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A Study on the Corrosion Failure of the Carbon Steel Pipeline Embedded
in Concrete of Housebuilding

S. M. Moon, S. I. Pyun and Y. G. Chun
Department of Materials Science and Engineering,

Korea Advanced Institute of Science and Technology, Daejon 305-701, Korea

The present work has been conducted to elucidate the cause of the unexpected failure
of the steel water pipeline embedded in concrete of Korean housebuilding from the viewpoint
of metallic corrosion.

For the purpose of this work, the feature of the failure and the microstructure of the
steel pipeline were investigated by using scanning electron microscopy and optical micro-
scopy, and the concrete surrounding the steel pipeline and the corrosion products were exam-
ined by using X-ray diffractometry(XRD) and energy dispersive spectrometry(EDS) analyses.
It was observed that the internal surface of the water pipeline is smooth, indicating occurrence
of the uniform corrosion, while the external surface of the water pipeline which has been
contacted with bubble concrete has many micro pits and also several macro pits randomly
distributed. The steel pipeline proved to have several deep grooves sporadically distributed
along the weldment containing many impurities. The result of X-ray analysis showed the
peaks of ferric chloride(FeCl;) in powder specimen taken from the corrosion products. From
the results of EDS analyses, it was confirmed that chloride ions exist in the bubble concrete
surrounding the pipeline and also in corrosion products formed on the external surface
of the pipeline. From the observation of corrosion form of pipeline and the results of XRD
and EDS analyses, it is suggested that the deep grooves and the pits formed due to the
presence of chloride ions in the bubble concrete produce the failure of the steel water pipeline

embedded in concrete.
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Fig. 1. Schematic diagram of the steel water pipe-
line embedded in concrete of housing structure
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Fig. 2. SEM photograph of a pit inducing the fail-
ure.
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Fig. 3. Optical micrograph of a typical pit cross
section.
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Fig. 4. Cross section of the steel pipeline specimen
taken from the water pipeline embedded in conc-
rete : (a)without groove produced at weldment ;
(b)with groove produced at weldment.
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Fig. 5. X-ray diffraction pattern of the powder
specimen obtained from the corrosion products
: @, FeCly: (hk - 1) represents Miller indices for
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Fig. 6. Energy dispersion spectrum of the powder
specimen obtained from the corrosion products.
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Fig. 8. SEM photograph of a deep groove formed
at weldment of the steel pipeline specimen.
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Table 1. Corrosion properties of the steel pipeline specimen in 0.1M NaOH, 0.1M NaOH+0.01M

NaCl and 0.1M NaOH+0.5M NaCl solutions.

Breakdown Corrosion Icorr Corrosion
potentiallLmVsci:]| potentiallmVee:] [uA/cm?] ratel mm/year]
(1) 0.IM NaCOH 575 - 368 0.9 0.011
(2) 0.IM NaOH ~70 —380 1.56 0.018
+0.01M NaCl
(3) 0.1M NaOH ~220 ~385 4.02 0.047
-0.5M NaCl
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