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Abstract: The object of the study is the part of the galvanized steel pipe (about 1-meter-long) supplied by the customers, which was used 

to supply hot water inside the residential building and which has corroded during exploitation of 5 years. To clarify the situation, quality of 

surface coating and microstructure of the obtained galvanized steel pipe was analysed. Electrical stray currents of the pipeline installed in 

the building were measured. The sample of the hot water was taken and analysed at the certificated laboratory.  

The aim of the investigation was to determine the possible causes of the hot water supply pipe corrosion during sufficiently short time of 
exploitation. 
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1. Introduction

Despite of increased use of plastic pipes for construction of both 

cold and hot water supply systems, steel pipes remain at high place 
on the designing of water supply systems due to technological 

advantages in laying external water supply systems, as well as high 

fire safety [1]. The main advantages of steel pipes are their strength,  
low coefficient of linear expansion, possibility to use several types 

of pipes connection in one network. However, low corrosion 
resistance of steel pipes, both ferrous and galvanized, significantly 

reduces the above advantages. 

The protection obtained by zinc-base coatings is due to both 
barrier and galvanic effects, the last being due to the fact that zinc is 

anodic to iron and, in humid or aqueous environments it behaves as 

sacrificial material at discontinuities in the coating. A relevant 
feature of this type of protection in water supply systems is that, in 

the presence of carbonates or bicarbonates (normal constituents of 
hard water supplies), steel corrosion can be decreased by the 

deposition of insoluble layers on the exposed zones of the inner 
surface of the steel as a consequence of sacrificial zinc dissolution 

[2]. However, the soft water inside the supply systems can act 
contrary, especially, when the temperature of the water is increased 

[3, 4]. 

Others criteria that may cause the corrosion of steel pipe lines 

are AC and DC stray currents. It has been reported that it may occur 
at induced AC voltage levels of only a few volts [5]. Application of 

increased cathodic protection current may be required to control AC 
corrosion. 

The object of investigation is the corrosion failure of water 

supply galvanized steel pipe system at the residential building after 
short (5 years) lifetime exploitation. The aim of investigation is to 

determine the possible reasons of the corrosion failure of the 

galvanized steel pipe. 

2. Methodology

The measurement of electrical stray currents of the water supply 
steel pipe line system was performed using such equipment: 

- Portable computer oscilloscope Picoscope 3424,
- Portable oscilloscope FLUKE 123 Industrial Scopemeter,

- For analyzing of the results obtained: HP Pavillion dv6

Notebook PC with Manufacturer's Supplied Software.

The pipeline parts were connected in an electrical chain
according to the diagram shown in Fig. 1, a. Voltage measurements 

were performed at the pipeline installation place according to the 
following scheme: 

- When the Picoscope 3424 portable computer oscilloscope was
connected to the hot water pipeline and ground (Fig. 1, b).

Tests of chemical composition and other properties of hot and

cold water samples were performed in an accredited laboratory 

situated in Lithuania. Methods of sample preparation and analysis: 
- Testing of chemical composition and other properties of water

samples in an accredited laboratory according to standards: 

LST ISO 6059: 1998, LST ISO 6059: 1998 / P: 2008, LST ISO 

6058: 1998, LST ISO 6058: 1998 / P: 2008, LST EN ISO 
10304 -1: 2009, LST EN ISO 10523: 2012 (Except p. 8), LST 

EN 27888: 1999 and LST EN ISO 9963-1: 1999 (Except p. 
8.1).

a b 

Fig. 1. Voltage measurement in the hot water pipeline: a - connection 

diagram of the Picoscope 3424 portable oscilloscope, b - voltage 
measurement in the hot water pipeline after connecting the circuit according 

to diagram a 

The data of water sample analysis was used for calculation of 
Langelier, Ryznar and Puckorius indices for the purpose of an 

influence of water chemical parameters on the corrosion effect of 
the pipe line [6-11]. 

Preparation of galvanized steel pipe samples for microscopic 
analysis was performed according to ASTM E3-11: 2017 [12]. The 

samples were examined using optical microscope: 
- Nikon equipped with video camera Nikon DS-2 16 MP and

objectives Nikon TU Plan Fluor 10×/0.30 and Nikon TU
Plan Fluor 100x/0.90.

3. Results and Discussion

3.1. Measurement of hot water supply pipeline 

voltage in a building 

A random AC voltage measurement result is recorded (Fig. 2). 

Figure 2 shows the dependence of the voltage magnitude (y axis) 

over time (x axis). The time scale starts at 0, and cell 1 corresponds 
to 1 second. The AC voltage scale is shown in the range from -

500mV to + 500mV, 1 cell of the graph corresponds to 100mV. The 
measured signal (blue) is similar to noise. It was observed that most 

of the signal amplitude is on the negative side of the signal. This 
proves that an alternating voltage current is induced in the pipeline. 

The generated voltage is not constant, it jumps from the minimum 

amplitude value (black dotted line in Fig. 2) to the maximum 
(highest rising peaks on the positive and negative sides of the 

vertical axis). 
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Fig. 2. A voltage measurement of about 10 seconds was recorded when 

the Picoscope 3424 portable computer oscilloscope was connected to the 

hot water supply pipeline and the ground terminal of the power outlet 
installed in the building 

After processing the measurement results, taking into account 

the electrical signal noises generated by the ground circuit and 
eliminating them from the measurement curves, it was determined 

that the amount of alternating current in the hot water supply 
pipeline is about 20-60 mV (measured indoors). At the heating 

point, the hot water pipeline was grounded through a frame 
structure, i.e. through mounted brackets to secure the pipes. 

However, the hot plumbing structure has screw fittings. These 
connections use non-conductive insulating materials that block the 

flow of water to the outside, so as one moves away from the heat 

point, the grounding resistance of the pipeline increases due to the 
deteriorating contact (pipe-connection-pipe) (measured in the room 

is about 0.1 Ω). 

It was observed that the predominant frequency of the electric 
field is unstable. It can be assumed that such frequencies are 

generated not only by disordered electrical equipment installed in 
the pipeline, but also by various other components in the 

environment (e.g. magnetic fields, radio frequency waves, etc.). 

3.2. Influence of the chemical composition of hot 

water on the corrosion of steel pipe 

According to the data of scientific literature, corrosion of metals 

can be promoted by the concentration of dissolved oxygen in water, 
pH, water hardness, concentration of HCO3, Cl-, SO4 ions,

temperature (special influence of temperature in closed systems, 

then corrosion in steel can reach about 0.25 mm/year at 40°C, and at 
80°C - ~ 0.5 mm/year [13]) and other factors [1, 14]. The influence 

of water temperature on the dissolution of zinc coating is shown in 
Fig. 3. The figure shows that corrosion of zinc accelerates greatly 

when the water temperature rises above about 50°C. 

The water temperature was measured by turning off the hot 
water tap. Measured value was 59°C. According to scientific 

articles [1, 4, 13], when the water temperature is 50-80°C, the 
probability of corrosion in galvanized pipes increases significantly.  

The chemical composition and other properties of the relevant 
components of hot water samples were tested in an accredited 

laboratory. Chemical Research Protocol No. Data for Ch 5082/2020 
is presented in Table 1. This study identified the amounts and 

properties of chemical elements and compounds that may affect or 
promote corrosion in the pipeline.  

After determining the amounts of chemical elements and 

compounds that can effect on metal corrosion, calculations were 

performed according to various methodologies found in the 
literature [6-11, 15] in order to find out the properties of water 

flowing through the studied pipeline. The chemical properties of 
water are described by parameters such as: water hardness (Ca and 

Mg in the water), alkalinity of the water (HCO3 and CO3 in the 
water), Langelier index (determining whether the water is 

chemically balanced, promoting corrosion or decomposition of 

lime), Saturation index ( determining whether the water is saturated 
with CaCO3 or not), the Ryznar Stability Index (determining 

whether the water supplied promotes corrosion or limescale 
decomposition), the Puckorius Stability Index (determining whether 

there is a tendency to lime decomposition or corrosion) and the 
Larson Index (determining whether corrosion is encouraged). An 

explanation of the above characteristics and values of the hot water 

sample is given in Table 2. The results show that the Ryznar and 
Puckorius indices show the effect of water on the formation of pipe 

corrosion. 

Fig. 3. Influence of water temperature on zinc corrosion [4] 

Table 1: Test results for water samples 

Analyst Result Measurement unit 
Allowed until 

(HN 24: 2017) 

Magnesium < 1 mg/l Unregulated 

Calcium < 2 mg/l Unregulated 

Total hardness 0.06 mmol/l Unregulated 

Chloride content 47 mg/l 250.0 mg/l 

pH 8.2 when T =20.2°C 6.5 – 9.5 

Specific electrical 
conductivity 

667 µS/cm, when T 
=25.4°C 

2500 µS/cm, 
when T=25°C 

Total alkalinity 4.93 mmol/l Unregulated 

Hydrocarbonate 
content 

301 mg/l Unregulated 

Table 2: The results of the performed calculations according to the 
methodologies [6-11, 15] 

Parameter 
Result of 

calculation 
Measurement 

unit 

Galvanized pipe 
susceptibility to 

corrosion under the 
existing parameter 

Water hardness 9.10 mg CaCO3/l Yes 

Alkalinity of water 246.91 mg CaCO3/l - 

Langelier Index of 
corrosive media 

(LSI) 
-0.04 - No 

Saturation Index (SI)  -0.05 - No 

Ryznar Stability 

Index (RSI) 
8.27 - Yes 

Puckorius Stability 
Index (PSI) 

8.43 - Yes 

Larson Index (LaI) 0.3 - No 

Corrosion of galvanized steel pipes is also promoted by water 
softening [3]. Water softening facilities are installed in the building 

where the test pipe was operated. 

The hardness of water is determined by calcium and magnesium 
compounds, which are important for human health and give water 

its flavor. When hard water is heated, calcium carbonate also settles 
on the pipe walls, accumulating a layer of lime. By softening the 

water, calcium and magnesium are removed and replaced with 
sodium (and sometimes potassium). Softened water is actually 
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aggressive (corrosive) to carbon steel and galvanized steel. The zinc 
coating on the steel pipe is largely protected by a layer of zinc 

carbonate forming on the surface. A certain hardness (calcium 
carbonate content) in the water is beneficial because it helps to form 

a protective layer. In addition, a thin layer of calcium carbonate and 
zinc carbonate is more resistant to corrosion than zinc carbonate 

alone in fully softened water. When the hardness is greatly reduced, 

the protective layer does not form properly and the zinc coating is 
susceptible to corrosion. For this reason, the zinc coating primarily 

acts as an anode, i. dissolves. However, when the zinc is completely 
gone, the steel pipe itself begins to corrode and the iron corrosion 

waste enters the water. All these processes are driven by water 
heating [3]. 

As we can see from the hot water chemical study of the building 

and based on the work of other scientists, we can say that 

galvanized steel pipes are not the right choice to supply hot water.  

3.3 Microscopic examination of samples of 

galvanized steel pipes used for hot water supply in a 

building 

Electrochemical corrosion occurs in electrolyte solutions or in a 
humid atmosphere. During it, a very large number of corrosive 

galvanic cells are formed at the point of contact between the metal 
surface (in this case the pipe or other parts of the pipeline) and the 

electrolyte (water with dissolved chemical elements). Anodic and 
cathodic areas are formed on the metal surface, between which a 

potential difference occurs and an electric current flows. 

The two metals, joined together and surrounded by an 

electrolyte (water), form a galvanic pair. One of them will start to 
dissolve (become an anode) at the expense of the other (become a 

cathode). The anode will be the one whose electrode potential is 
more negative. Thus, in the iron-zinc pair, the zinc will dissolve, 

and then iron corrosion will begin. Due to the high temperature, the 
chemical elements dissolved in the water, intense corrosion took 

place in the zinc-iron pair, where the electrolyte (hot water) was 

involved in the chemical reactions. After cutting the samples of the 
operated pipes, continuous corrosion was found with large 

accumulations of corrosion products occurring in places (Fig. 4). 

Fig. 4. Internal surfaces damaged by corrosion of the test tube 

Selected sites for microscopic analysis are corrosion-damaged 
sites and possibly the least corrosion-affected site for comparison. 

According to ISO 14713-1 [14], the minimum zinc coating 

inside the pipe for zinc-coated pipes must be 55μm. In order to 
estimate the thickness of the zinc coating, the least corrosion-

damaged areas were searched. In some places, the thickness of the 

zinc coating in the inner layer was found to exceed 100 μm, which 
means that the thickness of the zinc coating was at least twice the 

minimum allowable thickness according to ISO 14713-1 [14] (Fig. 
5). 

Fig. 5. Microstructure of the inner surface of the test pipe. No blisters, 

pores or other defects are visible on the zinc coating and the steel boundary 

By studying the microstructure of the tube samples, several 

emerging holes were found (Fig. 6). There was very little material 
left at some of the holes until complete rusting. Holes formed in the 

coating due to corrosion, which may have had a channel to the 

outside, were also found (Fig. 7). 

Fig. 6. Corrosion holes in the test tube (from the inner surface to the 
outside) 

Fig. 7. Holes in the zinc coating of the inner surface of the test tube due 
to corrosion 
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4. Conclusions

Voltage measurements revealed the occurrence of stray 

electrical currents in the hot water supply pipes. It was found that 

the voltage of the alternating current in the hot water supply 
pipeline is about 20-60 mV. Stray electrical currents are one of the 

causes of electrochemical corrosion. 

A chemical test for hot water was performed at the National 

Public Health Laboratory, Lithuania. Based on the obtained 
chemical composition, the Langelier and Ryznar indices were 

calculated, which showed that the chemical composition of hot 

water flowing in a building promotes corrosion of zinc-coated 
pipes. The scientific literature sources mention that corrosion 

intensifies particularly at temperatures above 50°C. To prevent 
corrosion, it is recommended to select materials and coatings 

according to EN ISO 14713-1 for all structural components 
(including pipes, fittings, tanks and tank lids) that come into contact 

with drinking water. According to the said standard, galvanized 
pipes are most suitable for use in atmospheric corrosion conditions. 

It has also been found in the literature that water softening promotes 

corrosion of galvanized pipes. 

When examining samples of the test pipe by metallography, the 
thickness of the zinc coating meets the requirements of the standard 

EN ISO 14713-1. Hole rust sites were formed, forming deep holes 

due to corrosion. 
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