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Abstract: In this paper, corrosion in overhead line foundations
in different field environmental conditions (plain, agricultural
and coastal/industrial region) have been detected by
non-destructive test methods such as Half-cell potential test,
Ultrasonic pulse velocity test, Rebound hammer test, chemical
analysis of soil and Transmission Line Tower (TLT) footing
concrete samples and scanning electron microscope (SEM)
analysis of deteriorated tower footing concrete. The collected soil
samples have been analyzed for chemicals and the TLT coping
concrete samples have been tested using scanning electron
microscope. The correlation between the test values,
mineralogical composition of soil and concrete samples at tower
footing level is presented.
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I. INTRODUCTION

AII over the world, the transmission towers have to be

erected in open lands or dense forests where an extreme
climatic condition exists. Transmission towers existing in
coastal areas are affected by chloride environments. The
Overhead lines erected in industrial areas are very much
affected by industrial wastes and other chemical pollutants
where sulphate/sulphide attacks are predominant. Overhead
lines running through agricultura fields are affected by
fertilizers like ammonia and other manures. Such
environments cause adverse effect on durability of TLT
foundations|eading to deterioration of chimney concrete, and
corrosion of stubs. More and more investigative studies are
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going on around the world to detect, prevent and to repair the
corrosion defectsin TLT foundations.

II. LITERATURE REVIEW

Physical, Chemical and electro chemical parameters,
studied on transmission line tower stubs excavated from
inland and coastal areas have been presented. A methodology
for rehabilitation of transmission tower stubs has been
discussed by S.Christian Johnson and Dr. G.Thirugnanam
[1]. Certain guidelines for the design and maintenance of a
cathodic protection system for Transmission and distribution
structures have been presented by Peyman Taheri [2]. A
Novel technique of retrofitting of corrosion damaged RCC
foundations of transmission towers exposed to marine
environment using wrapping of fiber reinforced plastic (FRP)
composite have been investigated by Mangesh V. Joshi [3]. It
is experienced that FRP composite in addition to
strengthening a concrete member, provides a barrier to
protect the concrete from an aggressive environment.
Investigations on application of protective coatings upon the
reinforcements and addition of admixtures in the concrete
have been carried out Protective methods like O-ring
provision in the stub angle concrete interface, various levels
of protective methods including nano penetrant coatings to
combat the crevice corrosion, has been suggested for field
applications in marine environment. Several non destructive
techniques like half cell potential test, rebound hammer test,
carbonation test including experimental investigation in the
laboratory have been elaborately carried out by S.Christian
Johnson and Dr. G.Thirugnanam [4]. Matthew Bruce
Barragan [5] has been followed best practices for corrosion
assessment, prevention and remediation for WS transmission
line poles are discussed, and case-specific recommendations
aremade for WS poles|ocated in operating environmentsthat
feature a representative range of atmospheric corrosivity
characteristics.

1. EXPERIMENTAL WORK

AsIndiahasalarge coastal line and a number of citiesand
metropolis located in the vicinity of coastal belt including
vast agricultural, industrial and hilly areas TLT foundations
in these areas are witnessing continuous deterioration.
However publications on investigative studies involving
ultrasonic pulse velocity test, scanning electron microscope
images for better performance management of Transmission
and distribution utilities are scarce.
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Hence there is a need to conduct the following
investigative studies which will help better performance
management of such vital installations.

A. Condition assessment of tower footing concrete
using Non destructive testing (NDT) techniques.

B. Chemical analysis of soil samples

C. Chemical analysis of tower footing concrete
samples

D. SEM analysis of tower footing concrete samples

A. Condition assessment of tower footing concrete using
Non destructive testing (NDT) techniques.

Conduction of existing transmission line tower foundation
in plain, agricultural and coastal/industrial region have been
proposed in this work and the details of TLT location, TLT
Voltage, Number of TLT considered for conducting NDT’s
are furnished in Table . It is confirmed from the officials of
state power transmission utilise in Tamil Nadu, India that
these location have encountered incidences of corrosion
defectsat the TLT footing level now and then.

Table- I: Detailsof TLT locations, voltage and numbers

. . Agricultural | Coastal/Industri
Parameter Plain (mild) (moder ate) al (extreme)
. | Komarapalayam Mettur Atthipet (NCTPS),
TLT location .
(KPM), (MTPS), Thiruvallur
Nammakkal - - :
District Salem Didtrict | District, Chennai
TLT Voltage 110kV 230 kv 230 kV
Number of
10 10 10
TLT

In order to manage the performance of such TLT, it has
been proposed to conduct the following NDT’s as per
ASTM/IS standards. Half cell potentia test (HCP),
Ultrasonic pulse velocity test (UPV) and rebound hammer
tests (RH) have been conducted upon the coping part of each
above towers as per the ASTM and IS Standards mentioned
inthe Table 2.

Table- 11: NDTsstandards
SN NDT
o methods ASTM/IS standards
1 HCP test ASTM 876 c-90
2 UPV test 1S 13311 (P 1):1992
3 RH test 1S 13311 (P 2):1992

Six readings in each tower footings have been taken and
average value has been recorded. The non destructive test
values have been compared with the norms stipulated in the
ASTM/IS Standards and the quality status of coping concrete
isrecorded in the Table V1. Fig. 1 depicts the conduction of
NDT’s in plain, agricultural and coastal/industrial regions.

RIS g’ S
Fig. 1. NDT test in Plaln Agrlcultural and
Coastal/Industrial Region
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The standards of quality of concrete using Half cell

potential, Ultrasonic pulse velocity test and Rebound
hammer are furnished inthe Table [11 to V.

Table- I11: Probability of reinforcement corrosion

Half cell potential (HCP) values|
(mV v SCE) | (mV vs CSE) Corrosion condition
<-426 <-500 Severe corrosion
<-276 <-350 High (<90 % of corrosion)
-126 to -275 -350 to -200 Intermediate corrosion risk
>-125 > -200 Low (10 % risk of corrosion)

Table- IV: Longitudinal pulse velocity vs. Quality of

concrete
Longitudinal Approximate
pulse velocity compressive Quality of
(km/s) strength concrete
(N/mm?)
Below 2.0 Very poor
20t03.0 40 Poor
3.0t03.5 Upto 10 Fairly good
35t04.0 Upto 25 Good
4.0t0 4.5 Upto 40 Very good
Above 4.5 Upto 40 Excellent
Table- V: Quality of concrete according to rebound
number
Average
rebound Quiality of concrete
number
>40 Very good hard layer
30-40 Good layer
20-30 Fair
<20 Poor
0 Delaminated

B. Chemical analysis of soil samples

In order to understand the influence of chemicals present in
the soil around the TLT stub, soil samples have been
collected from the locations considered and they were tested
in areputed research lab. The soil samples collected around
the tower in different region shown in Flg 2

Fig. 2 Collection of Soil Samplesin different .reg|on

C. Chemical analysis of tower footing concrete samples

Besides testing the soil around the stub, some of the
loosened concrete from the TLT coping in the selected
locations also analyzed for chemicals from the same
reputed/certified testing lab. The mineralogical composition
of such concrete samplesisfurnished in Fig. 7.
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D. SEM Analysis of tower footing concrete samples

In addition to investigate the tower coping concrete
mineralogical compositions, it was decided to take the SEM
images of the loosened TLT coping concrete. Concrete
samples were collected from the identified locations and
Scanning Electron Microscope images were taken upon it
from the reputed research lab.

V. RESULT AND DISCUSSION

The NDT results based on HCP, UPV and Rebound
hammer are compared in the Table V1.

Table- VI: Non Destructive Test Values
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Rebound hammer Test
50.0
&0 40.0 = Plain Area
2 300
~
g el — Agricultural
E 20.0 Area
10.0 Coastal /
Industrial Area
0.0

4N M S N WSO
FFFFFRFFEFEFEFE

T10

Fig. 5. Rebound hammer test reading

Mineralogical composition in Collected

Average soil samples (cps/eV)
HCP (mV) UPV (km/s) Rebound
S . B PlainRegion M Agricultral Region ® Coastal Region
Region number
No Least |Highest|Least |Highest| Least |Highest 26 27
Value | Value |Value | Value | Value| Value 15 1142 17 ° 1
Plain Region 11 353 00 114
1 (KPM-110 -113 | -262 | 2.77 554 20 32
kVSS) & & > &
Agricultural %eé*&& @‘i‘&@ C‘J\*“P @0&& G:_‘\“-*&o &
2 | (MTPS230 | -215 | -349 | 30 | 39 | 17 | 38 = ©
kV)
Coastal/Indu Fig. 6. Mineralogical composition of soil sample collected
strial in different region
3 (NCTPS-23 -330 | -640 | 1.73 | 3.29 10 29 €9
0kV)

HCP test results taken from various TLTs are presented
graphically in the Fig. Designation T1 to T10 represents the
number of towers. Fig. 4 shows the test results of UPV in a
graphical pattern. Rebound hammer test result are furnished
in Fig. 5 and Mineralogical composition of soil and concrete
samples are prescribed in the bar chart form in Fig 6 and 7.

Half-Cell Potential
0.0
o P s Tt S T = R S~ B = ]
2 -100.0 |B FEEEERBEEEBCD
¥ 2000 ’7& ——Plain Area
g -300.0 = Agricultural Area
g -400.0
g 5000 Coastal / Industrial
a2 Area
T 6000
E -700.0
Fig. 3. Half Cell Potential reading
Ultrasonic pulse velocity
5.0
?
£ 40 d&/\/\\ ——Plain Area
% 3.0
2 90 — Agricultural Area
g 10
g Coastal / Industrial
0.0
% Area
TLT2T3T4T57T6 T7 T8 T9T10

Fig. 4. Ultrasonic pulse velocity
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Mineralogical composition of collected concrefe samples
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Fig. 7. Mineralogical composition of tower footing
concrete sample

1) From the Fig. 6 and 7, It is observed that there is a
correlation between calcium content present in the soil
samples around the TLT in the different region and the
corresponding TLT footing concrete samples.

2) Sodium, magnesium, auminium, silicon, iron and
indium are existing to alower level both in soil samples
and TLT footing concrete samples, but it is found that
such chemicals are present in agricultura region 1-2%
higher than the plain region and 5-8% higher in
industrial region and chloride is predominantly present
in the industrial region which is 8% higher than the
agricultural region and 12% higher than the plain region.

3) The observation in the plain area is calcium content is
more. This has kept the concretein agood condition. All
the test value are within
the IS norms and hence
mild corrosion.
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4) The extent of calcium in agricultural area is aso
reasonably higher than the industrial/coastal area hence
only mild corrosion.

5) The extent of chloride content is more and the less
calcium content in industrial area when compared to
plain and agricultural area.

B00W S
w0 a5

Fig. 8. SEM images of concre‘feisample’in plaﬁfrégiion

Fig. 9. SEM images of concrete samplein Agricultural
region

Coastal/Industrial region

6) As moderate environmental conditions are prevailing in
the both the plain and agricultural area, the tower
concrete is not much affected in this area and this can be
recognized from the SEM images with less voids.

7) Theidentified areain the coastal area is surrounded by
several industries and the intensity of environmental is
very severe and hence lot of pores in the concrete to a
larger extent.

8) This can be realized from the SEM images with big
voids. The extent of corrosion/deterioration is reflected
in the test values of non-destructive test results and
chemical analysis of Soil/TLT concrete as well.

V. CONCLUSION

Transmission of Electric Power al over the world is
mostly done through overhead lines. Incidences of corrosion
in many cases across the world have led the Researchers to
carry out research studies in the area of performance
management of TLTs.

NDT methods tried in this work including chemical
analysis of soil samples around TLT and TLT footing

Retrieval Number: C4731029320/2020©BEIESP
DOI: 10.35940/ijeat.C4731.029320
Journal Website: www.ijeat.org

446 Blue Eyes Intelligence Engineering

concrete can be extended to other places also and be
implemented by Power Transmission authorities.
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