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LIGHTNING PROTECTION OF CHEMICAL INDUSTRY PLANTS

THREATENED BY AN EXPLOSION
(Arti cle for Discussion )

Stan i s law  S~~por

A BSTRACT. R e q u i r e m e n t s  are pro  ~et i t ed  f’or mod ern
1 1 ~ht n In~ rods fo r  indu s t  r ial  c ht ’m ica l  p l a n t .  s wh ich
ar e th rea t ened  by an e x p l o s i on  ci ’ ca~ m ix t u r e s  or
d u s t s .  The3e r e q u i r e m e n t s  in many i’e~ at ’ds are much
more s t r i ngen t  t han the  pr o ~a’ui t. 1 v app i i  cable  1’ol I sh
and fore ig t i  ct andards  . Types or it  ~l i t - n ing rodo , —

p r o t e c t i o n  c ol iL l  I t l o n c  , p ar a m et er s  o I ’ l igh t n in g  cur-
ren ts , I .e  s is t  iv i t y  ci ’ t’lange  j o i n t .  c and other  j o i n t s
problems in c rane  Inst  ii lat lotis , wat er and se wer

l ines , cen t ra l  h e at i t i r ~, e l e c t r i ca l  w i r i ng ,  p i p l t p ’
l ines , ~t x’oc~e t an k s , rail s , and the  p e r i o d ic  inspec-
t i on  of l i g h t n i ng  rods a re  dl~~cus~~ed.  Var ious  e~ e c—
t r l ca i  m e a s u r e m e n t s  a re  pro p oo~ d .

Lightn ing  rods have been used fcr n e ar l y  000 ye:u’s . ~t Is
un ive r sa l ly  a cce p ted  tha t  t h e  p r t n ~’ ip to of o p c i n t t .  ion c o nsi s t s  of re —
ceiving the 1 igh tn  Ing d isc  ha rc~e :ui d c o n d u c t  I he 11 hi n lug  cu r  Pc

to the ground.  Ot her exp l ana t  ~otn ; wer e rt ’,T cc t e ~I a long  t ime ago

By rece iv ing  the li gh t n i ng  d i s ch a r ~ e we mean 1 hat  t he u p p er  p a r t

of the  rod and l ines are h i t  by l i gh t  u l u g ,  w h i c h  mI sses  the pr o—
tected  o b j e c t .  A wide v a r i e ty  cf  p r o t e c t io n  i ’e qu t r ’em e nt s  are m e t .
Paral le l  w i t h  the  p r o t e c t  ion re~iu I r em eu t  s , I n  t h e  l as t-  f ew dec a d e s

c o n d i t i o n s  for  avoid ing  secondary  di  ~cha rge s and  avo  Id  I ug co~~u a  it Ic

from d i scharge s were f o r m u la t e d  . The o. c o t i d a r y  d l  sch a  rgc t akes p 1 ace

between the l i gh tn ing  rod h u e s  and p i p e s , e l e c t  n eal  w ir c o  and

other metal pa r t s  under  the g u ’o u u i d .  The Induc t  l o u  p o t e n t  t a l  repre -

sents a th rea t  of’ f i r e  or e xp l o s i o n  of gas r n I x t u re~ or d u s t  . These

same voltages may e l ec t rocu t e  a per son who t . ou ch e~ a va lve  or s w i t c h
on an e l e c t r i c a l  dev ice .  

.
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‘Pli~ ch e m i c a l  I u h I u s t t ’y  u ’q u lr e s  gr e at  a u ~e at  l i g h t - u i  l I l T rod

I n o t  a I lat. l o u t s  , espec Ia  1 ly when  I he ro  I s  :i p o t  ou t -  Ia 1 ~l:ui gci O!~ c x l’  ic—

o Ion t ’re i iu  sec o nd a r y  d l  sch:i  rges . Even t h e  be st  exist I ug ~iomest  I c

and  I’~’re I g u t  c ode s  , wh I c l i  u se  s imp Ic mu I es and I g n o r e  con  a t  t i  d : i i i g e  u ’s
do uot. p r o v I d e  su t ’f lc  L o u t -  p r o t e c t  L o u t  • I’ t a u t  des Iguts s t i o t u  Id  I u c o r —

p o r a t  e II1 UL’lI i l iOPt ’ know ledge  ci ’ t h e ’ s u bj  o ct  1 han t h e  pt ~ ’ ’ n t  codes

ro~~u ir e  . Tb to  ar t  I c Ic a t  t ompt  s t o  :i 1 d I he c h e m i ca l  l u i d u s  ‘. i~y In  t- t i e

i’oruuu t a t - l o u t  01’ t lie I ech~u i  c al  re~iu i  r e m e t u t  . l o r  el e ct n i ’  ions

d e sign e r s , and cent .  roe ci’s , :i n u m b er  ci’ opec Ia  I I  sod ar t - I c  leo a u e

be I I t g  p r epo rod , t n t  cut le t I ’d ’  0 Ic  ct  r o c h c t n t c o  1 1 our n a  is

‘1’~ l’eo o t ’ l t ~~h it  u1p~~ r ods  ; j ’r ot  o c t  i c u t  c ot  i l l  1 l o u i s

The ’ I t O i t  i i  lu g  rods  may be d i v i de d  In t o  Iso l o t  c i  : t u t d  n o n — i  so t a t - e d
u. ~ pe o . Ani on g t tue  n o u i — l s o  t a t  cd t ~ pe •~u t o an d I st I ngu  I oh I he h i  glu

and l ow  I t O o  n t u i g  r ods .  In  o i l  t t ir ec  k l u i d o  , t he 1 l u t e s  may he v e t o  I —

‘ i  I ( rods , t ow ens ’) or her I so u t t a l  ( 1 l u t e s )  . If

L ow , u i o u —  i s o l a t e d  i i  g l i t  n i n g  rods  i re  ye rv  common fet ’  p r o t  ee l -  lu g

oh j  o c t  s ci ’ r e d u c e d  im p or t a n c e .  In ~c n u u a u i y  , ~ w i t  :.crl au d  , and  P o l an d ,

h o u ’I c o n t  a l  c o n d u c t - o t ’ s  ( l i n es )  a re  u s e d .  t e n  a dl st  a u t c o  f r o n t  a roo t

st i r t :l c c  ci’ n u n c  h b o o  t han 1 mo t -ot ’  , t h i s  pt ’ct oct  l o u t  1 ~u 1 t e good

I 1’ the  noe l’ Is an iii su I a t  on , t hat I , mode ct’ wood • t- I I os , c c u t e  u i t  —

:i sbe st  or m at e ri  a Is , st-raw, without l a r g e  met a i l I c  c i  euuo nt  o . V on t he
ye i t t  re rcod c o nc r e t e  t ’o o l s  , oI ’t - en  u sed in luidus t r i o  I but I i d iu g o  , t he

non—iso la ted  low l i g h t - u t t u g  rod does  not -  p r o v i d e ’  su t ’ r I  c l o u t  p r o t  oc t  l ou .

1~u l  I p r o t e c t -  tor i  may be a c h iev e d  i t s  1ui ~ t h e  h i  oh u t o n — i s o  t a t  ed l i g h t  n i u i g

r ods .  A n e t w o r k  ci’ ho ri s o r u t -  a 1 1 ines ab o v e  t he roe t’ , t’o t ’  0 ~ anip 1 o , .~ un
above  t hu e r o o t’, Is u sed or au a rr a y  01’ m u ch  h igh e r ye rI 1 c a I c ou id  a c t  en s

eve u . t he r o t’ edge s

‘Plie ct her  so bu t  b i t  , w h i c h  a l s o  as s ur e s  comp let  e pu ’o t  o c t  l o u t  • is

lie I so 1 a t e d  l ig h t n i ng  rod . T h i s  so 1 it t  I on h a s  been w I  do ly  u sed  here

o l I l t ’ e Wet ’ Id  War I I us I uig the 5ev 1 e t dos I gu t s  . l I e  s p i t e  some a t  v auu t  age s
ci’ tier ! sc r u t .  a 1 c o n d u ct -  eu’s , ‘no has t o  ic kn ew Ledge t he s u per i o r ’  I t  y of

v e r t i c a l  c o n du c t o r s  ( o p 1  u’o s , t OWt ’ rO  . In t n t  u ’ o t t t u c  t u g  t h is  ~ioo I gui ,
I t is  a oouun e d I h a t -  I h I s e l  I r u i t n a t  cc t lie d a r i ge  no 01’ sec ond a  t ’y d i s c  h i  rgc  

- -
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tn~i 0 1 o ct  rec t i t  I O u t  a t u ~1 l u t e  u ’e: i  :n :; sa t~~ I ~‘ :10 ~‘~‘u uip :i t’c’ tt w i t  hi I Itc ’ 1 1011—

i c - h i t  e l  I I g h t - t u I u ~-: r ods . ‘WI t lu I lie p r e se n t  st i l e  o r  k u t o w l e d g c ’ and

~‘ o u u u p t u t  01 1 o t t o  I a h i  I I t  I c c  , hi o w ev e t ’  • ‘l ie c a u t  co l t ’ I t i t l e ’ I h at  n o n — i  so lot e l

h i I ghi L i  g l u t  u u l  ug u’o~lo a no c : t p s i b  it ’ o r  p r ey  L I I  utg t t ie same ~te Pee of ’

so t’c t  y 0:; t hue ’ I so lot o~t I t gti t -n I tug u’ .’io . Tb I s  cone  i i t s  l o u t  e x t  o u t d o  a I so

0 1 t ie ’ t ’ t t euu u  l O s t  I p l o u t  I :: w i t  I t  a t t - t u ’ c : i  1 0 1’ e xp  l o s t  O u t .  ‘~u t o  hoc t 0

unc u t  I o u t  hiO!’ e’ I h u t  SOItIt ’ rcec ’l11 I v I - u o ~tu ’ed I so lo t ed 1 1 g l u t u i tug P0ti 5

W e ’ t’ t ’ rotttid t o  lu~ v~ sen L ‘i t s  do r oe I

1’ ’ n 1’ . 1 Ii IIIe ’tt I I ouied so I U t I o u t s  , ou i t ’ 1 t a o  t I a l t o 1 1 1 1  ‘ i c c  owi  t t hit ’

c o v e ra g e  ‘oui ~j I t  I o u t s  . K s i )  l i eu ’  ~‘ ouuu i ’  1 cx  Oov l e t  s tud  t o  1 1 :; l~ P c i  il I u a ’ u u u e u i t  o o u t

I hi 1 o o t u h j  e et  have been u ’ t ’peo I ta t  i t t  p u b  Li c a t  l o u t s  r o t S  ~le c : u lcc  , a nd

I l u c y  g av e  ~u lt e good p r o I  0 ci  t o u t  I i i  t i u n u t ’ r o u t s  I n s t  si 1 t a t  l o u t s  • ‘Phe I t ’
o s o u u u u p t  I ~u ic d ’  h o t ‘ s i t 1 t’ot ’ coIlu ~’ lo t  0 00 r et  ~ ‘ . Tt t t ’~~e t’e’.ltt 1 t’ c ’ui ic ’l t t S U O V

be nct ’ e u u u u u t e u u l t ’d i ’ ’ u ’ u t oe  l u - i b it t Id I I t ~~0 1101 1- l i u ’o : i t . e t i ed  by o xp L o s i  o u t s .

New l o l l  c l i  codes 0 ) oh~aui totic ’d I h i t s  p u ’  l u t e  I p i e  or p r o t  ee l  I o n  ron  t u t u —

kne w ut  re - i  501 I: ;  , If

I’ I - T U I ’ t ’ I sh o w s  I t i e  :; l ulup i t ’ d o t ’ b u t  I t  l o u t s

o t ’ aug  h e : ;  01 ’ c oy e ’I’O cc ’ si  s how :;  I I n ’  aug  Ic  / \

~ ror  si o I t i g l e ’ nod • and I ) ’)  shows ~ b e t  Wt ’eu t  •
w e n o ds .  i o u ’  I h it ’ I n s t  a t E a t  I o u t  w E  I i t  I he ’

I l i ne a l  o1’ e xp  1 -s l o u t  • I tic ’ su i t  hot ’ odv I ce s  
-.

:ic:i I u i s t  i t o  t u g  s ing  it ’ a whu I ~ t i I i i  v i t o  o l u t  t o
tic ’ O t t  tiIl t’ c ’ 1 lo t ’  I c  qual i t  1.1 y md doe’:; h ot -  -

u ’es t i  I t  I n  g u ’ e s i t  : u d v n n t  :ug eo  l u u  ~‘~‘v e r i g e ,

We ’ t ’ t ‘ s ’ o t i t I I l c ’ l l t I lit ’ :uug 1 e -n ” , w tu I oh i—’. I ~‘e 0

I sun t~ — I . ‘ . I t t  V i  g i u u ’ e ’ l b . t i u l t ’ ch i o t i  I d  not I” t guu ’e  I . O h I  e Id I uig
- . . s in g l e s  a an~t t~:u~eo t I in ’ I I  l ie ’s  At  and 1 1 1 :1 :’ t he ’ b o u u u i d a  rv

— s I t i g  le  d I cc ha ng~
o f p r ot  ca’ 1 ed :;psn’e • bu t shou Id s i ssunie  I h a t  1 hie ’ ; b — t W e

d I :;chio I’~~~~t ’ 11110 : ;
p ot iii i ~tet - enuut  I nod by a r u g  I t ’ n dc’ t cnuu t  I nec

I t ie  p r ot  c’O t c i  I I t ie  OP t ) . O tt ’ hi a cli i o LI

sl i ’ ui  Id t ie c o u i c  I d~~t ’ t ’d c ounp l e t  t ’ ly  051 t’c ’ . As 011 O X s i i u l ) ’  I t ’ , ~‘ ‘uis  t i e r ’  a

ute t  w~irk o I ’ huou ’ I .~o i i t  a t  I I u I c ’c .‘ un su t ’ove St 1’ l s i l  u ’ t ’ ’ I ’ s t u n t  w i t  Ii a h ot ’  I —

.-. o u u t  :11 tI t o t  s l u i c e  o t ’ t- un u, .‘ x III~ . N e w  Oo I I : ; b u ‘ ta le : ;  { .
~ I ~~‘i t ~ I no , I ’ ’t ’

t h e  c ’x i ’  los t o u t  t hire:u I , a u g  i t ’ t~~ • ~~~
‘ n i t  hot ’  u ’ I s  k V :in ~i :iuig Ic  ~ — ~I

( O x s i g c e u ’ : l t  O t t  so I ’et  y ‘I .
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Lightning paramet ers 1 resistance of humans

The calculation s involving the secondary discharge require the

use of two lightning current parameters [3 ]: peak value in kiloamperes

(kA ) and the highest gradient in kiloampere s per microsecond (kA/iis).

These parameters are needed also to determine the dange r to humans ,

which require also the data on their resistance to the partial

lightning currents. The lightning current peak value also enters the

calculations of required cross section for the lightning rod conduc—

tors [4]. This aspect Is generally solved , so that calculations are

not repeated for each case .

The lightning current s were registered as early as the 1930’ s ,

but the oldest results and most extensive data had large errors.

Measurements using the industrial smoke stacks in Upper Silesia are

some of the new and more precise measurements. Both peak values and

the maximum slopes vary within wide boundaries [3 ]. For example , 50% up
of lightning exceeds 30 kA and 35 kA/ijs. However , th ese va lues
should not be used in calculations of lightning protection , but muc h

higher values corresponding to a smaller fraction of lightning bolts.

Three levels of safety calculations are proposed :

— for less important objects the values exceeded by 5 to 10% of

lightning bolts , that is , 100 kA and 80 kA/ps ;
— for important objects , the values exceeded by 1% of lightning

bolts , that is , 250 kA and 150 kA/ps ;
— for exceptionally high risks , the values exceeded by 0.1 to

0.2% of lightning bolts , that is , probably 400 — 500 kA and

200 kA/i.ts.

For the c hemical p lant s wit h t he th reat of ex pl os ion , one should
adopt at least the second level , but the third leve l is preferred .

In the literature devoted to lightning protection , one find s
stat istical evaluat ions , justifying the acceptance of low lightnin g

parame ters ; for exam ple , one ca tastrophic accident in a dangerous

14
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I’sueillt y to a l l o w e d  every  1000 y e ar s .  H o w e v e r ’ , it’ t h e r e  ar e 100
of ouch t’sic lil t Lo s in a t ’ou u i t r y  , s u ch  :u cot  act  r o p h i  c a c e  I d c u t t  w i l l
oce ’Ur every 10 y e a r s,

Human body res t o t a t i e c  t . o a cit u’u’e nt - ~lepeui ~1s oui  t h e  t- I uut e t h a t  the

O Ut ’ no i tt . f’ loW { h ] , t”~ I’ po cu t t Ia  1 drop:; I i i  g r oun ded u’e sist once s , t t i e

t- t une sca l e  Is t O ~i s . Ac~’ 0 i’d I uig t o  t t u d  los  on ou t I ma is , t I t oy e si t i

ci  st o 0 A.  V on i n d u c t  I ou t  p o t  cut  1st  1 il r eps  , t he t tut ie ~;c a lo is 1 ~t s

w h i c h  c o r ’r e s p o u t L i s t o  a n c s i o t - a u t e e  t o  ~O0 A ( e x t  n a p o l at  ion ot ’ i’oo u 1t~o

o ut an tuna is fot’ l o r t g ’t’ I- h u t ’S )

Po t ent al  d r t ~p~~ I’d’ gr onu d i ui~

The peak  va lue  o I’ the ground lug potent  Ia 1 drop is t he p r o d uct  e I’

gt ’ou r i d l u i g  nec  i st - a t i c o  and p e s ik  v a l u e  oh ’ t - he 1 i g h t n l u u g  c u r r e n t  . The

r o s I s t s i u i c e  here is r iot - the r e s i s tan c e  measured  w i t h  ati o r d i na ry  In-

st rument for lOW s il t ernat l u g  c t t n r ’ t ’u t t  , but  the  r e s i s t  once r e l a t ed  t o  If
1 Ig li tr ulug L ’l t r t ’ent  . These eond t l ou t s  p o i n t  t o  two p or t i on  La u ’ p r o p e r —

l e o .  First-  , for shock eux ’r ’eri t  of very shor t  d u rat i o n , t he  ItidUt’—

Ion o t’ L a n o  au ’oo g r ’ o u u t L i  I u t g  s y s t  cuuus  is  i m p o r t a n t  , t ’ou ’  e xam p le  , I a

ch e m i c a l  p 1 an t - s s p r e a d  oV er ’  hund reds 01’ m et. 01 ’S, These ’ induct  loui s
p r a t ’t I c a l ly  cu t  o f f  t h e  d i s t a n t -  g r o u n d i n g  f o u ’  t h e  chock  c u r r e n t s .
R o c e u t t  ly , a de ’v L e e  was use d to u u u e a c u r e  t h e  t ’ e c l s t - a u u e e  li Low shock

c ur t ’ou i t  o , d e v e l o p e d  at t he Qdansk In s t  i t - i t t  0 01’ T e c h n o l o g y  [n ] . The
no s t o t  au i  ~‘ cc we r ’o moo su nod i i i  la u ’ge c tiouuu t o  a 1 p l o u t  t s ( i’o r ~ ~t s , r ’es I c t- —

l i lt ’ cc of 0 t o 10 ~ were measured) while an ordinary met- ci’ for low
a • c . c ur t ’ou ’i t - gave 0. 1 t - o ~) . 0 , t o t .  sil  ly uure  1 l s’ublo fet ’ the purp oso

ci’ light ii tug protect ion.  Present -  codes comp l o t  ely  l g t i o  no t lii s

problem. One could , o I’ course , t e u u t p o u ’ s i  u ’ i  ly d i s c o n n e c t  t - t i e ~l I s t-ant
ground ing s  for  the  t h u e  et ’ measuremen t  w i t h  t h e  smal l. s u .  e . c ut ’r e u i t

l ike  p Ipe 1 l u t e s  , ineta 1 cable  stte :u t - l i i  t u g  , ground c 0Ii t I~ ~‘ I- ou ’s , o t c . I~ut

d i sconnect -  I t u g  s u c h  a l a rge ’ number ’  of ~‘o t i u i o c t -  I on s  would  be Ve ’t’~’

t roublesome t ime—c on su r n in g  Otit t impo ss lb le d t u r l u i g  p l a n t  opor at  I on

Besides , the shock measuremen ts  may g i V e  lower ’  , more ac ct ’pt -  ab le

values I han t h e  measurements  si t ’t -o n ~t I s c o u u u t o t ’ I io n .

5
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t ’o u ’ isn’ t ’ Lightning shock  c i u ! ’ r e u u t  0 , I t t ’ g u ’ o u u i t l  In

n’e I ot  s t i  u c t ’ 1 s s I gu i 1 1’ t e s i t  i t- I y lower’ t han t ’o r I lie suna 11 shoe k c U!’?’t ’u t c
due t o he pheucmt ’n a I s ik  ing  p lace ’ i t t  t lie g u ’osu t id  . I s i ck  I t ug su t’t’ tel s t

has ; I c to t ’  a fi t  11 c x p  lo ro t  I on c c i ’ t h i is ci ’ t ’c c t one e o u u ad o p t  t h it ’
r e s i s t  s l u i c e  r edu~’ I t ou t  coo 1, 1’ 1 c t en t -  ot lu si  1 t o U .

I t cii s i 1 ly t he d s i u t g e  u ’ I o a wor ’ke i ’  1 c not  t he Ni I ground l u ig  po t  ea t  l a l

but .  :i t’t’Stt ’t t on ccl’ i t  , i 0 t’t o t t  a wot ’keu ’  I s  s t a n d i n g  o u t  a floor w i t  h o o t  su

ha oome ’t i  I , or ’ A I t ’e c 1 1 ou t  i t ie g t ’o t u u i d  , :iui.i I ou e ’h i es  a vs i 1 vo , e l o o t  u ’l  c a l
de v i c e  • or mae l i st u t o  n .y . The t otto hed tnt ’ I su 1 ob ,! c ot  s i re  us i t : l  1 I y ‘rounded
sit id so t h e y  ar ’e u n d e r ’  N 11 ~u ’ o t n t ~1 I u u g  n o t  out  Ia 1 . W I t  ho ot  t he cloy I ce ’s

p r ’oposc ’d be I ow , I- l i t ’ wot ’k e r ’ s t ’ct ’ I su u ’c t u d o r  a l ’’ ’u c  I io n  c c l ’ I he g round-

i ng  n o t  ou t  t o t  . hot  We ’O t l  t t ie W o t ’k e ’i’ ‘ 0 t u s u t i d  :itt ti t’oot  I he re Is a pot  o u t —

t Li I t il l ’ t’e i ’ Oi t  0 ’  01’ 51 c eu ’t  su I u i t’r a t’ t I o t t o  I v o l t  age . ‘Phi e  In st  t ’u m e u i  t s t ’o
g r c c t t u i d  I t i g  lIles i o i u n ’ e m e u i t  somet  I uuto :; e s u u l  t i lOs i  su re  t he I’nsi ci . I ot ia  1 nec 1 ci
r ’c L o t  ed t o  si t’u ’ s l c t  t o n a l  g u ’ c c s t u i d  I r ug  v o l t  age . The :;nia 1 1 a • . eui ’reu i t -
dcv  t O e ’ i - u r u t c ~1 ~‘ u t t  I o ho t ot a L i  y u t i c a  1 1 o Nc t cc u ’y In isu u ’ e  c l i e n t  1 00 1
p l a u t t o .  rrh i e  O t l t ’t ’ ~ t’uu ’i ’ou it I n s t  t ’suinet it , cci i  t - he ot  h ot ’  h au td  , u s i s  s t ood
Ott  0 0 0 5 0  t’tt  1 lv  . The d s u u t g e  t’ cci ’ el e c t  r ’ocut  ion u su :; :i 1 w a y  t ’o tu t d  I t t  t he

lowe o t t’ loo n ’  s athi 51 t’;i e t ui’e s - Pu ’o son t codes , ho I I i d ome O t Ic Ou t1

l’or ’e l gu i , Ignore this danger.

As 51 y e r i  S i t t ’t ’c:; ,s; fu 1 moons cc I’ o 1 I nt l n at  la g I li t :; pi’~’l’ I o u t , I t  1 0

:idvi o s ih  le to i~ 1O~ t’ 0 t - t u ck me I - s i  I gi’ 1 d wide  u ’ t h e  c o s i  c r e t  e cci’ oI lie r

1 cco n - o u ’ un t i e  t’ t hu e ground  sun COt’ 0 uie a  u ’ I he’ S i t : ;  p0 t i d e d  I u ’uc t a no wh I c l i

t o  ~‘ O i t i l e ’t ’ t e d  1 0 1 t ie g n c t t u i ~1 I up : i uud t 0 1 h u e  me t  i i  mao ceo . trhie w t u’o

nit ’ s ii o t t o  it  I L i be’ , t’o r ’ exa mpl e  , 0 . 0 in x U . .‘ in .  fl 0 t ’oct c ~; hon 1 A l’ e ’
we 1 Ac ’ A su t cro ss  In ~:o or’ w rapped w ~I I . hi w 1 no . I a I Ii 1: ; act is iou ’  • ont o cc h —

su In s  t h e’ c o — c c a  l i e d  O L i n  ‘ip o t  oat  I s i l couLd I t  I ont o  , e~ t ’ t he o s ime ’ p ot out  1 s t 1

O t t a t’loot’ Siit’ t’si~’c , g r o i t u i c i  , Va lves , e l ect  u’ I e s u  I s ipp s ii’ sut i t : ; , n u s i~’ t i l t u e u ’ y

oh’ any ot - t ier’ m e t - a l  oh ,! e~~t . The d O t ige ’ u’ cc t ’ wor ’k e’ i’ C ’ 10¼ ’ 1 t ’O t ’ 01 lou  I~~
o o s e t u t  to  1 ‘L y  r’euno Ved . Be~’si u oe’ oh ’ I l it ’ 1 u t d i t ~’ t l o u t  v o l  1 su g e c  , iii 1 1 It o

~‘o u i u t c ’e I l o u i s ;  must  be v e r y  o l -t ou’ t  . IC t her e ’ I :; 51 ha : ; c t : t euu t  UtieIot~ I he ’

t’ l o o t ’ , I t t e u i  somot -  t a t ’s :i me t  o l  gu ’ h A I: ;  t u o t  uie ~’eos ; -u  t ’y . t l o w e v e u ’  • 1 l i t : ;

c no t  a t ’u I t ’ O u t ’ ~‘o t t  I d  su iw a y c e o i t i i t  on .
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By r em ov in g t h e  c langor’  of’ e l e c t r o c u t i o n, one removes one 01’

the dsmge r’ c of secondary  d l s cha i’  e , w h i c h  t ak e s  p l ace  in t - he a i r  gap

between a metal object and a hind when the  worker moves his  hand
toward a valve , electri cal appsui’atus , or mach inery .

Induc t ion  voltage s

Since the early fifties [7, 8] ,  t hree t y p e s  01’ 1 n t J u e ’~ ion v o lt  su~~eo~
shown in Figure  2 under A , B , and C , have been d i st  i u i g s t l s h o i .  Fr ’e~~

sent domestic and foreign codes t ak e  I n to  a c c o u u i t  o n l y  t y p e  A .

A l t h o u g h  it represents the  lar ge s t  p o s s i b l e  v o l t a g e s , e .g .  , 0 cc 3
t i m e s l a rge r  t h a n  t ype B (and  even la rger ’  t han g l  , t h e  B and C t y pc

v o l t age s  may also cause secondary d I s c h a rg e s .

The t y p e  A I n d u c t i o n  v o l t age

is t h e  main problem of non—
MIlL’ , MII ~ , nll~~isola ted  lightning rods .  One ~1_ x _

~ II ‘— II 
______

merit o f ’ the la tes t  version ~ f’ 111] • H1~LJ1 H Il ~the Pol i sh  code [ 2 ]  Is taking N
~~~~~~

J N~~ N
,~ ,

into a c c ou n t -  the  d i s t r i b u t i o n  of -,F igu r e  • o u i d  i t  i o t i s  I or hr’ee
lightning currents among many kinds of ’ I n d u c t  Ion vo l t  a g o o ;

MN — c a b le w i t h  p o r t  l al 11 - l i i  —d ive r t i ng  conduc to r s  ( c o n n e e t i t i g  , , ,nina ~uni t~nt i 1 , x — air ~~lp
main rods wi th  g r e u n u d i n g s )  , s t ee l- — in w h i c h  a se c o t i d s i t ’y  d i s ch a r g e
or reinforced concrete girders , may t a k e  p i s i c e
p ipes , e t c .  This is a factor
which  greatly relaxe s the requirements , a l though the  l i g h t n I n g  cur-

rent does not uniformly d is t r ibute  i t s e l f  au t uouug  a l l  I lie ~‘~0t1 dU~’~ Or ’S

or other e lements .  For example , for a m ul t i s t  ot’~ chemica l  o t r ’ u c c t  ure
wi th  140 girders , it was ca lcula ted  that the max in u um par t  ial current
in a s ingle girder is such that the l ightu iing c u rr e n t  is d l s t r ’ l b u t e i

uniformly among 21 gI rders .  Such a l imi ta t ion  of’ a p~1rt I s u l c u r r e n t  I
~

to a single con ductor , sic shown in Fi gure 2o , I s very advan t a geous .

A c a l cu la t ion  of the typ e A Induct  Ion vo l ta ges  d etermines  the
minima l a i r  gap x , as shown in Fi gure 2a .  tlO ~~S ab ov e t h i s  min lniu nu
may be lef t  without shunt in g and considered l’r ’oo of’ s e c o n d a r y  d o —

charge d an ge r .  Ga ps below this  minimum s h o u l d  be shunted wi th  met a l

- - - - - I.:
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c o n d u c t  or ’s ~‘ r ’o t ; i l l y  ,! o l ne d  at b- ’t hi en d s .  Very cc l’s c u t  ont o  f i n ds

t h e  s h u n t  w i t h  out ex c e s s i v e ’ e l ect  t ’ I c c u l  r e s i s t  a u t - ’e , f i n d i ng  t h e  gaps

roqu it’ I tug s h u u u t  i u t g  in a l a rge ’ cc hemi esu 1 p l s u u u t  i s  no t  esi sy  * One has

cc p ay  a t t  eat  Ion  I cc a l l  l a r~ e snot a l  oh ,! ee l  : 11:ies leadin g out  si d e  of

he b u i l d i n g ,  st eel  and u ’e I u i  t’ore  ccl e onto  t ’ct e 1 u ’de n’s • re inforced  con—
¼’ r’e t o  eel  1 itu c • ot eel  I’ loot ’ s • st cc t’a go t ank s  , macc  h I t  to n ’y, p i p e s

e l e c t  n e i l  c a b l e s , dis t  r i bu t  h u g  st at  ‘i c u i s  , s t e el  p l o t  forms , s ta i r ’s .
i ’-u ’ : ’ ic r ’o  r i d  st e e l  l a t  t or ’s , ¼ ’ ;‘ m n o o  , et  c . TI - to re is  I i t ’ od d i t - l ot ua l

5 i o r i g o r ’  of o o e c c : u d a r ’v  t y p e  ~\ d I s eh a r oo w h e t u  I he worke r ’  b r i ng s  h is  hand

¼ los e’ cc t lie v a l v e s  , e L o o t  r Ic :u 1 s un pa r’ o t us • m a c h i ner y  , et ¼’ . The
so i t t  t o n i  I c t cc s hun t  o t t o  h an oh ,! o ct  w i t  ii t he shor t  O ct  POSSIble cob  ic

cc t he  ;I c c l  1’ loot ’  s i t  t h e  worke r ’ ’ c f ee t  c. e q i l p o t  c u r t  l al  gr id  under

h u e t’loccr  or ’  any  ccl h o t ’  met  si I oh ,! ee l  i c e c o t  oct sit  t he w o r k e r ’ s feet )

In a d d i t  t ouu t o  t h e  I n cu b I iou i  gap s x in t h e  st i r ’ , d i s t  a t u e o s

s i e r c c s s  w a i l s , e .g .  , b r I c k , sire  t a k e n  i n t o  s u c e c c i t u i t  . Br I ck  and c o u i c r e ’ l e

hs tve  an o le e t  r i o  shock  h r ’ o s i k d o w u i  r ’csl  st s u u i c o  which  Is ab o u t  h a l f ’  as

nin e 11 as i h a t  f o r  a i r , decp  I t  e v ery  opt  isit i ci Ic German codes  [0]  -

Requi r ’ed  d i s t  s lu i ces  00t’OSS b r i c k  on ¼’ccnc r ’e t  e shou ld  he t w i c e  as l a r g e

as I he s i l t ’  gap .

~ I i ’do r no In t’o r c omen t o and no I ui I ’ n ec  51 ¼ ’ cc t - t  ¼’ re t  e eel 1 1 rigs r equ i re

s h u n t  lug w i t h  ot h er  met su l oh , I c c l  s I s ’ t h it ’ gsup is sina i it ’u ’ t h a n  t h e

m i n i m u m d o t  a n c o .  I s  is o s t t ’ f ’ i c l c r u l  t O  u se a w el d e d  c c c c r i u i e c t  b i t  I -cc  o t to

of t h e  re i i i  fcc r ’e ing u ’cc d s . If t he no is  a la r ge number cc I’ ga ps need l u g

shun t -  Ing  , t heir’ n u m b e r  may be r educed  1 1’ ,i ii st i i ’ led by 00 icu lat  louis

The in duct - l ou  V o l t - a g e s  c c l ’ t ype  B arid C , w h i c h  occur  fo r  ~‘o n i d i —

I tons shown in Fi gut u ’e  s Cb sru ~1 Cc , are Impcc r’ t  o u t  f ou ’  iso isi t e d  l igh t  —

n i ng  r ’ccds ; omIssion 01 th ese t y p e s  In pre sent  codes  c s rt s e s  I he

Isolated 1 Ight a t u g  rods i n s t -a  lied a cc o r d  I t u g  I cc I hose no los 1 cc he

fl 01 e n ut t r e ly  safe .

i~o c o u t d a  n ’y d i  s5 ’hia t ’ge ’s; may a l so  cc i ’ I gl i u s i t e f rom  1 &‘fli~”cc1 ’0 ny m e t - a l

ob j e c t  no t -  c o n n e c te d  I c c  po ru nan eu i t  o n e s .  The y may be , f cc u ’  example ’ .
p I pe s • beams , ladder ’s  , ot a I i’s , A I cc on ti 0¼ ’ t oct asi c hine’ t’y , Sit I’Ve ’ I t u g

stakes . Sst c h cc b j  Pt ’ t s s ho it 1 d be ’ t ’e uuicc vo~l ho Co no I hue t huncl e r ot  cc u ’m 0 su s on

- -•
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f r o n t  the  s i t e s  wi t  hi o x p  t e s i o t u  t h reas  t u i l sh o 5 t l d  be or ccm’cd I t t  a o s u t ’c

5 5 5 5 1 ’ i u l t ’t ’ ‘r p r ’oV ido l w i t  h s t i s i t t t  s

i~e c o r i t  l,v , sb i r ’e su  i t  ot  ot  nd los 5 ’cc u i i u e t - ed l i i  r to P o l l  Sh ~‘bios’s 1 c u b
l : i i t s t  rv , s h e  01 er r  ia l  cl i ng er ’  o f ’  s o c c c n d u r y  i l  scha i’gos  i n  I’i i:i ~~ ’

cc h u t s h~ p I p e c  or ot  l i eu ’  eb e t n o n t  c woo d l s c o v e r ’o d  . I I ’ lie nec  t o t

ccl ’ ~~ ‘h a l o i n s  e x cee d s  c en t , s t i n t  dt ’I I n l e t  v a l u e , t hen hue p o r t  t i l

I ohs ru In ~ e u ’s- ea t  f l o w  I ri>: I h i t ’o u i g h  it may c s t lSo 51 se ’c cc : i s i i u y  d i s c  h •ir 5- :e
II sc ’s t s u u ’ g e  may t ake p1  ace  ir is  I do ‘• lie c c i  t u t  . w I t  ho ot  any i , u u i g c r

or ’  o ’  cc s u n  en he oat  s I do w I t  Ii si 41a t iget ’ cc i ’ gas  sn I x t nrc ’ e \~~ los Io n

hi ccves ’si l c h u c : n t c s l p l e a - t I  s a l s l t ’ - ’ t ’ s i s t n u b c r ’  c c l  r 1 R ’ s l S t i t ’ e n i c u l l  o ut

fl•ia ’:ed ols it s valves and p e s i e t n ’a I  Ion were mode us I r i g  t h e  Thom son

hr  tci gc , S Int l I a n  m e a su t ’o : n o u t t  s wore mode ot u t h e  s h u n ts  d e s c rib e d

sibcc v c  . They fo un d  oil  her’ s m a l l  an~I sa f e  r e s i s t  o u n c e s  or d :u u i g e r o u s ly

bar ’oe o n e s,  it  a p p e a r s  t h a t  t h e  l a rg e  i’co I ot an e e s  i r e  ho u ’ossi  I s  s of

severe  c ccrr ’cc  s t or i  * Pc nh sips  i t  w i l l  ho ~‘oo s ib  le I cc S l O e ’ I he ~~~~~~~~~~~~~~~

h u ’ t A g o  s o  t i n~1 c o rr oded  s’ i s i r i g e  j o i u u r  s d i n n i n g  p i s I t l i  m s u i n u ~ e u u sn r ’o .  One

s i b o c c  f I n d s  l a rge  r e s i s t  s l u i c e s  c l u t S c ’d by ps I I r i s  l a y er ’s .  T h i s  is

esp oc  is t i by t rue In i s n p i - op or ’iy  c c c c r r s s  P u e l  od s h u n t s .

Crane I ns t al la t i o ut s

u-one i nst  al l  at lou is m i  i n d u s t  r ’lsi 1 ho I IA lu igs  r ep r e cen t  c spec  1s t 1 I y

lan ge’ dange i’s cc ground in to  at id indur ’ I ion vo l I s t  go . I t t  odd I s ion ,
hot  l u of these volt ages m a y  e o r ’t ’ c’ i s i t e  w i t - h  ea ch  ccl he r’ in d s t a g c i ’o u t s

way •

The grou n d luig volt sigos rn s I y  be rod leo 1, ly tueut i’:u l I :~oA by he use

cc l’ the oqu t  b r o S  out . isi I gr ’ LA d esc r ibed  above . It - I S mu ch more A I t ’ f i c t t  I t

I cc e l i m i n a t e  t lie induct I ccii vol t  sige s , espoc Ia 1 ly I or’ c rou t e  c’hO I n t o  cc i ’

ca flee’s e x t  end hug a l  o u u g  mn a u uy 01- o n -o s  , cc l ’ c o u t s  ide ’ r ab  10 ye u ’ t  I c a l  I on gt  Ii *

A 5151i t  tonal d.t f t ’I e u lt  y or I c e s  he ’e s i u i s e  t ho cou ’r ’ccd ed e h i s  I t t  1 I n k s  h s i v o

V 0t’~V lar ge  o c c u i t  a c t  r ’ec 1 st  s l u i c e , c o ins  in g  si d a s i g c u ’  cc :’ o o e c c n d , i i ’y  d i s c h i i ’ c e ’

ci



In sea rchIng  on how to  avoid  t h e  secondary  d i scharge s In
cases wher e the  w o r k er ’  moves his  hand t -award the  crane hois t  or t h e
suspended ob jec t , we dec Ide d  for  an i nexpens ive  and very e f f e c t i v e
sobut io r i  in the  form of an I s o l a t e d  crane suspension , f o r  ex a mp1 -~ ,
a n y l o n  rope . The i so la t Ion  d is tance  should be c a l c u l a t e d ;  it may
be on the  order of 0 . 5  m.

in t e r  and sewer mains

Steel water l ines and other lines :nus t be t a k en  into account iii

s tud y in g  the Induct ion voltage s by ana lyz in g  the air gaps x between
these pipes and other metal j o i n t s .  One ha s to test  the pipe joint s
w i th  a Tho mson bridge . Insulatin g pipes  may be to le ra ted  w i t h o u t
any specia l  p recau t ions .  Cast  iron sewer p ipes  have f la red  j o i n t s
w i t h  very lar ge e lec t r ica l  r e s i s t ances .  The secondary discharge s
are likely to occur there . One has to use low res is tance shunts
on s u ch  a j oint  if the ca lcula t ion s do not a l low omi t t i ng  this
p recaution.

Pipes in the insulating jacket

The therma l insulation around s teel  pipe usually has an external
shield in the form of a thin metal shee t .  If the sheet metal se~~—
ments are electrically connected , the partial lightning current for

this  pipe , or the induction current , local izes  i t se l f  in the shield
due to the skin e f f e c t .  The danger then will exis t  due to the volt-

age s on the shield resistances.

The resistance of the shield metal sheet is usually sufficiently

low. Segmented connections resistances are much more important . In
certain gasification plant s the resistance measured across t-he

soldered joint (very expensive ) was less than 0.001 ~2 , wh ile across

the solderless connection (folded) it was 1 ~l and sometime s lower t han

0. l cL

Inex pensive means of’ segment connection are possible , e.g.,

folding over and fastening with screws; however , the leas t  expensive

10
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and a very effective solution Is to avoid any connection between

shield segments , that Is , to leave gaps of about 10 m itt . These gaps
sin e admissible  in shielded t - h u e r m a  I I n s u l a t i o n .

I; t ec t r ica l wi r in g

Elec t r i c al wires  pres ent  s imi lar  dangers of secondary discharge
jus t  l ike the p ipes .  One has to ana lyze the air gaps and shunt gaps
which are too smal l ,  Shuntin g is easy If  the e lec t r i ca l  wire s are
in metal conduit , s teel  or lead cable condui t .  Shunting of ’ such
metal conduit at points  close to a metal object  or pipe is desirable.
The part ial  l ight nin g current carried through a shunt to the cable

condui t  does riot create any dange r as long as the conduit cross
sect ion is not too small .  The lead sheath cross section may be too
small only for a very long cable , which is easy to ca lcu la te .  One -

.

can the n use additional means , such as shielding cables which run
close to the cable and are jointed at the ends , bends , and shunts.

Electrical wiring without metal conduit presents far more difl ’I—

cult problems in eliminat ing the secondary discharge in chemical

plants. In the maze of pipes , storage tanks , and machinery , it is

almost always impossible to run the electrical cable sufficiently far

from the objects so that- shunting is unnecessary. It would appear

that the proper solution would be to connect the return (or “cold”)

wire with a pipe or other metal object at close points. However ,

this is not recommended because of many reasons , especially because

the flow of partial lightning current to the “cold ” line could break

the insulation between “hot ” and “cold” wires.

Assuring lightning safety in chemica l plants u s i n g  uu sh i e  i t c h

electrical cables is very difficult , complex , and expensive . it I s

much better to use shielded cables. Grounding cables between

separate plant structure s also presents the dange r of insul a t - l n

breaking down during lightnin g if they do not have me t - a t shields.

The metal shielding remove s this possibility. IC c a b l e s  a lready

exist without shieldin g , one can still make an effectiv e ’ shi eld , l ’o i ’

exam ple , from C beams .

11
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1) . ‘ c t 0 1 y e ’siu ’ I’c ’n I - t ie ’ l t i e l t t s i t  n l s i  1 p i s i t i t  0 W i t  Ii e xp I c ’S i ‘c c ’ ~ U t ’ s ; t  si t t e o u s
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