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IEXECUTIVIE SUMMARY 

For the past three decades excessively rapid highway bridge deck deterioration has 

been recosjnized as a major problem,. The primary form of deterioration is spalling 

caused by corrosion of the reinforcing steel. In response ta this problem, the Minnesota 

Departmerit of 'Transportation (Mn/DOT) tmgan a comprehensive research study 

(Investigatiion 639) to evaluate a variety of tiridge deck protective systems in an attempt 

to reduce the amount of reinforcing steel corrosion. These irnclucled membranes 

(spray-on arid preforrned) with a bitumiriouns overlay, modified concrete (latex and low 

slump) overlays, coated rebars (galvanized and epoxy) arid cathodic protection. Tho 

study included approximately 70 bridge decks. 'The fielld twa.luations of this study were 

conducted from 1976 through 1981 and a fiinal report was issued in 1982.. 

At the time Investigation 639 ended, many of those systems had been in place only 

about five year:;. In order to provide more valid estimates of Ilong term service life, ltwo 
decks of each system type that showed promise were Ancludtxi in an extended research 

project. In addition, four bridge decks constructed neair Princeton with epoxy coated 

rebars andl various special overlays were added to the exitensled study. Inspections 

including copper-copper sulfate half cell tcasting, drill dust sarwplirig to determine 

chloride conterit and wisual examinations 'Lo1 locate surface defects and deterioration 

were performed annually through 1990. 

The followiing conclusions appear to be valid as of 1990: 

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

intrusion, but durability was poor,. 

2. The chloride penetration resistance of latex modified conc:rete is considered to 

be goodl. Chloride content increases have been generally confined to the upper 

1 % inches of the decks. Concentrations at the rebar:; are well below the 

corrosion t h resh old range. 



3. Little corrosion is aplpar'ent on new decks with L-MC overlays througlhl sixteen 

years of service. 

4. Latex modified concrete appears to provide somewhat better resistance to 

chloride penetration than does low slump dense concrete. However botlh types 

of concrete overlays art? providing satisfactory senvice. 

5. The durability of low slump dense concrete (LSDC) overlays is considered to be 

satisfactory. Some delaminations have been found orn older rehabilihtted decks 

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

6. On decks with LSDC overlays, average half cell1 values have varied somewhat 

from year to year, but do not appear to show increasirig corrosion activity. Tlhe 

chloride csnterits are generally below the corrosion threshold, and most of the 

chloride penetration is concentrated in the top two iinches of the deck!;,, 

7. No significant distress was noted on decks with galvanized rebars oir epoxy 

coated rebars. 

8. Hadf cell potentials show a slight tendency to increase with time on ckcks with 

galvanized rebars. It is believed corrosion is absent, as chioride concentrations 

are below the threshold value through fourteen years caf service. 

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

eploxy coated rebars. 

10. The four decks near Princeton, Minnesota, with epoxy coated rebar!:; and either 

LSDC or latex modified concrete overlays show minimal distress after ten years. 

The latex overlays provide slightly better chloride resistance than the I..SC)C 

overlay, but concentrations at the rebars are well belovw the corrosion threshold 

value for all four decks. 



11. The combination of special concrete overlays, either latex modified concrete or 

low slump dense concrete, epoxy coated rebars and incireased concrete cover 

over the upper rebar mat has sigriiFicaritly extended ,the imaintenance free life of 

bridge decks. This combination of protective systems has become l.he standard 

foir new construction by Mn/DC)T. 





I NTRODIJCTIBN 

Background 

I 

For the past three decades excessively mpid highway bridge deck deterioration has 

been recog niized as a major problem. The priimary form of deteriior(ation is spallling. 

Chloride ions, Rorri deicing salts accelerate the rate of corrosion of i he reinforcing steel 

in concrete bridge decks The formation of corrosion products on tlhe steel rebars 

results in a build up of stresses which is ultirnately manifested i:S spalling of the 

concrete deck surface. 

The Minnesota Department of Transportation has employed a number of protective 

systems in am attempt to reduce the amounl of reinforcing steel corrosion. 'These 

included mernbraines (sprayyon arid preformled) with a bituminous overlay, modified 

concrete (latex avid low slump) overlays, coated rebars (galvanizedl andl epoxy) and 

cathodic protection. The Physical Research Section manitorecl the performance of a 

number of each type of system under Imvest:igation 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 lrnvestigation 639 showed promise in 

reducing corrosion and providing effective service. At the time Investigation 639 ended, 

many of those systems had been in place orilly about five years. Hn order to provide 

more valid eistimates of service life or cost eflectiveness, a longer term evaluation was 

initiated. 

Scope 

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

"I 



decks of each system type) were tested annually to determine longer term effectiveness 

at reducing/eliminating corrosion of the rebars. The field evaluations were cmducted 

annually through '1990. 

'The systern types continued from Investigation 639 into the extended study Miere: 
- Decks constructed with membranes and bituminous overlays. 

Decks overlaid with latex modified concrete (LMC). 

Decks overlaid with #ow slump dense concrete (LSDC) when new. 

Rehabilitated bridge decks overlaid with LSDC. 

Decks constructed wit ti g idvan ized re bars. 

Decks constructed with epoxy coated rebars. 

Fouir bridge decks constructed near Princeton with epoxy coated rebar:; arid 

- 
.- 
- 
- 
I 

- 

various special overlays. These decks were not ]part of llnvestigation 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, andl their 

relative locations within Minnesota are shown in Figure 1. 
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560112 
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Figure 1. Bridge locations. 
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PIERFORMANCE EVPhl-UATION CRITEFW 

Batteries of tests were performed annually to determine the effectiveness and durability 

of the various protective systems. Effectiverwss is defined as W-low well a system 

retards chloride penetration and prevents or reduces rebar corrosion. Durabilify 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 fiollows: 

1. General surface condition was determined by visual inspection, including 

docurnentation of cracking orn decks with bituminous overlays and cracking, 

scaling and patching on decks with cmicrete surfaces. 

2. Survey:; to locate! debonding of overlays from the original deck surface provide 

data on bond characteristics of variousl materials andl products used. 

Delarnination 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 overllay and the original ckck surface: delamination is defined as a 

horizontal tracture within the deck caunsed by corrosion induced stress. Typically 

debonldedklelamiriated areas were rrnceasuired by chain drag I 

3. System effectiveness can be assesstixi in part by how well chloride penetration is 

reduced. Drill dust samples were collected in increments of one-half inch. The 

total chloride con,tent of the samples was determined. Pi ranige of 'I. 1 to 1.6 

poundls of chloridle per cubic yard of concrete (280 to 410 parts per million) at the 

level of the rebars is sufficient to darrvaige the passive oxide layer on the steel 

and inlitiate corrosion. 

4. Corrosion testing1 was performed on dlecks with concrete suifaces. A 

copperkopper sulfate half cell was used, with testing performed in accordance 



with ASTM C876. Readings were typically taken on either a 'four-loot 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 inegative potential of 

the steel relative to the lhalf cell, lbut for convenience the riegatiwe sign is dropped. 

Thus, values less than 0.20 volt iindicate absence of corrosion while values gireater than 

0.35 volt inldicate active corrosion,. Values in the range 0.20 - 0.35 volt are uiicert.ain. 

6 



MEhABMNES WITH BIT'IJMINBUS OVERILAYS 

Approximately 200 of these systems were installed through 1980, niostly in the years 

1974-1 976. Varicsus types of membranes wwe used, including preformed sheets and 

hot or cold poured liquids. Their common characteristic is they werie designed to be 

waterproof and impervious to chloride penetration. 

Poor durability was a major problem with membrane systems. Extensive cracking and 

debonding at the sverlay.-membrane interfacie were observed. IDebonding was 

attributed to the freezing action of water collatxting at the membrane-overlay interface. 

Durability was generally better with hot poured liquid membranes thlan with the other 

types of membranes, anid was also better on deck!; in rural areas with relatively low 

traffic volumes. 

The two decks with membrane systems that were lperforming fairly >well were deemed 

worthy of extended study. Bridge No. 56009 'was constructed in 1975 with a liquid 

membrane, amd E3ridge INo. 56012 was also constructed in 1975, but had a sheet 

membrane. Bsth bridges are located on 'TH 10 in west-central IMinnesota. Average 

daily traffic volumes were less than 2000. 
I 

The decks were inspectled annually for cracking arid other forms of deterioration. Drill 

dust sampling to determiine chloride content olf the concrete slab was also done 

annually. 

These decks exhibited cxmsiderable cracking (approximately 2000 lineal feet on Bridge 

No. 56009 and 1500 feet on Bridge No. 560'12). Testing with an SIE Delamtect showed 

nearly 38% of the overlay of Bridge INo. 56009 to be debsnded, and about 22% of 

Bridge No. 5601 2. Maintenance otn these decks consisted primarily of crack sealing.. 

7 



Chloride sampling was done ,by drilling a 2-112 inch diameter hole through the 

bituminous overlay and mermbrane to gain imess to the concrete slab. Drilll dlust 

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 linterface. Througlh the 

entire testiing period, average chloride corntent values at 1 he rebar level remaimed welll 

below the corrosion threshold value of approximately 350 parts per million for both 

decks. This show:; the mernbraries performed well at preventing chlorides from deicing 

salts from penetrating the conlcrete slab below. The data are slhown 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 iinusir-aI to core through the overlay andl find standing water on 

the membrnne surface. 

In recognition of the frequent i3nd 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. 
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LATEX MODIFIED CONCRETE 

Two types of latex concrete overlays have typically beein used In Minnesota: 3/4 inch 

thick Dow latex modified mortar and 1 1/4 irnch thlrck Dow latex modified concrete. The! 

mortar overlay was useld in the years 1972-'1!375, arid the concrete overlay from 1974 to 

the present. The 3/4 inlclh mortar overlay has been used on both rehabilitation projects, 

and in new c.onstructioni. The 'I 114 inch concrete overi'ay has been placed only on new 

decks. Either lovv slump dense concrete (LSDC) or latex modiffied concrete overlays 

are allowed by Mn/DOT'. Latex modified concrete overlays are currently rarely used 

because bid prices for 1-SDC overlays are typically lower than latex modified concrete, 

and the contractors who commonly do busiriess in Minnesota are equipped to place 

LSDC overlays, not latex modified concrete overlays. The performance of either type of 

overlay system is consiidered to be acceptable. 

lnvestigationt 639 includled eight bridge decks with Dow latex overlays. Three of these 

were the 3/4 inch mortair overlay and five wme the I Id4 inch concrete overlay. Two of 

the 3/4 inch mortar overlays were on rehabililated decks. These decks developed 

considerable debonding of the overlay as well as delamination:; 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 Ttl 52 in Rochester, the deck is buillt on steel 

girders, and had a 1990 average daily traffic volurne of 5750. The 1 1/4 inch modified 

concrete overlay is on Bridge No. 49015, Wocated on TH 10 near Little Falls, is on 

concrete girders and had a 1990 ADT of 2000. At the conchision of field testirig in 

1990, Bridge No. 5500!3 had been in service for 16 years and IBridge No. 49015 for A4 

years. 

I 

, 

Fine random cracking appeared shortly after placmnent on severall of the LhdC overlays. 

The cracking wa!; isolated in small areas arid was believed to be related to 

'1 'I 



concentrations of llatex in the mix. The extent of this cracking has not increased with 

time. Less; than 100 feet of transverse cracking was seen on E3ridge No. 49015. 

Cracking has been somewhat more extensive on Bridge NCD. 5!5009, measuring 

approximately 700 lineal feet. Older cracks have been sealed with epoxy. No otlher 

maintenanlce has been done on the deck surfaces. 

Small areas of unsound1 concrete have been found on these two decks, amounting to 

0.4% of the deck area an Bridlge No. 49015, and 0.3% on Bridge No. 55009.. 'These 

unsound areas have not resullted in spalling or patching.. 

Results of chloride content testing are shown in Tables 3 arnd 4 arid in Figure 2. 'The 

average chiloride content has increased with time in the 1/36 - '112 inch, 162 -'1 inclh, arid 

1 - I 112 inch increments on both decks, and to a lesser extent iin the I 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 '112 inches on both decks, has not yet becorne chloriide 

contaminated and remains wvell 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 

overlaid with LMC. The cumulative percentage half cell data c~irves in Figures 4 i2nd 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 
Number 

4901 5 

(Little 
Falls) 

Year 
Tested 

1!377 
1 !378 
1979 
1!380 
1981 
1982 
1983 
1!384 
1!385 
1986 
1 !387 
1988 
1989 
1!390 ----- 

Years 
Senlice 

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 
14 

1/16 '- 
1/2" 

1100 
1740 
1935 
1660 
1930 
1900 
1730 
21 70 
2250 
2010 
2300 
2430 
2040 
2350 

112 - 
,'I I' 

290 
61 0 
500 
580 

1300 
970 
620 
,I I70 
820 
830 
,I 190 
1170 
1010 
1270 

--.--- 

Average depth of cover over rebars measured at 2.1 inches. 

55009 

(Roch- 
ester) 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 ---- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

730 
1570 
2,400 
2,400 
2770 
2920 
31 90 
2900 
3310 
2970 
3080 
31 20 
3380 
31 50 
4370 
33511 - 

630 
920 

1790 
1820 
155!3 
2 140 
1500 
1360 
1470 
1740 
1200 
2300 
1480 

Average depth of cover over' rebars measured at 2.2, inches. 

1 .- 
1-1/2" 

115 
150 
185 
200 
550 
320 
90 

480 
170 
220 
540 
420 
400 
450 

170 
80 

720 
165 
230 
680 
650 
750 

1070 
430 
520 
700 
930 
490 
890 
660 

--I_-. 

--.-- 
1-1/2 - 

2" 

130 
165 
150 
200 
140 

3 0 
160 
1 30 
(30 

140 
120 
120 
1 30 

--.-- 

1/40 
220 
2110 
2tiO 
3'70 
420 
2ti0 
270 
3110 
410 
290 
290 
1'90 --.-- 

2 -  
2-112" 

175 
140 
140 
60 
40 

I00  
120 
60 
80 

100 
100 
70 

-- 
155 
140 
290 

200 
250 
21 0 
200 
120 
170 
190 
180 
120 
190 
170 
120 

2-1R - 
3" 

155 
140 
120 
60 
40 
80 

I10  
60 
80 
80 
80 
70 

170 
250 
230 
21 5 
100 
140 
170 
130 
110 
150 
180 
180 

Table 3. Chlloride penetration into decks with latex modified concrete overlays. 

I 3 



Avera 

4,000 

3,000 

2,000 

1,000 

0 

Avera! 

4,000 

3,000 

2,000 

1,000 

0 

IBridge No. 4901 5 
-.. -1111.1 

5 Chloride Content (IPPM) --- 
.................................................................................. 

........................................................................................ 

............................................................................................. 

-I=- :-:::=?, 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 ~ 1 4  
Years Service 

E3ridge No. 55009 
-.. 1 - 1 1 ,  

: Chloride Content (PPM) 

.................................... 

1/16 *- I E ~  
...................... 

............................................................. 

.............................................. 

I 

Figure 3. Chloride penetration into decks overlaid with latex rnwdified concrete. 
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55009 

(Roch- 
ester) 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

50 
48 
85 
93 
93 
80 
78 
91 
58 
84 
68 
7'7 
84 
74 
76 

fiO 
52 
II 5 

7 
7 

:! 0 
2% 

9 
4% 
11 6 
3% 
2:3 
11 6 
25 
23 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
'I .---_I 

.18 

.49 

. I6  

. I 3  

.12 

.15 

. I 5  

. I3 

.A9 

. I 4  

.16 

.15 

.44 

.47 

.45 

.06 

.05 

.03 

.05 

.05 

.04 

.02 

.05 

.04 

.06 

.06 

.06 

.05 

.05 

.0'7 

Table 4 Half cell potential rneasurernents froim decks 
with latex modified concrete c~ierlays I 
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Bridge No. 49015 
2 - 8 Years Service 

cur 
100 

80 

6 10 

4 ID 

2 r3 

lative Percent: 

-1 
................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

2 years servke. I 
............................ ! 

I 
I 
I 
I 
I 

Ll 

......................... .......................................... 

................................... 

-&..LL&-. 

Curn 
1013 

8 0 

6 0 

4 0 

20 

Half Cell Potential (Milli\mlts CSE!) 

9 - 14 Years Service 

---l 
I 
I 
I 
I 
I 

.................................... I 
I 

Ll 

............................ 

..................... 

- . ‘ . - ‘ i  
....................... .I1 .................................. 

60 alOO 140 180 220 260 300 340 
Half Cell Potential (Millivolts CSE) 

Figulre 4. Summary of half cell potentials from decks overlaid with latex modified 
concrete, Bridge No. 490’1 5,. 
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Bridge No,, !i5009 
2 - 9 Year!; Service 

Cum 
100 

80 

60 

40 

20 

.......................................... 

.... .2 yeacs.stt!nric:e * I  .................. ........................... 

................................................. 

I 
I ........... . . . . . . . . . . . . . . . . . . . . . . . . . . .  .....I.. ....... 

I I 
. 1 &-%A L 

10 !50 90 130 170 :210 250 290 330 370 
Half Cell Potential (Millivolts CSE) 

C u m  
100 

80 

60 

40 

20 

10 - 16 Years Service 
lative Percent 
I-.-- 

. . . . . . . . . . . . .  

............................ 

.................... ... 

........................... 

'/ !"I2 
.................... 

I ........ ..... 

I 
I 

....................... 

....................... ................... 

................ 

1 

Jd& I I 

I 
I 

.................... 

l 

10 50 90 130 170 210 250 290 :330 370 
Half Cell Potential (Millivolts CSE) 

Figure 5. Suimrnary of half cell potential!; from decks o\rerlaid with latex modified 
concrete!, Bridge No. 55009. 
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LOW SLUMP DENSE CONCRETE 

Low slump dense concrete (LSOC) is ttie bridge deck overlay type most commonly 

used in Minnlesota, both for rehabilitation and new constructiion The higher density 

concrete is dlesigiried to reduce chloride penelration. The first cbverlays placed in 1975 

were 1-1/2 inches thick. Since then LSDC owerlays have been 2 inches thick. Bondiing 

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

On rehabilitated decks, the original deck surface is scarified to ia depth of 1/2 inch, then 

unsound concrete is loc,ated and removed. Type I removals are defined as removing 

concrete from the! deck !;urface to the top of the rebars in the upper mat of reinforcing 

steel. Type Ill removals consist of' removing tlie concrete completely through the deck, 

while leaving the rebars in place. Type I rerrwals are $typically not patched but are 

filled when the overlay is placed. 'This rehabillitation process miiiy leave in place 

substantial ainouirits 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 exiended study. 

New Decks 

Bridge No. 2;7895 is located on I-35W in Minneapolis. It was built in 1975, has a deck 

area of 25,810 sqluare feet and '1 988 average daily traffic (ADTI count of 63,500. No 

cracking or dlelarriinatioris were observed.. There was a small airnount of scaling, about 

5 square feet. 

Bridge No. 6!3891 was built in 1977 on 11-35 in Duluth. "Tlhe deck area is 9,502 square 

feet with 1990 ADT of 9,000. Approximately 50 feet of randorn cracking and 20 square 

feet of scaling were noted, along with about '1 % of ttie deck being delaminated, mostly 



at one end of the deck. There was also corisiderable very fine shrinkage cracking. 

Rehabilitatled Deck  

Bridge No. 65'1 5, I-35E over Cayuga Street in St. Paul, was buillt in 1965 and overlaid1 

with LSDC in 1975. The deck: area is 120,815 square feet with 1990 ADT of $32,000. 
It has a considerable amount of transverse cracking and about 8% unsound concrete 

as of 1990. At this time, fifteen years after rehabilitation and overlay, the 

delaminations have not resulted in spalls or patching. This its considered significant in 

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

There were! significant amounts of concrete removals during rehabilitation. IE3ridge 

6515 had Type I removals on 46% of the deck, with 10% Type Ill removals. The 

remainder of the deck was scarified, with much chloride contaruninaled concrete being 

left in place. Average clhloride content before overlay was determined to be 2255 parts 

per million (PPM) at a depth of I - 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 chlloride 

content values at this level are well in excess of that generally accepted as sufficient to 

support corrosion (280-41 0 PPM). 

Bridge No. 69848 was constructed in 1964 and overlaid in 1977". It is located on 1-35 in 

Duluth, has a deck area of 5,211 0 square feet, and 1990 ADT of 9,200. Craclcing 

included 14.0 feet transverse, 130 feet longitudinal, and about 20 feet randoni. I ..5% of 

the deck suirface was found to1 b e  delaminated by 1990. 

Bridge 69848 had 29% 'Type I removals, and 12% Type IWI removals. Average chloride 

content at the time of rehabilit,ation was determined to be 125 pi3t-t~ per millioni (PPM) at 

a depth of 'I - 2", and 85 PPM at a depth of 2 - 3". Chloride content levels have been 

above the corrosion threshold sirice 1985, but this has not resuiltetl in significant 

20 



delaminationis or increased maintenance., 

Tables 5 and 6 and Figures 6 and 7 contain c.hloricle content diata for new and 

rehabilitated LSDC bridge decks. The data dhow the LSDC overlajys seem to lhave 

helped reduce the level of chlorides penetratiing to the rebars, !!;hovving the benefits 

provided by i311 LSDC overlay combined with increased concre1.e cover over the rebars. 

Half cell corrlosion data are presented iin Tables 7 arid 8 and Figures 8, 9, 10 and 11 ~ 

For decks overlaid with LSDC when new, neairly all of ihe half cell readings have been 

below the .35 volt corrosion threshold. After the fiirst year, readings; have shown little 

tendency to 1.rend toward active corrosion. The readings from Il3ridge 27895 were split 

fairly evenly Ibetween the passive and indeteriminate range, Over 80% of the readings 

from Bridge 639891 have lbeen in the passive range. 0.f the ~WCP rehabilitated decks, 

typically 90-95% of the half cell readings from Bridge 651 5 andl 9596 from Bridge 69848 

have remained below thie .35 volt corrosion thlrestiold. During the Last two years of 

testing, the percentage of values greater thain .35 valt oin Bridge 691848 has increased 

slightly. On 13rridge 65115, about 28% of the half cell values have typically been in the 

passive range, and on E3ridge 69848, about 45%. 
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Bridge 
Number 

- 

27895 

(Minne- 
apolis) 

Year 
Tested 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1986 
1987 
1988 
1989 
1990 

Years 
Service 

1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
13 
14 
15 

'1116 - 
112" 

1 'I 85 
21 60 
2E120 
311 90 
3240 
3125 
3340 
3160 
3520 
3500 
3530 

4200 
4140 

34,80 

Average Chloride Content (PPM) 

112 - 
1" 

470 
1360 
1910 
21 70 
1930 
2330 
2140 
271 0 
2030 
2340 
2440 
261 0 
2680 

Average depth of cover over rebars measured at 2.4 inches. 

69891 

(Du I u th) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

2 
3 
4 
5 
6 
7 
8 
9 

'I 0 
'I 1 
12 
13 
II 4 

1470 
2740 
3340 
3555 
3260 
4095 
3640 
3770 
3450 
4220 
3740 
34'70 
3990 

320 
980 

1280 
1495 
1550 
2440 
2110 
2090 
1830 
2400 
2350 
1560 
2310 

1 -  
1-1/2." 

230 
110 
180 
540 
780 
855 

1110 
1360 
1830 
930 

1440 
1540 
1480 
1730 

--I- 

140 
220 
340 
445 
61 0 

1290 
960 

1230 
780 

1360 
1020 
750 

1280 

Average depth of cover over rebars measured at 2.9 inches. 

1-112 - 
:2" --.--- 

80 
100 
240 
265 
380 
346 
938 
1 El8 
510 
670 
330 

1 160 

I00  
80 

171) 
198 
238 
590 
46C) 
61 I1 
30(3 
68(1 
330 
230 
440 ..--.---. 

2- 
2-112" 

80 

120 
140 
165 
190 
120 
430 
180 
200 
340 
120 
570 

---.- 

170 
13!5 
140 
120 
180 
220 
9 0 

340 
90 

140 
110 

2-112 - 
3" 

90 
160 
110 
120 
90 

'i 70 
II 00 
70 

330 
70 
500 

220 
150 
130 
115 
110 
'1 70 
,1 1 0 
180 
'1 00 
'1 00 
I00 

Table 5. Chloride penetration into new decks overlaid \Nit& low slump dense cmcrete. 
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Bridge No. 278915 
-.--- I- 

Average Chloride Content (PPM) r-=-- 
4,000 

3,000 

2,000 

1,000 

............................................................................................ 

2 6  - 1/2" J- 
.............. ........................................... 

.......................................................................................... 

2 - 2-112" / \- ........................................................................................ 
4 

I 2  3 4 5 6 7 8; 9 l l 1 2 1 3 1 4 1 5  
Years Seiwice 

U 

Avera! 

4,000 

3,000 

2,000 

1,000 

A 

Bridge No. 6i9891 
e Chloride Content (PPM) .--- I- 

.................................. 

- .  ..................... ......................................................... 

__ __ __ - _.. __ ___ ._ ---Cxuratsim TktWOld 
& - . A m  1 -::=--:;.II- 

I 

2: 3 4 5 6 7 8 9 110 'Ill 12 13 14 
Year's Service 

U 

Figure 6.. Chloride penetration into newv decks overlaid \Niith low slump d e n s e  
concret:e. 



Bridge 
Number 

651 5 

(St. Paul) 

Year 
Tested 

1976 
1977 
1978 
1979 
1988 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

-- 

-- 

Years 
Tested 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1/16 I- 

1 I 2  

1380 
2820 
3220 
3835 
3430 
3680 
3640 
3820 
3680 
3790 
3320 
3820 
3680 
3660 
4290 

Average dept~h of cover measured at 1 .O inches. 

69848 

(Duluth) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 

1430 
3485 
3620 
2970 
3230 
381 0 
3780 
3600 
3840 
4050 
4360 
4530 
4620 

Average Chloride Content (PPM) 

112 - 
1" 

170 
490 
71 0 

1510 
1070 
1490 
2160 
1760 
1670 
1510 
800 

1560 
1380 
1420 
2000 

270 
1020 
1090 
1090 
1130 
1900 
1'790 
1'740 
1890 
2420 
2620 
2540 
2690 

Average deptlh of cover over rebars measured at 2.0 inches. 

1 -  
1 .-I /2" 

85 
160 
60 

240 
250 
325 
390 
670 
260 

140 
4.40 
250 
420 
600 

4.00 

'75 
1'70 
300 
31 0 
250 
820 
800 
720 
970 

1340 
1530 
1370 
1750 

1-112 - 
2" 

190 
21 0 

90 

80 
220 

100 
200 
170 
350 
360 
370 
470 
600 
620 
81 0 
920 

1360 

..--- 
2 -  

2-1 /2" 

240 

330 

Table 6" Chloride penetration into rehabilitated decks 
overlaid with low slump dense concrete,. 
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Avera! 

4,000 

3,000 

2,000 

1,000 

0 

Bridge No. 6515 
.--- I- 

! Chloride Content (PPM) 
I-.-- 

................................................................................... //\U#--**--\/ ---/ 
1/16 - 1/2" 

...................................................................................... 

........................................................................................... ,f 
................................................................... 

.-- 12"' ...... 

I I 

__ ___ Carmsh 331 re?jhold.- 
J - U -  ' 
I 2 3 4, 5 6 7 8 9 10 11 I;! 13 14 15 

Years Service 

Bridge No. 6984,8 

, 

Averag 

4,000 

3,000 

2,000 

1,000 

0 

Chloride Content (PPM) 
-7 I-. 

.................................................................... ................... f y m f l  --- '/ 

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......................... 

........................................................................................... 

'I. ......................................... 

.-e-T-- IbmrslonlhceshQl 
/ .................................... 

1 

1- 

1~ 2 :3 4 5 f j  7 8 9 'I0 11 12 13 
Years Service 

Figure i'. Chloride penetration into rehabilitated decks ovwlaild with low slump 
dense concrete. 
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Bridge 
Number 

27895 

(Minne- 
apolis) 

69891 

(Du Iu th) 

Year 
Tested 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1986 
1987 
1988 
1989 
I990 

-- 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
,1989 
1990 

Years 
Service 

2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
1 3 
14 
15 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I 1  
12 
13 
1 4, 

Percentage of Total Readings 

<.20v 

42 
58 
47 
38 
29 
59 
91 
16 
69 
29 
10 
88 
96 

100 
100 
96 
62 
71 
95 
88 
96 
94 
86 
89 
95 
65 
86 ' 

.20 - .35v 

58 
42 
53 
62 
70 
41 

9 
82 
31 
'7 1 
90 
12 
4 

0 
0 
4 

38 
29 
5 
12 
4 
6 

94 
20 

5 
35 
14 

0 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 

--.-..- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

--., 

Mean 
(vo I t:;) 

.20 

.. 1 8 

.I8 

. I9  

.20 

. I9 

. I6  

.23 

. I7  

.21 

.22 

. I7  

. I5  

.04 

. I2 

.I4 

.I8 

.I7 

. I4  
-15 
"14 
. I 3  
.I5 
.I6 
. I4  
.I8 
. I5  

STD 
(volts) 

.07 

.05 

.06 

.06 

.06 

.02 

.04 

.04 

.05 

.04 

.02 

.03 

.03 

.03 

.03 
.. 04 
,04 
.05 
.04 
.05 
.04 
.05 
.04 
.04 
.04 
.04 
.04 ----- 

Table 7. Half cell potential measurements frorn 
new decks overlaid with low slump concrete.. 
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Bridge No. 278915 
2 - 8 Years Service 

Cu m u Iaihre IPe rceritag e 

100 140 180 220 260 I300 340 
Half Cell Potern ti'al (Millivolts CSE) 

9 -15 Years Service 
C 
1 

I 
! ' ,  

u m ula t.ive 1:'erceritag e 

20 430 100 1.40 188 220 260 3001 340 
U 

Half Cell Potential (Millivolts CSEi:) 

Figure 8. SSummi3V of half cell potentials from new decks overlaid with low 
slump dlense concrete, Bridge No. 27895. 
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Bridge No,, 69891 

Cum 
100 

80 

60 

40 

20 

8 .- 14 Years Service 

7-- 
la tive Pe rcen tag e 

....................................... 

. . to. . . .  .................................... 

I 
I 
I 
I 

..................... 

........................ 

10 50 90 130 170 210 250 290 330 370 
Half Cell Potential (Millivolts CSEi.) 

Figure 9. Summary of half cell potentials from new decks overlaid with low 
slump dense concrete, Briidge No. 69891. 
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Bridge 
Number 

651 5 

(St. Paul) 

69848 

(Dulu th) 

Year 
Tested 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
19217 
1988 
1989 
19EIQ 

----- 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Years 
!Service 

3 
4 
5 
6 
7 
8 
9 
10 
I 1  
12 
13 
14 
15 

1 
2 
3 
4. 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Percentage of 'Total Readiiigs 

<.20v 

27 
'1 
2 

10 
19 
13 
20 
2 7  
39 
24 
28 
1 '7 
55 

-,-- 

98 
49 
1 5 
66 
60 
38 
43 
64 
41 
4 3 
45 
34 
44 

-,-- 

.--- 
.20 - .35v 

---- 
72 
92 
89 
$14 
77 
$10 
74 
66 
56 
72 
66 
70 
42 

.-A- 

.--- 
2 

50 
83 
33 
39 
60 
56 
34 
54 
53 
53 
58 
50 

Mean 
(volts) 

.22 

.29 

.29 

.26 

.24 

.25 

.24 

.24 
2.3 
2 4  
2 4  
2.6 
.20 

.I 1 

. I9  

.23 

. I8  

. I8  

.22 
21 
. I8  
.22 
2 1  
2.1 
.23 
.22 

STD 
(volts) 

.05 

.04 

.05 

.05 

.05 

.06 

.06 

.07 

.06 

.06 

.07 

.08 

.07 

-04 
.06 
.04 
.05 
.05 
.07 
.06 
.06 
. 07 
.06 
.06 
.07 
.08 

'Table 8. Half cell potential measurements from rehabilitated 
decks overlaid with low :;lump dense concrete. 

2!3 



Bridge No. 65115 
3 - 9 Years Service 

Cum u la tive Percentage 
100 

.......................... 

.................... ........................... 

4o .................. . . . . . . . . . . . . . . . . . . . . . . .  

2o ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' . . L I - , L , , L  

530 
Half Cell Poteritial (Millivol1:s CSE) 

Cum 
100 

80 

60 

40 

20 

10 - 15 Years Service 
la tive Perceri tag e r 
.................................. ..... \ ........................................ 

I 10 wars stsrwice 

170 290 410 530 
Half Cell Potential (Millivolts CSE:) 

Figure 10. Surnmary of half cell potentials from rehabilitated decks overlaid with 
low slump dense concrete, Bridge No. 651 5. 
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Bridge! No. 69848 
1 - 7 Years Service 

C u m u lative Pe rce r i  ta q e 

....................................... 

100 

80 

60 

40 

20 

............................................... 

- ._. .  ...................................... 

30 76) I 1 0  1150 190 238 ;!70 310 350 390 430 470 
Half Cell Potential (Millivolts CSE) 

8 - 13 Years Service 

" 30 70 110 150 190 230 ;!70 310 350 390 430 470 
Half Cell Potential (Millivolts CSEi) 

Figure 1 'I. Summary of half cell potentials from retiab'ilitated decks overlaid with 
low slump dense  colncrete, IBridge No. 69848. 
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COATED REBAR SXSTENIS 

In 1976 coatings were deemed ,to be the most prcimising systems for rebar protection 

on new decks, and epoxy and zinc were tentatively selected. Since that time, 

galvanized (zinc coated) rebars have been deleted as im alterriative to epoxy. Decks 

built on higher volume roads receive the additional protection of a special overlay 

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

Bridge 62050, coiristructed with steel girders and a LSDC overli:3y, vvas found by 1990 to 

have approximately 1300 feet of transverse wacking and 550 square feet of scaling. 

The extent of' cracking alnd scaling on Bridge 738!54 (epoxy) and Bridges 9108 and 

55025 (galvanized) is slight. Scaling is not related to the epoxy coated rebars but is 

reported as plart of routine deck inspeclion. Ms corrosion related areas of unsound 

concrete havle been noted through thirteen years of sewice on these decks. 

Chloride penetration data are presented in T'alble 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 91 08 i3md 

2.7 inches foir IBridge 55025., Because the chlloride levels are low at the rebars, it 

seems likely the zinc colating on the rebars tiais not been removed by corrosion. 

Corrosion of the steel rebars would not begin before the zinc wtas 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 threslhold for steel, have :;l?owitn a slight tendency to iincrease with 

time. A corrosion threshold value has not been established for zinc in concrete, but 

because chlciriide contenl at the rebars is lovv it is believed no corrosion is present. It is 

likely that an active corrosion potential for zinc would be 0.60 volt or higher. 



Bridge 
Number 

9018 

(LSDC 
overlay) 

(Inver 
Grove 

Heights) 

- 
Year 

Tested 

1977 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 - 

Years 
Service 

1 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

1/16 - 
112" 

1390 
1'750 
2210 
2210 
24 90 
2260 
24 40 
2080 
2060 
2020 
2690 
3000 
2030 

Average Chloride Content (PPM) 

112 - 
1" 

210 
370 
550 
630 
760 
81 0 

1150 
570 
580 
650 
1350 
980 
670 

Average depth of cover over rebars measured at 2.6 inches. 

55025 

(no 
special 
overlay) 

(Roch- 
ester) 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 - 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

II 50 
490 
860 
71 0 

1050 
1210 
1340 
1460 
1580 
1480 
1640 
1930 
2080 
2380 

Average depth of: cover measured at 2.'7 inches. 

150 
'I 40 
310 
260 
430 
270 
590 
360 
430 
340 
610 
780 
740 
770 

1 -  
l-1P1 

130 
130 
250 
140 
210 
260 
430 
130 
120 
140 
640 
390 
220 

90 
130 
190 
240 
100 
230 
100 
200 
100 
180 
280 
190 
240 

--.--- 
I -'ll2 - 

2" 

a (10 
160 
1'10 
100 
1 !SO 
150 
1'10 
90 
90 

300 
120 

$1 0 
-----I 

2 -  
2-112" 

--.-- 

120 
180 
160 
90 
90 

130 
140 
80 

I10 
120 
80 
80 

2-112 
3" 

,140 
190 
'1 60 
70 
80 

'1 00 
'1 50 
80 
90 
90 
70 
60 

Table! 9. Chiloride penet.ration into decks constructed with galvanized retial-s. 
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1,000 

Bridge No. E;5025 
.--- I- 

........................................................................................... 
4,000 

............................................................................................. 

................................... 

2-'1 2 - 3" 
. __ ___ ._ - __ - ___ .__ Coruirs iorn Ihreskoldl- 

' 0 1  I 2 3 4 5 6 7 €3 9 1 0 1 1  1 2 1 3  

.-7 0 i -I-:-.----, -.d- ' 

Years; Service No ove!rllay 

- / 
.................................. ............................................. 

. A ~ ~ ~ c m T h r e s h o . l k i  - - - 

- 

- . E L  , .:x----Zc- 

Figure 12. Chloride penetratiion into decks constructed with galvanized rebars. 
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Bridge 
Number 

91 08 

(Inver 
Grove 

Heights) 

~ 

55025 

(Roch- 
ester) 

-I_ 

Year. 
Tested 

1977 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

-- 

-- 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Years 
Seruicie 

I 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

0 
'I 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 

Percentage of Total Readings 

<.20v 

19 
17 
11 
19 
29 
26 
35 
20 
10 
33 
6 

42 
74 

0 
4 

62 
1 

55 
1 

19 
0 
2 

26 
9 

26 
1 
2 

.20 -,.35v 

'7 9 
65 
75 
81 
71 
73 
65 
79 
81 
63 
94 
58 
25 

100 
96 
38 
99 
45 
99 
El l  

100 
98 
74 
91 
73 
96 
95 

2 
18 
14 
0 
0 
1 
0 
1 
9 
4 
0 
0 
1 

Mean 
(volts) 

.26 

.29 

.29 

.24 

.22 

.22 

.21 

.23 

.27 

.23 

.25 

.20 

. I 7  

STD 
(volts) 

.06 

.07 

.06 

.04 

.06 

.07 

.06 

.04 

.06 
I 06 
I 04 
04 

I 06 

.02 
* 02 
.03 
.03 
.03 
.03 
.03 
.02 
.04 
~ 04 
.04 
.04 
.04 
.04 

Table 10. Half cell potential measurements from 
decks constructed with galvanized rebars. 
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Bridge No. 9108 
1 - 8 Year!; Service 

C u m u lat ive Percent a a e 
100 

80 

60 

40 

20 

7-  
I-.- 

,+ 
......................... 

.......................... ....................... 

............................. ...................... 

year service 

............. 

50 90 130 170 210 250 290 330 370 410 450 
Half Cell Potential (Nlillivolts CSE) 

9 - I 4  Years Service 

100 

80 

60 

40 

20 

Cumulative Percentage 
I-.- 

.............................. ...................... 

....................... ...................................... 

................................................ 

L-. 0'-4wJ<-l I 1  I I I I I I I I I I L 

50 90 1: 170 210 250 290 330 370 410 450 
Half Cell Potential (Millivolts CSE) 

Figuire 13. Surnmary of half cell potentials from decks constructed with 
galvanized rebars, Bridge No. 91 08. 



Bridge No. 55025 
New - 6 Years Service 

C u r  
100 

80 

60 

40 

20 

n 

la tive Percentage 

.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/! 
............................ ..... .L .. I .  : .. ......................... ...... 

....................... ............................................. 

-'New ................. deck v .... 0 years "service .. . . . . . . . . . . . . . .  

" 80 120 160 200 240 280 320 360 4oat 
Half Cell Potential (Millivollts CSEI:) 

7 - 13 Years Service 
Curnuliative Percentage 
100 

12 8o ................................ ................................. 

6o ........................ ......................................... 

4o 

2o 

......................... ............................. - 

...................... - .  - .  . __ . " .  . 

120 160 200 240 280 320 360 400 
Half Cell Potential (Millivolts CSE.) 

Figure 14. Summary of half cell potentials from decks constructed with 
galvanized irebars, Bridge No. 55025. 
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Averalge Chloride Content ((PPM) 
--I-- 

112 -' 
1 

Bridge 
Number 

'Year 
Tested1 

Years 
Seivice 

1/16 -. 
1/21'' 

2 -  
2-1 /2" 

2-112 -' 
3" 

62050 

(LSDC 
overlay) 

(St. 
Paul) 

'I 978 
'I 979 
'I 980 
'I 981 
'I 982 
'I 983 
1984 
'I 985 
'I 986 
:I 987 
31988 
II 989 
II 990 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I I  0 
11 1 
11 2 
13 

1656 
2836 
2340 
2600 
2720 
2570 
2670 
2720 
3380 
3200 
3300 
3280 
3'140 

250 
940 
730 

1200 
1080 
850 

1150 
1130 
1930 
1890 
2020 
1820 
1760 ----- 

110 
330 
270 
380 
21 0 

90 
350 
290 

1050 
930 

1110 
830 
850 

90 

180 
160 
120 
40 

140 
130 
300 
2813 
400 
260 
360 

160 
120 
110 
50 

120 
130 
70 
90 

150 
90 
70 

190 
110 
120 
40 

120 
120 
50 

100 
160 
90 
80 

-_. 

Average depth of covei iver rebars measured at 3.5 inches. 

-.-- 
100 
1413 
160 
150 
120 
280 
150 
41 0 
140 
220 
370 
330 
700 --.-- 

----- 
150 
480 
490 
790 
890 

1200 
850 

1370 
900 

1570 
1430 

I 260 

I 350 --..-- 

73854 

(St. 
Cloud) 

11 978 
II 979 
II 980 
II 981 
II 982 
11 983 
11 984 
11 985 
11 986 
I I  987 
11 988 
II 989 
II 990 ---- 

I 
:2 
3 

s 4  
5 
16 
7 
18 
'9 
10 
11 
12 
13 

760 
1560 
1300 
1610 
1880 
2020 
1900 
2200 
1990 
2250 
2280 
2620 
2250 

90 
180 
230 
270 
270 
620 
310 
810 
300 
570 
870 
700 

1080 

160 
160 
120 
100 
31 0 
100 
270 
100 
130 
130 
160 
150 

150 
180 
130 
90 

21 0 
110 
180 
80 
80 

100 
150 
140 

Average depth of cover over rebars measured at 3.0 inches. 

Table 1 I. Chloride penetration into deck!; constructed with epoxy coated rebars. 
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4,000 

3,000 

2,000 

1,000 

Bridge No. 62050 

-.. -.-.-u 
? Chloride Content (PPM) 

............................................................................................ 

1/11 6 - 162” 
+..w--..\., 

........................................ * . 
- - C m m k m  Ikrgshold--  - - ____ 

.. 3” ....................................... 

.---I -::# ’ -.-I-- 

1 2 3 4 5 6 7 8 9 ‘I0 11 12 13 
LSDC overlay Years Service 

Averas 

4,000 

3,000 

2,000 

1,000 

Bridge No. 73854 
-.. - . I I I U  

- Chloride Con tent’  P M 1 

............................................................................................ 

........................................................................................ 

11/16 - 162” 0%. 
- \  

.................................. .............. <” .. . . . . . . . . . . . . . . . . . . . . . .  

. ............................. .2-.1/2 .... 3rn. .............................................. 

- __ __ __ __ _. - ._ __ _. ---Cxums.ion.?Rre-shdd - /-- I- 
I 2 3 4 5 6 7 8 9 ’I0 1 1  12. 13 

No overlay Years Service 

Figure 15. Chloride penetration into decks constructed with epoxy coated 
re ba rs . 
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PRINCETON BRIDGES 

Four bridge deck!; with epoxy coated rebars but with different protective overlays were 

constructed as part of the TH 169 bypass ne!x Princeton, Minnesota. The decks were 

built in 1979 and opened to traffic in 1980. This provided an oppotltunity that was not 

available in Investigation 639: the chance to compare decks with different overlay 

systems that have similar age, location aind traffic conditions. 'The decks were overlaid 

with the following systems: 

Bridge No. 4800!3 - Low slump dense concrete 

Bridge No. 4801 0 - Arc0 Dylex 11 86 latex modified concrete 

Bridge? INo,. 4801!5 - Dow latex modified concrete 

Bridge INo,. 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 concrelte deck is fine map cracking commonly 

seen on decks wiith latex overlays. The data are summarized iin Table 12. 

Chloride content data alre presented in Tables 13 and 14 arid Figures 16 andl 17. 

Through ten years of sewice, the average chloride content at the level of the upper 

rebar mat rernain!; well below the corrosion threshold m all four decks. For depths 

greater than one inch thie chloride levels gerierally vary only slightly over time, leading 

to the conclusiion these are likely baseline amounlts. It can be !Seen that the I-SDC 

overlay is allowing somewhat more chlorides to penetrate than are the latex concrete 

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

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

4. 'I 



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

low chloride contents, i.t is aslsurned that any corrosion that may be occuiringl is 

insignificant and would not result in surface damage. 

-- 

LSDC 

I__ 

-- 

latex -- 

Ciracking 

Trainsverse Longitudinal I Random -- -_I..-- 

C .I 

15 

Other 
--.--I-- 

25 s.f. spatting 

a lo rig c:e n te rl i ne 

joint 

5 s:f. patching at 

one end 

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

Bridge 
Number 

'Year 
Tested 

Years 
Seiwice 

1 -  
I-lIY 

1-912 - 
2" 

El0 
95 
6 0 
60 

120 
100 

Ei 0 
9 0 
7'0 
90 
6 0 

-.-- 

--.-- 

2 -  
2-1 12" 

2-112 -. 
31 

48009 

(LSDC 
overlay) 

'1 980 
'1 981 
'1 982 
I983 
'I 984 
'I 985 
'I 986 
'I 987 
'I 988 
'I 989 
'I 990 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 Q 

75 
95 
60 
60 

130 
130 
120 
110 
190 
210 
90 

80 
40 

120 
70 
60 
90 
60 
90 
60 

100 7CJ 
480 125; 
580 7(w 

1500 150 

1540 320 
1470 550 
1720 300 
2230 728 
2550 788 
21 30 420 

1750 420 

80 
70 
80 
80 
90 
90 
70 
90 
60 

Average depth of cover rebars measured at 2.9 inches. 

Table 13. Chloride penetration into Bridge No, 48009. 

Average Chloride Content i(PPM) 

Year 
Tested 

Years 
Service 

ll'I6 -. 
1 / 2  

1-'1/2 - 
1-1/2" I- I 2" 

2-112 - 
3' 

2 -  
2,-112" 
-I 

70 
90 

120 
90 
80 
80 

100 
60 

100 -- 

112, - 
1" 

75 
90 
60 

120 
130 
190 
150 
240 
260 
110 
400 

Bridge 
Number 

4801 0 

(Arco 
Dylex 
1186 
latex 

overlay) 

1 

75 
90 
60 
80 

110 
90 
60 
80 

140 
100 
230 

180 
90 
90 
$0 

120 
180 
100 
90 
80 
90 

14.0 

It 980 
It 981 
II 982 
II 983 
:I 984 
'I 985 
'I 986 
'I 987 
'I 988 
1989 
1990 

'0 
1 
.2 
3 
'4 
5 
86 
7 
8 
9 

11 0 

85 
260 
330 
470 
580 
890 
560 
870 

1150 
'750 

1100 

50 
80 
90 
90 
80 
70 
90 
60 
90 

Average depth of cover over rebars measured at 2.6 inches. 

Table 114. Chloride penetration into Bridge No. 48010. 
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Average Chloride Content (PPM) -- 
11/16 - 
112" 

Bridge 
Number 

Year 
Tested 

Years 
Service 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

-- 
112 - 
1" 

1 -  
1-112" 

2 -  
2-1 /2" 

2-112 - 
3' 

4801 5 

(Dow 
latex 

overlay) 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

75 
4.60 
71 0 
4,70 

1170 
1030 
850 

1150 
1530 
1470 
1200 -- 

60 
110 
100 
120 
226) 
130 
158 
2,50 
340 
260 
160 

75 
100 
65 
80 

120 
100 
90 
80 
80 

130 
80 

70 
100 
110 
120 
120 
108 
80 

110 
80 

60 
90 

'I 30 
110 
80 
90 
90 

I00  
90 

Average deptlh of cover over rebars measured at 2.8 inches. 

Table 15. Chloride penetration into Bridge No. 4801 5. 

Average Chloride Cont:en,t (PPM) --- 
1 -  

1 -112'5 

I-..--- 
1-1 /2 -' 

-,I1 
h. 

--.- 
2 -  

2-112' 

~~ 

Bridge 
Number 

Year 
Tested 

Years 
Service 

0 
1 
2 
3 
4 
5 
6 
'7 
8 
9 
10 

--- 
1116 -. 

4 12" 
1r2 .- 
I" 

2-112 .- 
3l 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

140 
31 0 
290 
390 
630 
620 
850 
71 0 

10:30 
380 
680 --- 

I10 
130 
70 

110 
110 
130 
150 
130 
160 
110 
150 

120 
120 
80 

100 
100 
120 
90 
90 
70 
80 
60 

110 
13YI 
80 

110 
1 I 0  
110 
70 
70 
60 
90 
60 .----I 

4801 6 

(Therm- 
oflex 
8002 
latex 

overlay) 

8 0 
120 
120 
150 
120 
120 
70 
50 
70 

70 
120 
110 
140 
80 
80 
60 
40 
90 

Average depth of cover rebars measured at 2.8 inches. 

Taible 16. Chloride penetration into Bridge INo. 48016. 
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Bridge No,, 48009 
.I- .- ! I-.-- Chloride Content (PPM) Avers! 

2,500 

2,000 

1,500 

1,000 

500 

0 

.......................................... 

....................................................... 

....... 

.i-.L-=:: --:=- 
0 1 2 3 4 5 6 a 8 9 10 

LSDC overlay Year:; Service 

Averag 

2,500 

2,000 

1,500 

1,000 

500 

Bridge No,, 48010 
.-.-I Chloride Content (PPM) I- 

........................................................................................ 

..................................................................................... 

.......................................................................................... 

1/16; - 1/2" 
.................................................................... 

::=:-:== 
I 2 3 4 5 6 7 8 9 10 

Arc0 Dylex ,1186 latex overlay Year!; Service 

Figure *l6. Chloride penetration into bridge decks 48009 and 4801 0. 

45 



Avera: 

2,500 

2,000 

1,500 

1,000 

500 

Bridge No. 48015 

! Chloride ContentJPPM) -..---111-11 

............................................................................................. 

............................................................................................ 

....................................................................... ,.pyi";.". . .  

,I 1/16 - 1/2 \., 

0 1 2 3 4 5 6 7 8 9 10 
0 

Dow latex overlay I Years Service 

Averai 

2,500 

2,000 

1,500 

1,000 

500 

Bridge No. 48016 
! Chloride Conter(PPM) -..---.-I-, 

.......................................................................................... 

............................................................................................... 

...................................................................................... 
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Figure 17. Chloride penetration into bridge decks 4801 5 and 4801 6. 
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CONCLIlJ SIOINS 

1. Memblrane and bituminous owerlay systems work well at preventing chloride 

intrusion, but duriability was poor. 

2. The chloridle penetration resistance of Ilatex modified concrete is considered to 

be good. Chloride content increases have been generallly confined to the upper 

1 1/2 inches of the decks. Concentratisns at the rebars are well below the 

corrosion threshold range. 

3. Little c:cPrrosion is apparent on new decks with LMC overllays through sixteen 

years OF service. 

4. Latex modified concrete appears to provide somewhat better resistance to 

chloricle penetration than does low slurnp dense concrete. However both types 

of concrete overlays are providirrg satitsfactory service. 

5. The durability of low slump dense concrete (LSDC) overlays is considered to be 

satisfactory. Sonie delaminatioris have been found an older rehabilitated decks 

with LSDC overlaiys, but these have ncit resulted iin signilicarit maintainence. 
1 

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

from year to year, but do not appear to show increasing corrosion actiwity. 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. 

7. No significant distress was noted on decks with galvaniz:ed rebars or epoxy 

coated rebars. 
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8. 

9. 

10. 

11. 

Half cell potentials show a slight tendency to increase wiith time on decks with 

galvanized rebars. It i s  believed corrosion is absent, as chloride concentrations 

are below the thresholld 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 arid either LSCIC or 

latex modified cmcrete overlays show minimal distress after ten year:;. The 

latex overlays provide slig htly better chloride resistance than the LSDC overlay, 

but c:oncentrations at the Irebars are well below the corrcssion threshold value for 

all four decks. 

o a ~ ~ %  C@h$ 
The combination of special concrete overlays, either latex modified conc:reta or 

low slump dense concrete, epoxy coated rebars and increased concrete cower 

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 IWm4DOT. 
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