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EXECUTIVE SUMMARY

For the past three decades excessively rapid highway bridge deck deterioration has
been recognized as a major problem. The primary form of deterioration is spalling
caused by corrosion of the reinforcing steel. In response to this problem, the Minnesota
Department of Transportation (Mn/DOT) began a comprehensive research study
(Investigation 639) to evaluate a variety of bridge deck protective systems in an attempt
to reduce the amount of reinforcing steel corrosion. These included membranes
(spray-on and preformed) with a bituminous overlay, modified concrete (latex and low
slump) overlays, coated rebars (galvanized and epoxy) and cathodic protection. The
study included approximately 70 bridge decks. The field evaluations of this study were
conducted from 1976 through 1981 and a final report was issued in 1982.

At the time Investigation 639 ended, many of those systems had been in place only
about five years. In order to provide more valid estimates of long term setrvice life, two
decks of each system type that showed promise were included in an extended research
project. In addition, four bridge decks constructed near Princeton with epoxy coated
rebars and various special overlays were added to the extended study. Inspections
including copper-copper sulfate half cell testing, drill dust sémpling to determine
chloride content and visual examinations to locate surface defects and deterioration

were performed annually through 1990.
The following conclusions appear to be valid as of 1990:

1. Membrane and bituminous overlay systems work well at preventing chloride

intrusion, but durability was poor.

2. The chloride penetration resistance of latex modified c:oncrete is considered to
be good. Chloride content increases have been generally confined to the upper
1 % inches of the decks. Concentrations at the rebars are well below the

corrosion threshold range.
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Little corrosion is apparent on new decks with LMC overlays through sixteen

years of service.

Latex modified concrete appears to provide somewhat better resistance to
chloride penetration than does low slump dense concrete. However both types

of concrete overlays are providing satisfactory service.

The durability of low slump dense concrete (LSDC) overlays is considered to be
satisfactory. Some delaminations have been found on older rehabilitated decks

with LSDC overlays, but these have not resulted in significant maintenance.

On decks with LSDC overlays, average half cell values have varied somewhat

from year to year, but do not appear to show increasing corrosion activity. The
chloride contents are generally below the corrosion threshold, and most of the

chloride penetration is concentrated in the top two inches of the decks.

No significant distress was noted on decks with galvanized rebars or epoxy

coated rebars.

Half cell potentials show a slight tendency to increase with time on decks with
galvanized rebars. It is believed corrosion is absent, as chloride concentrations
are below the threshold value through fourteen years of service.

There is no evidence of corrosion activity on the bridge: decks in this study with

epoxy coated rebars.

The four decks near Princeton, Minnesota, with epoxy coated rebars and either
LSDC or latex modified concrete overlays show minimal distress after ten years.
The latex overlays provide slightly better chloride resistance than the LSDC
overlay, but concentrations at the rebars are well below the corrosion threshold

value for all four decks.
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A m\aws

The combination of special concrete overlays, either latex modified concrete or
low slump dense concrete, epoxy coated rebars and increased concrete cover
over the upper rebar mat has significantly extended the maintenance free life of
bridge decks. This combination of protective systems has become the standard
for new construction by Mn/DOT.






INTRODUCTION

Background

For the past three decades excessively rapid highway bridge deck deterioration has
been recognized as a major problem. The primary form of deterioration is spalling.
Chloride ions from deicing salts accelerate the rate of corrosion of the reinforcing steel
in concrete bridge decks. The formation of corrosion products on the steel rebars
results in a build up of stresses which is ultimately manifested as spalling of the

concrete deck surface.

The Minnesata Department of Transportation has employed a number of protective
systems in an attempt to reduce the amount of reinforcing steel corrosion. These
included membranes (spray-on and preformed) with a bituminous overlay, modified
concrete (latex and low slump) overlays, coated rebars (galvanized and epoxy) and
cathodic protection. The Physical Research Section monitored the performance of a
number of each type of system under Investigation 639, "Bridge Deck Deterioration and
Restoration". The field evaluations of this study were conducted from 1976 through

1981 and a final report was issued in 1982.

Some of the protective systems evaluated under Investigation 639 showed promise in
reducing corrosion and providing effective service. At the time Investigation 639 ended,
many of those systems had been in place only about five years. In order to provide

more valid estimates of service life or cost effectiveness, a longer term evaluation was

initiated.

Scope

Representative installations of the more promising bridge deck protective systems (two

‘l



decks of each system type) were tested annually to determine longer term effectiveness
at reducing/eliminating corrosion of the rebars. The field evaluations were conducted

annually through 1990.

The systern types continued from Investigation 639 into the extended study were:

- Decks constructed with membranes and bituminous overlays.

- Decks overlaid with latex modified concrete (LMC).

- Decks overlaid with low slump dense concrete (LSDC) when new.

- Rehabilitated bridge decks overlaid with LSDC.

- Decks constructed with galvanized rebars.

- Decks constructed with epoxy coated rebars.

- Four bridge decks constructed near Princeton with epoxy coated rebars and
various special overlays. These decks were not part of Investigation 639 but
were of interest because of the opportunity to compare different overlay systems

from a single location.

The bridge decks evaluated under this research project are listed in Table 1, and their

relative locations within Minnesota are shown in Figure 1.
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Figure 1. Bridge locations.
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PERFORMANCE EVAI.UATION CRITERIA

Batteries of tests were performed annually to determine the effectiveness and durability
of the various protective systems. Effectiveness is defined as how well a system
retards chloride penetration and prevents or reduces rebar corrosion. Durability is
defined as how well a system remains in place and provides a smooth driving surface.

The criteria used to determine overall systern performance are as follows:

1. General surface condition was determined by visual inspection, including
documentation of cracking on decks with bituminous overlays and cracking,

scaling and patching on decks with concrete surfaces.

2. Surveys to locate debonding of overlays from the original deck surface provide
data on bond characteristics of various materials and products used.
Delamination surveys were conducted on decks with concrete surfaces to locate
fracture planes. For purposed of this study, debonding is defined as a break
between an overlay and the original deck surface: delamination is defined as a
horizontal fracture within the deck caused by corrosion induced stress. Typically

debonded/delaminated areas were measured by chain drag.

3. System effectiveness can be assessed in part by how well chloride penetration is
reduced. Drill dust samples were collected in increments of one-half inch. The
total chioride content of the samples was determined. A range of 1.1 t0 1.6
pounds of chloride per cubic yard of concrete (280 to 410 parts per million) at the
level of the rebars is sufficient to damage the passive oxide layer on the steel

and initiate corrosion.

4. Corrosion testing was performed on decks with concrete: surfaces. A

copperf/copper sulfate half cell was used, with testing performed in accordance

5



with ASTM C876. Readings were typically taken on either a four-foot or five-foot grid.
On very large decks, a test area was selected which would provide a total of
approximately 200 readings. The voltages recorded represent the negative potential of
the steel relative to the half cell, but for convenience the negative sign is dropped.
Thus, values less than 0.20 volt indicate absence of corrosion while values greater than

0.35 volt indicate active corrosion. Values in the range 0.20 - 0.35 volt are uncertain.



MEMBRANES WITH BITUMINOUS OVERI.AYS

Approximately 200 of these systems were installed through 1980, mostly in the years
1974-1976. Various types of membranes were used, including preformed sheets and
hot or cold poured liquids. Their common characteristic is they were designed to be

waterproof and impervious to chloride penetration.

Poor durability was a major problem with membrane systems. Extensive cracking and
debonding at the overlay-membrane interface were observed. Debonding was
attributed to the freezing action of water collecting at the membrane-overlay interface.
Durability was generally better with hot poured liquid membranes than with the other
types of membranes, and was also better on decks in rural areas with relatively low

traffic volumes.

The two decks with membrane systems that were performing fairly well were deemed
worthy of extended study. Bridge No. 66009 was constructed in 1975 with a liquid
membrane, and Bridge No. 56012 was also constructed in 1975, but had a sheet
membrane. Both bridges are located on TH 10 in west-central Minnesota. Average

daily traffic volumes were less than 2000.

The decks were inspected annually for cracking and other forms of deterioration. Drill
dust sampling to determine chloride content of the concrete slab was also done

annually.

These decks exhibited considerable cracking (approximately 2000 lineal feet on Bridge
No. 56009 and 1500 feet on Bridge No. 56012). Testing with an SIE Delamtect showed
nearly 38% of the overlay of Bridge No. 56003 to be debonded, and about 2.5% of

Bridge No. 56012. Maintenance on these decks consisted primarily of crack sealing.



Chloride sampling was done by drilling a 2-1/2 inch diameter hole through the
bituminous overlay and membrane to gain access to the concrete slab. Drill dust
collection then proceeded using a 3/4 inch drill bit. Samples were collected in one-half
inch increments to a depth below the level of the reinforcing steel, which was generally
one to one and one half inches below the concrete-membrane interface. Through the
entire testing period, average chloride content values at the rebar level remained well
below the corrosion threshold value of approximately 350 parts per million for both
decks. This shows the membranes performed well at preventing chiorides from deicing
salts from penetrating the concrete slab below. The data are shown in Table 2 and

Figure 2 below.

Inadequate drainage was previously mentioned as a factor in the deterioration of
membrane systems. Water penetrates the bituminous overlay and collects on the
membrane. It was not unust=! to core through the overlay and find standing water on

the membrane surface.

In recognition of the frequent and extensive maintenance these decks would eventually
require, the membranes and bituminous overlays on these decks were removed and
replaced with low slump dense concrete overlays, Bridge No. 56009 in 1985 and Bridge
No. 56012 in 1986.

8
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Figure 2. Chloride penetration into decks with membranes and bituminous
overlays.
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LATEX MODIFIED CONCRETE

Two types of latex concrete overlays have typically been used in Minnesota: 3/4 inch
thick Dow latex modified mortar and 1 1/4 inch thick Dow latex modlified concrete. The
mortar overlay was used in the years 1972-1975, and the concrete overlay from 1974 to
the present. The 3/4 inch mortar overlay has been used on both rehabilitation projects
and in new construction. The 1 1/4 inch concrete overlay has been placéd only on new
decks. Either low slump dense concrete (L'SDC) or latex modified concrete overlays
are allowed by Mn/DOT. Latex modified concrete overlays are currently rarely used
because bid prices for LSDC overlays are typically lower than latex modified concrete,
and the contractors who commonly do business in Minnesota are equipped to place
LSDC overlays, not latex modified concrete cverlays. The performance of either type of

overlay system is considered to be acceptable.

Investigation 639 included eight bridge decks with Dow latex overlays. Three of these
were the 3/4 inch mortar overlay and five were the 1 1/4 inch concrete overlay. Two of
the 3/4 inch mortar overlays were on rehabilitated decks. These decks developed
considerable debonding of the overlay as well as delaminations at the rebars and were
replaced within ten years. The third mortar overlay and one of the 1 1/4 inch latex
modified concrete were carried over into the extended study. The 3/4 inch modified
mortar overlay is on Bridge No. 55009, on TH 52 in Rochester, the deck is built on steel
girders, and had a 1990 average daily traffic volume of 5750. The 1 1/4 inch modified
concrete overlay is on Bridge No. 49015, located on TH 10 near Little Falls, is on
concrete girders and had a 1990 ADT of 2000. At the conclusion of field testing in
1990, Bridge No. 55009 had been in service for 16 years and Bridge No. 49015 for 14

years.

Fine random cracking appeared shortly after placement on several of the LMC overlays.

The cracking was isolated in small areas and was believed to be related to

11



concentrations of latex in the mix. The extent of this cracking has not increased with
time. Less than 100 feet of transverse cracking was seen on Bridge No. 49015.
Cracking has been somewhat more extensive on Bridge No. 55009, measuring
approximately 700 lineal feet. Older cracks have been sealed with epoxy. No other

maintenance has been done on the deck surfaces.

Small areas of unsound concrete have been found on these two decks, amounting to
0.4% of the deck area on Bridge No. 49015, and 0.3% on Bridge No. 55009. These

unsound areas have not resulted in spalling or patching.

Results of chloride content testing are shown in Tables 3 and 4 and in Figure 2. The
average chloride content has increased with time in the 1/16 - 1/2 inch, 1/2 -1 inch, and
1 -1 1/2 inch increments on both decks, and to a lesser extent in the 1 1/2 - 2 inch
increment on Bridge No. 55009 (the deck with the thinner overlay). The increment at
the depth of the rebars, 2 - 2 1/2 inches on both decks, has not yet becorne chloride

contaminated and remains well below the corrosion threshold.

Half cell corrosion data were collected annually. The average data are shown in Table
5 and in Figures 3 and 4. During this time at least 99% of the half cell readings have
been below the .35 volt corrosion threshold and mean values have commonly been
below .20 volt. No evidence of corrosion-related damage has been observed on decks
overiaid with LMC. The cumulative percentage half cell data curves in Figures 4 and 5
do not appear to show a tendency at this time to move to the right, toward active

corrosion.
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Average Chloride Content (PPM)

Bridge Year Years 116 - 1/2 - 1- 1-1/2 - 2- 2-1/2 -
Number | Tested Service 172" 1" 1-172" 2" 2-1/2" 3"
49015 1977 1 1100 290 115
1978 2 1740 610 150 130
(Little 1979 3 1935 500 185 165 175 155
Falls) 1980 4 1660 580 200 160 140 140
1981 5 1930 1300 550 200 140 120
1982 6 1900 970 320 140 60 60
1983 7 1730 620 90 30 40 40
1984 8 2170 1170 480 160 100 80
1985 9 2250 820 170 130 120 110
1986 10 2010 830 220 90 60 60
1987 11 2300 1190 540 140 80 80
1988 12 2430 1170 420 20 100 80
1989 13 2040 1010 400 120 100 80
1990 14 2350 1270 450 130 70 70
Average depth of cover over rebars measured at 2.1 inches.
55009 1975 1 730 170 155
1976 2 1570 80 140
(Roch- 1977 3 2400 720 280
ester) 1978 4 2400 630 165 140
1979 5 2770 920 230 220 200 170
1980 6 2920 1790 680 280 250 250
1981 7 3190 1820 650 260 210 230
1982 8 2900 1556 750 370 200 215
1983 9 3310 2140 1070 420 120 100
1984 10 2970 1500 430 260 170 140
1985 11 3080 1360 520 270 190 170
1986 12 3120 1470 700 310 180 130
1987 13 3380 1740 930 410 120 110
1988 14 3150 1200 490 250 190 150
1989 15 4370 2340 890 200 170 180
1980 16 3350 1480 660 190 120 180

Average depth of cover over rebars measured at 2.2 inches.

Table 3. Chloride penetration into decks with latex modified concrete overlays.
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Bridge No. 49015
Average Chloride Content (PPM) :
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Figure 3. Chloride penetration into decks overlaid with latex modified concrete.
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Percentage of Total Readings

Bridge Year Years <.20V .20 - .35V >.35V Mean STD
Number Tested Service (volts) (volts)
49015 1978 2 99 1 0 A3 .04
1979 3 44 56 0 19 .04
(Little 1980 4 77 23 0 16 .05
Falls) 1981 5 49 51 0 19 .04
1982 6 26 74 0 .21 .05
1983 7 34 65 1 .20 .04
1984 8 29 71 0 21 .03
1985 9 97 3 0 .14 .03
1986 10 29 70 1 .21 .03
1987 11 41 58 1 .20 .04
1988 12 99 1 0 12 .03
1989 13 64 35 1 19 .03
1990 14 67 33 0 .18 .03
55009 1976 2 50 50 0 18 .06
1977 3 48 52 0 A9 .05
(Roch- 1978 4 85 15 0 16 .03
ester) 1979 5 93 7 0 A3 .05
1980 6 93 7 0 A2 .05
1981 7 80 20 0 15 .04
1982 8 78 22 0 15 .02
1983 9 91 9 0 A3 .05
1984 10 58 42 0 19 .04
1985 11 84 16 0 14 .06
1986 12 68 32 0 16 .06
1987 13 77 23 0 15 .06
1988 14 84 16 0 14 .05
1989 15 74 25 0 A7 .05
1990 16 76 23 1 .15 .07

Table 4. Half cell potential measurements from decks
with latex modified concrete overlays.
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Bridge No. 49015
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Figure 4. Summary of half cell potentials from decks overlaid with latex modified
concrete, Bridge No. 49015.
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Bridge No. 55009
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Figure 5. Summary of half cell potentials from decks overlaid with latex modified
concrete, Bridge No. 55009.
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LOW SLUMP DENSE CONCRETE

Low slump dense concrete (LSDC) is the bridge deck overlay type most commonly
used in Minnesota, both for rehabilitation and new construction. The higher density
concrete is designed to reduce chloride penetration. The first overlays placed in 1975
were 1-1/2 inches thick. Since then LSDC overlays have been 2 inches thick. Bonding

grout is applied to the deck slab ahead of the overlay.

On rehabilitated decks, the original deck surface is scarified to a depth of 1/2 inch, then
unsound concrete is located and removed. Type | removals are defined as removing
concrete from the deck surface to the top of the rebars in the upper mat of reinforcing
steel. Type lll removals consist of removing the concrete completely through the deck,
while leaving the rebars in place. Type | removals are typically not patched but are
filled when the overlay is placed. This rehabilitation process may leave in place

substantial amounts of chloride-contaminated concrete around the rebars.

Investigation 639 included both new and rehabilitated decks overlaid with LSDC. Two

of each of these types are included in the extended study.

New Decks

Bridge No. 27895 is located on I-35W in Minneapolis. It was built in 1975, has a deck
area of 25,810 square feet and 1988 average daily traffic (ADT) count of 63,500. No

cracking or delaminations were observed. There was a small amount of scaling, about

5 square feet.

Bridge No. 69891 was built in 1977 on I-35 in Duluth. The deck area is 9,502 square
feet with 1990 ADT of 9,000. Approximately $0 feet of random cracking and 20 square

feet of scaling were noted, along with about 1% of the deck being delaminated, mostly
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at one end of the deck. There was also considerable very fine shrinkage cracking.

Rehabilitated Decks

Bridge No. 6515, I-35E over Cayuga Street in St. Paul, was built in 1965 and overlaid
with LSDC in 1975. The deck area is 120,815 square feet with 1990 ADT of 92,000.
It has a considerable amount of transverse cracking and about 8% unsound concrete
as of 1980. At this time, fifteen years after rehabilitation and overlay, the
delaminations have not resulted in spalls or patching. This is considered significant in

light of the chloride levels found in the deck, described in the next paragraph.

There were significant amounts of concrete removals during rehabilitation. Bridge
6515 had Type | removals on 46% of the deck, with 10% Type lll removals. The
remainder of the deck was scarified, with much chloride contaminated concrete being
left in place. Average chloride content before overlay was determined to be 2255 parts
per million (PPM) at a depth of 1 - 2 inches, and 655 PPM at a depth of 2 - 3 inches.
The average depth of the rebars would lie in the 1 - 2 inch increment. The chloride
content values at this level are well in excess of that generally accepted as sufficient to

support corrosion (280-410 PPM).

Bridge No. 69848 was constructed.in 1964 and overlaid in 1977. It is located on I-35 in
Duluth, has a deck area of 5,310 square feet, and 1990 ADT of 9,200. Cracking
included 140 feet transverse, 130 feet longitudinal, and about 20 feet random. 1.5% of

the deck surface was found to be delaminated by 1990.

Bridge 69848 had 29% Type | removals, and 12% Type lil removals. Average chloride
content at the time of rehabilitation was determined to be 125 parts per million (PPM) at
a depth of 1 - 2", and 85 PPM at a depth of 2 - 3". Chloride content levels have been

above the corrosion threshold since 1985, but this has not resulted in significant
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delaminations or increased maintenance.

Tables 5 and 6 and Figures 6 and 7 contain chloride content data for new and
rehabilitated LSDC bridge decks. The data show the LSDC overlays seem to have
helped reduce the leve! of chlorides penetrating to the rebars, showing the benefits

provided by an LSDC overlay combined with increased concretle cover over the rebars.

Half cell corrosion data are presented in Tables 7 and 8 and Figures 8, 9, 10 and 11.
For decks overlaid with LSDC when new, nearly all of the half cell readings have been
below the .35 volt corrosion threshold. After the first year, readings have shown little
tendency to trend toward active corrosion. The readings from Bridge 27895 were split
fairly evenly between the passive and indeterminate range. Over §0% of the readings
from Bridge 69891 have been in the passive range. Of the two rehabilitated decks,
typically 90-95% of the half cell readings from Bridge 6515 and 95% from Bridge 69848
have remained below the .35 volt corrosion threshold. During the last two years of
testing, the percentage of values greater than .35 volt on Bridge 69848 has increased
slightly. On Bridge 6515, about 20% of the half cell values have typically been in the
passive range, and on Bridge 69848, about 45%. ’
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Average Chloride Content (PPM)
Bridge Year Years 116 - 1/2 - 1- 1-1/2 - 2- 2-1/2 -
Number | Tested Service 1/2" 1" 1-1/2" 2" 2-1/2" 3"
27895 1976 1 1185 230 80
1977 2 2160 470 110
(Minne- 1978 3 2820 1360 180 80
apolis) 1979 4 3190 1910 540 100 120 90
1980 5 3240 2170 780 240 140 160
1981 6 3125 1930 855 265 165 110
1982 7 3340 2330 1110 380 190 120
1983 8 3160 2140 1360 340 120 90
1984 9 3520 2710 1830 930 430 170
1986 11 3500 2030 930 180 180 100
1987 12 3530 2340 1440 510 200 70
1988 13 3480 2440 1540 670 340 330
1989 14 4200 2610 1480 330 120 70
1990 15 4140 2680 1730 1160 570 500
Average depth of cover over rebars measured at 2.4 inches.
69891 1978 2 1470 320 140 100
1979 3 2740 980 220 80
(Duluth) 1980 4 3340 1280 340 170 170 220
' 1981 5 3555 1495 445 190 138 150
1982 6 3260 1550 610 230 140 130
1983 7 4095 2440 1290 590 120 115
1984 8 3640 2110 960 460 180 110
1985 9 3770 2090 1230 610 220 170
1986 10 3450 1830 780 300 90 110
1987 11 4220 2400 1360 680 340 180
1988 12 3740 2350 1020 330 90 100
1989 13 3470 1560 750 230 140 100
1990 14 3990 2310 1280 440 110 100

Average depth of cover over rebars measured at 2.9 inches.

Table 5. Chloride penetration into new decks overlaid with low slump dense concrete.
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Figure 6. Chloride penetration into new decks overlaid with low slump dense
concrete.
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Average Chloride Content (PPM)

Bridge Year Years 1/16 - 12 - 1- 1-1/2 - 2-
Number Tested Tested 1/2" 1" 1-1/2" 2" 2-1/2"
6515 1976 1 1380 170 85
1977 2 2820 490 160
(St. Paul) 1978 3 3220 710 60
1979 4. 3835 1510 240
1980 5 3430 1070 250
1981 6 3680 1490 325
1982 7 3640 2160 390
1983 8 3820 1760 670
1984 9 3680 1670 260 190 240
1985 10 3790 1510 400 210
1986 11 3320 800 140
1987 12 3820 1560 440 90
1988 13 3680 1380 250
1989 14 3660 1420 420 80
1990 15 4290 2000 600 220
Average depth of cover measured at 1.9 inches.
69848 1978 1 1430 270 75
1979 2 3485 1020 170 100
(Duluth) 1980 3 3620 1090 300 200
1981 4 2970 1090 310 170
1982 5 3230 1130 250 350
1983 6 3810 1900 820 360
1984 7 3780 1790 800 370
1985 8 3600 1740 720 470
1986 9 3840 1890 970 600
1987 10 4050 2420 1340 620
1988 11 4360 2620 1530 810
1989 12 4530 2540 1370 920 330
1990 13 4620 2690 1750 1360

Average depth of cover over rebars measured at 2.0 inches.

Table 6. Chloride penetration into rehabilitated decks

overlaid with low slump dense concrete.
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Figure 7. Chloride penetration into rehabilitated decks overlaid with low slump
dense concrete.
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Percentage of Total Readings

Bridge Year Years <.20V .20 - .35V >.35V Mean STD
Number Tested Service (volts) (volts)
27895 1977 2 42 58 0 .20 .07
1978 3 58 42 0 .18 .05
(Minne- 1979 4 47 53 0 .18 .06
apolis) 1980 5 38 62 0 .19 .06
1981 6 29 70 1 .20 .06
1982 7 59 41 0 .19 .02
1983 8 91 9 0 .16 .04
1984 9 16 82 2 .23 .04
1986 11 69 31 0 A7 .05
1987 12 29 71 0 .21 .04
1988 13 10 90 0 .22 .02
1989 14 88 12 0 A7 .03
1990 15 96 4 0 .15 .03
69891 1977 1 100 0 0 .04 .03
1978 2 100 0 0 A2 .03
(Duluth) 1979 3 96 4 0 4 .04
1980 4 62 38 0 18 .04
1981 5 71 29 0 A7 .05
1982 6 95 5 0 14 .04
1983 7 88 12 0 .15 .05
1984 8 96 4 0 14 .04
1985 9 94 6 0 3 .05
1986 10 86 14 0 15 .04
1987 11 89 20 0 .16 .04
1988 12 95 5 0 14 .04
1989 13 65 35 0 18 .04
1990 14 86 14 1 15 .04

Table 7. Half cell potential measurements from
new decks overlaid with low slump concrete.
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Figure 8. Summary of half cell potentials from new decks overlaid with low
slump dense concrete, Bridge No. 27895.
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Bridge No. 69891
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Figure 9. Summary of half cell potentials from new decks overlaid with low
slump dense concrete, Bridge No. 69891.
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Percentage of Total Readings

Bridge Year Years <.20V .20 - .35V >.35V Mean STD
Number Tested Service (volts) (volts)

6515 1978 3 27 72 1 22 .05
1979 4 1 92 7 .29 .04

(St. Paul) 1980 5 2 89 9 .29 .05
1981 6 10 84 6 .26 .05

1982 7 19 77 4 .24 .05

1983 8 13 80 7 .25 .06

1984 9 20 74 6 .24 .06

1985 10 27 66 7 24 .07

1986 11 39 56 5 .23 .06

1987 12 24 72 4 24 .06

1988 13 28 66 6 24 .07

1989 14 17 70 13 .26 .08

1990 15 55 42 3 .20 .07

69848 1978 1 98 2 0 1 .04
1979 2 49 50 1 19 .06

(Duluth) 1960 3 15 83 2 23 .04
1981 4 66 33 1 18 .05

1982 5 60 39 1 .18 .05

1983 6 33 60 2 22 .07

1984 7 43 56 1 21 .06

1985 8 64 34 2 .18 .06

1986 9 41 54 5 .22 .07

1987 10 43 53 4 21 .06

1988 11 45 53 2 21 .06

1989 12 34 58 8 .23 .07

1990 13 44 50 6 .22 .08

Table 8. Half cell potential measurements from rehabilitated
decks overlaid with low slump dense concrete.
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Figure 10. Summary of half cell potentials from rehabilitated decks overlaid with
low slump dense concrete, Bridge No. 6515.
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Figure 11. Summary of half cell potentials from rehabilitated decks overlaid with
low slump dense concrete, Bridge No. 69848. '
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COATED REBAR SYSTEMS

In 1976 coatings were deemed to be the most promising systerns for rebar protection
on new decks, and epoxy and zinc were tentatively selected. Since that time,
galvanized (zinc coated) rebars have been deleted as an alternative to epoxy. Decks
built on higher volume roads receive the additional protection of a special overlay

(LSDC or LMC). LSDC is usually selected because of lower cost.

Bridge 62050, constructed with steel girders and a LSDC overlay, was found by 1990 to
have approximately 1300 feet of transverse cracking and 550 square feet of scaling.
The extent of cracking and scaling on Bridge 73854 (epoxy) and Bridges 9108 and
55025 (galvanized) is slight. Scaling is not related to the epoxy coated rebars but is
reported as part of routine deck inspection. No corrosion related areas of unsound

concrete have been noted through thirteen years of service on these decks.

Chloride penetration data are presented in Table 9 and Figure 12. None of the decks
have concentrations above the corrosion threshold at the depth of the rebar. Depth of
cover for the two decks with galvanized rebars averages 2.6 inches for Bridge 9108 and
2.7 inches for Bridge 55025. Because the chloride levels are low at the rebars, it
seems likely the zinc coating on the rebars has not been removed by corrosion.

Corrosion of the steel rebars would not begin before the zinc was consumed.

Corrosion testing data for galvanized rebar decks are shown in Table 10 and Figures
13 and 14. The average potential and the percentage of readings greater than 0.35
volt, the corrosion threshold for steel, have shown a slight tendency to increase with
time. A corrosion threshold value has not been established for zinc in concrete, but
because chloride content at the rebars is low it is believed no corrosion is present. It is

likely that an active corrosion potential for zinc would be 0.60 volt or higher.
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Average Chloride Content (PPM)

Bridge Year Years 116 - 12 - 1- 1-1/2 - 2- 2-112
Number | Tested Service 172" 1 1-1/2" 2" 2-1/2" 3"
9018 1977 1 1390 + 210 130
1979 3 1750 370 130 100
(LSDC 1980 4 2210 550 250 160
overlay) 1981 5 2210 630 140 110
1982 8 2190 760 210 100
(Inver 1983 7 2260 810 260 150
Grove 1984 8 2140 1150 430 150
Heights) 1985 9 2080 570 130 110
1986 10 2060 580 120 90
1987 11 2020 650 140 90
1988 12 2690 1350 640 300
1989 13 3000 980 390 120
1990 14 2030 670 220 90
Average depth of cover over rebars measured at 2.6 inches.
55025 1977 0 150 150
1978 1 490 140 90 80
(no 1979 2 860 310 130 130 120 140
special 1980 3 710 260 190 190 180 190
overiay) 1981 4 1050 430 240 170 160 160
1982 5 1210 270 100 90 90 70
(Roch- 1983 6 1340 590 230 120 90 80
ester) 1984 7 1460 360 100 110 130 100
1985 8 1580 430 200 130 140 150
1986 9 1480 340 100 80 80 80
1987 10 1640 610 180 100 110 90
1988 1 1930 780 280 100 120 90
1989 12 2080 740 190 80 80 70
1980 13 2380 770 240 120 80 60

Average depth of cover measured at 2.7 inches.

Table 9. Chloride penetration into decks constructed with galvanized rebars.
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Figure 12. Chloride penetration into decks constructed with galvanized rebars.
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Percentage of Total Readings

Bridge Year Years <.20V .20 -.35V >.35V Mean STD
Number Tested Service (volts) (volts)
9108 1977 1 19 79 2 .26 .06
1979 3 17 65 18 .29 .07
(Inver 1980 4 11 75 14 29 .06
Grove 1981 5 19 81 0 .24 .04
Heights) 1982 6 29 71 0 22 .06
1983 7 26 73 1 22 .07
1984 8 35 65 0 21 .06
1985 9 20 79 1 23 .04
1986 10 10 81 9 27 .06
1987 1" 33 63 4 .23 .06
1988 12 6 94 0 .25 .04
1989 13 42 58 0 .20 .04
1990 14 74 25 1 A7 .06
55025 1977 0 0 100 0 .26 .02
1978 1 4 96 0 .24 .02
(Roch- 1979 2 62 38 0 .19 .03
" ester) 1980 3 1 99 0 .26 .03
1981 4 55 45 0 .19 .03
1982 5 1 99 0 .26 .03
1983 6 19 81 0 22 .03
1984 7 0 100 0 .27 .02
1985 8 2 98 0 27 .04
1986 9 26 74 0 .22 .04
1987 10 9 91 0 .25 .04
1988 11 26 73 1 21 .04
1989 12 1 96 3 .28 .04
1990 13 2 95 3 27 .04
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Table 10. Half cell potential measurements from
decks constructed with galvanized rebars.
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Figure 13. Summary of half cell potentials from decks constructed with
galvanized rebars, Bridge No. 9108.
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Figure 14. Summary of half cell potentials from decks constructed with
galvanized rebars, Bridge No. §5025.
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Average Chloride Content (PPM)

Bridge Year Years 1/16 - 172 - 1- 1-1/2 - 2- 2-1/2 -
Number | Tested Service 1/2" 1™ 1-1/2" 2" 2-172" 3"
62050 1978 1 1650 250 110 90
1979 2 2830 940 330
(LSDC 1980 3 2340 730 270 180 160 190
overlay) 1981 4 2600 1200 380 160 120 110
1982 5 2720 1080 210 120 110 120
(St. 1983 6 2570 850 90 40 50 40
Paul) 1984 7 2670 1150 350 140 120 120
1985 8 2720 1130 290 130 130 120
1986 9 3380 1930 1050 300 70 50
1987 10 3200 1890 930 280 90 100
1988 11 3300 2020 1110 400 150 160
1989 12 3280 1820 830 260 90 90
1990 13 3140 1760 850 360 70 80
Average depth of cover over rebars measured at 3.5 inches.
73854 1978 1 760 150 90 100
1979 2 1560 480 180 140 160 150
(St. 1980 3 1300 490 230 160 160 180
Cloud) 1981 4 1610 790 270 150 120 130
1982 5 1880 890 270 120 100 90
1983 6 2020 1200 620 280 310 210
1984 7 1900 850 310 150 100 110
1985 8 2200 1370 810 410 270 180
1986 9 1990 900 300 140 100 80
1987 10 2250 1260 570 220 130 80
1988 11 2280 1570 870 370 130 100
1989 12 2620 1430 700 330 160 150
1990 13 2250 1350 1080 700 150 140

Average depth of cover over rebars measured at 3.0 inches.

Table 11. Chloride penetration into decks constructed with epoxy coated rebars.
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Bridge No. 62050
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Figure 15. Chloride penetration into decks constructed with epoxy coated
rebars.
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PRINCETON BRIDGES

Four bridge decks with epoxy coated rebars but with different protective overlays were
constructed as part of the TH 169 bypass near Princeton, Minnesota. The decks were
built in 1979 and opened to traffic in 1980. This provided an opportunity that was not
available in Investigation 639: the chance to compare decks with different overlay
systems that have similar age, location and traffic conditions. The decks were overlaid

with the following systems:

Bridge No. 48009 - Low slump dense concrete

Bridge No. 48010 - Arco Dylex 1186 latex modified concrete
Bridge No. 48015 - Dow latex modified concrete

Bridge No. 48016 - Thermoflex 8002 latex modified concrete

There was little cracking or other surface deterioration noted on these four decks
through ten years of service. The spalling observed on Bridge 48009, with the LSDC
overlay, was along the centerline construction joint as is likely not corrosion-related.
Most of the cracking on the Dow latex concrete deck is fine map cracking commonly

seen on decks with latex overlays. The data are summarized in Table 12.

Chloride content data are presented in Tables 13 and 14 and Figures 16 and 17.
Through ten years of service, the average chloride content at the level of the upper
rebar mat remains well below the corrosion threshold on all four decks. For depths
greater than one inch the chloride levels generally vary only slightly over time, leading
to the conclusion these are likely baseline amounts. It can be seen that the LSDC
overlay is allowing somewhat more chlorides to penetrate than are the latex concrete

decks, but the penetration has been limited to the top one inch of the overlay.

Corrosion data is unavailable because of the lack of a suitable test method for epoxy

41



coated rebars at the time field work was conducted. Because of the depth of cover and

low chloride contents, it is assumed that any corrosion that may be occuring is

insignificant and would not result in surface damage.

Cracking

Bridge Overlay Transverse | Longitudinal Random Other

48009 LSDC 5 20 15 25 s.f. spalling
along centerline
joint

48010 | Arco latex 5 5 s.f. patching at
one end

48015 | Dow latex 65 3 320

48016 | Thermoflex 15

latex

Table 12. Surface deterioration on Princeton bridge decks.
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Average Chloride Content (PPM)

Bridge Year Years 116 - 1/2 - 1- 1-1/12 - 2- 2-1/2 -
Number | Tested Service 12" 1" 1-1/2" 2" 2-1/12" 3"
48009 1980 0 100 70 75 80
1981 1 480 128 95 a5
(LSDC 1982 2 580 70 60 60 80 80
overlay) 1983 3 1500 150 60 60 40 70
1984 4 1750 420 130 120 120 80
1985 5 1540 320 130 100 70 80
1986 6 1470 550 120 60 60 90
1987 7 1720 300 110 90 90 20
1988 8 2230 720 190 70 60 70
1989 9 2550 780 210 90 90 90
1990 10 2130 420 90 €0 60 60
Average depth of cover rebars measured at 2.9 inches.
Table 13. Chloride penetration into Bridge No. 48009.
Average Chloride Content (PPM)
Bridge Year Years 116 - 12 - 1- 1-1/2 - 2- 2-1/2 -
Number | Tested Service 1/2" 1" 1-1/2" 2" 2-1/2" 3"
48010 1980 0 85 75 75 100
1981 1 260 90 90 90
(Arco 1982 2 330 60 60 90 70 50
Dylex 1983 3 470 120 80 &0 90 80
1186 1984 4 580 130 110 120 120 90
latex 1985 5 890 190 90 100 90 90
overlay) 1986 6 560 150 60 100 80 80
1987 7 870 240 80 g0 80 70
1988 8 1150 260 140 80 100 90
1989 9 750 110 100 90 60 60
1990 10 1100 400 230 140 100 90

Average depth of cover over rebars measured at 2.6 inches.

Table 14. Chioride penetration into Bridge No. 48010.
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Average Chloride Content (PPM)

Bridge Year Years 1716 - 12 - 1- 1-1/2 - 2- 2-1/2 -
Number | Tested Service 1/2" 1" 1-1/2" 2" 2-172" 3"
48015 1980 0 75 60 75 60
1981 1 460 110 100 90
(Dow 1982 2 710 100 65 80 70 60
latex 1983 3 470 120 80 80 100 90
overlay) 1984 4 1170 220 120 120 110 130
1985 5 1030 130 100 120 120 110
1986 6 850 150 90 70 120 80
1987 7 1150 250 80 80 100 90
1988 8 1530 340 80 80 80 920
1689 9 1470 260 130 140 110 100
1990 10 1200 160 80 20 80 90
Average depth of cover over rebars measured at 2.8 inches.
Table 15. Chloride penetration into Bridge No. 48015.
Average Chloride Content (PPM)
Bridge Year Years 1/16 - 12 - 1- 1-1/2 - 2- 2-112 -
Number | Tested Service 1/2" 1" 1-1/2" 2" 2-1/2" 3"
48016 1980 0 140 110 120 110
1981 1 310 130 120 130
(Therm- 1982 2 290 70 80 80 80 70
ofiex 1983 3 390 110 100 110 120 120
8002 1984 4 630 110 100 110 120 110
fatex 1985 5 620 130 120 110 150 140
overlay) 1986 6 850 150 90 70 120 80
1987 7 710 130 90 70 120 80
1988 8 1030 160 70 60 70 60
1989 9 380 110 80 an 50 40
1990 10 680 150 60 60 70 90

Average depth of cover rebars measured at 2.8 inches.

Table 16. Chloride penetration into Bridge No. 48016.
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Bridge No. 48009
Average Chloride Content (PPM)
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Figure 16. Chloride penetration into bridge decks 48009 and 48010.
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Bridge No. 48015

Average Chloride Content (PPM)
[
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Bridge No. 48016
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Figure 17. Chloride penetration into bridge decks 48015 and 48016.
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Average Chloride Content (PPM)
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Figure 18. Chloride penetration into bridge decks at Princeton, 1/16 - 1/2 inch
increment.
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CONCLUSIONS

Membrane and bituminous overlay systems work well at preventing chloride

intrusion, but durability was poor.

The chloride penetration resistance of latex modified concrete is considered to
be good. Chloride content increases have been generally confined to the upper
1 1/2 inches of the decks. Concentrations at the rebars are well below the

corrosion threshold range.

Little corrosion is apparent on new decks with LMC overlays through sixteen

years of service.

Latex modified concrete appears to provide somewhat better resistance to
chloride penetration than does low slurmp dense concrete. However both types

of concrete overlays are providing satisfactory service.

The durability of low slump dense concrete (LSDC) overlays is considered to be
satisfactory. Some delaminations have been found on clder rehabilitated decks

with LSDC overlays, but these have nct resulted in significant maintainence.

On decks with LSDC overlays, average half cell values have varied somewhat
from year to year, but do not appear to show increasing corrosion activity. The
chloride contents are generally below the corrosion threshold, and most of the

chloride penetration is concentrated in the top two inches of the decks.

No significant distress was noted on decks with galvanized rebars or epoxy

coated rebars.
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10.

11.

Half cell potentials show a slight tendency to increase with time on decks with
galvanized rebars. It is believed corrosion is absent, as chloride concentrations

are below the threshold value through fourteen years of service.

There is no evidence of corrosion activity on the bridge decks in this study with

epoxy coated rebars.

The four decks near Princeton with epoxy coated rebars and either LSDC or
latex modified concrete overlays show minimal distress after ten years. The
latex overlays provide slightly better chloride resistance than the LSDC overlay,
but concentrations at the rebars are well below the corrosion threshold value for
all four decks.
e opXA € 02&3%-@3‘ bws
The combination of special concrete overlays, either latex modified concrete or
low slump dense concrete, epoxy coated rebars and increased concrete cover
over the upper rebar mat has significantly extended the maintenance free life of
bridge decks. This combination of protective systems has become the standard

for new construction by Mn/DOT.
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