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Abstract— A comprehensive implementation of the risk
management methodology detailed in the IEC 62305-2:2010
(Protection against lightning, Part 2: Risk management), called the
Lightning Risk Assessment (LIRA) tool, is presented. LIRA was
developed to facilitate the risk assessment calculations presented
in IEC 62305-2 by means of a Graphical User Interface (GUI)
that allows specifying all input parameters, in accordance with
the definitions and values presented in the standard. The user has
access to all the parameter values and calculation methods as
detailed in the standard. This tool provides the capability to
evaluate unlimited individual services in an unlimited number of
zones in addition to a report generation capability that lists all
input parameters and calculation results in several report
formats. Furthermore, LIRA provides a direct interface to a
Monte Carlo statistical tool, previously developed at the Kennedy
Space Center (KSC), as an additional method of evaluating the
annual number of dangerous events. The Hospital case study
detailed in Annex E.4 of the standard is presented and final
results from LIRA are compared to those in the standard. A case
study of a typical Florida household is also presented using the
Monte Carlo statistical tool as the input source of the annual
number of dangerous events.
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L INTRODUCTION

The IEC 62305-2:2010 [1] presents a comprehensive
methodology to assess the risk related to loss due to lightning
flashes. Hazards are defined depending on the lightning strike
attachment point, the type of damage or injury caused by the
flash, and the amount and type of loss. The risk assessment
procedure presented in [1] helps in determining the necessity of
new protection measures and evaluates the performance of
existing protection measures in reducing the loss due to
lightning flashes. The Lightning Risk Assessment (LIRA) tool
assists in performing the risk assessment by allowing the user
to enter, via graphical user interfaces (GUIs), the environment,
structure, service lines and zones characteristics and factors and
then uses these inputs to perform the risk calculations as
outlined in the standard.

The current version of the standard has no software tool
reference as its previous edition did. The Simplified IEC Risk
Assessment Calculator (SIRAC) is a software tool presented in
Annex J of the first edition of the IEC 62305-2:2006 that

provided a simple risk calculator tool based on the standard
calculations but with a limited subset of parameters available
and tailored to relatively simple structures. In addition to
giving the user the capability of changing all parameters as
presented in the standard, LIRA incorporates all the technical
changes of the latest edition of the standard, including the latest
equations and tables. LIRA was developed to allow the user to
comprehensively implement the risk assessment procedure
detailed in [1]. Note that LIRA should be used in conjunction
with the standard throughout the risk analysis and risk
calculation process.

LIRA’s features are described in Section II. Two risk
assessment case studies; a hospital, as detailed in [1], Annex
E.4, and a Florida household, are presented in Section III. The
results are discussed in Section IV and the conclusions are
presented in Section V.

II.  LIRA FEATURES AND CAPABILITIES

A. LIRA Capabilities

LIRA was created and programmed using the MATLAB
GUIDE environment. It consists of a main GUI (see Fig. 1)
that lays out four risks panels, one for each type of loss. Risk
components (Ra, Rg, Ry, Ry, Re, Ry, Ry, and Rz) may be
added by selecting a component from the drop-down menu and
clicking the “Add” button. The action will pop up a window
that contains the applicable parameters for the selected risk
component (see Fig. 2). Parameters that are not applicable
remain disabled until pertinent selections are made by the user
(e.g. calculating N as per the IEC equation results in the
required input parameters being enabled, see Fig. 3). After
specifying all the required parameters, calculations are made
and the user can proceed to save the risk component to the
main GUI by assigning a description (see Fig. 3, Fig. 4, and
Fig. 5). There are no limits to the number of zones that can be
added to the project or the number of services that can be
specified for each zone. As shown in Fig. 5 LIRA places the
resulting Ry component (zone 2, power service line) related to
loss of human life in the Type 1 — Risk of Loss of Human Life
panel and the resulting risk component for the same
zone/service related to loss of economic value in the
corresponding Type 4- Risk of Loss of Economic Value panel.
As more components are added, the total risk of loss (e.g. Total

U.S. Government work not protected by U.S. copyright
Authorized licensed use limited to: Angel Alayon. Downloaded on July 29,2025 at 19:23:54 UTC from IEEE Xplore. Restrictions apply.



Ry), is updated to reflect the total risk component for the 2Rl Companent Caleulton, RUG2.pover) EIE]

corresponding loss. When all components are finally added, the Risk Component Calculation, RU
risk calculations are made and final results are dlsplayed in the Dangerous Events, NL [ import from Monte Carlo Simulation alculate as per IEC 62305.2, Equation A.8
: : . . . . Dangerous Events, NDJ 0.0000E+000 | [ Import from Monte Carlo Simulation [ Calculate as per IEC 62305.2, Equation A.5
main GUI window, highlighting those risks (R;, Ry, R3, and Ry)
. . . Dangerous Events, NL and NDJ as per IEC 62305-2
that exceed the tolerable risks as specified in the IEC standard Longthof adcot strctre, Ly(m) _ Servietinenstatato factor, roma rash Densiy,
. . . NG (flashikm*2iyear)
Buried v
(see Fig. 6, which shows the results for the hospital case study). _ T ‘
Width of adjacent structure, W (m)  Service line environmental factor, CE
EE —————————————————————— Fm— . Collection Area of flashes, AL (m"2)
-) Lightning Risk Assessment (LIRA) —
i g e R tYee (et 6. €T [ catuate
HV power (with HVILV transformer) v
LIGHTNING RISK ASSESSMENT (LIRA) Length of service line, LL (m) Location factor of adjacent structure, CDJ e insties A (I 2)
Risk Components. 500
Select component to add: m m m
— ing/SPD Lightning fon Level (PEB)  Protection Measures (Probabilty of injury to human beings, PTU)
Type 1-Risk of Loss of Human Life. Type 2-Risk of Loss of Public Services. No SPD v 1.No protection measures |
Shielding, Grounding and Isolation of the line, cLD Type of surface or floor (Reduction factor to the loss of human life, rt)
Shielded buried line (power or telecommuni... v Asphalt, linoleum, wood (Contact resistance .. v
System impulse withstand voltage, Uw Type of to touch and step voltages, LT1)
25K v Alltypes v
Cable Shield Resistance, Rs Type of structure (Economic loss due to touch and step voltages, LT4)
TotalRA1 = [ Tot='rc - I Total RB2= Rs <= 1 ohrmikm (use as default if unknown) v No risk of shock o animals v
TotalRB1 = [ ot= ~rv - IR Total RV2 m | es0 | m 1000 | tz | 760
TotalRU1 = [ ote rw: - N Total RC2= Total RZ2 IRUIE) 7.6000E011 (ISR 0.0000E-000 e EE——
TotalRv1 = [ Totairz1 - NN —_— Risk component for Z2 (rooms block), related to injury &
Calculate Risks Save Data due to touch voltages inside the zone when lightning
Type 3- Risk of Loss of Cultural Heritage- Type 4- Risk of Loss of Economic Value strikes the power line.
Cancel ‘ Clear

Total k83 = [ ot Rvs- HEEEEEE Total RA4 = [N Figure 3. Ry risk component for the rooms block zone.
Total Re4 = [ N
Total Ru4 = [N
Total Rv4 = [ NI

CALCULATED RISKS:-
Tolerable Risk (RT)

Enter a subscript to identify this risk component

Loss of Human Life, R1: - Risk Calculations m
Loss of Public Services, R2: Create Report
oo | Cancel

Loss of Cultural Heritage, R3
Figure 1. LIRA Main GUL Figure 4. Risk component name.

Loss of Economic Value, R4:

Component Calculat

S]]

-J Lightning Risk Assessment (LIRA) Project: test
Fie e

Risk Component Calculation, RU LIGHTNING RISK ASSESSMENT (LIRA)

Dangerous Events, NL. [ Import from Monte Carlo Simulation [ ] Calculate as per IEC 62305-2, Equation A.8 Risk Components
Select component to add:
Dangerous Events, NDJ [ Import from Monte Carlo Simulation [ Calculate as per IEC 62305-2, Equation A.5 m m m
Dangerous Events, NL and NDJ as per IEC 62305-2 Type 1-Risk of Loss of Human Life- Type 2- Risk of Loss of Public Services.
Length of adjacent structure, LJ (m)  Service line installation factor, CI Ground Flash Density,

RU(Z2_power) = 7.6000E-011
NG (flashkm*2iyear)

Width of adjacent structure, WJ (m) Service line environmental factor, CE
Collection Area of flashes, AL (m*2)

Height of adjacent structure, HJ (m) Service line type factor, CT 2
Colloction Area offlashes, ADJ (m2) TotalRA1 = [ Tot= e - I Total RB2 = [ Tot= ~v2 - I
Length of service line, LL (m) Location factor of adjacent structure, CDJ u - - -
Total RB1 Total RM1 Total RV2 Total RW2
Total RU1 Total Rw = [ TotalRc2 = [ Tot=rz2-
ing/SPD Lightning ion Level (PEB)  Protection Measures (Probability of injury to human beings, PTU) TotalRV1 Totairz1 - [
v v Type 3- Risk of Loss of Cultural Heritage Type 4- Risk of Loss of Economic Value
Shielding, Grounding and Isolation of the line, cLD Type of surface or floor (Reduction factor to the loss of human life, rt) [RUZ2 power) = 0.0000E+000
System impulse withstand voltage, Uw Type of to touch and step voltages, LT1)
Cable Shield Resistance, Rs Type of structure (Economic loss due to touch and step voltages, LT4)

M R - rv:- TotalRA4= [ Totarc<-
nz nt 3 TotalRB4 = [ Tot= rv< - I
RU1= RU4 =
]
L

Insert comments here: Total RU4 Total RW4

Calculate Risks || Save Data Total Rv4 = [ TotaiRza-
[ 1 Cl CALCWATEDRISKS—— — —
ancel ear Tolerable Risk (RT) Calculated Risk (R)

™ Loss of Human Life, R1: 7.B000E-011 :—Risk Calculations |

Loss of Public Services, R2: 0.0000E+000

Loss of Cultural Heritage, R3: | NN
Figure 2. Ry component GUL. Loss of Economic Valu, e

Create Report

Figure 5. LIRA Main GUI with added risk component.
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Figure 6. LIRA Main GUI displaying final results after all components have
been added.

The implementation of special circumstances is
incorporated in LIRA to the extent covered in [1]. For example,
LIRA provides the capability of specifying more than one
provision for the probabilities Pty and Pry. The user has the
capability to edit an already entered risk component by
selecting the component in one of the risk panels and clicking
the “Edit” button. This action will bring up the component GUI
with the data previously entered on each field. Saving the
project (File > Save Project As...) will save the project as a
MATLAB .mat file that contains a structure array with the data
for all the current components in the project. The project can
then be loaded (File = Load Project) by opening the .mat file
and LIRA will automatically load all the data in the main GUI
as well as in the risk component GUIs. All components shown
in the GUIs have a tool tip with the description of the
parameter and a reference to the standard section where it can
be found.

B. LIRA Features
Some additional features of LIRA are listed below:

e Direct interface with the Monte Carlo statistical tool,
which provides the probability of direct attachment to
the structure of interest [2], to import the number of
dangerous events. An example of the results of the
Monte Carlo statistical tool simulation for the
Washington monument is shown in Fig. 7. The Monte
Carlo statistical tool GUI is called by LIRA to import
the annual number of dangerous events (e.g. running a
10,000-year simulation of the Washington monument
yields 6412 dangerous events or 0.6412 dangerous
events per year). Note that the Monte Carlo simulation
has to be run before it is called from LIRA.

) Req_MC_GUI

Directory:
P:\FY08\Lightning'Monte CarlolWWashington_MonumentiRun 1_10,000yrs [:]

Struck Structure
monument P
Ground
Xmax
Current Range Ymin Ymax
500 | Maximum
Current Distribution

0 | Minimum

™ Lognormal Distribution

Remarks: Years: 10000; Ground Flash Density: 17

~ Plot
monumenrt received 6247 neg strikes (3.87%) and 165 pos strikes (1.96%);

Of the 170000 total strikes in this simulation:
total: 6412 (3.77%)

Current selection has: 6412 events

Expected frequency of direct strikes to monument: 1 strike every 2 years Plot Options
(64.12%) &) New
O Hold
) Replace

v E] Draw Spheres?

Figure 7. Monte Carlo statistical tool GUI with results for the Washington
monument.

* A printable summary of the total risk components and
risk results is available to the user (see Fig. 8, which
shows the results of the hospital case study, Section
1LA).

Risk Components Summary

Risk of Loss of Human Life, R1: 6.9959E-004

Ray Risk related to touch and step voltages inside and outside the structure due to a direct strike to the structure 9.152E-008

51 Risk related to physical damage caused by fire, explosion due to a direct strke o the structure 42601E-004
Ryy  Risk relate to touch and step voltages inside and oulside the structure due 1o a direct strke 1o a senvice connected tothe structure  1.0296E-009
Ry, Risk relate to physical damage caused by fire, explosion due to a direct strke to a senvice connected to the structure 9.24526-005
Ry Risk relate to failure ofinfemal system caused by overvotages due to a direct strike to the structure 1.2057E-004
Ry1  Risk related to failure of infernal system caused by ovenvoltages due to a direct strke near the structure 3.4203E-005
Ryt Risk relate to failure of infernal syster caused by ovenvoltages due to a direct strike to  senvice connected 1o the structure 26166E-005
Ry, Risk related to failure of infernal system caused by ovenvoltages due to a direct strke near a senvice connected to the structure 0.0000E+000
Ry Risk of Loss of Human Life 6.9959E-004

Risk of Loss of Public Services, R2: 0.0000E+000

Rez Riskrelated to physical damage caused by fire, explosion due to a direct strke to the structure 0.0000E+000
Ry Risk related to physical damage caused by fire, explosion due to a direct strike to a service connected to the structure 0.0000E+000
Rez  Risk related to failure of intemal system caused by overvoltages due to a direct strike to the structure 0.0000E+000
Ruz  Risk related to failure of internal systern caused by overvotages due to a direct strike near the structure 0.0000E+000
Raz Risk related to failure of internal system caused by overvoltages due to a direct strike to a senvice connected to the structure 0.0000E+000
Ry, Risk related to failure of internal systern caused by overvoltages due to a direct strike near a service connected to the structure 0.0000E+000
R, Risk of Loss of Public Services 0.0000E+000
Risk of Loss of Cultural Heritage, R3: 0.0000E+000

Rgs  Riskrelated to physical damage caused by fire, explosion due to a direct strike o the structure 0.0000E+000
Rys  Riskrelated to physical damage caused by fre, explosion due to a direct strike to a service connected to the structure 0.0000E+000
R, Risk of Loss of Cultural Heritage 0.0000E+000

Risk of Loss of Economic Value, R4: 0.0000E+000

R Risk relate to touch and step voltages inside and outside the structure due 1o a direct stike 1 the structure 0.0000E+000
Rea  Risk related to physical damage caused by fire, explosion due to a direct strke to the structure 0.0000E+000
Ryq  Risk related to touch and step voltages inside and outside the structure due o a direct stike to a service connected to the structure  0.0000E+000
Rya Risk related to physical damage caused by fire, explosion due to a direct strike to  service connected 1o the structure 0.0000E+000
Rcq  Risk relatedto failure of intemal system caused by overvoltages due 1o a direct stike to the structure 0.0000E+000
Rua  Risk related to failure of interal systern caused by overvoltages due to a direct strike near the structure 0.0000E+000
Ryq Risk related to failure of interal system caused by overvoltages due 1o a direct strike to a service connected to the structure 0.0000E+000
Ros  Risk related to failure of internal syster caused by overvotages due 1o a direct strike near  senvice connected 1o the structure 0.0000E+000
Ry Risk of Loss of Economic Value 0.0000E+000

Figure 8. Risk components summary for the hospital case study, Section
1LA.

e LIRA creates a report including all the input
parameters used to calculate each risk component
along with the results. The report file is a LaTeX
source file that can be compiled as a PDF file using
LaTeX or pdfLaTeX. Fig. 9 shows the first two pages
of the risk report generated for the hospital case study
(shown for solution “b” of the hospital case study). At
the end of the report, all risk components are tabulated
as shown in Fig. 10 and Fig. 11 (shown for solution
“b” of the hospital case study).
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2 PARAMETERS FOR RISK COMPONENT Ry

1 Risks

The risk, as defined in the IEC
in a structure due to lightning flashes

5-2:2010, is the relative value of a probable average annual loss

1.1 Risk of loss of human life, R,
IEC 62305-2:2010 defines the risk of loss of human life (R;) as follows:
Ry = Ray + Rpy + Rey' + Rygt + Ruy + Ry + Ry + Ry

als with life-saving electrical equip-
tely endangers human life

NOTE 1: Only for structures with risk of explosion and f
ment or other structures when failure of internal systems

The tolerable level of risk for loss of human life, Ry, as specified in IEC 62305-2:2010 is:

Ry — 1.0000 x 10-°

culated risk of loss of human life, Ry, for the Hospital, solution b resulted in

Ry —2.2241x10°¢

2 Parameters for Risk Component R4

Ry is the risk component due to direct strikes to the structure related to injury to living beings
caused by electric shock due to touch and step voltages inside and outside the structure.

Ra=Npx PyxLa

2.1 Risk Component Rz,

o Comments:
Risk component for Z1 (outside building) related to injury caused by touch and step voltages
outside the hospital.

2.1 Risk Component Ruzs 2 PARAMETERS FOR RISK COMPONENT Ry

e L - length of the structure (m)

L D00

e W - width of the structure (m)
w 150.0000
o H - height of the structure (m).
H = 10.0000
o N - lightning ground flash density (flash/km? /year)
1.0000

factor of the structure
objects in the vicinity, cp — 1.0000
striking the isolated structure (m?):

er of dangerous events to the structure. Dangerous events were

Equation A.4.

e Py, - probability reducing P, as a function of typical protection measures against touch and
step voltages:
1. No protection measures, Pr4 = 1.0000
o Pg - probability that a flash to the structure will cause physical damage as a function of the
Lightning Protection Levels of the Lightning Protection System (LPS)
Structure protected by LPS Class I, Pg = 2.0000 x 1072
e P - probability of injury to living beings due to touch and step
flash to the structure, depending on the adopted LPS and additional
vided:
Py =2.0000 x 1072
r - factor reducin

v a lightning
pro-

Type of Structure: All types, Lyy = 1.0000 x 1072
le

® n. - number of pc
n. = 1.0000
e n, - expected total number of people in the structure:
ny = 1.0000 x 10*
e t. - time, in hours per year, for when peof
8.7600 x 10°
f life related to injury to living beings caused by electric shock due to lightning flashes
he structure:
Las = 1.0000 x 1078
o Risk Component Ry(zs) - tisk component due to direct strikes to the structure and related to
loss of human life due to injury to living beings caused by electric shock

Raizn — 17862 x 1077

are present in the zone

Figure 9. Risk report example.

C. LIRA Future Enhancements

The current version of the LIRA does not implement the
cost-benefit analysis as outlined in [1], Annex D. The risk of
economic loss, Ry, is calculated by LIRA under the assumption
that the value ratios (using c,, Cy, C., Cs, and c;) are equal to 1.
The representative value of tolerable risk, Ry, for economic
loss (107) is used, as suggested by the standard. The cost-

benefit analysis will be implemented in a future version of
LIRA.

III. CASE STUDIES

To demonstrate the capability of LIRA, two case studies are
presented. The first case study is the hospital facility (Section
III.A) considered in [1], Annex E.4, where we compare the
results given in the standard with those obtained using LIRA.
The second case (Section III.B) is a typical Florida household
with lightning protection system (LPS) for which we use the
Monte Carlo statistical tool to simulate lightning activity and
incidence and import the number of dangerous events per year.
The risk results obtained with LIRA are presented.

A. Hospital facility

The hospital facility case study presented in [1] is evaluated
using LIRA and the results are presented in this section. Since
LIRA does not incorporate the cost analysis procedure outlined
in the standard, only the results for the risk of loss of human
life, Ry, are tabulated. The parameters for the structure, service
lines, and zones characteristics used by LIRA in its calculations
are those specified in [1], Annex E.4 (Tables E.22, E.23, E.24,
E.25, E.26, E.27, E.28, and E.29). Table I shows the
comparison of the resulting risks related to loss of human life.
Note that the difference in the results in Table I is due to risk
component numerical rounding made in [1]. A summary of the
risks results generated by LIRA for the hospital case study is
also shown in Fig. 8.

TABLE 1. RISK OF LOSS OF HUMAN LIFE, R,: HOSPITAL
IEC 62305-2:2010 LIRA
Total Ry, 10x 10° 9.8152 x 10
Total Rg; 4.26x 10" 4.2601 x 10
Total Ry, 0 1.0296 x 107
Total Ry, 0.245 x 10° 0.2452 x 107
Total R¢, 1.2057 x 10 1.2057 x 10
Total Ry; 3.429 x 10° 3.4293 x 107
Total Ry, 2.616 x 10° 2.6166 x 107
R, 6.996 x 10 6.9959 x 10

Table II shows the comparison of the risk results if solution
“b”, as specified in [1], is implemented. Note that the
difference in the results in Table II is due to risk component
numerical rounding made in [1]. See Fig. 10 and Fig. 11 for the
tabulated report of the risk components calculated by LIRA for
solution “b” of the hospital facility.

TABLE II. RISK OF LOSS OF HUMAN LIFE, R;: HOSPITAL, SOLUTION “B”
IEC 62305-2:2010 LIRA
Total Ry, 0 1.9630 x 107
Total Ry, 1.74x 10° 1.7326 x 10°
Total Ry, = 0 1.0296 x 107"
Total Ry, 1.8x 107 1.8801 x 10”7
Total Rey 2.4 x 107 2.4101 x 107
Total Ry, 3x10° 3.4294 x 107
Total Ry, 3x10° D.6166 x 10
R, .22 x 10° .2241 x 10

Authorized licensed use limited to: Angel Alayon. Downloaded on July 29,2025 at 19:23:54 UTC from IEEE Xplore. Restrictions apply.



Risk Component

Hospital, solution b

Comments

Rarzy
Section 2.1

1.7862 x 102

Risk component for Z1(outside building) related to injury
caused by touch and step voltages outside the hospital.

Rz
Section 2.2

1.6969 x 1010

Risk component for Z2 (rooms block) related to mjury
caused by touch and step voltages inside the hospital.

Raza)
Section 2.3

6.2517 x 1012

Risk component for Z3 (operating block) related to injury
caused by touch and step voltages inside the hospital.

Rarzg
Section 2.4

8.9310 x 1012

Risk compornent for Z1 (intensive care unit) related to mjury
caused by touch and step voltages inside the hospital

Rz
Section 3.1

1.6969 x 10-¢

Risk component for Z2 (rooms block), related to physical
damage due to fire in the zone.

Rpi(z3)
Section 3.2

3.1

x 108

Risk component for Z3 operating block), related to physical
damage due to fire in the zone

Ruza
Section 3.3

4.4655 x 107

Risk component for Z1 (mtensive care unit), related to phys-
ical damage due to fire in the zone.

Ry(z2 power
Section 4.1

7.6000 x 107

Risk component for Z2 (rooms block), related to mjury due
to touch voltages inside the zone when lightning strikes the
power line.

Section 4.2

9.1200 x 1012

Risk component for Z2 (rooms block), related to mjury due
to touch voltages inside the zone when lightning strikes the

telecom line.

Continued or

n the Next Page. ..

Risk Componen

Hospital, solution b

Comments

Ry (23 power)
Section 4.3

2.8000 x 10—

Risk component for Z3 (operating block), related to imnjury
due to touch voltages inside the zone when lightning strikes
the power line.

3.3600 x 10~

Risk component for Z3 (operating block), related to mjury
due to touch voltages inside the zone when lightning strikes
the telecom line

Ry 124 power,
Section 4.5

1.0000 x 10

Risk component for Z4 (inte care unit), related to in-

side the zone when lightning

jury due to touch voltages
strikes the power line

Ryyz

Section 4.6

4.8000 x 10-1

Risk component for Z4 (intensive care unit), related to in-
jury due to touch voltages inside the zone when lightning
strikes the telecom line.

Ry (22 power)
Section 5.1

7.6000 x 102

Risk component for Z2 (rooms block), related to physical
damage in the zone when lightning strikes the power line.

Ry 1(22.setecom)
Section 5.2

1.7653 x 107

Risk component for Z2 (rooms block), related to physical
damage in the zone when lightning strikes the telecom line,

Ryy(z3 power)
Section 5.3

1.4000 x 1071

Risk component for Z3 (operating block), related to physical
damage in the zone when lightning strikes the power line

Ryiz
Section 5.4

3.2518 x 1077

TRisk component for Z3 (operating block), related to physical
damage in the zone when lightning strikes the telecom line.

Ryyz1 power)
Section 5.

2.0000 x 101

Risk component for Z4 (intensive care unit), related to phys-
ical damage in the zone when lightning strikes the power
line.

Continued on

1 the Next Page. ..

Figure 10. LIRA risk component summary for Hospital case study,
solution “b”.

Risk Component

Hospital, solution b

Comments

Ry 1(z4.setecom)
Section 5.6

4.6455 x 10-1°

Risk component for Z4 (ntensive care unit), related to phys-
ical damage in the zone when lightning strikes the telecom
line.

Risk Component Hospital, solution b_| Comments

Risk component for Z2 (rooms block), related to failure of
1.7653 x 10-% internal systems connected to the telecom line due to over-

Rw(z2.
W(Z2-¢ voltages

Section 8.2

Risk component for Z3 (operating block), related to fail-
2.8000 x 101 ure of internal systems connected to the power line due to

R 1z power
W1(Z3 power) overvoltages.

Section 8.3

Risk component for Z3 (operating block), related to failure
6.5037 x 107* of internal systems connected to the telecom line due to
overvoltages.

Rwi(za
Section &

Risk component for Z4 (intensive care unit), related to fail-
4.0000 x 10— ure of internal systems connected to the power line due to

Ry y(z4_power
W1(Z4_power) overvoltages.

Section 8.5

Risk component for Z4 (intensive care unit), related to fail-
9.2010 x 10-1° ure of internal systems connected to the telecom line due to

Rw 1(z4_tetecom)
W(Z4_t overvoltages.

Section 8.6

22241 x 1077 Risk of Loss of Human Life

1
Section 1.1

Figure 11. LIRA risk component summary for Hospital case study,
solution “b” (cont’d).

B. Florida household

The Florida household case is modeled using the Monte
Carlo statistical tool [2] and the risk is evaluated using LIRA.
The results are presented in this section. The parameters for the
structure, service lines, and zones characteristics used by LIRA
are presented in Tables III through VII.

TABLE III. FLORIDA HOUSEHOLD CHARACTERISTICS

Parameter Comment Value

Dimensions (m) Length, width, height 18.3,18.3,6.1
Ground Flash Density 1/km*/year 17
LPS Class IV 0.2

The following zones are defined: a) Z,, outside the house,
and b) Z,, inside the house. For zone Z,, it is assumed that
people are not outside the house during a thunderstorm.
Therefore, risk components applicable to zone Z; (R, only) are
disregarded. The parameters applicable to zone Z, are given in
Table IV.

TABLE IV. PARAMETERS FOR ZONE Z2, INSIDE THE HOUSE

Rezay
Section 6.1

1.6960 x 1077

Risk component for Z2 (rooms block), related to failure of
internal systems connected to the power and telecom lines
due to overvoltages.

Rezs)
Section 6.2

6.2486 x 107°

Risk component for Z3 (operating block), related to failure
of internal systems connected to the power and telecom lines
due to overvoltages.

Reizy
Section 6.3

8.9265 x 10-°

Risk component for Z4 (intensive care unit), related to fail-
ure of internal systems connected to the power and telecom
lines due to overvoltages.

Raryzy

Section 7.1

24133 x 10

Risk component for Z2 (rooms block), related to failure of
internal systems connected to the power and telecom lines
due to overvoltages

Parameter Comment Value
Protection measures INone 1
Type of floor Concrete 10
Endangered persons - 5
Total number of persons - 5
Time present in zone Hours/year 8760
Fire protection [Manual 0.5

Risk of fire Ordinary 10°

Ranizs)
Section 7.2

8.8011 x 10-°

Risk component for Z3 (operating block), related to failure
of internal sy
due to overvolt

ems connected to the power and telecom lines

Special Hazard INone 1

Raryza
Section 7.3

1.2702 x 107

Risk component for Z4 (intensive care unit), related to fail-
ure of internal systems connected to the power and telecom
lines due to overvoltages

Rw1(z2-poer)
Section 8.1

7.6000 x 10—

Risk component for Z2 (rooms block), related to failure of
internal systems connected to the power line due to over-

voltages.

Continued on the Next Page. .

D1: due to touch and step
voltage, Lt

D2: due to physical damage,
L

L;: Loss of human life

The parameters applicable to the power service line are
given in Table V, to the cable service line in Table VI, and to
the phone service line in Table VII.
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TABLE V. PARAMETERS FOR THE POWER SERVICE LINE

Parameter Comment Value
Length (m) - 500
Installation factor Buried 0.5
Environmental factor Suburban 0.5
Line type factor HV power 0.2
Adjacent structure INone -
Shield of line [Unshielded -
SPD LPL Class IV 0.05
Shielding/Ground/Isolation |Unshielded 1
TABLE VI. PARAMETERS FOR THE CABLE SERVICE LINE
Parameter Comment Value
Length (m) - 200
Installation factor Buried 0.5
Environmental factor Suburban 0.5
Line type factor Telecom line 1
Adjacent structure INone -
Shield of line [Unshielded -
SPD LPL INone 1
Shielding/Ground/Isolation |Unshielded 1
TABLE VIIL PARAMETERS FOR THE PHONE SERVICE LINE
Parameter Comment Value
Length (m) - 200
Installation factor Buried 0.5
Environmental factor Suburban 0.5
Line type factor Telecom line 1
Adjacent structure INone -
Shield of line [Unshielded -
SPD LPL INone 1
Shielding/Ground/Isolation [Unshielded 1

Fig. 12 illustrates the Monte Carlo statistical tool model for
the house with the dimensions and LPS as described in Table
III. The Monte Carlo statistical tool uses this model to
determine the probability of direct attachments to the house in
a period of 100,000 years. Fig. 13 shows the Monte Carlo
statistical tool GUI with the resultant number of events for the
Florida house, including its LPS, in a 100,000-year period. The
8,704 events are equivalent to 0.08704 events per year. LIRA
uses this number as the annual number of dangerous events due
to direct strikes to the house and its LPS. Note that if using
equation A.2 in [1], the number of dangerous events would be
0.0448 per year. This shows that the Monte Carlo statistical
tool is slightly more conservative than the IEC standard in
estimating the number of dangerous events for these low
heights.

Figure 12. Monte Carlo model for a Florida house.

Directory:
P:FY11Lightning'LIRACaseStudy _Household Q
Struck Structs
Polarity uck structure  Struck Area
5 AirTerminals ~

O Postive Ground O Specity

(3 Both min Xmax
Current Range Ymin Ymax
500 | Maximum

— Current Distribution
1] Minimum
-
Current selection has: 8704 events

Remarks: Years: 100000; Ground Flash Density: 17
Of the 1700000 total strikes in this simulation: A Plot
AirTerminals received 8401 neq strikes (0.52%) and 295 pos strikes
(0.35%); total: 8696 (0.51%) N
Expected frequency of direct strikes to AirTerminals: 1 strike every 11 i In—
vears (3.70%) @ New
House received 4 neg strikes (0.00%) and 4 pos strikes (0.00%), total: 8 O Hold
(0.00%)
Expected frequency of direct strikes to House: 1 strike every 12500 years O Replace
(0.01%)

| []Draw Spheres?

Figure 13. Monte Carlo statistical tool GUI results.

Fig. 14 shows the GUI for component R, using the
imported dangerous events from the Monte Carlo simulation.
Table VIII shows the resulting risks related to loss of human
life as calculated by LIRA for the Florida household. Fig. 15
illustrates the LIRA GUI showing the calculated results.

Authorized licensed use limited to: Angel Alayon. Downloaded on July 29,2025 at 19:23:54 UTC from IEEE Xplore. Restrictions apply.



-} Risk Component Calculation, RA(inside)

Risk Component Calculation, RA

Load parameters from...

Dangerous Events,ND | 5.7040E-002

Import from Monte Carlo Simulation
[] Calculate as per IEC 62305-2, Equation A.4
Dangerous Events, ND as per IEC 62305-2

Dimensions: Ground Flash Density, NG (flashkmA2jyear)

Length (m):

Width (m): Location factor of the structure, cD

Height (m): Collection Area of flashes, AD (mA2)
Protection Measures Type of structure
(Probability of injury to human beings, PTA) (Loss value due to touch and step voltages, LT1)
1. No protection measures v All types v
Lightning Protection Level Type of structure
(Probability of physical damage, PB) (Economic loss due to touch and step voltages, LT4)
Structure protected by LPS Class IV v No risk of shock to animals v
Type of surface or floor
(Reduction factor to the loss of human life, rt) nz 5 nt 5 tz | 8760
Agricultural, concrete (Contact resistance les... v

Insert comments here:

Risk related to injury to people inside the house caused A
by touch and step voltages due to direct strikes to the
house (roof).

RA1= 17408006 | RA4= | 0.0000E+000

Calculate Risks

I Save Data ‘

‘ g

B

Figure 14. Risk component R, using imported events from the Monte Carlo
statistical tool.

TABLE VIII. RISK OF LOSS OF HUMAN LIFE, R,: FLORIDA HOUSEHOLD.
LIRA
Total Ry, 1.7408x 10°
Total Ry, 8.7040 x 107
Total Ry, 6.8850 x 10°°
Total Ry, 3.4425x 10
R, 1.2939 x 10°

-) Lightning Risk Assessment (LIRA) Project: RiskAnalysis

LIGHTNING RISK ASSESSMENT (LIRA)

Risk Components
Select component to add:

Type 1-Risk of Loss of Human Life.

Total RB1=
Total RU1 = EREIZIEY Total RW!

Total RVA = Total RZ1 =

RB(inside) = 0.0000E+000
R OE+

Total RB3 = Total RV3 = Total RA4 = [T Total RC4=

Total RB4 = Total RM

CALCULATED RISKS
Tolerable Risk (RT) Calculated Risk (R)

Loss of Human Life, R1: 1.2939E-005 Risk Calculations
i i H 0.0 00
Loss of Public Services, R2: Create Report

Loss of Cultural Heritage, R

Loss of Economic Value, R4: 1.00E3

Figure 15. LIRA GUI showing risk results for the Florida household case
study.

Since R; = 1.2939 x 107 is greater than the IEC proposed
tolerable value, Ry = 107, we need to reduce the loss by
providing additional protection measures such as installing
surge protective devices (SPDs) of lightning protection level
(LPL) IV at the cable and phone service lines entrance.
Modifying this parameter in LIRA results in new values for the
risk components Ry and Ry as shown in Table IX and Fig. 16
(solution “a”).

TABLE IX. RISK OF LOSS OF HUMAN LIFE, R,: FLORIDA HOUSEHOLD,
SOLUTION “A”.
LIRA
Total Ry, 1.7408x 10°
Total Ry, 8.7040 x 107
Total Ry, 4.2500 x 107
Total Ry, 2.1250 x 107
R, 3.2487 x 10°

) Lightning Risk Assessment (LIRA) Project: RiskAnalysis_solution_a

LIGHTNING RISK ASSESSMENT (LIRA)

Type 2- Risk of Loss of Public Services:

Risk Components
Select component to add:

Type 1-Risk of Loss of Human Life.

Total RA1 = Total RC1 = Total RB2 Total RM2=
Total RB1 - [EXENUT Total RM1 = Total RV2 Total Rw2 = [T
Total RU1 = |[EEMEG Total RW1 = [iisuemed Total RC2 = [ Total RZ2=

Total RV1 = Total RZ1 =

Type 3-Risk of Loss of Cultural Heritage Type 4- Risk of Loss of Economic Value

RI = 0.0000E+0 = 0.0000E+

R
[RV(phone) = 0.0000E+000

Total RB3 = Total RV3=

Total RU4 = (ISR Total RW4 = [ItTuaRe
Total Rv4 = [Jltta=aany] Total RZ4=

CALCULATED RISKS:
Tolerable Risk (RT) Calculated Risk (R)

324876006
0.0000E +000

Create Report
0.0000E +000

Loss of Human Life, R1: Risk Calculations

Loss of Public Services, R2: -

Loss of Cultural Heritage, R3:

Loss of Economic Value, R4:

Figure 16. LIRA GUI showing risk results for the Florida household case
study, solution “a”.

IV. RESULTS

The risks results comparison shown in Table I and Table II
validates that the results provided by LIRA agree with the ones
presented in [1]. These results demonstrate that LIRA
incorporates the equations and procedures as outlined in the
standard yielding the same results. The differences observed
between the results are due to numerical rounding made in the
IEC standard. The Florida household case study presented in
this paper demonstrates the capability of LIRA to import the
simulation results provided by the Monte Carlo statistical tool
when determining the annual number of dangerous events to be
used in the risk analysis calculations.
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V. CONCLUSIONS

The risk assessment procedure presented in [1] requires
many calculations to obtain the final risk results. LIRA
simplifies these calculations by providing a comprehensive
user interface that takes the known input parameters and
performs the calculation algorithms as specified by the IEC
standard. Furthermore, LIRA provides the user with a complete
risk assessment report with the individual parameter values
used in the calculation of each risk component. More
importantly, LIRA provides an interface to a Monte Carlo
statistical tool to import the number of dangerous events for
complex structures.
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