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accessibility	restrictions	and	are	typically	costly	and	disruptive	to	implement.	
At	 worst,	 complete	 replacement	 of	 the	 structure	 may	 be	 required	 well	
before	its	full	design	life	has	been	reached,	if	structural	integrity	has	been	
sufficiently	compromised.	

Reinforcement	 corrosion	 is	 now	 considered	 to	 be	 the	 leading	 cause	 of	
premature	concrete	failure	in	the	world	today	and	needs	to	be	adequately	
addressed	for	structures	situated	in	highly	corrosive	environments.

Reinforcement	Corrosion:		
Cause	and	Effect

Bare	 steel	 reinforcement	 relies	
entirely	on	protection	provided	by	the	
surrounding	concrete.	Most	obviously,	
the	 concrete	 cover	 serves	 as	 a	
physical	 barrier	 separating	 the	
reinforcement	 from	 the	 external	
environment.	 Also,	 because	 the	
cement	 constituent	 in	 concrete	 is	
highly	 alkaline,	 a	 natural	 chemical	
reaction	 takes	 place	 at	 the	 steel	
surface	to	form	a	thin	impervious	film	
which	 resists	 corrosion.	 The	 steel	
surface	 is	 said	 to	 be	 ‘passivated’	 by	
this	reaction	and	the	passive	film	will	
remain	 intact	 as	 long	 as	 the	
surrounding	 concrete	 retains	 a	 high	
alkalinity.

However,	 in	 reality,	concrete	 is	 rarely	
impermeable,	 allowing	 ingress	 of	
atmospheric	 corrodants	 (moisture,	
oxygen,	 carbon	 dioxide).	 Because	
carbon	 dioxide	 reduces	 the	 alkalinity	
of	 the	 concrete,	 a	 process	 known	 as	
‘carbonation’,	 the	 steel	 surface	 can	
depassivate,	 rendering	 it	 susceptible	
to	 corrosion.	 A	 more	 dire	 situation	
exists	in	the	presence	of	chloride	salts	
which	applies	to	structures	in	contact	

with	 seawater	or	along	 coastlines	where	airborne	 chloride	 concentrations	
are	high.	It	is	well	recognized	that	chloride	salts	can	permeate	concrete	and	
will	depassivate	the	steel	even	if	the	alkalinity	of	the	surrounding	concrete	
remains	high.	 In	 this	 circumstance	extensive	and	 rapid	 corrosion	 can	 take	
place	due	to	the	extreme	corrosivity	of	chloride	salts.	

Steel	 corrosion	 (rusting)	 causes	 the	 reinforcement	 to	 delaminate	 from	 the	
concrete,	weakening	the	structure.	Furthermore,	because	rust	has	a	volume	
up	to	10	times	that	of	the	steel	consumed,	significant	tensile	stresses	are	
generated	in	the	adjacent	concrete.	Since	concrete	is	strong	in	compression	
but	relatively	weak	in	tension	these	expansionary	stresses	cause	cracks	that	
can	eventually	extend	 to	 the	 concrete	 surface.	Besides	 further	weakening	
the	structure,	the	cracks	cause	corrosion	to	accelerate	by	providing	a	ready	
conduit	 for	 further	 unimpeded	 entry	 of	 corrodants.	 Eventually	 this	 self-
perpetuating	 process	 leads	 to	 severe	 concrete	 spalling	 which	 then	 fully	
exposes	the	reinforcement	to	the	external	corrosive	environment.	

Nowadays,	with	greater	recognition	of	this	problem,	concrete	practices	and	
technologies	have	been	adopted	 to	 better	manage	 the	 risk.	 For	 example,	
greater	 attention	 is	 given	 to	 the	 importance	 of	 reducing	 concrete	
permeability	through	optimal	water/cement	ratios,	appropriate	compaction	
and	 curing	 conditions,	 together	 with	 the	 use	 of	 concrete	 impregnation	

Performance	of	Galvanized	
Reinforcement	Concrete
Since	galvanized	reinforcement	was	first	used	in	the	1950’s	its	performance	
has	been	extensively	 studied	and	documented.	 These	 studies	 range	 from	
fundamental	 scientific	 research	 to	 in-situ	 surveys	 of	 existing	 concrete	
structures,	some	in	service	for	30-40	years.	These	surveys	have	been	very	
thorough,	 even	 to	 the	 point	 of	 periodic	 extraction	 of	 sample	 cores	 from	
structures	 for	 detailed	 examination.	 The	 references	 later	 cited	 under	
“Further	 Information”	 should	 be	 consulted	 for	 in-depth	 information	 on	
performance	evaluations.	

Key	measures	of	performance	are	serviceability	and	durability.	Serviceability	
relates	 to	 the	 reinforcement’s	 ability	 to	 fulfil	 its	 intended	 function	 of	
imparting	 strength	 to	 the	 structure	 over	 its	 service	 life.	 Relevant	 factors	
here	 are	 that	 galvanizing	 has	 been	 proven	 to	 have	 no	 adverse	 effect	 on	
reinforcement’s	inherent	strength	nor	on	the	bond	strength	with	concrete.	In	
fact,	 the	 evidence	 shows	 bond	 strength	 can	 be	 significantly	 higher	 with	
galvanized	reinforcement.	In	regard	to	durability,	galvanized	reinforcement	
appreciably	extends	 the	service	 life	of	 the	concrete	structure	by	delaying	
the	time	for	corrosion	initiation	by	a	factor	of	4-5	times	that	of	unprotected	
reinforcement	under	similar	conditions.

Galvanized	Reinforcement	
Applications
Particular	circumstances	where	the	galvanizing	of	reinforcement	is	likely	to	
be	a	cost	effective	engineering	decision	include:

•	marine	or	coastal	structures
•	high	risk	structures	in	corrosive	environments
•	 immersed	or	buried	structures	subject	to	groundwater	effects	or	chloride	
presence	(reclaimed	land)

•	 containment	structures	subject	to	prolonged	contact	with	water	or	structures	
subject	to	extended	periods	of	wetness	

•	high	 visibility	 architectural	 facades	 and	 lightweight	 precast	 panels	 for	
buildings.	 For	 these	 types	 of	 applications	 the	 avoidance	 of	 unsightly	
staining	 caused	 by	 rust	 “weeping”	 from	 corroding	 reinforcement	 is	 a	
major	concern.	

The	benefits	of	galvanized	reinforcement	are	globally	recognized	and	many	
examples	exist	around	the	world	where	it	has	been	successfully	used	in	a	
variety	of	applications.	Examples	include:

•	 seawalls,	jetties,	pontoons	and	offshore	structures
•	 coastal	bridges	and	roads	(crash	barriers,	paving)
•	building	 construction,	 especially	 in	 coastal	 areas	 (exterior	 cladding,	
balconies,	balustrades,	external	staircases,	porches,	foundations)

•	 industrial	sites	such	as	chemical	plants,	water	and	sewerage	treatment	plants
•	 cooling	towers
•	 tunnel	structures	both	underground	and	submerged
•	 critical	support	structures	(columns,	beams,	poles).

Some	examples	of	prominent	structures	utilizing	galvanized	reinforcement	
are	featured	in	this	article.

Galvanized Reinforced Sea-wall – Sydney Harbour

Galvanized Reinforced Wave-wall – Port Phillip Bay

Deterioration of the bare steel reinforcement in a coastal balcony

methods	or	membrane-type	concrete	coatings.	Likewise,	the	importance	of	
appropriate	reinforcement	placement	to	ensure	adequate	depth	of	concrete	
cover	is	well	recognized.	Nevertheless,	despite	precautionary	measures	and	
best	practice,	technical	perfection	may	be	difficult	to	achieve	and	practical	
experience	 over	 the	 years	 has	 convincingly	 demonstrated	 that	 concrete	
structures	can	still	remain	vulnerable	to	reinforcement	corrosion	particularly	
in	more	aggressive	environments.

Protecting	reinforcement	by	
galvanizing
Galvanizing	is	the	process	of	applying	a	metallurgically	bonded	zinc	coating	
to	steel	by	immersion	in	molten	zinc	and	is	used	extensively	throughout	the	
world	for	corrosion	protection.	The	coating’s	excellent	corrosion	protection	
derives	 from	both	 the	 low	natural	 corrosion	 rate	 of	 zinc	 coupled	with	 its	
ability	to	extend	protection	to	adjacent	exposed	steel	areas	should	they	be	
present,	an	effect	known	as	cathodic	protection.	The	coating	also	exhibits	
strong	 adhesion	 to	 the	 underlying	 steel	 surface	 due	 to	 its	 unique	
metallurgical	 bond	 which,	 together	 with	 the	 inherent	 toughness	 of	 a	
metallic	coating,	provides	superior	resistance	to	mechanical	damage.	

The	 combination	 of	 these	 features	 results	 in	 a	 very	 durable	 coating,	
enabling	concrete	structures	to	be	more	tolerant	of	variabilities	in	concrete	
quality	 and	 reinforcement	 placement.	 Besides	 this,	 use	 of	 galvanized	
reinforcement	is	uniquely	advantageous	for	the	following	reasons:

•	 it	 offers	 better	 resistance	 to	 chloride	 salt	 attack	 and	 is	 unaffected	 by	
concrete	carbonation

•	 zinc’s	 cathodic	 protection	 inhibits	 corrosion	 at	 any	 minor	 coating	
discontinuity	 and	 also	 prevents	 ‘undercutting’	 of	 the	 coating,	 confining	
any	corrosion	risk	solely	to	the	local	area	of	exposed	steel.	

•	 any	zinc	corrosion	products	that	may	form	over	time	are	benign.	As	there	
is	no	accompanying	volume	change,	unlike	with	steel	corrosion,	there	is	
no	adverse	impact	on	the	surrounding	concrete.	On	the	contrary,	research	
shows	 that	 any	 corrosion	 products	 simply	 diffuse	 into	 the	 adjacent	
concrete,	 helping	 to	 fill	 microporosity	 which	 inhibits	 further	 ingress	 of	
corrodants.

Ultimately,	 the	 purpose	 of	 galvanized	 reinforcement	 is	 to	 provide	 a	
safeguard	against	unexpected	corrosion	leading	to	premature	deterioration	
of	 the	 structure.	 This	 extra	 protection	 generally	 adds	 minimal	 cost	 to	 a	
construction	 project	 budget,	 and	 should	 be	 viewed	 in	 the	 context	 of	
insurance	against	the	risk	of	costly	cycles	of	concrete	repair	and	remediation	
or	worse	still,	replacement	of	a	prematurely	failed	structure.

 Literature on Hot Dip Galvanizing
	 Please	forward	the	following	literature:

	 NEW AFTER FABRICATION HOT DIP GALVANIZING TECHNICAL CD
This	new	CD	has	been	designed	to	assist	specifiers,	materials	engineers,	
designers,	consultants	and	fabricators	to	protect	and	improve	their	steel	
products.	All	important	aspects	of	the	galvanizing	process	and	properties	are	
covered	including	case	studies.	This	easy-to-navigate	CD	details	the	design	and	
specification	of	galvanized	products,	fabrication	and	erection	methods	including	
bolting	and	welding,	and	the	painting	of	galvanized	steel	surfaces.	
(Free	of	charge)

	 NEW SAFETY IN VENTING WALL CHART 
This	chart	outlines	certain	rules	that	must	be	followed	when	designing	
components	for	galvanizing.	Adoption	of	these	design	practices	for	venting	and	
draining	will	ensure	the	safety	of	galvanizing	personnel	and	produce	optimum	
quality	galvanizing.	

	 (Free	of	charge)

	 HOT DIP GALVANIZED REINFORCING STEEL: A CONCRETE INVESTMENT 
This	booklet	provides	a	basic	introduction	to	the	use	of	galvanized	reinforcement	
in	concrete.	The	booklet	was	developed	by	the	International	Zinc	Association	and	
contains	technical	data	and	case	studies	on	the	use	of	galvanized	reinforcement.	

	 (Free	of	charge)
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galvanize! mailing list – Change of address

Should you wish to advise an address change for the galvanize! mailing list, please enclose 
the mailing label from your latest galvanize! envelope, which gives us your mailing code detail.

564321Level 5, 124 Exhibition Street 
Melbourne Victoria 3000 Australia 

Telephone (03) 9654 1266 
 Facsimile (03) 9654 1136

Email gaa@gaa.com.au  
Web www.gaa.com.au

Australian Galvanizing Members
NSW
Albury Galvanizing Pty Ltd 

Galvanising Services Pty Ltd 

Galvanising Services (Coffs Harbour) Pty Ltd

Galvatech Pty Ltd 

Sydney Galvanizing Pty Ltd 

NT 
Darwin Galvanizing Pty Ltd

QLD
National Galvanising Industries 

OneSteel Australian Tube Mills

Pollards Galvanizing Pty Ltd 

Sunstate Coatings Pty Ltd 

SA
Adelaide Galvanising Industries Pty Ltd

Korvest Galvanisers 

VIC
Furphy Galvanizing 

GB Galvanizing Service Pty Ltd (Bayswater)

GB Galvanizing Service Pty Ltd (Dandenong)

Geelong Galvanizing Pty Ltd 

Kingfield Galvanizing Pty Ltd 

WA 
Hartway Galvanizers 

MGalv 

Western Galvanisers 
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