
RESEARCH REPORT DOCUMENTATION PAGE 

1.  Report No. 

MR 1996-01 
2.  Report Date 

June 2006 
3.  Contract No. 

N/A 
4.  Project No. 

IM-1-094(017)156 
5.  Title and Subtitle 

Evaluation of Epoxy-Coated Reinforcing Steel 

6.  Report Type 

Work Plan 
Construction 
Evaluation 
Final 

7.  Project No. 

8.  Project No. 

9.  Project No. 

10. Project No. 

11. Author(s)/Principle Investigator(s) 

Curt Dunn, Rhaub Walker, and Steven Henrichs 
12. Performing Organization Name and Address 

NDDOT M+R North Dakota DOT 
NDDOT OTHER* Materials and Research Division 
NDSU 300 Airport Road 
UND Bismarck ND 58504-6005 
UGPTI 
OTHER* 
*see supplementary notes

13. Sponsoring Agency Name and Address 

North Dakota DOT 
Materials and Research Division 
300 Airport Road 
Bismarck ND 58504-6005 

14. Supplementary Notes 

15. Abstract 

Purpose and Need 
Reinforced concrete structures can experience premature deterioration due to the effects of corrosion of the reinforcing steel.  When the 

reinforcing steel is exposed to moisture and oxygen, corrosion is formed.  The addition of salt related admixtures can accelerate the corrosion 
process.  The NDDOT desires materials that will resist corrosion and lengthen the life of reinforced concrete. 

Objective 
The objective of this study is to determine if epoxy-coated reinforcing steel will serve as a corrosion-protection system for concrete structures and 

ultimately extend the service life of the structure. 

Scope 
The NDDOT has substituted epoxy-coated reinforcing steel for regular reinforcing steel in a portion of the continuous reinforced concrete 

pavement in project, IM-1-094(017)156 westbound.  This portion of roadway served as a test section and was compared to a section of roadway 
containing regular reinforcing steel. The test and control sections will be visually evaluated annually for the number and size of cracks.   

Summary 
After approximately ten years of service, there appears to be little difference in performance between the control section and the test section.  

For both of the segments evaluated, the widths between the transverse cracks were typical for reinforced concrete. The number of transverse 
cracks is slightly higher in the control section than that of the test section. The crack widths are approximately the same in both segments. 

Cores taken in the control and experimental segments show that the regular reinforcing steel has evidence of rust and the epoxy coated 
reinforcing steel does not. 

Recommendations 
Epoxy coated reinforcing steel doesn’t appear to negatively affect the performance of CRCP and cores show that the epoxy coated reinforcing 

steel resisted corrosion better than regular reinforcing steel.  However, the distresses that CRCP, typically, exhibits are not related to corrosion of 
the reinforcing steel.  It is likely, within the currently used 30 year design life, that using epoxy coated reinforcing steel would not significantly reduce 
the distresses of the CRCP. 

Due to the additional cost of using epoxy-coated reinforcing steel and its limited benefits; it is not recommended to use epoxy coated 
reinforcing steel on CRCP projects.  

16. Key Words 

Concrete Pavement 
Continuous 
Reinforcement 
Epoxy-coated 
Reinforcing Steel 

17.  Distribution Statement 

No restrictions.  This document is available to the public from:

North Dakota Department of Transportation 
Materials and Research Division: 

300 Airport Road 
Bismarck ND 58504-6005 

Office: (701) 328-6900 

18.  No. of Pages 

19 

19.  File type/Size 

PDF 1.3 MB 



NORTH DAKOTA 
DEPARTMENT OF TRANSPORTATION 

MATERIALS AND RESEARCH 
DIVISION 

Experimental Study MR 96-01 

Evaluation of Epoxy-Coated 
Reinforcing Steel 

Final Evaluation Report 

Project IM-1-094(017)156 

June 2006 

Prepared by 

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION 
BISMARCK, NORTH DAKOTA 

www.dot.nd.gov 

DIRECTOR 
David A. Sprynczynatyk, P.E.  

MATERIALS AND RESEARCH DIVISION 
Ron Horner, P.E. 

https://www.dot.nd.gov


Experimental Study MR 96-01 

Evaluation of Epoxy-Coated Reinforcing Steel 

FINAL EVALUATION REPORT 

Project IM-1-094(017)156 

June 2006 

Written by 

Curt Dunn  

Rhaub Walker 

Steven Henrichs 



2 

Disclaimer 

The contents of this report reflect the views of the author or authors who are responsible 
for the facts and the accuracy of the data presented herein.  The contents do not reflect 
the official views of the North Dakota Department of Transportation or the Federal 
Highway Administration.  This report does not constitute a standard, specification, or 
regulation. 
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Evaluation of Epoxy-Coated Reinforcing Steel 
MR 96-01 

Objective 

Reinforced concrete structures may experience premature deterioration due to 

the effects of corrosion of the reinforcing steel.  When the reinforcing steel is exposed 

to moisture and oxygen, corrosion is formed.  The use of salt can accelerate the 

corrosion process.  The objective of this report is to determine if epoxy-coated 

reinforcing steel will serve as a corrosion-protection system for concrete structures 

and ultimately extend the service life of the pavement. 

Scope 

The North Dakota Department of Transportation (NDDOT) has substituted 

epoxy-coated reinforcing steel for regular reinforcing steel in a portion of the 

continuous reinforced concrete pavement project, IM-1-094(017)156 westbound.  

This portion of roadway served as a test section and compared to a section of 

roadway containing regular reinforcing steel. 
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Location 

Project IM-1-094(017)156 (WB) is located on I-94 from RP 155.026 (West 

Midway Interchange) to RP 161.434 (East Bismarck Interchange).  The epoxy-coated 

reinforcing steel test section is located between the Washington and 4th Street 

Bridges from Station 363+03.0 to Station 380+97.8.  The control section lies adjacent 

and to the east of the test section between Station 382+42.8 and Station 400+37.6.  

The project location is shown in Figure 1. 

Figure 1 – Project Location 

Experimental 
Section Control Section 

Project 
IM-1-094(017)156 
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Traffic 

Table 1 shows the 1998, 2003, and 2004 one-way traffic for the experimental 

and control sections. 

Year Pass>Car Trucks Total Max Hour Rigid ESALs 

1998 6,750 780 7,530 940 980 

2003 7,963 738 8,700 870 1,033 

2004 7,650 1,150 8,800 880 1,552 

Table 1 

Design 

The design of the epoxy-coated reinforcing steel section of this project was the 

same as the conventional reinforcing steel section.  Both the epoxy-coated 

reinforcing steel section and the control section are 9” of CRCP with #6 longitudinal 

bars spaced 6.86” apart and #5 transverse bars spaced 48” apart.  The longitudinal 

bars were spliced with a minimum 19” overlap.  Typical sections are given in 

Appendix A. 

Construction 

Northern Improvement was the prime contractor on the project.  Installation of 

the epoxy-coated reinforcing steel was performed in late August of 1996.   

Before and during construction, extra care was taken in handling the epoxy-

coated reinforcing steel.  While unloading the epoxy-coated reinforcing steel from 

supply trucks, the contractor provided for multiple pick-up points to prevent abrasion 

in the bundles.  The contractor also stored the material prior to construction on 

multiple supports that were close enough together to prevent any excess sagging. 

Photo 1 depicts a view of the transverse and longitudinal bars, lying on top of 

the permeable stabilized base, just prior to being picked up by a rebar alignment 

machine. The longitudinal steel was then run through an alignment machine, while 
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the transverse steel was left lying on the roadway. Workers tied the transverse steel 

to the longitudinal steel and the epoxy-coated steel chairs to the reinforcing steel with 

epoxy-coated ties.  

Photo 1 – Photo of the epoxy-coated reinforcing steel lying on top of the 
stabilized base. 
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Photo 2 shows the finished product placed and fastened prior to the placing of 

the concrete.  

Construction of the epoxy-coated reinforcing steel did not present any major 

difficulties.  Incidental items, such as extra care in handling and placing were the only 

differences encountered as compared to installing regular reinforcing steel. 

Cost 

The bid price for Grade 60 epoxy-coated reinforcing steel on the project was 

$0.80/lb.  The bid price for regular Grade 60 reinforcing steel was $0.60/lb.  The bid 

for 9” continuous epoxy reinforced recycled concrete pavement on the project was 

$18.50/sy and the bid price with regular reinforcing steel was $15.00/sy.  

Photo 2 – View of finished product placed and fastened. 
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Evaluation 

Transverse cracks were counted during five evaluations.  The transverse 

cracks were counted in a 150' segment in both the control and experimental sections. 

 The 150’ segment in the experimental section started at the first shoulder joint east 

of station 370+00 (heading east) and the 150’ segment in the control segment started 

at the first joint west of Equation 388+66.6 Bk. = 388+69.8 Ah. (Eastbound).   

The results of the five evaluations are shown in Table 2. 

Experimental Segment 
Date Temp °F Total Transverse 

Cracks 
Partial 
Cracks 

Narrow 
Cracks 

Wide 
Cracks 

11-17-98 33 65 6 - - 

09-06-01 80 80 10 27 43 

12-31-02 20 83 11 25 47 

09-17-03 70 86 13 19 54 

12-29-04 28 103 30 18 55 

Control Segment 
Date Temp °F Total Transverse 

Cracks 
Partial 
Cracks 

Narrow 
Cracks 

Wide 
Cracks 

11-17-98 33 67 6 - - 

09-06-01 80 94 18 35 41 

12-31-02 20 103 21 37 45 

09-17-03 70 95 26 19 50 

12-29-04 28 123 38 34 51 

Table 2 
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The first evaluation was conducted on November 17, 1998. Photo 3 shows an 

overall view of the test section looking east.  The cracks were counted as being either 

fully or partially across the width of the driving lane.  The width of the cracks ranged 

from 0.10 mm to 0.60 mm. 

The second evaluation occurred on September 6, 2001.  For this evaluation 

full width cracks were further classified as wide or narrow cracks.  The determination 

of whether a crack was narrow or wide was performed subjectively as each crack’s 

width was not measured to classify it.  Photo 4 shows the difference between the 

narrow, wide, and partial transverse cracks located in the test section.  

Photo 3 – Depicts an overall view of the test section looking 
east. 
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The third evaluation was performed on December 31, 2002.  The number of 

narrow cracks in the experimental section decreased to 25 from 27 in 2001. Because 

the total number of cracks in the experimental section increased from 2001 to 2002, it 

appears that the number of narrow cracks decreased because some cracks were 

counted as narrow in 2001 and then counted as wide in 2002. 

The fourth evaluation occurred on September 17, 2003.  The widths of the 

cracks continued to range from 0.10 mm to 0.60 mm.  In the experimental segment 

the number of narrow cracks decreased from 25 in the previous evaluation to 19.  

Because the number of wide cracks increased during this period, it is likely that the 

number of narrow cracks decreased because some cracks were counted as narrow 

in 2002 and then counted as wide in 2003.  A total of 95 transverse cracks were 

counted in the 150 foot control segment. This is a decrease from 103 transverse 

cracks that were counted in 2002. The number of partial cracks and wide cracks both 

increased from 2002 but the number of narrow cracks decreased to 19 from 37 in 

2002. The number of narrow cracks counted may have decreased because; some 

were counted as wide cracks, warm temperatures at the time of the evaluation may 

Photo 4 – Depicts the narrow, wide and partial transverse cracks in the 
test section. 

NARROW 

WIDE 

PARTIAL 
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have caused the narrow cracks to close, or there may have been an error in 

counting. 

The fifth evaluation occurred on December 29, 2004.  The width of the cracks 

remained, approximately, 0.10 mm to 0.60 mm.  The number of cracks in every 

category for both segments had increased from the fourth evaluation.  The large 

increase in the number of cracks may have been partially caused by the difference in 

temperatures of when the evaluations were performed.  The fifth evaluation was 

performed at a temperature of 28°F and the fourth evaluation was performed at 70°F. 

To determine the relative amounts of deterioration to the reinforcing steel, 

cores were taken from the experimental and control segments.  Two cores were 

taken from each of the 150’ long segments in the control and experimental segments 

in which the transverse cracks had been counted.  The locations of the cores were 

chosen so that the cores would contain both a transverse crack and reinforcing steel. 

The cores are shown in Photos 5, 6, 7, and 8.  Both of the cores containing 

regular reinforcing steel showed some evidence of rust.  The cores containing epoxy 

coated reinforcing steel showed no evidence of rust or corrosion. 

Apparent rust stain. 

Photo 5 – Core containing regular reinforcing 
steel with a rust stain.

Apparent rust. 

Photo 6 - Core containing regular reinforcing steel with 
rust. 
Photo 7 – Core containing epoxy coated reinforcing 
steel. 
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Summary 

After approximately ten years of service, there appears to be little difference in 

performance between that portion of the CRCP constructed with epoxy-coated 

reinforcing steel and that which was constructed with plain reinforcing steel. 

For both of the segments evaluated, the widths between the transverse cracks 

were typical for reinforced concrete.  

At this time, the number of transverse cracks is slightly higher in the control 

section to that of the test section. The difference mainly appears to be in the number 

of narrow and partial transverse cracks. The crack widths are approximately the 

same in both segments. 

Cores taken in the control and experimental segments show that the regular 

reinforcing steel has evidence of rust and the epoxy coated reinforcing steel does 

not. 

Photo 8 – Core containing epoxy coated reinforcing steel. 
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Recommendation 

Epoxy coated reinforcing steel doesn’t appear to negatively affect the 

performance of CRCP and cores show that the epoxy coated reinforcing steel 

resisted corrosion better than regular reinforcing steel.  However, the distresses that 

CRCP, typically, exhibits are not related to corrosion of the reinforcing steel.  It is 

likely, within the currently used 30 year design life, that using epoxy coated 

reinforcing steel would not significantly reduce the distresses of the CRCP. 

For the construction of this project in 1996, the bid price for epoxy-coated 

reinforcing steel was $0.80/lb and $0.60/lb for regular reinforcing steel.  The bid for 9” 

continuous epoxy-coated reinforced recycled concrete pavement was $18.50/sy and 

the bid price with regular reinforcing steel was $15.00/sy.  The NDDOT does not 

have current bid prices for epoxy-coated reinforcing steel in pavement.  The 

Minnesota Department of Transportation’s 2006 average bid price for epoxy-coated 

reinforcing steel was $0.99/lb and $0.82/lb for regular reinforcing steel.  For 

structures, NDDOT’s 2006 average bid price for epoxy-coated reinforcing steel was 

$0.90/lb and $0.87/lb for regular reinforcing steel. 

Due to the additional cost of using epoxy-coated reinforcing steel and its 

limited benefits; it is recommended not to use epoxy coated reinforcing steel on 

CRCP projects.   
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