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INTRODUCTION 

It is widely accepted that chloride induced corrosion of 

principle cause of premature deterioration of reinforced concrete structures .. 

Interest the area of chloride induced corrosion of imbedded 

concrete has been evident for over half a century.1 recent use of large 

quantities chloride salts as deicing agents on highways brought on an 

outpouring of interest as well as monies in area of .n,,,..,..,...,., .... There have 

structural 

advantages and 

been several proposed methods of preventing or 

usefulness caused 

disadvantages of one 

In recent 

corrosion. 

these 

the 

This 

concrete 

to 

and calcium 

widespread use 

are applied to the 

salts. These salts ,...,'"',, ................ 

surface and slowly percolate 

the concrete cracks the concrete or 

that steel 

is overcome, 

are n>l'•£'•C"n1'°"T at 

concrete 

to 

interconnected 

,..,.,.,,n+-,.,..,..,,,,nrr to break 

v.11. ...... A..., creates stresses at 

the re bar mat soon overcome concrete (indeed 

found laboratory specimens that one was capable 

corrosion 

........ ,., .... ,,,.,,....rr bars located 

fracturing 7 /8" concrete. From same work and work 

rates of 20 to year are not uncommon 

contaminated concrete). These stresses create to the 

n>n<"l.nt,re< and 

pounding of traffic soon remove the concrete and a void or is created in the 

riding 
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are 

a 

now near to 

as 

concrete 

use 

concrete .. 

coke 

determine the structural nnor>•On'T.Ol"'lC'Tll'llC' of the 

current no:r>r>'{7~nrP nl"\Olr>O,.l>T£!<f'>1C'T'l"l>C' 

2 

success 

use 

........ ~.,, .......... ...., .............. ,.,,...., concrete 

two 

and 

non-

non­

som e 



2. 

on the 

3. 

are 

a 

is a 

copper 

1700s, 

it was not 

current to 

"""""'"1:"""'""'1:"''""'"" of 

between 

the upper rebar mat. 

of the experimental 

process 

Humphrey used iron as a sacrifical anode to 

this 

ocean going ships.. Even prior to that, France during the 

pails was to noticeably extend their 

'"'''"''"'""' metal the 

use. 

structure to be the cathode to a 

more active 

the 
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to the 

to 

structure was 

to 

area 

to 

was 

a structure was 

x 

maintenance 

T-beam n,..,.c ...... n 

concrete cover over the 

was ~~ ...... ---·· 

one area 

two 

a 

structure was a t'hw•ao,-cr-.a 

and removed 

wet cell 

ui. ..... ~_. ..... u .... ,,...., concrete. 

deck was 

excess 

content 

the 

act as a 

concrete is 

area is an 



areas 

were ex1:>osiea cast 

the curb 

were 

was 

were excavated 

and 

The anodes were "',....,,.,...,.,,,...,,, 

>JIU'~A"-'.S..••=· IU''-'S;;;..i.AJ.U.U.ls;;;,. ten 

to 

were 

concrete to 

to 

with a steel 

......................... as back up, material 

was much more 

concrete 

and then 

was 

concrete was 

5 
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the 

to 

and 

the areas near 

or 

structure. 

too low 

deck 

60 

as 

a steel 

we 
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was...,..,, ............... ...... 

been 

opera ti on the 

Several days after 

diameter holes were 

amount 

the structure 

to the south 

but one was 

was epoxied here. 

one and 

a two to three 

surface 

coke breeze had 

the overlay 

concrete overlay. 

(3.75) 

and the concrete to the level of the 

ended one-

A 

..-. ........ "'"'""PVC 

copper/copper sulfate 

reference cell order that .......... ~(',.;;-.! .. • ........ measurements could be at the level of 

the steel the near 

probe and also upon the concrete 

and at each 

figures. 

or 

power 

The current is oeoc•on'l"TO 

charger. 

individual anode 

impressed on 

power supply 

monitoring 

pictured 

potentials at the 

a 50 mV wave 

to measure total 
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is a cross ,...,..,.,, .... ,,., ... the 

corrosion are 

and 

in 

12 volt wet 

anode ,.,.. ..... ...,.,., .. ,.. 

l'V\ 11"'\nC'•ort on it from the 

current, 

and current 
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The 

measured by the 

order 

could be developed. 

surface 

points. The parabolic curve 

the anode 60 to 

It is not 

underlying 

The 

where Vis 

More 

best 

v = 3. 

versus 

curve 

three anodes have 

+ 

is to ohm-cm, as 

was driven in 

the anode 

on two halfcell 

and consists of 350 data 

at distances from 

be greater 

curve represents the 

best out several we 

Dis 

rise to a surface 

the structure curve as c-r.,..,.u.n Driving 

three anodes 

a 

reinforcing 

obtain .... .,...,~ ................ 

holes are 

imbedded 

correlate to 

locations potential measurements were 

surf ace, on the concrete deck one 

r..r>irrin•a surface. 

of 

To randomly 

rebar is impossible unless 

it was 

each 

electrodes 

to 

four probe 

on the coke breeze A. C. 

two access pipes and 
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within the at the level 

These were then 

level potential be 

potentials. 

Before the the 

order 

cathodic concrete. 

Many 15 have 

steel 

mV 

and may the concrete to 

in 

above 

On the other 

is 

is unable to 

Breeze 

results 

14. The 

from 84mV to 

128mV. This 

end scale 

17 

mat 

are 

is the 

steel 

a 

if steel 

a is 

is 

bar-concrete 

n.-.i'"IO ... il'"I error of 

is wide. 

concrete •.. ~ ... (!'.!!'' .. "" an 



CORRELATION 1PROBEI I CORR. 
I STD ERR STD WIDTH OF 

NO. EQUATION COEFF. 
OF. EST .. DEVIATION (~ 3 CONF 

( VOLT (VOLT ) ( TERVAL 

COKE BREEZE 1 ·e1 :::0.015 0.703 0.1668 0.085 0.332 

A. C. 2 

I 
0.543 I o. 6724 I 0.1 78 

I 
0.158 I 0.458 

vs 3 0.433 0. 6648 0. I 66 0.155 0.458 

STEEL LEVEL +0.382 0.7596 0.1345 0.205 I 0.527 

T ON 
A 0.475 0.6339 0.1284 0.166 I 

c. uc.~K 
~~ 

vs + 0.555 0.5275 

STEEL LEVEL 
+ 0.603 0.4645 0.1609 0. 1 

NT ON) 
2 + 0.378 0.8317 0.0961 0.1724 I 377 

STEEL LEVEL l P •• u,:: L541P .... s8- 0.166 I 0.7374 I 0.0581 I 0.086 I 0.227 

{INSTANT 2 I 0.2926 I 0.9201 0.0623 0.158 I 0.243 

vs 3 

I - 0.1765 I o. 8 803 I 0.0740 I 0.155 I 0.290 

STEEL LEVEL 4 -0.288 0.9512 0.06!8 0.205 0.251 

ON) ALL I - 0.231 I 0.9095 I 0.0691 I 0.166 I 0.270 

14 

20 



inability to 

under ......... ,,...- ......... 

Bridge 

available for a 

probe 

steel level ......... ..-,.... .... ..-

near a 

probe is ...,.,,_, ... ...,,.,, .... , ...... 

When 

interval is 

from an 

on 

deck 

on" 

the concrete 

that were 

no 

steel 

vs. 

so 

the 

3 are 

current 

measurements on 

It 

to a 

as as "current 

close to the 

re{tre~ss1.on line. These data are not ""'""""~f'.,,.f'~ 1t.•-r._._ .... here. 

Steel 

The 

Figure 

estimate 

being 

confidence 

from the 

one is 

better .. 

away 

accuracy 

vU.'VJ.Ali:;.IJ were performed 

on 

at the level 

than 

was 

errors 

relief 



these same 

second 

was to 

the total area 

the "11nlr> .. AC'1 

became zero. 

used to 

current 

to upper rebar mat 

by some other With 

the over 

current 

current ..... .., ............ ""' ..... 

to 

............... ...:. ... ~.~ .... ,,.., .... "" in 

were 

was to 

current 

a 

were 

would in 

current be 

mat or 

533 sq. 



rebar mat surface been protected with Ll to 

2.06 to 2.44 mA/ft. 2. These readings were 

application of current. Unfortunately no 

total rebar mat during the early phases of the 

data was that the 

areas had already been 

Recently a 

two of the four corrosion 

reliable data 

cathodically 

curves approached the 

lOOmV more 

densities agree 

particularly when the 

considered. 

structure was not under 

......... J."-'"-'...., to 

............. ., .. c .... .._...... probes. 

amps for a current 

approximately months 

is available on the 

The reason 

probes were 

6 weeks!) 

vs. 

lack 

curves at 

both 

2 at 

++ 
Fe~Fe 

2• The 
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areas 

In 

salts to 

The 

use of 

to 

structure 

more 

to 



The 

asphal tic concrete 

little 

be a ne,ce:ssatrv 

these 

the 

These 

and open 

level 

The data 

be 

structure 

current. 

old concrete to 

to 

these two most 

'·""''"'""'"'"'"'"'-'• but 

The author has 

re bar 

the 

the rebar 

coke 

are most 

This may or 

is 

not 

on 

re bar 
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driving 

and 

4. 

is arrived at 

measuring 

hydrogen 

zero. 

These metals are then 

is 

to as 

or to an 

The metals near the bottom the 

... "'+- ............... ri to as 

most common 

oxide 

and 

or not at 

more 

these cells are 

one were to connect two 

a 

occur on 

read 

potentials. 

is 

two 

at either. 

relative 

force 

or 

and the 

....................... a 

voltage 

half-cell 
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creates 

In 

cell.. A 

the result 

create 

bar 

do not 

same 

to 

or 

an 

occurs oei~a11se 

ones, are not 

is a 

a 

so 

a 

an 

external conductor 

as one 

is called a 

to 

instance 

would corrode 

1"·1--0,1'00'1'\no 1-1..o.1i-u.1.ci.£11n these two 

a 

Prf:=mll•P that 

Without 

halt. This 

through a 

Galvanic 

second type is 

one metal and are 

'U.l.:l•'IJu.."'.:>'l;;;"U later .. 

metals are 

on a 

a 

as 

create 

areas on 

areas 

even 

as 

that can 

same bar 

on 

are 
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an 

The second 

"111""1"\"11C•TI1°1'>0't11"\1n cell. 

two metal 

create a 

can 

E is the actual 
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Nernst 

E= 

an 

on 

cell is 
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that 

cell. 

to 
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on. The 

or 

by 
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one or like 

will 

cells and resultant 

are 

..,.,,..A .......... "'"''"'"" metal in 
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n is the 

are 
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metal 

less 
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are 
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It is this 

states is 

or 

as 

some 
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It is 
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as 

an 
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take 

a or more 

nt-4::t.Vd=llnt COrrOSiOn 

current .. 

active area.. See 

a by opposing 

as aluminum, 

this way the reinforcing 

to a more active and, as 

at a cathode.. is a schematic 

out, oxidation cannot 

a typical impressed current 
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