N

N

Evaluation of lightning induced magnetic fields inside
reinforced concrete buildings
C. Miry, E. Amador, P. Duquerroy, E. Bachelier, D. Prost, F. Issac

» To cite this version:

C. Miry, E. Amador, P. Duquerroy, E. Bachelier, D. Prost, et al.. Evaluation of lightning induced
magnetic fields inside reinforced concrete buildings. XII International Symposium on Lightning Pro-
tection (SIPDA), Oct 2013, BELO HORIZONTE, Brazil. hal-01057948

HAL Id: hal-01057948
https://onera.hal.science/hal-01057948
Submitted on 25 Aug 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://onera.hal.science/hal-01057948
https://hal.archives-ouvertes.fr

Evaluation of lightning induced magnetic fieldsides
reinforced concrete buildings

C. Miry, E. Amador, P. Duquerroy

EDF R&D
Moret sur Loing, France

Abstract — In this paper, the shielding effectiveness of a
reinforced concrete building against lightning indwced effects is
analyzed. Measurements of magnetic fields inducedside such a
structure stressed by a lightning type of aggressioare used to
setup numerical models of the building with three tinct
methods: the method of moments (MoM) with the CDEGS
software, the Transmission Line Method (TLM) with CST's
MWS software and LR equivalent circuit simulation technique
with ONERA's LIRIC computer code. Once the limitations of the
numerical models are identified, they are used totsdy the effect
of a standard lightning strike in terms of magneticfields inside
the structure.

Keywords-component: lightning currents, magnetic field,
reinforced concrete buildings, numerical analysis

. INTRODUCTION

When a building is struck by lightning, the propiaggs
lightning current induces over-voltages and elenagnetic
fields inside the structure. Steel mesh of reirddrconcrete
buildings is often used as part of the structughthiing
protection system (LPS) [1-4]. This paper propdeesvaluate,
using numerical simulations, the shielding effestigss of a
steel reinforced concrete building. Previous messents of
magnetic fields induced inside such a structuresstéd by a
lightning type of aggression [4] are used as areefee case to
compare three different numerical methods: the atetbf
moments (MoM) with the CDEGS software [5], the
Transmission Line Method (TLM) with CST's MWS sofive
[6] and LR equivalent circuit simulation techniqueith
ONERA'’s LIRIC computer code [10]. First, a currémjection,
using a generator outside the building reproducihg
measurements, is considered to validate a singlifigilding
model. Then, a standard lightning current, usinG E2305-1
definitions [8], is taken into account to evaluateluced
magnetic fields in the case of a more realistibthing strike.

.  COMPUTATIONAL APPROACH

A. Building studied and measurements

Previous magnetic fields measurements have beem don

inside a reinforced concrete building made of savéoors.
The only opening of the building is an apertureated at the
mast floor level [4]. The top of the structure Iegeen stressed
using a generator located outside, on the growt,fkeveral
meters away from the structure, as illustrated ign1F The
injected current, illustrated in Fig.2, is represenby the
following equation:
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I(t) =781 (e-383931_ é353962),(1)

Its spectrum is similar to the bi-exponential lighg signal’s
spectrum.
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Figure 1 : Structure description the 1 m by 1 m mesh isnot
represented on all the faces of the structure as well as the
soil for reading convenience)
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Figure 2 : Injected current inside the building

The magnetic field is measured at different polatated on
the last two floors. Results in terms of maximura given in
Table 1 for the most relevant positions. PoipisPlocated on
the last floor, close to the aperture. Poigti$ at the same
position but a level below. Pointg Bnd R are located on the



same floor as P P; is farther from the wall and,Hs close to a . Moreover, a 5m by 5m steel mesh does not allowntgki
corner (two perpendicular components of the magrfegid  into account the 2m by 3m aperture on the lastrflddus

are measured). particular attention will be drawn when comparingasured
and calculated results at point & it is located close to the
Table 1 : Magnetic fields measurements aperture.
Point | Coordinates (m) Maximum measured Three different numerical techniques briefly desed
magnetic field (A/m) below are used to compute the magnetic fields éngle
P, (-20.5;7.7;20.6) +0,606 structure.
P, (-20.5;7.7;14.6) §£0,103
P; (-19.4;7.7;14.6) §£0,085
P, (-20.5;3.6;14.6) k0,035
H,=0,12

Figures 3 and 4 show measured magnetic field wanwefo
Measured signals in the building are generally slothan

Magnetic field (A/m)

injected current. The several layers of steel maghe walls ‘ ; ; : ‘ P" H’
act as a low-pass filter for the excitation currdifte measured P S : : |
response at point;Pclose to the aperture, does not exhibit this : — Bl
low-pass behavior. Thus we can assume that the etiagield 0 ; ‘ : ; ‘ T
measured atFis mainly due to the direct contribution of the ~ 15 20 23 W gt 4 45 g
injected current so the high-frequency part ofdigmal is more
visible. Figure 4 : Measured magnetic fields at PP; and P,
06 ‘ ‘ ‘ ‘ C. Numerical techniques

The CDEGS computer code is based on the method of
moments. It solves Maxwell's equations in the fremgy
domain. The frequency response of the structureirst
determined, and then time domain solutions areirddausing
inverse Fourier transformation.

The CST MWS solver used in this analysis is basedie
TLM method. Equations are solved in time domainudh
maximum magnetic field levels are directly obtained

Magnetic field (A/m)

The so-called thin-wire approach is used to madelsteel
reinforcement wires with both techniques.

As an alternative to the heavy fulllwave modeling

Time (s) le-4 approach, the LIRIC _(LIghtning_ Resistive - Induetiv
Computation) circuit simplified approach is alsoeds It
Figure 3 : Measured magnetic field at P consists in building and solving an equivalent &leccircuit

model made of wire conductors connected by nodebt an
. describing the relative positions of the main cibaiéte parts
B. Equivalent model of the whole 3D geometry under study.
The building dimensions are 41.6m by 22.4m by 36.Ifm
order to reduce the model complexity, the wallshef building
are modeled with one layer of a 5m by 5m steel mash
shown in Fig.1. The two lowest floors are locatedler the
ground. The ground is modeled using a uniform ntesith a
100Q.m resistivity.

The soil is represented in the CDEGS model only.the
experimental configuration with the external getmraits
presence (or its absence) does not affect the rtiagimed
computed at the higher floor levels where the measants
and the computation were done.

The density of the reinforcement steel in a redl waiathe
building is much larger than the building model dige our
simulations. Thus the simulated shielding of thdl ugaless
effective than with a real wall and the magnetaldfilevels
computed are larger than the experimental results.



[ll.  RESULTS AND DISCUSSION Figure 5 : Calculated magnetic field at P

A. Comparison of measured and calculated results

The aim of the first step is to evaluate the apionation of 5 ‘ ‘ :
the previously described simplified model descrilied-ig.1 ‘ : — CDEGS

compared to experimental data. L EI?I-C

The excitation is realized using an external geoera
delivering the Eqg. 1 current represented in Figt Zhe top of
the building as illustrated in Fig. 1. The configtion is similar
to the measurements. Figures 5 and 6 show a cosopaof
calculated magnetic fields respectively ataRd B. Maximum
magnetic fields are summed up in Table 2. The wdiffe
numerical techniques give similar results. Besitiégures 7, 8
and 9 show the global behavior of the building lom last floor.
The different numerical methods give similar resudigain. or
This validates the three numerical approaches. ,Ttausthis ‘ ‘
kind of simplified model the circuit simulation ia8 good -1, =0 00
alternative as it takes only a few minutes of cotafion, Time (us)
compared to several hours for full-wave modeling.

Magnetic field (A/m)
N
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Figure 6 : Calculated magnetic field at i
Measured responses are generally slower than atddubnes

except for point PAs explained in paragraph Il.A, the several . i .
layers of steel mesh act as a low-pass filter ina wall. We ~ Table 2: Comparison of maximum calculated magnetic

cannot reproduce such a behavior with only onerlaj@ 5m fields

by 5m steel mesh. Using a thin panel with equivalieickness | Point | CST results | CDEGS results | LIRIC results

and conductivity to observe a realistic responsgédconprove (A/m) (A/m) (A/m)

the results. Py H,=2,15 H=1,56 H=2,08
Modeling the building with one layer of 5m by 5Sneeit P, H,=4,46 H=3,69 H=4

mesh is highly conservative in terms of induced medig field.

As shown in [11], the magnetic field induced insabuilding Ps H,=1,57 H=1,04 H=1,52

is directly dependent of the width of the buildimgesh. Thus, - — —

an error factor can be evaluated for the simplehmesdel and Pa H,=3,86 H=4,73 H.=3,58

taken into account in the second step in ordeetolbser to the Hy=11,42 H,=10,48 H,=10,83

expected lightning induced magnetic field levelse bbserve

that dividing calculated results by an error factb0 will still
lead to majoring results compared to measuremexatspe for
point 1 which is in front of the temporary apertuBesides, we

remind that the current distribution observed véth external £ >
generator injection is not equivalent to the curmistribution a0
induced by a real lightning strike. First, it iscessary to 35
evaluate the magnetic field levels with a more is&al e
lightning strike. o
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Figure 8 : Maximum magnetic field for z=20.2 m (CS}
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Figure 9: Maxim_um

B. Comparison of an external generator injection and a
standard lightning strike

The aim of this step is to compare the impact ef ¢rrent
distribution induced by a real lightning strike aad external
generator.

lightning current

£ 5m by 5m mesh

aperture

2=259] |

|

|

|
Sh,
LN

0
W |
vy
N
L]

saks
NG

=103l |

Figure 10: Structure description for the lightning stroke
(the 1 m by 1 m mesh is not represented on all the faces of
the structure as well as the soil for reading convenience)

The generator defined in the previous case is rethand a
lightning model is used to simulate a lightningok& on the
roof of the building as shown in Fig.10. The cutramjected
corresponds to the first short stroke describelE® 62305-1
[8] (cf Figure 11). We choose the most severe stahd
waveform in terms of maximum magnetic field levelcan be
represented by the Heidler function:

L UT)"

I(t) = e

Tk 1+ (U/T)"

Withk = @ (&/W0OT /)"

us, k=0.93 and n=10.

, lo =200 kA, T;= 19 us, T = 485
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Figure 11 : Lightning first short stroke injected current

Simulations are done with CDEGS using the modetritesd
in paragraph I1.B. Fig. 12 and 13 give the maximumagnetic
field level in a horizontal plane (Z = 20.2 m) @sponding to
the upper floor (the most impacted with the diffare
configurations). Fig. 14 and 15 give the magnaétdflevel in
a vertical plane (X =-19.4 m) located 1.4 m frdva tvall.

As far as field amplitudes is concerned, magnégid is much
higher in the case of a lightning strike as it isectly

proportional to the injected current. As far as reot
distribution inside the building is concerned, Fi and 14
(with the external generator) show that the highestls are
concentrated in an area close to the injection wimléke in Fig.
13 and 15 (lightning channel on the roof) where ritagnetic
field is spread more homogeneously. This differecar be
explained easily: with the external generator pasiand the
current loops back to the generator (at the z 4@wel); most
of the current is drained directly through the ioaift wires
close to the generator, therefore the injectionewdirectly
radiates inside the building. By defining an effiactor (IlI-A)

from the measurement data and the simulationstsesith the
generator configuration, we have a majoring coméijan (the
field are less homogenous) compared to a standginthing
channel.

Figure 12 : Maximum magnetic field for z= 20.2 m —
external generator (CDEGS)
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Figure 13: Maximum magnetic field for z=
lightning stroke (CDEGS)
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Figure 14 : Maximum magnetic field for x=-19.4 m —
external generator (CDEGS)

Figure 15 : Maximum magnetic field for x=-19.4 m —
lightning stroke (CDEGS)

C. Evaluation of magnetic fields induced by a standard
lightning strike

The aim of the third step is to evaluate the exgubchagnetic

field induced levels after a lightning strike. Theor factor

defined in paragraph III.B is applied to the congguimagnetic

field with lightning strike configuration. Magnetiteld levels
are compared to the severity degrees given irFf@n Fig. 17
we can assume that the first severity degree (H<AM@Q) is
respected 2 meters away from the walls on the wéedend to
last floor (z = 14.6 m). On the upper floor (Fig.,1&e need to
be 10 meter away from the impacted wall to respbist
severity degree. However, the observed magnetitd fie
distribution (maximum levels in front of each conthr) is
mainly due to the building model. With a more retidi
building model the maximum magnetic field distriout in
front of the impact would be smaller and the 100nAimit
would be closer to the wall.
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Figure 16 : Magnetic field inside the upper floor ével
(z=20.2m)
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Figure 17 : at intermediate floor level

Magnetic field
(z = 14.6 mfloor)

IV. CONCLUSION

Local and partial measurement data clearly outline
building low-pass filter behavior which cannot lakén into
account using a numerical single mesh model. Howewve
managed to determine a majoring error factor toapxiate
with good confidence the magnetic field levels ohklted
considering a more realistic lightning strike. Tbbétained
levels have been compared to actual standards. eThes
computed magnetic field levels are still largerttize ones
expected in reality and a more realistic buildingdal is
needed to get more accurate levels.

In a future study, we plan to use surface impedance
measurements of the walls to define an equivalent ganel
model that could reproduce the low-pass filter ba@vaof the
real building and thus get more accurate wavefanuslevels.
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