Magna Corporation. Santa Fe Springs,
California.. The lead wire shall be Alpha No. 1320 wire. A Model CK·3 Portable Corrosometer meter shall be provided,
by the contractor, for monitoring the probes and shall become the pr~perty of the Missouri State Highway Department
at the completion of the project. The meter. shall be made available to the engineer at any time during construction.

The ground block to the corrosometers shall be separate to the cad weld grounds but connected by a No..
8 TI-llfN copper wire loop. tha~ may be remov~d.·.

A concrete mortar protection shall be placed around the lead Wires whero they pass through the parapet wall
or deck to allow support and protection during paving. . .

The engineer will inspect and calibrate the temperature probes prior to their" bei~g placed in the mortar mound.
The .head of the probe shall be waterproofed prior to placing in the mortar mound. .

All conductor cable runs from the cad weld splices, the corrosometers, the thermocouple, the h~lf ·cells. and
the anodes shall be continuous, without splices, to .the control cabinet. The conductor shall be laid side by side without
crossovers to the" exit points. on each structure. At approximately 6-foot intervals the conductor or conductors shall
be secured to the deck by a 2·iil~h \Yide bead of-sib. Chemical Corporation's Sib Stix 360 or equivalent. At points
where the conductors run transversely to the bridge, planks shall be placed on each side of the conductors to proVide
protection from construction traffic. Each conductor. where it terminates at either a half cell or an anode, shall be
supported and encapsulated with SikaChemical Corporation"s Sika Stix 360 or equivalent to provide protection during
the placement of asphaltic concrete.

All conductors of a specific type. i.e. half cell or anode shall, be neatly bundled and placed around the terminal
boards to allow easy access to any tenuinal.

The contractor shall notify the engineer after the 'electrical system has been installed and before placement
of the tack coat to atlo.w ample .time for testing the electrical system and making a voltage survey. of the bridge deck.
The contractor shall make adjustments or repairs as directed .by the engineer.

The tack coat shall be uniformly distributed by hand or spray machine and shall not be applied to the anodes.
recording end of half cells or temperature probes.

All products that are used on these structures will be checked by the Central Laboratory. Jefferson City. Missouri.
for their conductive quality if materials other than those specified herein are used.

The working day following placement of the coke breeze asphaltic concrete. the engineer will make voltage
and polarization tests on the overlay. All" traffic shall be kept off the coke breeze asphaltic concrete until the wearing
surface is placed.

Upon completion of the asphaltic concrete overlay'and after the cathodic' system is. completed, the system
shall be activiated by the contractor. The engineer will make such tests as necessary to" determine satisfactory operation
of the system. H the system does not operate properly, repairs shall be made by the contrac~or. at his·expense. The
technical representative previously required shall be p~esent during the activation and testing of the system and. during
repair. if repairs are necessary.

Payment for the above described work will be made and considered completely covered under ,the unit price
bid. lump sum for Cathodic 'Protection System. which price shall include aU materials. including conduit and junction
boxes. rubberized asphalt membrane. control cabinet. equipment. tools, labor, and any work incidental to complete
the system.
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GGG. COKE BREEZE ASPHALTIC CONCRETE - Bridge's 1,701& & 1,702R. Project 1·IR-29-1(41)

r;,o>::';!

Coke breeze asphalti~ concrete, except as herein\lfter provided, shall conform tothe'applicable requirements
for Asphaltic Concrete P:1vement. of Sectiori403 of the standard Specifications. 1973 Edition and its supplements:

Sec. 403.1 Delete this section ::..nd substitute the fo!!owing:

"403.1 Description. The coke breeze asphaltic concrete shall consist of a mixture ofcoke breeze and asphalt cement
prepared in a stationary plant. The mixture shall be placed as the flI'St course over the' concreto deck in coformity
with the lines, grades, thickness and typical cross sections shown on the plans, or established by tlie'engiJieer. The'
mixture shall be placed ,in one course with a minimum thickness of 2 inches and a maximum thickness of approximately
3 inches." .

403.2 Delete this section and substitute the following:

"All mate.rials shall conform to Division 1000, M~terials Details, and specifically as follows:

r
Item

Asphalt Cement (60·70 or 85·100 Penetration)
Fine Aggregate
Mineral Filler

Section

1015.5
1002.1.1
1002.3

Ii

.-1

The source of coke breeze shall be approved. by the engineer. Coke breeze shall be commilrcial quality as defined
in ASTM Designation D 121. If petroleum coke is used~ it shall be c31cilted, and may require fUle- aggregate and mineral

. filler and less asphalt than shown in Section 403.3.1 as amended in this speclfic'ation. The mixture of coke breeze
and asphalt cement shall show 'satisfactory' cohesion when tested in accordance' with .ASTM D 1075·75.. The engiheer
will designate the grade of asphalt cement". . '. '

403.3.1 Delete this section and su~stitute the following:

"The coke breeze and asphalt cement shall be combined in such proportions that the composition by weight of
the fmished mix is within the following range." .

\-

0::, l<::~

Coke Breeze Asphaltic Concrete Mixture

Passing 1/2 inch sieve
Passing 1/2 inch sieve, retained (;>0 3/8 inch sieve
Passing 3/8 inch sieve, retained on No.4 sieve
Passing No.:4 sieve, retained on No. 10 sieve
Passing No. 10 sieve, retained on No. 40 sieve
Passing No. 40 sieve, retained on No. 80 sieve
Passing No. 80 sie'le, retained on No. 200 sieve
Passing No. 200 sieve.
Asphalt Cement

Percent
Min. Max

100
0 25
0 45
7 45
7 50
3 20
3 18
0 10

,15 20

J
403.3.2 Delete this section.

403.3.3 Delete the sixth sentence in this section.

403.3.4 Delete this section.and substitute the· following:,

The engineer may make adjustments in the mix formula submitted by the contractor. The percentage of asphalt
will be selected by the engineer. Approved mixtures, when compacted and tested in the laboratory in accordance with
ASD.f D 1074-75 shall have a stability of, not less than 300 pounds per square inch.
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403.3.5 Delete this. section.

403.3.6 Delete this section and substitute the follo$g:

"Gradation Control. In producing mixtures for the project,.the planhhall be so operated that no intentional deviations
from the job-mix formula are made except as ~pecificaIiy authorized by the engineer.

The gradation of the aggregates will be determined from samples taken from the hot bins."

403.3.7 Delete this section.

403.5.5·' Add the following to the end of this section:

The temperature of the aggregates shan not exceed 275F. The contractor's attention is directed to the characteristic
'features of the coke breeze material. It heats rapidly and is highly absorbent.

..03.5.6 Delete this section and substitute the following:

"Screens"· Separation of coke breeze into sizes will not be required."

403.5.12.5 Add the following to the end of this section:

,.

:(d) The unit weight per volume of the coke breeze mixture will be reduced from that nannally encountered when
natural aggregates are used. It will be necessary that this differential in unit weight per volume be considered in establishing
batch weig1l.ts for this mixture.

403.5.13.4 Add the following to the end of this section:

(c) The uRit weight per volume of the coke breeze mixture will be reduced from that normally encountered when
. natural aggregates are used. It will be necessary that this differential in unit weight per volume be considered in establishing
. the production rate for· this ~xture .

.403.5.18 Delete this section and. substitute the following:

"RaUeio,: ':All' rollers' or other emnpment used to compact the coke breeze mixture .shall be in satisfactory working
condition. AU rollers shall be Capable of reve~sUig,",vithoutbacklash and steel w~eel rollers shall be eq~ipped with scrapers.
Rollers shall have a system for moistening each wheel or roll. The following types of rollers shall be provided:

(1) Initial Rolling. Four ton to five ton three wheel roller or two whee~ tandem~YP,e roller.
. .

(2) Final Rolling. Not less than 10 ton two or three wh~1 ta~dem-type roller."

403.6 In the first sentence detete "4OF" and substitute II 50F"•

403.7 ,Delete the last sentence of this se~tion and substitute the following: "The final mixture shall not exceed
215 F wIWn tfucnarged from the pugmm.'~· .

403.11.4 Delete this section and substitute the follOwing:

"Rolling shall be continued until there is no visible evidence of further consolidation and IIntil all roller marks are
eliminated. At least two complete coverages shall be made with the initial and twe complcte coverages mado with the
fmal rollers. No density tests samples will be tah-n except as directed by the engineer."

Payment \\ill be nude llnJer:

Item 403·60.00 Asphalt Cement (Asphaltic Concrete). per ton

Item 403-99.95 Mineral Aggregate (Asphaltic Concrete), Coke Breeze Asphaltic Concrete per ton.
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