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Use of Galvanized Rebars inUse of Galvanized Rebars in 
Reinforced Concrete StructuresReinforced Concrete Structures 

Professor Stephen Yeomans
University of New South Wales

Canberra, Australia

Professor Stephen YeomansProfessor Stephen Yeomans 
University of New South WalesUniversity of New South Wales 

Canberra, AustraliaCanberra, Australia 

Seminar on Durability of Reinforced Concrete Structures 
Civil Engineering and Development Department 

Hong Kong Government 

Strategies for CorrosionStrategies for Corrosion 

P revention in R CP revention in R C 

• Membranes/paints applied to concrete surface

• Impregnation of concrete mass

• Addition of corrosion inhibitors to concrete mix

• Use of corrosion resisting/clad reinforcement

• Cathodic protection of reinforcement

• Use of coated reinforcement

– Hot dip galvanized

– Fusion bonded epoxy coated

•• Membranes/paints applied to concrete surfaceMembranes/paints applied to concrete surface 

•• Impregnation of concrete massImpregnation of concrete mass 

•• Addition of corrosion inhibitors to concrete mixAddition of corrosion inhibitors to concrete mix 

•• Use of corrosion resisting/clad reinforcementUse of corrosion resisting/clad reinforcement 

•• Cathodic protection of reinforcementCathodic protection of reinforcement 

•• Use of coated reinforcementUse of coated reinforcement 

– Hot dip galvanizedHot dip galvanized 

– Fusion bonded epoxy coatedFusion bonded epoxy coated 

G A L V A N IZ E D R E IN F O R CE M E N TG A L V A N IZ E D R E IN F O R CE M E N T 

* First use in USA in 1930’s

- application by hot-dipping to

- straight bars or pre-formed sections.

* Zinc alloy coating affords

- barrier protection and

- sacrificial protection to base steel.

* Coating provides

- resistance to pH reduction of concrete

- higher Cl- tolerance (> 2x)than black steel, thus

- increased service life (4-5x)over black steel.

* First use in USA in 1930’s* First use in USA in 1930’s 

- application by hotapplication by hot-dipping todipping to 

- straight bars or prestraight bars or pre-formed sections.formed sections. 

* Zinc alloy coating affords* Zinc alloy coating affords 

- barrier protection andbarrier protection and 

- sacrificial protection to base steel.sacrificial protection to base steel. 

* Coating provides* Coating provides 

- resistance to pH reduction of concreteresistance to pH reduction of concrete 

- higher Clhigher Cl- tolerance (> 2x)than black steel, thustolerance (> 2x)than black steel, thus 

- increased service life (4increased service life (4-5x)over black steel.5x)over black steel. 

Carbonation ResistanceCarbonation Resistance 

Acid 

Base 
Range of stability 

Minimum 
pH of 

concrete 

Ch lorid e T h resh oldCh lorid e T h resh old 

For Black Steel:

Assume upper threshold value of 0.4% Cl- by mass

of cement.

For Galvanized Steel:

Assume lower threshold of 1.0% Cl- based on

conservative experimental and field data.

For Black Steel:For Black Steel: 

Assume upper threshold value of 0.4% ClAssume upper threshold value of 0.4% Cl- by massby mass 

of cement.of cement. 

For Galvanized Steel:For Galvanized Steel: 

Assume lower threshold of 1.0% ClAssume lower threshold of 1.0% Cl- based onbased on 

conservative experimental and field data.conservative experimental and field data. 

T im e to Ch lorid eT im e to Ch lorid e--ind u c edind u c ed 

CorrosionCorrosion 

In Marine Concrete:

W ith 0.35% Cl- at concrete surface, 30 mm cover to

the reinforcement, D = 1.4x10-12 m2/s

Black Steel:

Initiate corrosion after 15 years.

Galvanized Steel:

Initiate attack on coating after 44 years – a 3 x life

extension followed by ongoing protection due to

dissolution of coating before attack on base steel.

In Marine Concrete:In Marine Concrete: 

W ith 0.35% ClW ith 0.35% Cl- at concrete surface, 30 mm cover toat concrete surface, 30 mm cover to 

the reinforcement, D = 1.4x10the reinforcement, D 1.4x10-1212 mm22/s/s 

Black Steel:Black Steel: 

Initiate corrosion after 15 years.Initiate corrosion after 15 years. 

Galvanized Steel:Galvanized Steel: 

Initiate attack on coating after 44 yearsInitiate attack on coating after 44 years – a 3 x lifea 3 x life 

extension followed by ongoing protection due toextension followed by ongoing protection due to 

dissolution of coating before attack on base steel.dissolution of coating before attack on base steel. 
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Galvanized Reinforcing ProductsGalvanized Reinforcing Products 

Straight bars 

Mesh 

Stirrups and ties 

The Galvanized Coating:The Galvanized Coating: 
Metallurgically bonded to base steelMetallurgically bonded to base steel 

Hard, tough and adherent coating 

Zinc coated steel for the 
reinforcement of concrete 

ISO/DIS 14657ISO 

Hot dip coatings on structural 
steel bars for concrete 

reinforcement specifications 

IS 12594India 

Zinc coated (galvanized) steel 
bars and wire rods for concrete 

reinforcement 

UNI 10622Italy 

Hot dip galvanized bars and coils 
for reinforced concrete 

NF A35 025France 

Zinc coated steel for the 
reinforcement of concrete 

BS ISO 14657United Kingdom 

Zinc coated (galvanized) steel 
bars for concrete reinforcement 

ASTM A 767United States 

National Reinforcing Steel StandardsNational Reinforcing Steel Standards Zinc in ConcreteZinc in Concrete 

• A multi-faceted protection to steel rebar
– both barrier and sacrificial protection

• Provides long-term protection in a variety of
exposure conditions

• A small cost premium applies (<1-2%)
• A form of insurance against early corrosion of

steel and disruption to the concrete mass

•• A multiA multi-faceted protection to steel rebarfaceted protection to steel rebar 
– both barrier and sacrificial protectionboth barrier and sacrificial protection 

•• Provides longProvides long-term protection in a variety ofterm protection in a variety of 
exposure conditionsexposure conditions 

•• A small cost premium applies (<1A small cost premium applies (<1-2%)2%) 
•• A form of insurance against early corrosion ofA form of insurance against early corrosion of 

steel and disruption to the concrete masssteel and disruption to the concrete mass 

The Cost of GalvanizingThe Cost of Galvanizing 

• May add 30-50% to the cost of the steel. 
• Rebar is about 25% of the cost of RC,

galvanizing reduces to <10% of cost. 
• If the concrete frame is 25-30% of total

building costs, the premium reduces to 2-3%. 
• Selective galvanizing (eg surface elements)

reduces this cost further to < 1% overall. 
• Total cost of galvanizing is even less

considering the overall value of a project. 

• May add 30 50% to the cost of the steel. 
• Rebar is about 25% of the cost of RC, 

galvanizing reduces to <10% of cost. 
• If the concrete frame is 25 30% of total 

building costs, the premium reduces to 2 3%. 
• Selective galvanizing (eg surface elements) 

reduces this cost further to < 1% overall. 
• Total cost of galvanizing is even less 

considering the overall value of a project. 

SServ ic e L ife of G alvanizederv ic e L ife of G alvanized 

R einforc em entR einforc em ent 

Depends on:

– the nature and quality of the concrete,

– the severity of the exposure, and

– the metallurgical characteristics of the

coating itself.

Depends onDepends on:: 

the nature and quality of the concretethe nature and quality of the concrete,, 

– the severity of the exposurethe severity of the exposure,, andand 

– the metallurgical characteristics of thethe metallurgical characteristics of the 

coating itself.coating itself. 
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B ond Strength D ataB ond Strength D ata LoadLoad --slip Ch arac teristic sslip Ch arac teristic s 

0 5 0 10 0 15 0 20 0 25 0 
Slip ( m ) 

0 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

B lac k St ee l 

G a lv an iz e d Ste e l 

Epo xy C oa t ed Ste e l 

Galvanized 

Black 
Epoxy Coated 

Reduced slip for 
galvanized bars 

Corrosion of G alvanized CoatingCorrosion of G alvanized Coating 

in Conc rete (2 0 0 x)in Conc rete (2 0 0 x) 

Original coating No chloride exposure Chloride exposure 
180 µm 164 µm 110 µm 

Prior to embedment Showing loss of eta Showing deep attack 
layer ( 20 µm) around zeta phase 

M igration of Z inc into Cem entM igration of Z inc into Cem ent 

M ortar M atrixM ortar M atrix 

20x 50x 1000x 

Galvanized coating is at left. Zinc corrosion products (ZnO) 
appear white against the grey, Ca rich cement matrix.

Lo
ad

(k
N

)

A p p lic ations of G alvanizedA p p lic ations of G alvanized 

R einforc em entR einforc em ent 

• Precast cladding and architectural elements

• Surface exposed structural elements

• Pre-fabricated building modules

• Immersed or buried structures or elements

• Coastal, marine and industrial structures

• Transport infrastructure

• High risk structures and prestige construction

•• Precast cladding and architectural elementsPrecast cladding and architectural elements 

•• Surface exposed structural elementsSurface exposed structural elements 

•• PrePre-fabricated building modulesfabricated building modules 

•• Immersed or buried structures or elementsImmersed or buried structures or elements 

•• Coastal, marine and industrial structuresCoastal, marine and industrial structures 

•• Transport infrastructureTransport infrastructure 

•• High risk structures and prestige constructionHigh risk structures and prestige construction 

P restige B u ild ingsP restige B u ild ings 

NZ Parliament 

High Court of Australia 

Sydney Opera House 

Australian Parliament 
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Com m erc ial B u ild ingsCom m erc ial B u ild ings 

Sydney 

Townsville 
Adelaide Sydney 

B rid ges and H igh w aysB rid ges and H igh w ays –– 

N orth A m eric aN orth A m eric a 

G e n e r a l C o n s t r u c t i o nG e n e r a l C o n s t r u c t i o n 

Sundial 

Security Wall 

Railway Tunnel 

Access hole steps 

M a j o r C o n s t r u c t i o nM a j o r C o n s t r u c t i o n 

Coke ovens coal storage 
bunker BHP Steelworks 

Waste treatment facility 
Bermuda 

M a r i n e a n d C o a s t a lM a r i n e a n d C o a s t a l 

ANDOC North Sea Oil 
Platform 

Seawater cooling channels 
Holland 

P i e r s a n d M a r i n a sP i e r s a n d M a r i n a s 

Onimichi Pier, Japan Floating Marinas, Queensland 
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a n d a f e w o t h e r s …a n d a f e w o t h e r s … 

Footbridge 
piers Tunnel lining 

Precast shell Decorative egg 

T h e B e r m u d a C a s e S t u d yT h e B e r m u d a C a s e S t u d y 

RBYC Wharf 

Penno s Dock 

T h e B e r m u d a E x p e r i e n c eT h e B e r m u d a E x p e r i e n c e 

Watford Bridge, and all other Bermuda Bridges 

a n d t o c o n c l u d e …a n d t o c o n c l u d e … 

ILZRO Sponsored 
Project (ZE 429) 

SR Yeomans (Editor) 
December 2004, 320pp 

ISBN:008044511X 

ContributorsContributors 
Stephen Yeomans - Australia (Chapters 1,6)
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Carmen Andrade & Cruz Alonso – Spain (Chpt 5)
Neil Allan – England (Chapter 7)
Obada Kayali – Australia (Chapter 8)
John Broomfield – England (Chapter 9)

Stephen Yeomans Australia (Chapters 1,6) 
Narayan Swamy England (Chapter 2) 
Alberto Saguess USA (Chapter 3) 
Tom Langill & Barry Dugan USA (Chpt 4) 
Carmen Andrade & Cruz Alonso Spain (Chpt 5) 
Neil Allan England (Chapter 7) 
Obada Kayali Australia (Chapter 8) 
John Broomfield England (Chapter 9) 



C C oo nn tte e nn tts s
111. .. GGGaaalllvvvaaannniiizzzeeed dd   SSSttteeeeeel ll   iiin nn   CCCooonnncccrrreeettte ee   --- AAAn nn   OOOvvveeerrrvvviiieeewww   
222.	 .. DDDeeesssiiigggn nn   fffooor rr   DDDuuurrraaabbbiiillliiittty yy   wwwiiittth hh   GGGaaalllvvvaaannniiizzzeeeddd   

RRReeeiiinnnfffooorrrccceeemmmeeennnt tt
333. ..   CCCooorrrrrrooosssiiiooon nn   ooof ff   MMMeeetttaaallls ss   iiin nn   CCCooonnncccrrreeettte ee
444. .. ZZZiiinnnc cc   MMMaaattteeerrriiiaaallls ss   fffooor rr   UUUssse ee   iiin nn   CCCooonnncccrrreeettte ee … …  qq uu ee ss tt ii oo nn ss ? ?
555.	 .. EEEllleeeccctttrrroooccchhheeemmmiiicccaaal ll   AAAssspppeeecccttts ss   ooof ff   GGGaaalllvvvaaannniiizzzeeed dd

RRReeeiiinnnfffooorrrccceeemmmeeennnt tt   CCCooorrrrrrooosssiiiooon nn
666.	 .. LLLaaabbbooorrraaatttooorrry yy   aaannnd dd   FFFiiieeellld dd   PPPeeerrrfffooorrrmmmaaannnccce ee   ooof ff

GGGaaalllvvvaaannniiizzzeeed dd   SSSttteeeeeel ll   iiin nn   CCCooonnncccrrreeettte ee   
777.	 .. TTThhhe ee   BBBeeerrrmmmuuuddda aa   EEExxxpppeeerrriiieeennnccceee: ::   LLLeeeaaadddiiinnng gg   ttthhhe ee   WWWaaayyy   

ooon nn   GGGaaalllvvvaaannniiizzzeeed dd   RRReeeiiinnnfffooorrrccceeemmmeeennnt tt
888.	 .. BBBooonnnd dd   ooof ff   SSSttteeeeeel ll   iiin nn   CCCooonnncccrrreeettte ee   aaannnd dd   ttthhhe ee   EEEffffffeeeccct tt   ooof ff   

GGGaaalllvvvaaannniiizzziiinnng gg
999. .. SSSuuummmmmmaaarrry yy   CCChhhaaapppttteeer rr




