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(a) three-dimensional appearance of slope building, (b)side of slope building
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Fig. 2

Height of downward leader head from ground and length of

upward leader head streamer change with time
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Qi S FE LI rp & B A R B S TR
Ui JE AR LB LU S T AT SE T R Y A 5
AR K. B4 FE S [ E @AY R
400 m R A BEN 457 ER LR IE(E A 40 kKA, T
AR TS RERE(2X10°~2X10" m s 1)
MAE FATRE R B, K 4 L E T

175 R sl BE 3 R, AT Je 3 R e ol L e 4
o RE BATE R KR 2 Z g T . B 5 R AT
SRBHEEMN 2X10" m s " HINZE 2X10° m -
s BRI IR E S A A K E A L. B
5.129 m J /> Z 4. 948 m, F475c 5 3k B b
i 787.6 m HINZE 795. 4 m, FATES A ERIER

3
-16000

T 5
: <
=}

= =
z 2f 12000 jf;
S ;
b ‘
B 48000 0
N &
w1 "
R H
i 44000
_l_l

0 Il 1 1 1 0

0 5 10 15 20
TSR /(100 m - s
= LATRRRIBEEE e RUE LTRSS Ak

K4 AE TSR REENTE B1T
P T i S I 1) Ko AT 2 5 kR I 1 5
Fig. 4 Influence of different downward leader
development speeds on stable upward
leader initiation time and upward

leader development speed

796 |
15.2

£ 2
o A
i
=
2 7192 P g
= 3
s ol
%790t
& 45.0
)’_

788 |

786 ‘ J ‘ L4

0 5 10 15 20

Mok e g /(10° m - s7)
- IRkt e L,

Bl 5 ORI R AT 5 Sk R X R AT 5
Sk BB BE #h 5 K b AT P8 R 0R kA AR 04 5
Fig. 5 Influence of different downward leader
development speed on height from head
of downward leader to ground and

initiation criterion of upward leader



696 oM K

535 %

AR AT e T R B LA K R AT e TG ki
ZI R MK T T R 1 TR A7 5 5 Sk S E b o
1M 5 AR LAT e e 1 i B A7 0 T & R ol
Jor ey 8 B v EE AR X AN PR AR S 32 B B AR
Yy v B RURE S A B S T (A R AT Rl
LR A
T RS AR f R AR [ S R O
V(AR X IER R 2 EAT e RS sgm 5
AN I AR B BT R A S HE AT X L A5 R I AR
FEANTR 254 T X S S i A s i AR S B S
WrEs B4y 91 100,200,300,400 m Hl 500 m, 5 H,
A 43 514 20,40,60,80 kA F1 100 kA , &I £
BEVE R 15°.30°,45°.60°.75°,90° (K 7 AR &) , 345
HoAth 725 g A R, X He e A7 5 SR AR st R [ A 3
FARE RS B DA KRR W R AT S Sk
P v B AR A, AT A T S S R R L R b
1758 T B e
MUK R Ak A B A S Y AT O S R AR E
A7 56 T 06 A A Bt o AR X R 18 AT e 5 Sk 350 B M =
JE 55 [ RE 250 T AT B SR 09 R AT 58 T Sk AR IR M s
JEEEAT X L L A5 30 Aok e 78 S T 1 Ak B A R R R
ARG m AR g,
Z,— 7
="
KDy AR AT Tk iR i, A @5
S5 A S T AT e T S R M B Y 25 5L B
NV Z, T Z 5y 5k L SR A R A R A AR Y
fE— BRI T AR TR S h A, T
1756 5 3K B b 5 3, B0 m. o BUESE RO,
1], BRAZE T 1, W@ WY Timfe 2 BT e s
PRI, 5 A TR 2 SRR s p BRI T O, SR
e FAT e IR R A Sy Rz T B
3.1 BERAEEARAEZRYSETHRE LITE
SR R0
K 6 & TRHEIEE R 20 kA B FEA [ E R Y
R OLT R A By B S R .
6 T L, Ak AR RN BRI B BE 2 AR A
NN %iﬁmﬁ%%%%m%*ﬁﬂuﬁi&?ﬁ
R, Rl S RGN, g W00 Y TR H 0
I 20 kA E#HUY) 5 B 100,.200,300,400 m Fi
500 m B, 5K p CRESE A BE R 90°) Filde /s o (R AR
B 15T R 228 43 3R 19, 30% .14, 53%.13. 23% .

X 100%, (D

10. 68201 9. 26 %0 . A[F] R4 fy B2l ok RO B € LAY
I TR i 22 S B S v BE RN I/ . AR SR
P EIAE] 500 m L Z{EIAE 1000 LT . P, 2
SRR AR AR A X AR E AT e iR Kk

F14 52 00 5K S SR TO 3 A E 1 AT 5 3 119 B B TR
HE 5B SR 22 SRR

90

R AE/ )

45

15
100 200 300 400 500

HG i /m

[E—— R4
20 25 30 35 40 45 50

Fl6  EHALIEME 20 kA KN RS R E
FAREIE A BEXT 9 0952
Fig. 6 Influence of building height and
angle on 7 when peak value of

lightning current is 20 kA

— AT A e X R AT SR AR 1Y
M, B 7 R TR HRIE(E R 20 KA R AR 15°
IF o AR 47500 5 Sk 50 B M v B Bl A SR e R AR fE
T, L7 AN ZE AR R R A R RS =
FETGOLT A S e BE B R AT 0 Sk TR b vy B
R, R R E BT Rm A B, B%E
%EZQ]XTIEIV\]ﬁl\m@’)’i%ﬁ’]ﬂaﬁﬂ{wﬁﬁﬁﬁ%%,
AW BE R 100~500 m, @S M, L F LA
BN HL T EAT N I AT A S Rk
Iﬁzigjténlb ﬁo
TERE ST HUY) B X RR 8 AT 26 3R 4R 1Y 52 )
H]‘ ARSCRHEBRYITEE N 20 m, N T MY
AR X RS AT P R B 1 s e R L S R
Aﬁﬁmﬁéﬁﬁﬁ%(ﬁhﬁﬁﬁﬁ 45°, B LY W
20 KA IEATXTE . F B 8 BT AL, B B A A TR
Han, g Bz, @B R OR L fRE BT S



i 6 1

SR 5 e S5 - g U ARHIE A R X RRE B AT S SR R R 697

UG BRI, S FE R B 20 m G N F] 60 m
HF .y 43900k 4. 68 %6 AN 4. 84 %, 5 B W w8 LAk
£ L, S B AR A R AT e R AR Y
SEM /N PR SOR I 16 g SR ) 9 B 6 AR e b AT
P T hR K 5

35
700
600 g
30 - E=y
iz
=
- 500 &
AN =2
= T
25 F ]—]};
400 &2
&
=
300
20 -
I 1 I I 1 200
100 200 300 400 500
A/ m

= e TSRS
7 FELTRIEAE 20 kA FIALYE M 1574
ARHI R A B e BE X O 5 R A Y R T
Fig. 7 Influence of slope building height
on the initiation of leader when peak value

of lightning current is 20 kA and

slope angle is 15°

50
43.69
42,45 43.16
40 41.38
39.01
=
N
=
30 -
28,13
T 2748
75.56
2329
20 Il 1 1 1 Il
20 30 40 50 60
HEHIH T /m

—8— HAEEEI00 m —e— HHAE EES00 m
K8 AW TEREX ¢ 152
Fig.8 Influence of building width on 7
3.2 NEAEEAREREREETYREE L1T5E
SEBHF I
VEBCEE Y 15 BE o0 100 m, BIF 9% A [A] 35 B 3 1
BN BH A BE xR e BAT e R IG ry sEm iEL. 1&

9 R RHIE Sy BE AEAS [R) B FL A U MR X o R I Y AR
b, TEIR —HE5 Y m BN L BE A B IR I (4 KL )
YAl BE XA E AT SR G MR R AR, @S T
Uiy B 3T 14 FL 3 B L O AT 1 K e R
DL VA 0T 516 T B 0 5 T 1 o L, e SR ) T i R
T L 37 32 AR BE RS IR AR N AEAR IS R B
(B 2 RHE A HE 90°) A 50 /85 B2 R 100 m, 75 HLIAL
WEE S 20 KA R AR BE S 75° 0 5% WA 5 K, 1 B 1Y
7N 44,45 % s FESLY R E R 500 m, TR HL I (E R
100 kA BRI B 15 052 e/, g 12, 22%

50

n/%
w
S

T

20 -
10 1 | 1 | |
20 40 60 80 100
LRI/ KA
—a—15° —e—30° —Aa—45°
—v—60° ——75°
[ N e iR 2 (R S L N = 5 R
R AR BEXT 9 05 )
Fig. 9 Influence of building slope angle on

7 under different lightning current peaks

BE— A 5 I A (R AR RE L AT e Sk R Y
SO L 1A 10 SR EIY) RN 100 m B A [F] R A
FETR AT 5 Sk A M ey B R R A 0 A AR X
oo di 10 Al R HL A I (E O, R AT S T Sk
B R BGR  Se A S I k. i T B AT e R iR
3% 3 S TR TR BB HL S 5 o T 3 R R AT
TR Y H S e TR R B, R AT
S B TR R A B R R L A ST O i ) HL
R, AT e A S e R it R A R
P15 S 07 B RT3 45 R SR« i 3 TR PR IAL 04 (LA
B R R A S S S R B I 20 [ = R A ol R AT
PR S T A R e T 5 R R A U L OB TR B R BRSO
U e P2 A Bt T 47 W 0 T T 328 3 1 {EL A
SCHY) = HERERE BT A SR B T A S
19 7 B AT



698 NoOH A

55 35 4%

1000

800 -

= E/m

600

RTS8

400

200

1 1
20 40 60 80 100

IR (/KA
—a—15° —o—30° —a—45° —v—60°
——75° 90°  ——EHIHHY

B 10 7 HL (A X AT 58 5 Sk I I b 5 JBE 1 5 T
Fig. 10 Influence of lightning current peak on

height of downward leader head from ground

4 BIYER

HH 2R 3 BT AT, AR AR A RO L X R
E LTS R AR MR ESFBAT S R,
LA BRAL T 2 A ] AR 38 £ 2 108 A S0 o e 3R ) T o
7 L W AR B e AN [R] T ARIE A RE BN A
Bt/ M ol i 2 SR 771 R A ' N O S i v o - R
YTt E AT MR E Y., BF
i 7 3 ok T R SR L R 67 A 28 ) 40 A L 4R T
U 1R BE T B X R AR HR, 7 W AR S e, e S SR
2 vt k2 6 A0 B5F 2 i A ) P g W L R L AR A
AT Xk A SR 0 AR Xk K AR B e A ) F 5 A
th o IR v B A SR, A SR T A ol R )S Gl
T ET L), L7 A R AR R
4.1 BELITESERYMEZNS TLMEEST

S

ST v B NI A B DL R TR F R X AT
TR EA —E R, TR X 3 B E X
6 B 0 Y 5 e B R R SCRI T SPSS #1443 B i
BB . K g MRS R AR G RHE A R B LA
T T8 R WA A O A% i AT 22 o0 4P Il A 4 AT
Forfr, 0 @SR B, 15°<<0<<90°, H, N
W ERE 100 m<<H ,<<500 m, I, J75HL H0EMH ,
20 kKA<<I, <100 kA,

TEIAE] 0. 05 W EH AR EAT | [B1H 534 7Y

R* }0.89, BME I, .H,.0 ifLARE » 1 89%.
BT R WRERE [ A8 fb Bk 585 0 R = . AR SO T
TSR R M 0. 887, UL fE L B R B A Bk
T B A R ) A AR R, BE— D UE ST B A 40
SR SEYE, Hop I, H, .0 BFRHEfL R B
R —0. 688, —0.429.0. 482, H1 51k Z £ mT A0 .
I, A1 H, X g 52 02 60 500 .0 X 7 2 1E [ B
Xty M mARE. I, &t K.0 K2, H, f&/h, FIH
W .
7=0.1420 — 0. 023H, —

0.1841, + 33.376, (2)

FESC TR R v 38 A 3R TS A e A
55T R 7R R[] A SR 40 e B RN A R R o AR E
e SRR 2R, e @Y BT R it
S ME. B TFEmESTERRERZ. A
SO T ER AR v B ARk A RN R PR U A T
5T AT AR B S W LA B iR XU AR AR B I R R
BEATEAR T, 5 PR 25 5.

11 2@ E BE R 100~500 m 5 5 B i
fEh 20~100 kA 1500 T . A Rl RF % M BE 04 9 40 A
1 00, R R RS A3 02 g R/NEI R L 2590 ~
75% . HIEE 11 W], EA Y B 100 m E IR
WEfE N 20 kA B[R R M T 5 9 K8
it 30%6 . AEH LAY H Y B (100 m LA AL
FLR M ON T 40 KAD R L REE A X SR 46 1Y
ST 20 (T 23, 32%)  AHAE B W v T A
(500 m LA b)) H 75 AL 3 I ALK (R T 100 kA)
15 00T o AHE A X 58 5 1 0 10 52 1 AR G 3/ O T
15.88%),

4.2 RFHBHRYEKFFEERYERE LT
ESRHBETYMES
BT — A B R R A S S K R R AR
Pyxt e SR IR S ) 25 5 8 g, A EINE .

Z.—Z,

=
Ky, IEE LATHE T W i, R R E )
SR ERRVESY) T AT 505 3k T b = R 2 5
BN R Yo . Zo R Z, 435k k3 R S ALK O (R
RIS A — s B2 A5 B BT AR e R i
KW AT T 3k M R O m. o, A HR
EYE A 0.1 ],y /N, BDAbSE 8 4 59 5 K 5 K

TSP R o g T AT 58 T 0 1R 52 ) 11 22 580
P 12 J2 J S i B D 100~500 m 5 AL

X 100% ., (3)



i 6 1

SR 5 e S5 - g U ARHIE A R X RRE B AT S SR R R

60

50 -

40

/%

30 -

20

10 L ! L ! L L

/)

] 25%~75% T BT %z 201 . 557
— ik o EHIE o eRlE

B11 AN [ AR BE @ ST Y 43 A1 4 4R
Fig. 11 Box plot of # distribution of buildings with different slope angles

-
40 -
-
30 .
=
20 —
10 —
0 | | | | |
15 30 45 60 75
g/ ()
[ 25%~75% B S L 75 < o =3 { D ) W
— P o FHE * RK(E

12 KT RHE AR SR 5. A f 2

Fig. 12 Box plot of 7, distribution of buildings with different slope angles

TRV B R 20~ 100 kA 500 F . A [ 443 £ 3
0 g, S0, BB 12 AT TR AR f R L Bl
REAA B ARG, BERBE 2 /D o bR A

Sy 75U AL S S M 100 m 7 HL L U £
20 kA g, KT 10%. 5, KT 20% 01 5L AL %
8. T L 24 5 L I e EL TR T e e



700 A5 IS A S 7 %35 %
KBF R R K Y 5 Ky R B SR R AT
IH I E 17 P

o TR AR 1 R R 22 S BN L T EEAT T LT

5 HiieHitie

AR SR = 2 7 D A i T A TR AR DL ) e 7R e
SR R A B AR AR B AR [ AR v R
LT T X AT e 5 4R & 0 52 B AR L il i
7 A2 SCHRME A BE XS e e AT TR IR 0 R T AR
JELARRILLT EELE S

1) e B wb A RE AEAS [6) 2 50 e BE R X AR e
AT TR AR B R MR, Y A B B A A
JEX R E BAT e ARG R W B . S R
Tt k3 A R R e AT A S A A 1 R e e ) L
SEF I IR B R B TR HEAR W) R B
BF AL A B X AR AT A S R A 5 e AR K T A
BT A5 B R S v AR R e SR R
5% I 2/

2) S HrRk 3 A B AR AN [R) R HL 0 (T N e
AT R AR R e, Y T R I (I /N B A A
JEXT AR E AT e R G MR I T R (e A
TR B HL P DA X R R S T o B O, A A
I 6F S S A i 1 B ) D 9N

3) K M5 AR &, TR R R IR E L @Y
1o B D BORh S A B AR R B AR iR AT 22 e ek 1T A 4y
BT, A5 21 B R A 0 (N S ) o X g N )
S A A RE X L 0F [0 52 0 5 T L IR VA X 9 5
M) 2 5 i A ARHIE A B IR 2 i SR e B A/

A) TEH WA =Y e BE (100 m LA R Al
TEME UNF 40 kKA R B A X R R B AT &
L UR 1) 52 ) AS T 208 R T 23, 32%6) (B AE HE 54
B (500 m A ) HO# B B EE K (KT
100 kA 1% BT, A4 3 A B o e S B 1Y 52 ) A
XN OINT 15,8890

25 Lk TG G SE BRI v R R A
BRI AR R A ST b o T R o o AR B, @ B Y
R AR T A TR G 1) S WA AN 1T 20 (H R SCAE AR
L L B v S 2 AR M A R SR R B R TR U 0
HAE AR B, ¢ T @Y RE 5 A 52 4% 2 v 1) 8 30
WL B G i R A R BE PR X e T AR Kk ) R ) R
HEAT UL W2 A I 0 TAE AN,

(1]

2]

(3]

[4]

L6]

[7]

(8]

9]

[10]

Wang D, Takagi N, Watanabe T,et al. Observed characteris-
tics of upward leaders that are initiated from a windmill and
its light-ning protection tower. Geophys Res Lett, 2008, 35
(2):196-199.

Saba M M F,lLauria P B, Schumann C,et al. Upward leaders
initiated from instrumented lightning rods during the ap-
proach of a downward leader in a cloud-to-ground flash. J
Geophys Res Atmos, 2023, 128 (8). DOI: 10. 1029/2022]D-
038082.

75 U TR D 0 RUES L A A SR R i X R AR S W AR S T
BB G541 2013, 24(2) : 189-196.

Guo X F,Tan Y B,Guo F X, et al. Numerical simulation of
effects of building tip on atmospheric electric field distortion.
J Appl Meteor Sci2013,24(2) :189-196.

Qi Q,Lyu W, Wang D, et al. Two-dimensional striking dis-
tance of lightning flashes to a cluster of tall buildings in
Guangzhou. J Geophys Res Atmos,2021,126(22). DOI: 10.
1029/2021JD034613.

S BAR AT AR B TOGSE R M B R R AT M
PRRFAIE. IR 24412, 2019, 30(2) - 203-210.

WuS S,Li W T,Qi Q, et al. Characteristics of downward
cloud-to-ground lightning flashes around canton tower based
on optical observations. J Appl Meteor Sci ,2019,30(2) :203-
210.

Ullah I.Bahrom M N R B,Khan M A.et al. An experimental
study of electromagnetic field propagation due to lightning up-
ward leaders and its probability on different small-scale struc-
tures. Energies ,2022,15(18). DOI:10. 3390/en15186597.
BEAE R TR O AR IR0 L AR T S E R AT R R R
S AE R A . B R R S T 2023,23(20) : 8560-
8569.

FanJ L,Tan Y B,Yu J H,et al. Analysis of annual lightning
strikes of tall buildings based on the multiple upward leaders
three-dimensional model. Sci Technol Eng, 2023, 23 (20):
8560-8569.

ST L TR AR A T J LA R AE X AT e S R
B 3D B B HOR 5 TR, 2024, 24(15) :6154-6163.
Guo X F,Gao Y,Zhang L,et al. 3D simulation research on the
effect of geometric characteristics of building tip on the initia-
tion of upward leader. Sci Technol Eng ,2024,24(15):6154-
6163.

W B, BR 2 Ak, R4 4 A5 i U A B A o R
RIASERL. 0L FH 4244k 5 2016, 27 (4) :498-505.

Tan Y B,Chen Z L., Zhang D D, et al. Simulation on the stroke
protection distance of tall buildings to surrounding buildings.
J Appl Meteor Sci,2016,27(4):498-505.

TEL I, i A% A RIS ALl DA 30T T T 2 R A 1) 280 A



i 6 1

SR A A5 A SR AR R X ARE AT S SR R S 701

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

L AR G2 4] ,2015,26(2) - 211-220.

Tan Y B,Zhang D D,Zhou B W,et al. A numerical study on
characteristics of cloud-to-ground lightning near surface con-
figura-tion. J Appl Meteor Sci ,2015,26(2) :211-220.

LI OB JA S, 5 5 W L A A SR v R X B AT AL R A A R
4 B2 F) BB R 42 4. 2015, 73(3) :546-556.

Tan Y B,Zhou B W,Guo X F,et al. A numerical simulation of
the effects of building height on single upward lightning trig-
ger and propagation. Acta Meteor Sinica ,2015,73(3):546-
556.

WL I 9K A ARG AR I b I T Y = R
L A4, 2017,28(2) 1 227-236.

Tan Y B, Zhang X, Xiang C Y, et al. Three-dimensional nu-
merical simulation of side flash on buildings. J Appl Meteor
Sci,2017,28(2) :227-236.

TR B AR AL 2 EAT SRR S AR R
oAl BT TE . B G 24, 2024, 35(2) : 237-246.

Wang X W,Tan Y B,Lin Y H,et al. Optimization and simu-
lation of leader propagation rate ratio in multiple upward
leader model. J Appl Meteor Sci»2024,35(2) :237-246.

W VR U PR i L 4L o R SR R A S DR AP Y =
BRI NS R R . 2023.34(6) 1 749-758.

Wu M, Tan Y B,Lin Y H,et al. Three-dimensional numerical
simulation of the protective effect of tall building on short
build-ing. J Appl Meteor Sci,2023,34(6) :749-758.

Guo X F,Ji Z Y,Gao Y.,et al. 3D corona discharge model and
its use in the presence of wind during a thunderstorm. Front
Enwviron Sci ,2022,10. DOI:10. 3389/fenvs. 2022. 946020.
kA4 B TR B H 37 W L8 19 DR H O R A AR B R AL T
5 s TR KA, 2015,

Zhang D D. Numerical Simulation of Lightning Connection
Process Based on Tip Electric Field Distortion. Nanjing: Nan-
jing University of Information Science &. Technology,2015.
FWEHT Tk T, 55, A ) S PRt BAT 5 Tl 4 i AR AR
EALAY 52 . B2 R 5 T A, 2022,22(10) : 3876-3884.
Pei X F,Ding J,Guo X F,et al. Effect of spatial resolution on
numerical simulation of upward leader initiation process. Sci
Technol Eng ,2022,22(10) :3876-3884.

Cooray V.Rakov V, Theethayi N. The lightning striking dis-
tance— Revisited. J Electrost ,2007.,65(5/6) :296-306.
KM, BB SF A, A5 — R EATIN L P e & TR =R
JEAFAE Y 22 5. B KR 4R - 2023.34(5) :598-607.

Guan Y N,Li W T, Qi Q,et al. Difference between 2D and
3D development characteristics of an upward lightning leader.
T Appl Meteor Sci »2023,34(5) :598-607.
VEFRRE, BT 55 a8, A5, — WO Kk TN vl 4 i v A 1 1 e
5 R, B R4 41, 2023 ,34(6) : 739-748.
XuWQ,Lia W T,Qi Q,et al. Luminosity and current charac-

teristics of metal-vaporized channel of an artificially triggered

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

lightning. J Appl Meteor Sci »2023,34(6):739-748.

AT KB RAL T - T ol e DA 0 A0 2 0N 55 XU 7 £k k.
dest At J1 R, 2020.

Guo Z X. Polarity Effect and Risk Assessment Method of
Lightning Stroke on Large Fan Blades. Beijing: North China
Electric Power University,2020.

Gallimberti 1. The mechanism of the long spark formation. J
Phys Colloques ,1979,40(C7) :C7-193-C7-250.

Goelian N, Lalande P,Bondiou-Clergerie A,et al. A simplified
model for the simulation of positive-spark development in
long air gaps. J Phys D Appl Phys, 1997, 30 (17): 2441~
2452.

Becerra M, Cooray V. A simplified physical model to determine
the lightning upward connecting leader inception. IEEE
Trans Power Deliv,2006,21(2) :897-908.

Becerra M. Glow corona generation and streamer inception at
the tip of grounded objects during thunderstorms: Revisited.
J Phys D:Appl Phys.2013,46(13). DOI: 10, 1088/0022-
3727/46/13/135205.

TN ARR, T UK SURPE R & R iR AT
e E LR 14 R TR T 2l A I B B AR P E B AL TR AR
2020,40(5):1713-1722.

Guo Z X,Li Q M,Yu W S,et al. The dynamic critical length
criterion of initial streamer for the stable upward leader incep-
tion under negative lightning strikes. Proc CSEE, 2020, 40
(5):1713-1722.

Warner T A. Upward Leader Development from Tall Towers
in Response to Downward Stepped Leaders//2010 30th Inter-
national Conference on Lightning Protection(ICLP). Cagliari,
Ttaly ,IEEE,2010:1-4.

Saba M M F,Paiva A R,Schumann C,et al. Lightning attach-
ment process to common buildings. Geophys Res Lett 2017,
44(9):4368-4375.

SR DRGSO T, 45, N e S T I 5 AT 10
AFHE . L4 2241, 2020, 31(2) :129-145.

Li W T,Chen L W,Ma Y,et al. Advances of observation and
study on tall-object lightning in Guangzhou over the last dec-
ade. J Appl Meteor Sci +2020.31(2) :129-145.

Guo X F,Ji Z Y.Gao Y,et al. Effects of positive corona on
upward leader initiation from tall building by 3D numerical
simulation. Atmos Res,2023,291. DOI:10. 1016/j. atmosres.
2023.106822.

FrAT, BB RO, A5 TN e S ON o B A
2 I B AR 24418, 2020, 31(2) : 156-164.

Qi Q.Li W T,Wu B,et al. Two-dimensional optical observa-
tion of striking distance of lightning flashes to two buildings
in Guangzhou. J Appl Meteor Sci »2020,31(2) :156-164.
ETIH AR BT w2 S0 R LI R I X i R
JE R B2 B SAR . 2024,35(4) :493-501.



702

VA= B

% = i Ei

35 4%

[33]

[34]

Wang X J,Hua L. Y,Wang B H,et al. Spectral correction im-
pacts of lightning from tall buildingson channel temperature
inver-sion. | Appl Meteor Sci »2024,35(4) :493-501.
PR Bk T, B INESE T = A R R Y
SRR . 2015,26(2) :203-210.

Li D,Zhang Y J,Lit W T,et al. A 3D self-consistent propaga-
tion model of the lightning leader. J] Appl Meteor Sci 2015,
26(2):203-210.

TG Ao R AR L W AR VL, 45 . 3k T BT 300 TR 58 5 K R W A R A
BLOFSE. AL TR A4, 2012,32(10) :32-403 6.

[35]

Xie SJ,He J J,Chen W ], et al. Simulation study on the de-
velopment process of the upward leader incepted from light-
ning rod. Proc CSEE ,2012,32(10) :32-40;6.

S5 We . 2 1) 3 F 2 %k A SR 4 i K R g R AR B T 194 51
R ST, 1 4 B fE B TR K%, 2013,

Guo X F. Numerical Simulation Study on the Influence of
Spatial Resolution on the Distortion of Atmospheric Electric
Field at the Tip of Buildings. Nanjing: Nanjing University of

Information Science &. Technology.2013.



5 6 30 SR 5 e S5 - g U ARHIE A R X RRE B AT S SR R R 703

Influences of Building Slope Angle on the Initiation of Stable Upward Leader
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Abstract

The slope angle (or top angle) of the building significantly influences the formation of upward leader.
To simulate the lightning strike process on tall and sloping building using three-dimensional variable grid
leader model, the influence of slope angle (#) on the initiation of stable upward leaders is analyzed, focu-
sing on various building heights (H,) and peak values of lightning current (I,). It can be concluded {rom
data that, when the peak lightning current is held constant, reducing the building height and increasing the
building width result in an enhanced influence of the slope angle on stable upward leader inception (),
which in turn makes it increasingly challenging to incept. When the height of building is held constant, a
reduction in the peak value of lightning current enhances the influence of slope angle on the inception of
stable upward leaders (). This, in turn, makes the inception process increasingly challenging. Changes
in building width have a lesser impact on the initiation of the upward leader compared to building height.
As heights of buildings and peak values of lightning currents increase, the influence of slope angle on the
initiation of stable upward leader becomes less significant. By conducting a multiple linear regression anal-
ysis with 7 as the dependent variable and slope angle (), building height (H,), and peak lightning cur-
rent (I,) as independent variables. Results indicate that I, and H, have a significant negative effect on 7,
whereas 0 has a positive effect on 7. The degree of influence on 7 is as follows: I, has the greatest influ-
ence, followed by @, while Hb has the least influence. The influence of slope angle on the inception of sta-
ble upward leaders, represented by the parameter 7, is significant for building heights below 100 m and
peak lightning current values below 40 kA, with the estimated effect exceeding 23. 32%. In contrast, for
building heights exceeding 500 m and peak values of lightning current above 100 kA, the impact of slope
angle on stable upward leader inception is relatively minimal, with an estimated effect of less than
15.88%, in the case, the distinction between the impact of sloped buildings and rectangular buildings on

the inception of stable upward leader is sufficiently marginal to enable an approximate analytical approach.

Key words: slope buildings; slope angle; upward leader; numerical simulation



