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A Critical Assessment of the U.S. Code for
Lightning Protection of Boats

Ewen M. Thomson, Member, IEEE

Abstract—The lightning protection code for boats is pub-
lished by various authorities in the United States, but common
features appear in each rendition: 1) down conductor conduc-
tance equivalent to #8 gauge copper wire; 2) a one-square-foot
ground plate area; 3) an effective ‘‘cone of protection’’ with 90°
apex angle. Data obtained from sailboats that have been struck
by lightning indicate that some of these points are deficient, and
others need more careful interpretation. These data are pre-
sented, and the reasons for the deficiencies in the code are
discussed. Theory shows that # 8 gauge copper heats up to close
to its melting point when subject to a lightning action integral of
5 x 10 A%s, which is the largest recorded by Berger at Mt. San
Salvatore, Switzerland [37]. In fresh water, a lightning current
of 30 kA flowing out of a 1-ft> ground plane gives rise to
potential differences of up to 44 MV between the rigging and the
water that can, and apparently do, give rise to destructive side
flashes. Lower voltages arise if the ground resistance is lowered
as a result of dynamic grounding, but these are still hazardously
high. The concept of the cone of protection is closely related to
the striking distance to the mast of a boat and, hence, to the
probability of a strike to the boat. Estimates of the effective
attractive area based on strikes to sailboats in Aboco, Bahamas,
in a two-day period indicate that this area is about an order of
magnitude larger than that predicted by the 90° cone of protec-
tion.

I. INTRODUCTION

ROTECTING boats from lightning poses some distinc-

tive problems. A typical recreational sailboat comprises
many risk factors and features that make reliable protection
extremely challenging—small size, proximity of low-voltage
electronic systems, presence of people, and, in the case of
fresh water, a poorly conducting ground medium. Scientific
data concerning the frequency of lightning strikes to recre-
ational boats is nonexistent. On the basis of repair records of
lightning-induced damage to marine electronics, the fre-
quency of damage in southwest Florida is about 100 boats out
of a total of perhaps 3000, that is, about 3% of all moored
sailboats per year [38]. Calculations presented later in this
paper are consistent with this figure. There has been signifi-
cant recent interest in lightning protection of structures [1],
distribution lines [2], and telecommunication systems [3]. In
contrast, little concerning lightning protection of boats has
appeared in scientific literature since the nineteenth century.
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Bernstein and Reynolds [4], list several papers concerning
lightming protection of boats that were published from 1761
to 1850, e.g., [5], [6]. The lack of recent scientific papers is
in stark contrast with the high frequency of appearance of
articles concerning lightning protection of boats published in
the popular press, e.g., [7]-[9]. Further irony is evident
when we consider that the main topic covered by Bernstein
and Reynolds [4] was Harris’ difficuity in convincing the
authorities of the value of lightning protection. More than a
century later, it is disturbing that 1) boat manufacturers are
not obliged to install lightning protection during or after
manufacture and frequently do not; 2) manufacturers of
marine electronics similarly are not obliged to include tran-
sient suppressors to limit damage from lightning-induced
overvoltages and typically do not; 3) despite the barrage from
the popular press, many boats remain unprotected.

Although specifications for effective lightning protection of
boats are defined by many agencies including the American
Boat and Yacht Council [10], the Coast Guard [11], the
Florida Sea Grant {12], and the National Fire Protection
Association [13], each rendition has common features. Ac-
cording to all of these agencies, a boat should have a
continuous electrical path that is equivalent to at least #8
gauge copper wire leading from the highest conductor to a
conducting ground plane of at least a 1-ft? area below the
boat. When so constructed, the system is designed to protect
an area on the boat within a conical region—the ‘‘cone of
protection’’ —whose apex is at the top of the highest conduc-
tor and subtends a half-apical angle of 45° from the vertical.
We show here how the three major aspects of this code are
inaccurate: 1) #8 gauge copper is marginally adequate to
dissipate the heat generated by a high-energy lightning cur-
rent; 2) a 1-ft> ground plane results in too large a ground
resistance to prevent side flashes in fresh water; 3) the
attractive area for lightning strikes to boats may be an order
of magnitude larger than that due to a 90° cone.

II. DATA

Data were obtained from sailors whose boats had been
struck by lightning. Each sailor completed a standard survey
form giving details of the boat description, water conditions,
weather observations, electronics damage, hull damage, in-
juries, and the lightning protection system. The analysis
presented here is based on 71 surveys from sailboats that met
the following criteria: 1) the boat hull was constructed of
fiberglass, 2) the mast was aluminum, and 3) there was clear
evidence of lightning attachment to the top of the mast,
usually in the form of damage to a masthead antenna. In-
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