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Bridge Deck Issues 



Bridge Deck Issues


 
Cracking



 
Corrosion



 
Solutions


 

Material Selection


 

Corrosion Resistant Reinforcing


 

Repair and Protection



NCHRP Report 380



AASHTO Concrete Specifications
Year Class Strength W/C Bags/ Yd3 Air Slump
1931 A 3000 - 6.0 - 2-3
1941 A 3000 0.53 6.5 - 2-4
1945 A 3000 0.53 6.5 - 2-4

1953 -
1973

AE 3000 - 6.0 4-7 2-4

1974 -

 1977
AE 4500 0.455 6.5 5-7 1-

 

2 ½

1978 -

 1988
A 4000 0.490 6.5 3-5 2-4

1978 -

 1988
AE 4500 0.445 6.5 5-7 -

1978 -

 1988
A 4000 0.490 6.5 3-5 -





Stress Due to Shrinkage

σt = εt
 

Eeff

Where:

εt = shrinkage at time t after initial drying

Eeff = effective modulus a time t (psi)

σt  = stress induced by restrained shrinkage (psi)





Slow Strength 
Development

High Strength 
Development

1 to 2 Days Modulus, 
GPa (psi)

6.9
(1 x 106)

41.3
(6 x 106)

Creep Potential
at 1-2 Days

5 times elastic 
strain

0.5 times elastic 
strain

Effective Modulus,
GPa (psi)

1.15
(0.17X106)

27.6
(4 X 106)

Assume 500 microstrain free shrinkage and 50 percent restraint

Tensile stress 
developed due to 

shrinkage, MPa (psi)

0.29
(42)

6.89
(1000)

Concrete Characteristics vs Strength Development

















Corrosion of  Uncoated Bridge Deck Steel
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Requirements for Corrosion:

●

 

Anodic reaction-generation of electrons 
● Fe  Fe2+

 

+ 2e-

●

 

Cathodic reaction-consumption of electrons 
●O2

 

+ 4H+

 

+ 4e-

 

 2H2

 

O

●

 

Anode and cathode must be electrically connected

●

 

An electrolytic path

 
to carry charges  

●OH-

 

moves to anode to maintain charge neutrality
● Fe2+

 

moves towards the cathode to maintain charge neutrality



Corrosion of Bridge Deck Epoxy-Coated Steel (protecting 
bridge decks since 1973)
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Cathode area mostly eliminated



Through Deck Cracks –
 

New York



FHWA  RD-98-153 Corrosion 
Resistant Steel Test –

 
Dec. 1998



Test results show it takes approximately 0.001”
 

of corrosion of 
black steel reinforcing bar to crack concrete.

This sample is 
from the high 
humidity chamber 
at the U.S. 
Department of 
Energy’s Albany 
Research Center.



25

1998 FHWA-RD-98-153
Macrocell Current Reduction Compared To Black Bar Specimens

Black bar cathode Matched 
cathode

Uncracked 
concrete

Precracked 
concrete

Uncracked 
concrete

Bar type 0.5% 0.004% 0.5% 0.004% 0.5% 0.004%

ECR-A (best) + ++ - - ++ ++

Galvanized - - -

Copper Clad - - -

304 SS ++ - ++

316 SS ++ ++ ++

++ =  99.8 percent less than control
+  =  between 99.8 and 99.0 percent less than control
-

 

=  lower than 99.0 percent less than control



TURNER-FAIRBANK HIGHWAY RESEARCH CENTERTURNER-FAIRBANK HIGHWAY RESEARCH CENTER

FHWA’s Current Corrosion Programs and 
Future Research Programs for 

Infrastructure Durability Laboratory 

FHWAFHWA’’s Current Corrosion Programs and s Current Corrosion Programs and 
Future Research Programs forFuture Research Programs for 

Infrastructure Durability LaboratoryInfrastructure Durability Laboratory
Seung-Kyoung Lee

Office of Infrastructure R&D
Turner-Fairbank Highway Research Center

Federal Highway Administration
US Department of Transportation



TURNER-FAIRBANK HIGHWAY RESEARCH CENTERTURNER-FAIRBANK HIGHWAY RESEARCH CENTER

Reinforcing Steel MaterialsReinforcing Steel Materials

• Twelve types of #5 or #6 reinforcing 
materials from 11 sources and they were 
embedded in eight slabs.

• The rebars were placed in the top and 
bottom mats.

• Three levels of artificial defects (0.15, 0.5 
and 1.0 %) were introduced on ECR, Zbar, 
and galvanized.

1 Black
2 ECR
3 Zbar
4 Galvanized 
5 MMFX
6 Duracorr
7 CMC
8 NX Infrastructure
9 3Cr12
10 2201
11 Arminox (2304)
12 EnduraMet 32



Common Corrosion Protection Strategies

Type of Protection System Description

Reinforcement materials & 
coatings

 Epoxy-coated
 Galvanized
 Stainless steel solid and clad
 Fiber composite

Concrete additive & mix 
design

 Inhibitors
 High performance concrete
 Low water/ cement ratio
 Mircrosilicia

Surface sealers, membranes & 
overlays

 Silanes /siloxanes
 Latex modified


 

Dense and micro silica-
 enhanced concrete overlays

 Waterproof membranes



Electro-chemical 
processes

 Cathodic protection
 Electro-chemical chloride removal

Maintenance 
practices

 Non-corrosive deicing chemicals
 Crack repair
 Deck washing
 Drainage and joint system upkeep

Design details

 Cover
 Deck joints
 Mat-to-mat separation
 Double mats of Corrosion Resistant Rebar

Construction 
practices

 Curing
 Temperature control
 Specification enforcement

Source: Predicting the Life Cycle of Cost of Structures Based on Accelerated Corrosion Testing –A 
Framework for Incorporation Reliability Concepts

Common Corrosion Protection Strategies



GUIDELINES FOR SELECTION OF 
BRIDGE DECK OVERLAYS, SEALERS 

AND TREATMENTS 

NCHRP Project 20-07, Task 234
Paul Krauss, Wiss, Janney Elstner Assoc.

Amir Hanna, NCHRP Senior Program 
Director



Guidelines For Selection of Bridge Deck 
Overlays, Sealers and Treatments -

 
Scope



 
Agency Survey and Guidelines



 
Review Literature 



 
Results:



 
Deck Characterization



 
Primary Repair Category Selection



 
Selection of Repair Options



Agency Survey


 
Extensive survey (46 agency responses)



 
How are repair decisions made for decks? 


 

22 have procedures -

 
only 10 written



 
How do you characterize the deck condition and make repair 
decisions?



 
Experience on up to 5 different repair options



 
Concrete, Steel and Timber decks



Deck Characterization


 
Percent Deck Deterioration and NBI Ratings

 
-

 
percent of non-

 overlapping area of patches, spalls, delaminations, and half-cell 
potentials more negative than -0.35V CSE and NBI rating of the top 
and bottom deck surfaces



 
Estimated Time-to-Corrosion

 
-

 
estimated time until sufficient 

chloride penetration occurs to initiate corrosion over a given 
percentage of the reinforcing steel



 
Deck Surface Condition

 
-

 
consideration of poor drainage, surface 

scaling, abrasion loss, or skid resistance problems



 
Concrete Quality

 
-

 
related to concrete durability 

(ASR/DEF/freeze-thaw) and strength issues



Primary Repair Decision


 
Do Nothing



 
Maintenance

 
that may include:



 

patching


 

crack repairs


 

concrete sealer



 
Protective Overlay



 
Structural Rehabilitation

 
that may include:



 

partial deck replacement 


 

full depth deck replacement



Overlay Considerations (example)


 
Traffic constraints on construction closures



 
Previous deck overlays and repairs



 
Dead load/clearance restrictions and drainage and slope 
corrections needed



 
Costs and Service Life



 
Contractor and DOT experience



 
Special objectives, such as cathodic protection, deck 
strengthening, deicer systems, etc.



Overlays –
 

its about speed


 
Conventional Rigid Overlays (HPC, LMC, Low-slump, 
Fiber-reinforced)



 
Waterproofing Membrane/AC Overlay



 
Fast Curing Overlays -Weekend closures (VHE-LMC, 
polymer) 



 
Very Rapid Curing Overlays-

 
Less than 24 hours, night 

closures (polymer overlays)



Report Contents


 
Survey Results and Literature Review



 
Agency Bridge Deck Maintenance and Repair Selection 
Processes



 
Deck Characterization and Repair Selection



 
Deck Evaluation and Characterization Testing Methods (how 
to do the survey & what data to collect)



Appendices


 

Dot Survey Responses for Repair Methods


 

Agency Responded


 

Advantages/Disadvantages


 

Use History


 

Why system is selected & Conditions addressed


 

Anticipated Lifespan


 

Cost


 

Installation Procedures & Thickness


 

General Recommendations for Peers



 

Tables of Rates of Advancement of Chloride Threshold Front


 

Discussion of Repair Techniques
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Bridge Deck Issues 



Questions?
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