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Corrosion of Galvanized Steel Floor Slab Reinforcement 

SAM BHUYAN and ROBERT G. TRACY 

ABSTRACT 

A 17-year-old parking facility in metropol
itan Detroit is experiencing floor slab 
deterioration. An investigation was per
formed to determine the nature and extent 
of deterioration and identify probable 
restoration alternatives. The i nvestigation 
involved visual observation, materia ls 
testing, a chain drag de lamination survey, 
and determination of concrete cover to slab 
reinforcement. The structural frame con
ei~ts cf a 12-in.-C.hick flat plate floor 
slab system spanning in two directions sup
ported by columns approximately 30 ft on 
centers. Floor slab reinforcement in the 
top and bottom slab sections are galvanized 
reinforcing steel bars. The floor slab and 
ceiling deteriorated from corrosion-induced 
spalling. Chain drag and coring surveys 
indicate that approximately 26 percent of 
exposed floor surfaces and S percent of 
c eiling surfaces are delaminated or spalled 
to a depth of about 2 in. Clear concrete 
cover is generally good, with a low cover 
of about l.25 in. and an average cover of 
about 2.25 in. The chloride content of the 
concrete, determined within the top 3 in. 
of the slab, ranged from 25.2 to 8.5 
lb/yd' of concrete. The average concrete 
compressive strength of the floor slab is 
about 5,670 psi. The average air content of 

the concrete was determined to be 2 . 3 per
cent . Slab concrete pH ranges from 9 . 93 at 
the deck surface to 10 . 82 at tbe 3-in. 
depth. Reinforcement section loss of up
wards to 20 percent was noted at isolated 
areas . 

The objective of this paper is to provide a report 
on the field performance of a 17-year-old parking 
structure with galvanized flonr slab ~einforccmcnt. 

The case study is for the Kennedy Square Parking 
Garage in Detroit. The parking facil!t~•, built in 
1965, consists of a slab on grade and two supported 
levels of parking. The parking lev ls are located 
directly beneath a pedestrian plaza, complete with 
plantings and a wading pool. The structural system 
for the supported level consists of a conventionally 
reinforced flat slab with drop panels a nd circular 
columns. The slab has galvanized steel reinforcing 
bars in the top and bottom mat of slab reinforce
ment. Typical slab reinforcement is shown in Figure 
1. 

Concern with the structure developed because of 
observed concrete spalling and cracking. An engi
neering investigation into the physical condition of 
the parking facility was completed in June 1962. The 
investigation objective was to determine the physi
cal condition of the structures and to reconunend 
appropriate repair procedures. The scope of the work 
included evaluating he parking facil ity through 
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e xperiencing widespread s pa lling . A chain d rag sur
vey also indicated the presenc e of floor s l ab de
laminations. Conc rete cores were remove d at s e l ected 
locations to verify the chain drag survey results. 

Spalls and delamina t i ons were concentrated around 
columns and a l ong column lines. The e x ten t of sur-

121 I-

.-,. __ _._~_,.,...~_..__~_..__~_.... face delaminations determined were observed to range from several to hundreds of square feet and were 
L typically 2 to 3 in. deep . Approximat ely 31,000 

_,.r--.. ·--. ...., ft 2 (26 pe rcent) of t he suppor t ed floor surface 
1---------,,,.._----.------ - +--i.._--'-------l was determined to be spal led or delaminated (see 
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FIGURE I Floor slab section at column. 

visual examination, 
materials testing . 

nondestructive testing, and 

CONDITION APPRAISAL AND DISCUSSION 

The condition appraisal of the structure was s epa 
rated into three tasks: a visual examination; f ield 
surveys ; and materials testing . A complete v isual 
e xamination o .f all accessible floor slab su r fac es , 
ramps , columns , and walls was pe rformed . Materials 
tes ti ng i nvolved chloride i on analysis , compressive 
stre ngth testing , and determination of the air con
tent o f conc rete . Field surveys consisted of taking 
pachometer readings and performing chain drag sur
veys. 

Floor Slab Surface 

Visual examination indicated that the floor slab was 

FIGURE 2 Second level plan view. 

Figure 2 , which is a field survey s heet). 
Examination of the cores and open spalls indi

cated that much of the deterioration · was caused by 
reinforcement corrosion. This corrosion had pro
ceeded to the point of causing humps in the floor 
surface. Cores removed from the floor slab exhibited 
fracture planes 2 to 3 in. beneath the exposed sur
face. At isolated locations, 20 percent section loss 
of embedded reinforcing steel was observed. The most 
significant sect i on loss was observed in the column 
capitol region. 

Patterned floor slab cracking was frequently 
observe d throughout t he parking facili ty. The most 
c ommon cracking was ci rcumferential around the 
colull)n s and r adial ex·tend i ng out from column capi-
tols. Random full-depth slab cracks were also fre
quentl y encountered , as were res t rai n t cracks near 
p erimet er walls and eleva tion breaks . Many of the 
s urface cracks pene trated through t he slab and 
c a used significant s alt con tamination and leaching 
below. 

Ceilings 

The ceilings o f t h is struc ture e xh ibited frequent 
full-depth leaki ng c rac ks , s palling , and delamina
tions. Oelamina tions ranged betwee n 2 and 30 ft 2 

i n surface area a nd a veraged between l a nd 2 in . ln 
depth. The plaza l evel c eiling s howed the most leak
i ng cracks , as there are side.walks and soil areas 
above . Spalls a nd de laminations frequently coincided 
with leaking construction joints or cracks. 

Floor Slab Control and Construction Joints 

Control and construction joints were often observed 
to be leaking. This contributed to corrosion of the 
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bottom mat of the floor slab reinforcement and sub
sequent delamination and spalling of the ceilings 
below. Ceiling repairs were estimated to be approxi
mately 5 percent of the total s ur face area. There 
was no indication that these joints were previously 
sealed, =nd i t ia likely Lh~L 11u£111al concrete 
shrinkage and the lack of building expansion joints 
(coupled with considerable restraint from the perim
eter walls) were the principle causes of crack move
ment and leaking. 

Columns 

The c.;olumns in this struc ture were in satisfactory 
condition. Occasional mi nor spalls and delaminations 
were noted above the floor surface. The columns did 
not appear significantly impaired, and observed 
s palls were u s ually l ess then several square f eet i n 
surface area and less than 2 in. deep. 

RESULTS OF MATERIALS TESTING 

eoncrete Ch l o ride Ion Ana lysis 

Chloride sampling was performed at 17 locations 
throughout the structure. Samples were taken from 
r a ndom parking bays and delve l anes by using the dry 
(Rote hamme r) s ampling me t hod . Test resul ts indi
cated high concentrations of chloride within the 
fir s t 3 in . of the concre te. Concent rations r ange d 
from 25.2 lb/yd' of concrete in t he top 1 in. to 
12. 4 lb/yd' of concrete at the 3-in. increment of 
the first supported tier. 

Results from the second supported tier, or upper 
parking level, had somewhat lower chloride concen
trations, ranging from 18.6 lb/yd' of concrete in 
the top 1 in. to 8. 5 lb/yd' of concrete at the 
3-in. increment . Results of chloride ion content 
testing are shown in Figure 3, which indicates sig
nificant chloride contamination of concrete at the 
level of reinforcing steel. However, the corrosion 
threshold level for galvanized reinforcement is not 
known. For plain black steel the threshold level is 
indicated to be 1.1 to 1.6 lb/yd' of concrete !!.>. 

For cover measurements, pachometer readings were 
taken at 30 locations on each supported tier. Clear 
cover measured over the top reinforcing steel mat 
ranged from approximately 1,25 to 4 in. and the 
average concrete cover was determined to be approxi
mately 2.25 in. 
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FIGURE 3 Chloride ion content versus depth into concrete. 
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Concrete Compre ssive Streng th Testing 

Compressive strength tests were performed on eight 
concrete core s amp les. Core compress i ve strengths 
ranged from app roxi mate ly 4,500 to 6, 600 psi. The 
average c ompress ive strength, approximately 5,700 
psi, was greater than the 3,000-ps i specified design 
strength. 

Determination of Air Content of Concrete 

A microscopic examination of concrete core samples 
was performed to determine the air void characteris
tics of the concrete in accordance with ASTM C 
457-80. Results of the examination indicated that 
t he a verage air c ontent o f t he concr ete wa s a pproxi
ma t ely 2 to 3 percent. 'l'h s value is signi ficantly 
below t he acc eptable range o f 4 to 8 p ercent, which 
ind i c ates that t he concrete is only ma rgi nally 
d urabl e aga inst f r eeze- thaw exposure in the presence 
u f deici ng agencs. 

This deck, however, is partly protected from 
rapid freeze-thaw cycling by its earth containment 
(underground design). Scaling was not observed to be 
a significant deterioration mechanism, as the floor 
surface exhibited only isolated surface erosion from 
freeze-thaw action. 

During the microscopic examination a cursory 
inspection of the polished section of concrete 
reveal ed che presence of a gel formation, which sug
gested the possibility of alkali-agg r ega te reactiv
ity. Further tests to confirm the presence of alka
li-aggregate reactivity were recommended but have 
not been performed. 

p H Testi ng 

Concrete powder samples were collected from the 
floor slab and subjected to pH testing. Samples were 
extracted incrementally beginning at the surface and 
stopping at 3 in. One-inch increments were obtained 
to allow pH determination as a function of depth. 

Test results indicated the average pH of the con
crete to be 9.83 at the surface increment and 10.82 
at the third increment. These values are considered 
lower than would be anticipated for conventional 
concrete, which is typically 12,5 or more . Values 
lower than 11.5 are believed to create a corrosive 
environment, · even without the presence of chloride 
(2). It is further evident that the effect of high 
chlorides in low pH concrete would cause an unusual
ly harsh and aggressive environment, given the 
presence of moisture and oxygen <1>· 

CONDITION APPRAISAL CONCLUSIONS 

Based on visual observations, materials testing, and 
nondestructive tests performed, observed concrete 
deterioration was determined to be primarily caused 
by corrosion of embedded steel reinforcement. Mate
rials tests indicated that corrosion of steel could 
be attributed to the high chloride content of the 
concrete at the level of embedded steel reinforce
ment and low concrete pH. It is evident that con
crete delamina t i on and subs equent s pa lling are pro
gress i ve and will cont Lnue to seriously affect the 
existing structu r al integrity and serviceability of 
the parking fac il ity. 

Although further recommended petrographic exami
nation was not performed, it is the authors' opinion 
that the presence of alkali-silica gel was probably 
caused by localized reactions in the open cracks. 
Evaluation of crack patterns obser ved in the struc-
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ture suggests that cracking is probably a result of 
restraint and normal concrete shrinkage. Close 
examination of core crack pattern and character is
t ics failed to detect evidence of polygonal crack
ing, which is considered typical whe n alkali-silica 
reactions are a predominant d ete r ior ation mechanism. 
Thus it is not believed that alkali-silica reaction 
is a serious problem in the subject structure. 

DISCUSSION OF RESULTS 

There is considerable controversy concerning the 
advant ages of using galvanized rein fo r cement in con
c r e t e s l abs exposed to harsh e nv ironments such as 
br idge s, decks, parking s tructures, or marine struc
tu res . Some researchers have maintained that zinc 
provi de s adequate c o rrosion protection for the rein
forc i ng stee l embe dded in concrete slabs exposed to 
periodic de i ce r or seawater exposure. 

Several laboratory and field studies have been 
performed in connection with gal va niZed re in£o rce
ment in concrete ~-J?). The stud ies fr equently 
contradict one another, and evaluation of data gen
erally r esu l ts in diffe ring opinions rega rding mea
surable and antic ipated performance of galva nized 
reinforcements. Some studies indicate that under 
conditions of high chloride concentrations at the 
embedded steel, substantial corrosion of zinc can 
occur , f ollowed by corrosion o f steel Cl ,J!.l· 

A mean i ngf u l estimate o f long-te rm p e rfo r mance 
c an only be o bt a i ned by a ctual field evaluation of 
s tructu res c onstructed with ga lvanized r einf orce
ment. To date, several long-term studies related to 
bridge decks have been pe rfor med (_1), but none 
related to galvanized reinforceme nt in parking decks 
h as be en reported. 

Dur i ng i nvestigations o f similar facili t ies wi t h 
conve ntionall y re i n£orc ed uncoated r einforcing bars , 
app roximate l y equivalen t deterioration wa s reco rded 
du ring t he 1 2th year of service . This s ugges t s t hat 
t he galvan i zed coating d elayed t he c o rrosion initia
tion by roughly 5 year s when compared to black steel . 

I t is gei'lerally agreed t hat significant study 
would be requ ired before i mpleme n tat ion of remedial 
actions to restore the structure. Candidate systems 
identified for study and possible use at the subject 
facility are special concrete overlays, both conven
tional and polymeric i polymer impregnation by deep 
groovingi and traffic bearing membranes. 

SUMMARY AND CONCLUSIONS 

The condition appraisal of Kennedy Square Parking 
Garage represents a long-term performance of gal
vanized reinforcement in parking dec ks . Results of 
the evaluation indicate that although galvanized 
reinforcement was used, floor slab spalling and 
de l amination are widespre ad . The field condition 
a pp raisal consisted o f v isual e xa mination, chain 
d rag del amination su rvey, determination of chloride 
c ontent o f concre t e , de t ermi nat i o n of air vo i d char
acteristics of the concrete, and compressive 
strength of core samples. 
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Although various laboratory and field studies 
elsewhere may suggest the beneficial effects of zinc 
in reducing reinforcement corrosion, the condition 
appraisal of the Kennedy Square Parking Garage in
dicates that concrete slabs under long-term exposure 
to chloride salts have deteriorated because of cor
rosion of galvanized reinforcement. Extensive corro
sion of zinc has occurred, followed by corrosion of 
steel. Although chloride concentrations around 
emrredded steel are somewhat higher than may be con
sidered typical for bridge decks, they are not con
sidered abnormally high. 

Restoration of the subject parking facility has 
been delayed because of budget considerations, but 
interim measures are being taken to maintain struc
ture serviceability. Periodic maintenance is being 
performed along with regular monitoring, inspec
tions, and testing. The restoration alternatives are 
being e valuated carefully to ensu r e that the most 
cost-effect i ve solution is selecte d when restoration 
proceeds. 
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