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Modeling of External Metal Loss
for Corroded Buried Pipeline
A statistical predictive model to estimate the time dependence of metal loss (ML) for bur-
ied pipelines has been developed considering the physical and chemical properties of
soil. The parameters for this model include pH, chloride content, caliphate content (SO),
sulfide content, organic content (ORG), resistivity (RE), moisture content (WC), clay con-
tent (CC), plasticity index (PI), and particle size distribution. The power law-based time
dependence of the ML was modeled as P¼ ktv, where t is the time exposure, k is the metal
loss coefficient, and v is the corrosion growth pattern. The results were analyzed using
statistical methods such as exploratory data analysis (EDA), single linear regression
(SLR), principal component analysis (PCA), and multiple linear regression (MLR). The
model revealed that chloride (CL), resistivity (RE), organic content (ORG), moisture con-
tent (WC), and pH were the most influential variables on k, while caliphate content (SO),
plasticity index (PI), and clay content (CC) appear to be influential toward v. The predic-
tive corrosion model based on data from a real site has yielded a reasonable prediction
of metal mass loss, with an R2 score of 0.89. This research has introduced innovative
ways to model the corrosion growth for an underground pipeline environment using
measured metal loss from multiple pipeline installation sites. The model enables predic-
tions of potential metal mass loss and hence the level of soil corrosivity for Malaysia.
[DOI: 10.1115/1.4035463]
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1 Introduction

Gas transportation via pipelines has been seen as an alternative
in providing the cleanest, safest, most cost-effective, and reliable
energy solution for the nation and consumers. Most pipelines con-
structed in the last 60 years are still in operation, and most of
them will continue safely operating into the future if properly
maintained. In the field, one of the major mechanisms of failure of
external corrosion is the soil itself [1,2]. Unfortunately, these fac-
tors do not affect the pipeline equally at all locations because cor-
rosion does not grow at the same rate throughout a pipeline due to
the heterogeneous aspects of soil. Corrosion progress, especially
in the form of pitting, is highly governed by uncertainties [3]. Cur-
rently, many established models rely on assessing bursting pipe-
line, coating failure, stress corrosion cracking, and cathodic
protection efficiency. Therefore, substantial excavation works are
needed to obtain the data from the corroding pipelines that are still
in operation. Most of the corrosion models from current studies
demonstrate a full utilization of the historical record of metal loss

measured on site during excavation over a long period of time
[1,4]. Nevertheless, not all pipeline operators keep records, since
site excavation for the purpose of measuring external metal loss
on pipeline surface is highly costly, not a standard practice, and
interruptive to the operation.

For this reason, there is desire to predict soil corrosiveness with
improved multiparameter models in which several soil character-
istics are considered without the need for a return trip to the field,
on-site excavation, and the presence of technical expertise. In this
work, a simpler technique was explored in order to record the on-
site metal loss volume to provide valuable information on the
modeling of underground external corrosion.

Research focusing on developing the external growth rate
model by correlating the growth of external corrosion based on
corrosion rate and metal loss data gathered by steel coupons bur-
ied underground, soil engineering properties and soil chemical
properties as reported herein, would increase the understanding of
a pipeline structure and the deteriorating effects of dynamic corro-
sion growth on structural integrity. The predicted external model
is based on statistical modeling used to support external corrosion
direct assessment (ECDA) and integrity management of buried
pipelines in Malaysian soil conditions. Moreover, there are some
contradictions between corrosion models developed in various
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