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ABSTRACT

 The mild steel used as a rebar facing a major corrosion challenge when it exposed to different 
kinds of soil especially  in the underground construction or buried structure, pilings etc.,  This study 
investigates metal loss of mild steel by studying the in-situ-soil parameters at the selected site . ER 
probe is used as a real time monitoring technique by installing in native and sea water simulated 
soil condition at different location below the ground level of 3,6, and 9 meters . At the laboratory,two 
probes have been packed in the tray with the typical soil taken from the site.  Corrosion rate were 
measured for a period of 18 months. The steady state corrosion rate under sea water simulated 
soil was found to be 2.39 mpy in 3m depth. The chloride content increases the ability of electrolyte 
to conduct current and enhanced the corrosion process. Probe reading are not measurable count 
from the native soil under all depth levels. Analysis of polarization curves led to corrosion rate of 
coupons kept under soil extract exposed at a period of 30 days and the corrosion rate of mild steel 
was calculated by tafel analysis. The optical microscopic examination indicated the roughness of 
the surface of metal.
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INTRODUCTION

 The corrosion of metallic structures buried 
in soils or in contact with soils has long been 
a serious engineering and economic problem. 
Underground metal structures are usually expected 
to have a long durability and service life but very 
often structures like pipe lines, constructed buildings 
are affected by soil corrosion. The main factors for 
soil corrosion are found to be nature of the soil, 

geo technical properties, soluble chemicals, pH, 
resistivity, chloride and sulphate contents. In order 
to reduce the corrosion damage, it is necessary to 
monitor the corrosion rate   periodically to prevent 
the metal from corrosion damage.

 Underground metal structures are usually 
expected to have a long working life, often 50-100 
years, but before such structure is put on site the risk 
of corrosion and the need for corrosion protection 
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measures should be estimated. NACE recommends 
using a high pitting corrosion rate of 16 m p y (0.4 
mm/year) to determine the interval time for external 
corrosion direct assessment (ECDA). This rate 
represents the upper 80% confidence level from long-
term corrosion tests of unprotected steel in various 
soils. When reliable estimation of corrosion growth 
rate is not used, default corrosion rate of 16 mils per 
year may be used for any design aspect.  Therefore, 
it is of interest to obtain information about corrosion 
rate by valid methods of determination1-3. 

 In literature different experimental methods 
have been suggested to measure the corrosion 
rate in soil such as weight loss measurements 
of buried coupons under different exposure 
period,electrochemical techniques4-8, electrical 
resistance (ER) probes 9-14. The present research 
project evaluated the use of such techniques in 
estimating the external corrosion growth rate of rebar 
of underground structure at the identified site. 

Selection of site:  underground structure metro 
rail station near Shenoy Nagar, Chennai.
 Box Slabs which are supported on 25 to 
30 m deep, 1m wide and 5 m long diaphragm walls, 

panels. The diaphragm walls are constructed using 
M40 concrete and Bentonite slurry as stabilizing 
fluid.  Design cover thickness for rebars in the Walls 
is 80mm.  After excavation of the soil in between 
the diaphragm walls, less cover was observed at 
several locations; few cover blocks were exposed 
directly and rebars were found to have no cover at 
some places. This led to presumption that the rebars 
of the soil side surface of the walls could have been 
exposed directly to soil at some locations may lead 
to corrosion.Mostly soil engineering properties,  type 
and soil contents, moisture content , presence of 
aggressive ions  are other important parameters that 
influence soil corrosivity and  level of  underground  
dynamic corrosion.  Hence  pilot project was taken 
to investigate  corrosion rate  real time monitoring for 
longer period  at the site conditions adopting different 
techniques. Soil samples collected from the site 
were used for further study at laboratory conditions 
throughout.

MATERIALS

 The chemical  and physiochemical 
parameters of the soil were determined as per the 
standard procedures.

Materials preparation
 The mild steel coupons of dimension 200 
mm x 25 mm x 5mm were used for field buried 
tests and 4 cm x 1 cm x 0.2 cm for electrochemical 
studies. The specimens were polished mechanically 
with emery papers ranging from 400 to 1200 grits 
15. All the specimens were washed with distilled 
water and degreased with acetone after drying kept 
in desiccators to avoid atmospheric corrosion. The 
composition of the mild steel was confirmed by 
optical emission spectroscopy (OES analysis) and 
the result was tabulated in table 2.

METHODS

Electrical Resistance method
   The electrical resistance (ER) device 
measures the corrosion rate of a metal alloy having 
a composition similar to the mild steel material 
when placed in a corrosive environment. The device 
is suited to corrosive environments having either 
poor or noncontinuous electrolytes. The ER device 
consists of a read out instrument connected to a 

Photographs 1a, b Diaphragm wall of work site

Table 1: Details of ER probes installation

ER probe Date Depth Soil
ID No   (m) Condition

803 a 15.09. 2014 3  Native  soil
804 15.09.2014 6 Native soil
808 14.10.2014 9  Native  soil 
806 17.09.2014 3 Sea water saturated 
   soil: (5% NaCl )
800 19.05.2015 1m Native soil
   (laboratory)
803 b 19.05.2015 1m Sea water saturated
   soil ( laboratory)
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probe. The measuring instrument provides metal loss 
and corrosion rate when consecutive measurements 
are taken of the same probe. Photograph 2 a  shows 
the “Metal samples” ER device used in the testing 
program.  It works on the principle that the corrosion 
causes metal loss due to electro chemical action, 
there by creating the changes in the electrical 
resistance of the metallic test element.

 The ER device calculates corrosion rate 
from the electrical resistance of a metal probe R 
in the equation: R=r *L/A , where r is the specific 
resistance of the metal element, L and A are the 
element length and crosssectional area, respectively. 
The element’s electrical resistance is proportional 
to its total mass loss due to corrosion. In the 
present case, the metal loss in terms of thickness is 
directly given as the output after the internal micro-
processed based calculations and thereby corrosion 
rate over a period of time can be computed. When 
two consecutive mass loss readings (M1 and M2) 
are taken by the device, the corrosion rate (CR) can 
be calculated CR = 365 *(M1-M2)/ Ät .Where Ätis 
the time between the two readings in days.  An ER 
probe type Flush 20 and a read outbox model “Metal 
Samples” MS1500E were used in the field and the 
details of installation of ER probe are given in the 
Table 1. 

 The ER probes are backfilled using 
the same soil that is used around the pipe. The 
end connectors of the probes are placed in a 
protected case at the ground surface to allow for 
ER probe monitoring. Initial reading is taken after 
the placement of the backfill. Consequent readings 
are taken periodically to monitor corrosion rate. The 
measurements are uploaded to a computer from the 
readout box for data analysis and plotting.

Electrochemical measurements
 Soil collected from the depth of 1m was 
air dried and sieved by using 1.33 mm sieve, mixed 
with water 2:10 weight % and kept in shaker for 8 

hours. It was then filtered after 24 h and used for 
polarization studies (Biologic SP 300 work station)in 
a three electrode system. Platinum mesh used as a 
counter electrode (15mm x 15mm) against SCE. The 
steel sample with an exposure of 1.0 cm2 was used 
as a working electrode. Potentiodynamic polarization 
studies are carried out with the scan rate 1m v/s, at 
ambient temperature.

RESULTS and DISCUSSIONS

 Composition of the mild steel is given 
in the Table 2. The soil samples taken from the 
experimental site (field) of different locations and 
soil characteristics were analyzed using standard 
procedure. The physicochemical properties are given 
in the Table 3.

Estimation of corrosion rate through on-line 
measurement using ER probe
 Readings from ER probe installed during 
September 2014 in the densely packed soil and 
readings are taken for 18 months. The change of 
corrosion rate against time duration measured 
through ER probe, both study site and laboratory 
conditions are shown in Fig 1.0.The measured 
corrosion rate from ER probe are from under 3,6 
and 9 m depth (from the ground level) in the native 
soil  were approximately 4 nm/year (0.0002 mil/
year) (almost the same as initial readings) which is 
below the lower detection limit of the analyzer (10 
nm/year). Upon insertion of  NaCl solution in the soil 
(ER 806) the signal instantly increased as 2.25 mpy 
within 2 hrs, which is close to the rate of mild steel 
material in the simulated sea water.  Following the 
steep decrease the corrosion rate was from 2.25 to 
1.04 for 3 month period of test (90 days). The rapid 
decrease of corrosion rate was probably due to the 
formation of corrosion products and the depletion 
of reactants (oxygen for example).  After attaining 
stabilizing period, the corrosion rate was found to be 
in the range 1.04 - 0.75 mpy for the  period of 60-120 
days and shown an average value of 0.70 mpy till 200 

Table 2:  The chemical composition (w/w %) of mild steel 
(Based on Optical Emission Spectroscopy)

Element   C Si Mn P S Cr Ni Zn Mo Fe

Composition%  0.227 0.178 0.439 0.018 0/012 0.08 0.065 0.03 0.017 remaining
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days. It was probably due to the low diffusion rate of 
the reactants and products involved in the corrosion 
process during the hot sunny days. Further steady 
increase in corrosion rate was observed till 420 days 
period of study.

 Metallic corrosion in soil is an electrochemical 
process in a thin moisture film adsorbed on the metal 
surface . The oxidant (or cathodic depolarizer) 
is necessary for corrosion process to proceed. 
It is generally granted that O2 reduction acts as 
predominant cathodic process supporting soil 
corrosion .Soil corrosion is affected by a significant 
number of soil and environmental parameters 
including soil resistivity, water content, pH, soluble 
salts, oxygen concentration, soil chemistry, and 
microbial activities. A study conducted by the 
National Institute of Standards and Technology 
(NIST) on bare steel buried underground at different 

sites representing different types across USA to 
predict corrosion rate based on soil properties. The 
data on pitting rate measurements was correlated 
with various soil properties.  It was revealed that the   
resistivity which indicates the ability of the soil to 
carry corrosion current is a function of soil moisture 
and the concentration of current carrying soluble ions. 
The higher the resistivity of the backfill/soil, the higher 
is its resistance to the electrochemical corrosion of 
the metal.  

 In our study the electrical conductivity of 
native soil is in the range of 100-225 µmhos/ cm, 
and hence soil in contact with ER probe may not 
induce any corrosion of the metal in the probe. 
Chloride and sulphate content are in the range of 
200-400 and 200-1000 mg/kg respectively and 
are well within the threshold level in the native soil. 
However the soil in contact with the probe’s sensing 

(a)  
(b) 

(d) (c) 

Photograph 2: (a) ER probe Metal Samples (b) Probe installation by auguring 
(c) Bore hole  (d) Outline of installation 
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surface in the simulated seawater-soaked soil, 
corrosion rate is found to be higher and increasing 
with time duration. Reasonable maximum rate of 
corrosion loss in relatively uniform soils would be 
approximately 2.5 mils/year.  (about 0.625 mm per 
year). Hence the one and half year exposure time 
in a simulated corrosive soil medium (ER Probe ID 
806), being much less than 3 m p y, this rate may be 
taken to be corresponding to ‘no active’ corrosion.  
ER probe reading taken from sea water saturated 
native soil and clay soil showed low corrosion 
rate less than 1 mpy for 6 months duration time at 
laboratory. Probably short duration time showed only 
the initiation of corrosion.

Electrochemical measurement
 The polarization curves of steel coupons 
before and after exposure into the soil extract for 
a period of 30 days. Polarisation  curves of both 
control (0thday ) and 30 days are shown in fig 2. The 
corrosion potential, corrosion current density were 
calculated from Tafel slope by fitting  the curves for 
both  anodic and cathodic branches. As seen from 
the values of corrosion potential  Table 4  it was found 
that the corrosion rate is increasing with time.

 Optical microscopic examination of the 
specimen before and after exposure to soil extract 
showed that formation of pits and evident for the 

Fig.2:polarisation curves observed before and after immersion in soil extract solution

Fig. 1: Corrosion rate measurements from ER probe readings 
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Fig. 3: Optical microscopic images of uncorroded and corroded specimens

(a) Fresh Metal (b) metal exposed to soil extract for 
a period of 30 days

Table 3: Physicochemical properties (wet analysis) of the soil 
samples used in the study

Parameter Sample1 Sample 2 Sample 3 Sample 4 Sample 5

Dry matter (%) 0.60 6.65 5.2 5.48 14.9
Total organic 0.10 0.69 0.63 0.67 0.27
carbon (%)
pH 7.84 8.36 8.26 8.10 7.18
Electrical 228.9 150 134 129.4 91.16
conductivity- µmhos/ cm
Cation exchange 12.94 13.4 13.07 16.5 10.95
capacity- meq/kg
Calcium (mg/kg) 859 2221 8185 2277 2259
Magnesium (mg/ kg) 1043 6739 1242 5527 2740
Sodium (mg/kg) 1275 2150 39.6 3.1 2756
Potassium (mg/kg) 3107 397 390 575.5 390
Total organic matter (%) 0.18 1.18 1.08 1.16 0.47
Chloride (mg/kg) 399 50 200 202 202
Sulphate (mg/kg) 1160 543 750 608 184
Carbonate(mg/kg) Nil Nil Nil Nil Nil
Phosphate (mg/kg) 505 3010 1083 910 160
Bicarbonate (mg/kg) 2100 3063 2545 2599 1587

Table 4: Polarization parameters for the 
corrosion of mild steel in soil extract solution

Exposure  E corr icorr ba(mV) bc(mV)
time (days)  (µA/cm2)

0 -634.583 5.105 242.9 287.7
28  -730.590 6.307 243.3 261.8

presence of corrosion products over the metal 
surface.  Images are taken from the upright optical 
microscope (Olympus, Japan) 200X are shown in 
the above Figure 3.

 
CONCLUSION

•	 The	ER	device	provides	consistent	long-term	
measurements of corrosion rate of the buried 
structure without the need for field excavation. 
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The probe measurements typically model 
the localized metal loss at the surface as 
reflected by change of the probe’s electrical 
resistance. 

•	 Corrosion	 in	 undisturbed	 soil	 is	 limited	 by	
the availability of oxygen necessary for the 
cathodic reaction.  This was demonstrated 
in the observed zero corrosion rate at depth 
of 6 and 9 m.  

•	 Average	corrosion	rate	of	2.3	mpy	observed	
under sea water saturated soil at 3 m depth 
probably due to soil electrochemical reaction 
with dissolved salts but it was found to be in 
“no active corrosion range”.

•	 Microscopic	 examination	 revealed	 that	
there is not much pit is formed and hence 
general corrosion rate will be related to 

moisture content and dissolved salts (chloride 
content)

•	 Electrochemical	 	 studies	 has	 shown	 	 the	
increase in the corrosion rate over the period 
of  thirty days time interval.
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