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ABSTRACT 

The Iowa Department of  T ranspor t a t i on  i n i t i a t e d  t h i s  r e s e a r c h  

t o  e v a l u a t e  t h e  r e l i a b i l i t y ,  b e n e f i t  and a p p l i c a t i o n  of t h e  co r ro -  

s i o n  d e t e c t i o n  dev ice .  Through f i e l d  t e s t i n g  p r i o r  t o  r e p a i r  pro- 

j e c t s  and i n s p e c t i o n  a t  t h e  t i m e  of r e p a i r ,  t h e  dev ice  was shown 

t o  be r e l i a b l e .  

With t h e  r e l i a b i l i t y  e s t a b l i s h e d ,  twelve  a d d i t i o n a l  d e v i c e s  

were purchased s o  t h a t  t h i s  e v a l u a t i o n  procedure  could be  used 

r o u t i n e l y  on a l l  r e p a i r  p r o j e c t s .  The c o r r o s i o n  d e t e c t i o n  dev ice  

was e s t a b l i s h e d  a s  a  means f o r  determining c o n c r e t e  removal f o r  

r e p a i r .  Removal of  t h e  c o n c r e t e  down t o  t h e  t o p  r e i n f o r c i n g  steel 

i s  r e q u i r e d  f o r  a l l  a r e a s  e x h i b i t i n g e l e c t r i c a l  p o t e n t i a l s  g r e a t e r  

t h a n  0 . 4 5  Vol t .  

I t  was determined t h a t  t h e  c o r r o s i o n  d e t e c t i o n  dev ice  was 

n o t  a p p l i c a b l e  t o  membrane t e s t i n g .  

The c o r r o s i o n  d e t e c t i o n  dev ice  has  been used t o  e v a l u a t e  cor -  

r o s i o n  o f  r e i n f o r c i n g  s t e e l  i n  cont inuous ly  r e i n f o r c e d  conc re t e  

pavement. 



DETECTION OF STEEL CORROSION IN BRIDGE DECKS AND REINFORCED CONCRETE 
PAVEMENT 

INTRODUCTION 

Bridge deck deterioration remains a major maintenance problem 

for highway departments. The corrosion of the reinforcing steel 

is considered to be the primary contributor to this problem, 

The P.C. Concrete initially acts as an environment that pre- 

vents corrosion of the reinforcing steel. This protection is 

dependent upon the quality of the concrete. Deicing salts used 

in winter maintenance introduce chlorides into the concrete and 

destroy this initial protection. The chloride content sufficient 

to permit steel corrosion within the concrete is referred to as 

the corrosion threshold. This corrosion threshold is dependent 

on the cement content of the concrete(1) and would be 1.4 lb./cu.yd. 

for concrete in Iowa bridge decks (710 lbs. of cement/cu.yd.). If 

the chloride content of the concrete reaches this level, the pro- 

tection has been destroyed and if sufficient moisture and oxygen 

are present, corrosion will begin. 

The rust formed by corrosion occupies considerably more volume 

than the parent steel and this results in a force that exceeds the 

strength of the concrete. This causes the concrete to crack hori- 

zontally at the top steel and develop a delamination. Water in- 

filtration and subsequent freezing, along with the traffic, create 

even greater pressures which cause spalling. 

Iowa has developed a low slump, dense concrete bridge deck re- 

surfacing method for restoration of these deteriorated decks. This 

program began more than twelye years qgo as a patching procedure. 

It is now a nationally accepted method of bridge deck resurfacing. 



In the early use of Iowa's method of P.C. patching and deck 

resurfacing, the only means for determining the area of concrete 

to be removed to the top reinforcing steel was by sounding. Using 

a chain drag, hammer, or other tapping device, the delaminated area 

was drawn on the surface to show the contractor the area for con- 

crete removal. The problem with this procedure was that delamination 

and spalling would occur later around the periphery of the removal 

area. 

In the fall of 1970, the Federal Highway Administration gave 

a demonstration in Iowa of a corrosion detection device developed 

in a California research project. From this demonstration, suffi- 

cient interest was generated to initiate a research project in the 

testinq and application of the device. 

PROBLEM 

The problem was the application of the corrosion detection 

device to repair procedures in Iowa. At the time of the FHWA 

demonstration, the method had not been fully tested. Iowa was 

second on the demonstration visits out of requests from approxi- 

mately 40 states. The device had not been fully tested so the ' 

demonstration team was gathering information along with demonstrat- 

ing the technique. 

The device is a non-destructive testing procedure that measures 

the electrical potential between the steel reinforcing and the ad- 

jacent concrete. Part of the application of the device is to be 

able to correlate readings with known conditions of the steel. 
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descr ipt ion of the  separate components and the  sources where the  

Iowa D.O.T. has purchased them is given i n  Appendix A. Today's 

approximate pr ices  a r e  a l so  given. 

Figure l. The Components f o r  t he  Corrosion Detection Device 

1. A High Qua l i ty  Voltmeter 
2. A Copper-Copper Sulfa te  Probe 
3 .  A 300 f t .  Reel of Insulated Wire (Red) 
4. A 125 f t .  Reel of Insulated W i r e  (Black) 





TEST PROCEDURE 

The test  procedure  adopted was e s s e n t i a l l y  t h e  same a s  t h a t  

of  t h e  FHWA demonstra t ion team. The copper rod suspended i n  t h e  

s a t u r a t e d  copper s u l f a t e  s o l u t i o n  of t h e  " h a l f - c e l l "  probe pro- 

duces  a  c o n s t a n t  p o t e n t i a l  t h a t  i s  e l e c t r i c a l l y  connected t o  oppose 

t h e  g a l v a n i c  " h a l f  c e l l "  o f  t h e  b r idge  deck. T h i s  i s  done by con- 

nec t ing  one l ead  of t h e  vo l tme te r  t o  t h e  r e i n f o r c i n g  steel and t h e  

o t h e r  t o  t h e  probe. Each l o c a t i o n  on t h e  b r idge  i s  wet ted t o  pro- 

v i d e  good e l e c t r i c a l  c o n t a c t  between t h e  probe and s u r f a c e .  A de- 

t a i l e d  procedure " T e s t  Method No. Iowa 1008-A" is inc luded  i n  Ap- 

pendix B. I n  t h e  o r i g i n a l  procedure ,  t h e  connec t ion  t o  t h e  r e i n -  

f o r c i n g  s teel  was normal ly  made through e i t h e r  t h e  me ta l  expansion 

assembly o r  a  b a r  c h a i r  under t h e  deck. Experience has  shown t h a t  

a  poor connect ion between t h e s e  and t h e  mat of  r e i n f o r c i n g  steel 

w i l l  y i e l d  e r roneous  r ead ings .  The p r e s e n t  recommended procedure  

i s  t o  connect  d i r e c t l y  o n t o  t h e  r e i n f o r c i n g  steel. 

EVALUATION 

The dev ice  was developed by t h e  S t a t e  o f  C a l i f o r n i a  and much 

of t h e  subsequent e v a l u a t i o n  has  been by C a l i f o r n i a .  The r e s u l t a n t  

p o t e n t i a l  from t h e  c o r r o s i o n  d e t e c t i o n  dev ice  is a  n e g a t i v e  v a l u e ,  

b u t  t h e  p o t e n t i a l  i s  commonly used wi thout  n o t a t i o n  o f  t h e  minus. 

P o t e n t i a l s  i n  t h i s  r e p o r t  w i l l  be  r e f e r r e d  t o  as a  numeric v o l t a g e  

v a l u e  and t h e  minus s i g n  w i l l  n o t  be used. I n  s t u d i e s  by Cal i forn ia , (a )  

it has  been shown t h a t  h a l f - c e l l  p o t e n t i a l  v a l u e s  g r e a t e r  t h a n  0.35 

vol t  t o  t h e  copper-copper s u l f a t e  probe g e n e r a l l y  e x h i b i t  a c t i v e  

co r ros ion .  Values between 0.30 and 0.35 V o l t  a r e  i nconc lus ive ,bu t  



values l e s s  than 0.30 v o l t  show the  s t e e l  t o  be passive o r  chemi- 

c a l l y  inhibi ted from corrosion. These values do not measure the  

amount of chloride t h a t  i s  present  a t  t h e  reinforcing stee1,but  

only indicate  i f  it is s u f f i c i e n t  t o  permit ac t ive  corrosion. 

To determine the  r e l i a b i l i t y  of t he  device, corrosion t e s t i n g  

was performed on a number of bridge decks i n  Iowa t h a t  were scheduled 

f o r  repair .  E lec t r i ca l  po ten t ia l  contours (Figure 3) were p lo t ted  

f o r  some of these decks. After the concrete removal i n  preparation 

f o r  resurfacing, a visual  observation of t he  corrosion of the  rein-  

forcing s t e e l  showed a re la t ionship t o  corrosion readings. 

In one case,  corrosion detection contours were l a i d  out  fo r  

a se lected area on a bridge deck, A t  t h a t  time, there  was essen- 

t i a l l y  no v i s i b l e  de te r iora t ion  (Figure 3) of the deck. There was, 

however, one definable area where corrosion detection readings were 

greater  than 0.45 vo l t .  A v i sua l  inspection of t h i s  same area one 

year l a t e r  showed considerable spa l l ing  (Figure 4 ) .  This fur ther  

supports the re la t ionship of the po ten t ia l  and ac t ive  corrosion. 

Bridge deck resurfacing i n  Iowa has been r e l a t i v e l y  success- 

f u l  even pr ior  t o  the introduction of the  corrosion detect ion de- 

vice. Pr ior  t o  1974, evaluation of bridge decks being considered 

f o r  repa i r  and the  determination of the extent  of the repa i r ,  were 

based almost e n t i r e l y  on the  amount of spal l ing and delamination 

present.  In 1974, corrosion detect ion readings were adapted t o  

be used with sounding methods t o  determine areas  fo r  concrete 







removal. It was decided t h a t  a l l  a reas  exh ib i t ing  p o t e n t i a l  

values g r ea t e r  than 0.45 v o l t  should have t h e  concre te  removed 

down t o  t he  top re in forc ing  steel.  This decis ion  was based on 

p a s t  r e p a i r  experience and t h e  conclusion t h a t  cracking and spa l l i ng  

w e r e  eminent f o r  t he se  a reas .  This corros ion de tec t ion  da ta  was 

t o  be obtained f o r  use i n  design of t h e  r epa i r ,  a s  w e l l  a s  being 

used a t  t h e  t i m e  o f  cons t ruct ion  i f  a l l  of t he  concre te  above t he  

re in forc ing  steel was n o t  removed. This c r i t e r i a  of 0.45 v o l t  was 

es tab l i shed  and t h e  method of incorporat ing it i n t o  a p r o j e c t  has  

been by a note on t h e  plans.  The plans note  t h a t  t h e  engineer s h a l l  

conduct a survey a t  t h e  t i m e  of cons t ruct ion  and a l l  a reas  with 

p o t e n t i a l s  g rea te r  than 0.45 vo l t  s h a l l  be included f o r  Class  A 

r e p a i r .  Class  A r e p a i r  r equ i res  removal of t h e  concre te  t o  below 

t h e  top  re inforc ing steel.  The 0.45 value and t h e  note  on t h e  

plans remain a s  present  p r ac t i c e .  

Twelve more corros ion de tec t ion  devices were purchased t o  

implement t h i s  new program. A t r a i n i n g  program was i n i t i a t e d  f o r  

maintenance and const ruct ion  personnel i n  t h e  proper opera t ion  and 

t e s t i n g  procedure. The f i e l d  personne1,using t h e  twelve u n i t s  

purchased i n  1974, have rou t ine ly  conducted t e s t i n g  of t h e  br idge  

decks p r i o r  t o  design. They have a l s o  provided t h e  t e s t i n g  re- 

qui red  a t  t h e  t i m e  of cons t ruct ion .  The device has been adopted 

a s  a r e l i a b l e  a i d  i n  loca t ing  deck a reas  needing repa i r .  

This device i s  being used a s  one method of pos t  cons t ruct ion  

evaluat ion.  A program of systematic  t e s t i n g  of a reas  on c e r t a i n  



designated bridge decks t h a t  have been repaired using the  Iowa 

method of res tora t ion  is  being conducted. Even a f t e r  resurfacing 

with P.C.  concrete, the device w i l l  y ie ld  voltage readings t h a t  

may be used t o  show areas of ac t ive  corrosion. 

The un i t s  have been used f o r  more than s i x  years with re la -  

t i v e l y  few problems. Some problems have been encountered i n  ob- 

ta ining a good connection t o  the  reinforcing s t e e l .  Another pro- 

blem has been i n  proper maintenance of the copper-copper s u l f a t e  

probe. The copper s u l f a t e  solut ion must be sa turated t o  y ie ld  

a standard po ten t ia l .  There kas been a t  l e a s t  one instance where 

a d i lu ted  solut ion gave erroneous resu l t s .  There have been a num- 

ber  of cases where the external  f i b e r  tube of the  probe had t o  be 

replaced. This was due t o  breakage e i t h e r  from improper handling 

o r  permitting the  copper s u l f a t e  solution t o  freeze. The vol t -  

meters a r e  per iodical ly  checked and there  has been one instance 

where reca l ibra t ion  was necessary. These a re  general ly the  only 

problems encountered with the  device. 

I t  was determined t h a t  the  pr inc ip le  of the corrosion detec- 

t i o n  device was not applicable t o  t e s t i n g  of membrane systems and, 

therefore ,  it was never used fo r  t h i s  purpose. A s imilar  test was 

developed on the  bas i s  of r e s i s t i v i t y  for  the  evaluation of membranes. 

Highway Research Project  HR-1004, "Corrosion of S tee l  i n  Con- 

tinuously Reinforced Concrete Pavement" was conducted using the  

device to determine i f  there  was ac t ive  corrosion. The research 



was conducted i n  1974 on fourteen d i f f e r e n t  I n t e r s t a t e  pavement 

p ro j ec t s .  Readings were taken d i r e c t l y  over a re inforc ing b a r  a t  

t ransverse  cracks and a t  midpoints between the  t ransverse  cracks. 

E l e c t r i c a l  p o t e n t i a l s  were considered on the  b a s i s  of the  0.35 v o l t  

c r i t e r i a  based u p o n t b  Ca l i fo rn ia  research, b u t  it has not  been 

proven t h a t  t h i s  value is  appl icable  t o  pavement. This 1974 re- 

search did  not  i nd i ca t e  a se r ious  corrosion problem b u t  r e s u l t s  

d id  suggest t h a t  corrosion could become a concern of t h e  fu ture .  

This  p ro j ec t  d i d  demonstrate the  usefulness of  t h e  corrosion de- 

t e c t i on  device on continuous reinforced concrete pavement. 

CONCLUSIONS 

The conclusions t h a t  can be  gained from t h i s  research are :  

1. The corrosion de tec t ion  device is a r e l i a b l e  a id  in  
locat ing deck areas  needing r epa i r ,  

2 .  The requirement f o r  removal of a reas  showing a po t en t i a l  
numerically g r e a t e r  than 0.45 v o l t  has improved t h e  
bridge deck r e s to ra t i on  program. 

3 .  The corrosion detec t ion device i s  r e l a t i v e l y  f r e e  of 
maintenance. 

4. The device is not  appl icable  t o  t h e  evaluat ion of mem- 
brane systems. 

5. The device is usefu l  a s  a technique f o r  evaluat ing con- 
t inuously reinforced concrete. 

RECOMMENDAT IONS 

I t  is  recommended t h a t  research be conducted t o  evaluate the  

p e s e n t  condit ion of a reas  on br idge  deck r e s to ra t i on  p ro j ec t s  



where t h e  concre te  w a s  no t  removed and readings w e r e  i n  t h e  0.35 

t o  0.45 v o l t  range a t  t h e  t i m e  of cons t ruct ion .  This da t a  should 

be  used to  reevaluate  t he  use of t h e  0.45 v o l t  value and consider  

t h e  use of a 0.35 vo l t  c r i t e r i a  t h a t  would require  a g r e a t e r  amount 

of concrete  removal. 
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SOURCES AND COST OF CORROSION DETECTION DEVICE COMPONENTS 

Sources where t h e  Iowa D.O.T. has obtained t h e  individual  
components and t oday ' s  approximate cos t s .  

1. Voltmeter - Simpson Model 313 

Approximate Pr ice  - $150.00 

2 .  Co l l ins  Copper Copper-Sulfate reference e lec t rode  

Harco Corporation 
4600 Eas t  71st  S t r e e t  
Cleveland, Ohio 45216 

and 
Agra Engineering 
551 South Quaker Avenue 
Tulsa,  Oklahoma 74120 

Approximate P r i ce  - $40.00 

3 .  R e e l  w/300 f t .  St18 Stranded W i r e  ( r ed)  

Approximate P r i ce  - $50.00 

4 .  R e e l  w/125 f t .  #18 Stranded W i r e  (black)  

Approximate P r i ce  - $35.00 

Agra Engineering 
551 South Quaker Avenue 
Tulsa, Oklahoma 74120 



Appendix B 

Method of Test for Determining the Corrosion Potential of Bridge 

Deck Steel by the Electrical Potential Method 



Test Method No. Iowa 1008-A 
March 1977 

IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY DIVISION 

Office of Materials  

METHOD OF TEST FOR DETERMINING THE CORROSION POTENTIAL 
OF BRIDGE DECK STEEL BY THE ELECTRICAL POTENTIAL METHOD 

Corrosion of re inforcing s t e e l  is caused 
by an e l e c t r i c  current flowing from the  
rebar a t  one point  ( the  anode) i n t o  the  
bar  a t  another point  ( the  cathode).  
During ac t ive  corrosion an e l e c t r i c a l  
(wotentiall d i f ference e x i s t s  between 
tiie anode and the  cathode. 

When t h i s  e l e c t r i c a l  p o t e n t i a l  d i f f e r -  
ence is -.35 vo l t s  o r  g rea te r  (-.40 o r  
-.50) there  is a high probabi l i ty  t h a t  
ac t ive  corrosion of the re inforcing 
s t e e l  i s  occurring. The corrosion 
product ( r u s t )  exer t s  tremendous forces 
on the  concrete resu l t ing  i n  s p a l l s .  

This t e s t  method describes the  proce- 
dure t o  be used in  determining the  
corrosion l eve l  of re inforcing s t e e l  
i n  a concrete bridge deck when u t i l -  
i z ing  a copper s u l f a t e  reference 
e lect rode (half  c e l l ) .  

Procedure 

A. Apparatus 

1. Voltmeter--Simason Model 313-2 
2. Copper - copper s u l f a t e  probe 
3. wire 
4. Water*, p a i l  and squeeze b o t t l e  
5, ~iammer and c h i s e l  
6 .  50' o r  100' tape 
7. Marking keel  
8. Data and layout sheet  

*(Wetting agent necessary i n  
water when using through 
asphal t ic  concrete .) 

B .  Project  Information 

The fol.lowing information should 
be recorded on the  data  and layout 
sheet .  See example on page 3 .  

1. Type and locat ion of bridge 
2. Design No, 
3. Maintenance No. 
4. Date Tested and by whom 
5. Layout showing location of 

each test point  
6. Location where ground wire 

was attached t o  deck s t e e l  
7. E l e c t r i c a l  p o t e n t i a l  readings 
8. North arrow 
9. Longitudinal dimension 

required f o r  skew 

C.  Voltmeter Calibration 

The following s teps  must be completed 
p r i o r  t o  i n i t i a t i n g  the  t e s t  procedure. 

I. With the  c i r c u i t  se lec to r  switch 

2. 

3. 

4. 

5. 

I .  Ter 

1. 

2. 

3. 

t o  "OFF". check t o  see t h a t  the  
pornter i s  s e t  on the  "0" mark 
a t  the  l e f t  s rde  of the  scale.  
I f  the  pointer  i s  not on " O w ,  
s e t  the  pointer  t o  by turning 
the  screw in  the  center  of the  
meter. 

Check ba t t e ry  by s e t t i n g  c i r c u i t  
se lec to r  switch t o  "BATT" . 
Pointer must be read t o  the  r i g h t  
of the  "BATTERY OK" mark on meter 
face. 

Turn range switch t o  1 (one) vo l t .  

Turn the  c i r c u i t  se lec to r  switch 
t o  "+DC", connect the  pos i t ive  
lead and black wire from the  meter 
together and tu rn  the  knob marked 
"ZERO" clockwise o r  counterclock- 
wise u n t i l  the  wointer r e s t s  over 
the  "0" mark a t - t h e  l e f t  s ide  of 
the  scale ,  

Connect pos i t ive  lead from meter 
t o  red wire connected t o  the  probe, 
and the  black w i r e  from meter t o  
the  black wire connected t o  the  
deck s t e e l .  

3 t  Procedure 

Lay out 4 '  x 4 '  g r i d  pa t t e rn  on 
bridge deck. Be sure and measure 
the t e s t  woints verv accuratelv.  
s ince  the ' t e s t  aoinFs ma" havea& . . 
be relocated a t  a l a t e r  date. 
Addltronal readlngs may be requrred 
due t o  skew angles. 

Wet each point  t o  be read and allow 
t o  soak a minimum of 10 t o  15 min- 
u tes .  

Connect the  black wire (ground) t o  
a s t e e l  expansion p l a t e  o r  dra in  
which is t i e d  i n t o  the  s t e e l  re in-  
forcing mat of the  deck being 
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tested. If this is not pos- 
sible, connect onto the steel 
support chairs located under 
the bridge deck. 

4. Check to be sure that copper- 
sulfate fills the probe and 
connect the red wire to the 
probe. 

5. Take readings by placing the 
probe on the point to be 
tested and record each reading 
on the data sheet. 
The reading should be taken 
after the needle stops fluot- 
uating. 

CAUTION: Always let the 
pointer settle before taking 
readings. If the pointer con- 
tinues to waver, there may be 
a bad connection or inter- 
ference such as power lines in 
the area. The maximum reading 
possible is .78 v. If a 
reading above .78 v. is obtained, 
the meter is probably not set 
correctly. 

E. Copper-Sulfate Solution 

The cow~er-sulfate solution fox 
the prze is available through the 
Materials Laboratory Receiving 
Office. However, if field mixing 
of the solution becomes necessary, 
copper-sulfate crystals or powder 
can be obtained through chemical 
supply stores. The test requires 
using a saturated copper-sulfate/ 
water solutron. The amount of 
copper-sulfate needed for satura- 
tion varies wzth water tempera- 
ture. Copper-sulfate must be 
added with vigorous stirr~ng untll 
a few crystals appear in the solu- 
tion. The amount used should be 
above 14% by weight of the amount 
of water used. 

Page 2 

Figure 1 

Corrosion Detection Test 
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