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An Analytical Evaluation of the Factor k2

for Protective Conductors
Massimo Mitolo, Senior Member, IEEE, and Michele Tartaglia, Senior Member, IEEE

Abstract—At the occurrence of phase-to-ground faults, abnor-
mal levels of thermal energy I2t, due to the Joule effect, will be
developed during the clearing time that protective devices take
to operate. The I2t, also referred to as specific energy or Joule
Integral, is accumulated within the elements forming the fault
loop, such as the protective conductors (also referred to as equip-
ment grounding conductors), responsible to return ground-fault
currents to the source. As a consequence, the temperature of these
conductors elevates and may exceed, in the case of an incorrect
design, the maximum value that their insulation can withstand.
This dangerous situation can cause the failure of the conductor
insulation and/or trigger fires in neighboring materials. The max-
imum I2t that protective conductors can endure is, therefore,
crucial in order to guarantee the electrical safety. The parameters
on which the maximum I2t depends are described by the factor
k2, which will be herein discussed and analytically evaluated. The
intention of the authors is to provide a theoretical support to
the Power Systems Grounding Working Group of the Technical
Books Coordinating Committee IEEE P3003.2 “Recommended
Practice for Equipment Grounding and Bonding in Industrial
and Commercial Power Systems”; the working group is currently
elaborating a dot standard based on IEEE Standard 142-2007,
also referred to as the Green Book. To this purpose, a comparison
with existing formulas, currently present in codes, standards of
the International Electrotechnical Commission and of the IEEE,
as well in the literature, will be also presented.

Index Terms—Adiabatic, ampacity, cables, equipment ground-
ing conductor (EGC), fault duration, ground faults, I2t
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TABLE III
TEMPERATURE LIMITS FOR INSULATION MATERIALS OF PROTECTIVE

CONDUCTORS AS A CORE INCORPORATED IN A CABLE OR BUNCHED

WITH OTHER CABLES OR INSULATED CONDUCTORS

TABLE IV
TEMPERATURE LIMITS FOR BARE PROTECTIVE CONDUCTORS IN

CONTACT WITH CABLE COVERING, BUT NOT BUNCHED

WITH OTHER CABLES

TABLE V
TEMPERATURE LIMITS FOR INSULATION MATERIALS OF PROTECTIVE

CONDUCTORS AS A METALLIC LAYER OF A CABLE

TABLE VI
TEMPERATURE LIMITS FOR BARE PE WHERE THERE IS NO

RISK OF DAMAGE TO ANY NEIGHBORING MATERIAL

temperature should be lowered. Table VI lists such temperature
limits as per [4] and [6].

It should be noted that due to safety considerations, such
as the risk of burns or of triggering fires or explosive at-
mospheres, the fusion temperatures of bare PEs, as maximum
allowed temperatures, are not considered in the IEC world.
Such temperatures would largely exceed the temperature limits
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Fig. 1. Time-Inverse trip curve for a 20-A molded case circuit breaker.

TABLE XIII
CALCULATED AND TRADE SIZES OF CROSS-SECTIONAL AREAS OF

PROTECTIVE CONDUCTORS NOT INCORPORATED IN CABLES,
AND NOT BUNCHED WITH OTHER CABLES—XLPE
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[6] Short-Circuit Temperature Limits of Electric Cables With Rated Volt-
ages of 1 kV (Um = 1.2 kV) and 3 kV (Um = 3.6 kV), IEC 60724,
Oct. 2000.

[7]


