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STUDIES OF SOME KEY PROBLEMS ON
SEISMIC ANALYSIS FOR COUPLED SYSTEM OF
LONG-SPAN TRANSMISSION TOWERS

Li Hongnan" Shi Wenlong " *
(*School of Civil and Hydraulic Eng. , Dalian University of Technology,Dalian  116024,P. R. China;
* " School of Civil Eng. , Tongiji University ,Shanghai 200092,P. R. China)

Abstract: In this paper, according to the simplified model of aseicmic calculation of the transmission tower
presented by the authors, a computer program compiled is used to calculate the seismic responses of high voltage
transmission tower under the action of earthquake. The results show that the effects of the lines on the high
voltage transmission tower increase as the span between two towers becomes large. And the limit span of lines that
should be considered to be important in the seismic response of high voltage transmission tower is determined based
on the analyses of earthquake responses of lots of transmission towers. At the end of this paper, the simplified
method of aseicmic calculation is presented for the transmission tower-lines coupled system.

Keywords: transmission tower; aseicmic calculation; effects of line; limits considering line influence; simplified

method

L8 = TR R SRR W, EXTEER RS S
BHRER SEMARRERTRNY., EERESHE
FARELBREEART OB ERRE, L HOMBE T KERARIEKAY S BRI E
—HEENEMRES TREN. UEMTHHE R FXEHHIT TR EHBIEH FHHMBE NS
KEBRETHAME WX HHR . SHBRS 88 TR i k0, e T 1
BAFEH AR B, WXt 3 A R AE R TR R B EERACSL 5 T SR e
b, HEC110~500kV REX B RBBIHH AN HSHgPmHEER (B3 F 3% B2 B S £ K B
BI(DL/T 5092-1990 W A B LM ALK R SLMBWATER, HATE MM B,
MR HBFREMAITE T, MF/IEEY AR ARTAF AR 4 2Rl -, 34 5 209 5 iy
W o SRR SRR RBREERA, 3 VESE— 0 5007, BF SR ] B BE 5 2 X i el B 1 &

O HEHRB LR (59978025) \aﬁﬁ‘lﬁ%?wiﬁ&ﬁﬂﬁkﬁlﬁﬁlfiﬂﬁﬂlﬁmﬁshi(ooowﬁﬁbrﬁﬁ



EAEREM LM, B E T 4 R R IR ST H IR S
S5 SR ) B, FEAR T R A A B R R
LRI F L.

2. BT EEA SR e

R CHk (6~ 108 4T SIER X FRAMEE
2SRRI E R, — B S LA M 1 1 3R 3h
BRI A AL R 1 BrR . e RS B ER T
HSL Rk HIERABRHE SR ANRSRME E
HHBIRE ., HESFEEGEROMEER, 23 H#
35, T 15 B Z a0 1) 55 9N 1) 4R 3 77 R 43 R CBFAS
g )

Yo + [Klw{zh o
E}z,(t) (1)

[M]w{z
— [M]w

1 - S AR R R PR SRR

il
[M:](yb{i‘}m & [K]w{l")(y)
=— [M],{E}y, @) (2)
KAz} o Ml L} o 70 B o A 22 0 1) 70 24 1] R 3 9

(LR it ; (E ) rmtk; 2, Ay, 435 KMl m A
O 1) b T A0 B (M ] F1 M ] 4 51 0 R )
1e] AV 1) O B R I 5 (K ] o PR LK D00 20 51 R ik 2R 69 )
1] F A 1] P9 R . DA b e AR R B R A R
L 3CHR (16 1 SR (17].

3. RAHRTI 2

A R R Y R R, R A Matlab i&
ol T RRFE. R TR AR R
fi#, it 58S K Rayleigh FHBIER . H%—5 UK
SHRER R O MK () R RRF B E
o, M Z SRR iy

SIAB G & R ¥R 3h R DO 2) a4
—5

(M1{z) + [CHz} + [K]{x}

— [M{E}i, (3)
A, [CIRERMERER. XGA
— [M]'[CY{z} — [M]'[K){=x)}
— [M]'[M{E}ii, (4)

* ,rAHJ{u:{“f},M\
x x

{z}= {;}: [A (=} + [Bi){v}

= [AJ{J.C}+ [B,](v) )

IR (2 #é’é‘%iﬁu) =

{ } { [M] K] —[M?”‘[C]J{:]
-

0
Kan
{E}

BBl
0 E
= _ (MI[K] — [M]“[C]}

s{vh = {u,)

(8,1= |

REFTBETHH
{2} = [A =z} + [B)Ji, }
= [A,){z} + [B,]{v}
A#,[A4.]=[E],[B.]=0.

4. X R E"

AR R AW 2 iR, B FHERS G
2R B BR A 5 AR 4 K 5 B LB A 3 O R A
SKXBESHERRT 5 REM LG, RHERHA
10mm F 594 SR BEILL 4 WL 08, I BRI B 48, =
AR 2 (8 I V2 B R, R - S
BRik R BAL rpa] — IR IR A WA,
X ANk & — 7 T AT AR R REEAE A, 55— 7 T A ]

— {E}

M2 Kk



A et GE i Sk B f =), Mg THE
AAMAMREKR, Z AR, &
ERETUTILARE . —, b T EhH B r 8
BE A Z HIEFTE, HIE R RS SEHR
SEYY AR 3 B F BB E A 477 1 69 R BE AR
35 P A TR O AR R, T L B M AR R
BRI NT R B, ARSI EES

FA B ] LATERCOR R B _E AR5 SE R i L 3B 9 SR
HAFELAR =, ANERRFL, BEBH
5 3t 52 BE 5 2R B P AR L N EEAIE SR 2 AR B
S0, e AR R A = A S P (R
J2) L AHE , AT AR I s BELUE B R 2 R
BRYEA. [ 3 ik e B A A 17 R (1 o RS B

mm),

M=2kg

B48 M=0.5kg

340 . 360 305, 248119

B I [ S

2250

B3 HAmEAE

2250

*¥1 RBxANBLRICR
G| TR | RAT | RN R iR | ME )
@ WA | B 1976 7.1 | KREBR | 104.18
@ | 4% lsz’ﬁj;l 1951 | 5.6 |El Centro| 27.56
® | ®mt [mumm| 1976 | 6.3 | FEE | 118.91

N T X HAERR GHR AT, S L%
R R, A SRR T BRAER R El Centro
BORBEREMTIZEEIHEBARE D, R
B, RIS RMIEESHES 0. 1g. ZEMHAMHU

RSN LT, B A 38 1A 2R 5 K I 3 ot R R B
WEMARESREBERIREERLE 2. BigitH S
I 25 R LB A I R il 2 0 SR 9 ).

MEL BRI 25 R BRI LAE ), Frif A% e
B-SABBEEANBERITEBARSEY., EHH
REER T, L FBFLB AN, E 35 1-1 EER
KiBEEN8.06%,1-2@HEN 10. 6%, 7EM 745 3
HR T, 4B SEEMET, 1-1 1 1-2 88 & KR
E051H 4.89% 10.9%.

%2 FRGBRERHNELSKBARLR

s

T i

El Centro ¥

&3

LRk ]

AR 3

AR 3

MRS

b
#®

il
B

b1
w

o
B

B
®

% N
%
% ¥

N3

GRIT

i |
#®

iR .
i
b )

X M S

1-1 0.15|0.14 [ 4.420.16 {0.18 | 7.62 [ 0.13 | 0. 14

4.80(0.13|0.1418.060.130.13 0.13]0.13

1-2 0.2210.213.22]|0.16 [0.18)8.55|0.18|0.18

1.14(0.2310.21 6.500.12|0.11 0.13)0.12

5. itH 5047

AT RENFIRSI SRR RIE & RS Nt
FHEm, RALEHE T ENARFEE R LR RS

RATHS A 4 BFR KGR % %= R 474
R REENIETE IR, T % 55y
LR 7 MR G RN 4 MRS g
ERBHIE 3.

B3 KEETREY
##/m HE /kg HgHS BELYS AR/ (kg/km)
#® 1 74.6 33427 L.GJ-500/45 GJ-70 1688
%2 90 40430 L.GJ-500/45 GJ-70 1688
%3 51 15067 LGJ-400/50 GJ-70 1511
% 4 34 11390 LGJ-400/50 GJ-70 1511
%5 63 - 16434 LGJ-400/50 GJ-70 1511




74 600

(N (3] 3)

34 000
63 000

CIFE B g

Xt Pt AR =3 i, B2 R A
3 SR ANE] 9 RO SRHEEAT I B TH A, X ot R

JEUE YRR R 0. 2¢ . 3% AR HREIC RAB IR 4.

%4 itNE B MMDR

By 27 e by 20 RBERE]/GE. JT . ED "R it SR % ({1 11 (gad)

® San Fernando 1971.2.9 6.6 PortHueneme 25.91
55 ® San Fernando 1971. 2.9 6.6 Univ. Avenue 56. 36

&) - IIES 1976. 11. 15 7.1 Rt Ew 104. 18

@ Imperial Valley 1951. l.—Z—-3-~ 5.6 El-Centro 30. 35
P ® Kern County 1952.7. 21 7.7 Taft 152.7

® Imperial Valley 1940. 5. 18 6. 7 El-Centro 341. 7

@ Landers 1992. 6. 28 7.5 Baker Fire 105. 58
IR 35 ® Landers 1992. 6. 28 7.5 Fort Irwin 119. 85

® A LA 1976. 8. 31 6.3 E% 118.91

HHRERARHEE,E-HAERBRNE
ma AHRL R BY RIS A8 V1A ML) 8 ZFED
AR (MMM ARMBESFI R V2 IM2).
THITAREENSFLEREEERBRN M E
WA, RS SR B N NI AT AL, 1H R 4 Rl
WHHKBREMSELBEREXFESERENR,
HaRx S HaEEsRH M = A BiDF
Mt RH#T T . B s B 6 R THBIE 3

1.6
1.55
1.5¢

BAER A

100 200 300 400 500 600 760 82)0 960 1000
BEHE /m

MrMARAESEL L M BiCFWHHE
(V2/VDOHZHER M2 MDD KESBEXE
BT R RILE R, EPHBERIRR R SR
B, vt R B B 100m E 1000m, &
100m A — A AR AR AR AT E LA
BRE NEMERTARAPHAEETERY
BKXHE.

BIEHL BRI

1 . . . . . . .
100 200 300 400 500 600 700 800 900 1000
B /m

Bl 5 MLt 3 00 ot M 5 A F- 34 o 48



Bt AR

1 ST SUS ST USSR
S0 100 150 200 250 300 350 400 450 500
14 /m

TR A

l 1 2 I n i 1 i 1
50 100 150 200 250 300 350 400 450 500

Fl6  Hmea sl 3 94 1 AR I I A9 oF- 3 il 2%

Bl 5 fIlX 6 ATLAE 1, S 23 i s 1B 1 R b
RN I R RS T K. 4 W
BEILEIR 5 MK 6 T HBUER, SRS
AR AR N SR AE 5 5 AP . B, FATTRTA
BHAGR . LYFENBERERELIRS R 6 PHEH
R AT IR R B iR B RS
LEm, REMIET RSB TR E
I EE#ETT., RPEATRA LML ERD
HWARRBEE, LKL RPBLHH TX 5 MEMNE
KKEHAREER, RS RO THREMTE,
M RPWBAETTLLE T B R T ER /DN, e
X =G T BRI R BEER /D,

S MENENESSKWNERRE

b 2 51 Eig PRE 303
B ERBE l0/m 300 200 150
K 4.93% 3.57% 4.34%
iR
T 4.77% 3.53% 3.65%
WK 0. 001034 0. 000837 0. 000554
FE
TH 0. 000995 0. 001443 0. 001185

® 6 HAriE R S o B i SRR (i

B A5 C K g B
FREEE lo/m 50 50 50
W 4.7% 5.8% 4.8%
FHiRE
TH K 4.5% 5.9% 4.6%
B K| 0.001136 | 0.004930 0. 000932
Uik~
T | 0.001294 | 0.005428 0. 000868

6. TILHLRIT 3y By Bl

CHL A UL HE B0 iR iHH 75 ) (GB 50260-96)0)
(AT RGN PR E - KBS RIE R IE & 50m LA
FHRE LRGN K P B IEFE R AR R
BEE 50 O LA T AT IS 30 1 et W R A
SR ERMIEE T AR BB, 2 R R R B A R N i
TR B .

¥ /m
Fji=1{8a¥;X;G; (G=1,2,n3;j=1,2,%ym)
(8)
SIX,G,
7,‘ = ijl 9
ZXEiGi
=1

KA F R 5 R R A KTt B 1R AR A5 ¢
HEWZY e, AMN T j RE B IRAHAR K T3
REWMARY, H i REAMNSE5RE X0 jRE
RS X FRM KRG i RENESH
HEARE, AR EFR . BeREEHHRM
MEmAERR S L HENFR.

i o DO NE B NG5 0L RS ]
BEBEERKBEA BN EW, ATOL
FEOUR 4 5 R B BT R B A K B R
BERERBIEATREMTAZSH . HI AREHT
HAERDHL RIOTBUN R AR E FER AR
BF G EHM—HMRE Am RSN
W, Am i E T RHE -

Am = fU) X 1. Xq 10)
A, am Fy % B 5 45 5 1 48 0 BB R & (kg) 5
L ARKHBE(m);q YSRETRKE LHFRR
Ckg/km); £ (L) FR 0 B bR B R ¥, ”:’Uﬂfﬁﬁ%fx
ﬁi‘f-mqﬁf‘ﬁﬁ“ﬁﬁ EETEQ%??E:

0.17+ 5 %+

20010

fUD —Jo 21+ —=- g an

10010

201 B+

(& fU) > 0. 70 B fU) = 0.7]
%i&ﬁﬁ%%ﬁ!%ﬂmﬁm’rﬁﬁ HTXBE:

fd) =0.5+ 20010

(% fU)>1.08, B fU) = 1.0]
RINVKHARWA ML BT E e LR AR
WRBEAREERA THATIHE, SHERY

5

(12)



GERGHAT B YIS BRI . ERET R E
3 1 NG T R LR R AR TR 7 AE
8. AT LLE i, X P4k 4 AU RE 15X P Fh g b, & R AL 7
B BINSR SRR I BHBERYHR
W25 R+ 4T, BR M E U 3% A HX Frp
RE b s, 45 K E R K (HBRIR E ALY 6%
A X R S 3 B9 B IR A S 5 R AR
BRI, R E R RAR X HMIREATEP RS
ECINVE:3-4i0 B

7. & iE

5 FRTR, RATAT VBRI T4,

1) G2 x5 IS 1K 2 B ) iS00 0 R B B
BT A

2) TR L, % G2k 05 5 M A S04 i
# 3 FIF 4 4 RIS BB, £ HEATH IR IR A4
BT RIRE , B % R B A B,

1 1.3 1.55
. LS :
118 . 1.25 L4 2 1a5f L
I . AR s BERHUH
= | o MW " oo} — e . g 4 it i
< 1'12 B3 r K ,l3
W) B oLst g 5
£ 14 & ‘
o 108 E 2 12
B 106 B § Lllf
1.04 4 .
= 02 ® 105 Lo
e et 1 TP O T SUPIT PRPT R 1 TN TUSUT T SOUI VUV
|100200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 9001000
BRE /m FE /m ¥ /m
A7 REFESEEEREESBRIENEITRAXLE
1.7 14
bk |- 135} g |-
e TR wgn 1L mon ;
T 1S ) — ik o gy L +
B 14 § ;f 125} d
5 13} % g 12 }
52} 3 R 1Lis}
Lih & o
1.0

I e n " i 2 "
50 100 150 200 250 300 350 400 450 500
B /m

l " " 4 " : 1 n i
50 100 150 200 250 300 350 400 450 500
¥5IE /m

50 100 150 200 250 300 350 400 450 SO0
B /m

B8 fAfeTy i S B REDE e A A R

3 FARHMBEIEE R ETRL WA
IR B 7 1k VT B A B 2 hr LR %,

A SU45 STk g ) S B B A R AR L
2%,

&H 30

[1] American Society of Civil Engineers Committee on Electrical
Transmission Structures: Loadings for Electrical Transmission
Structures, ASCE Journal of Structural Division. 1982, 108
(5)

[2] American Society of Civil Engineers: Guideline for Electrical
Transmission Line Structural Loading, ASCE Manuals and
Reports on Engineering Practice, 1991 No. 74, New York

(3] HWsE% . WEMGEH BRSSO HM . T8N
%#,1996, 13GHTD . 46~51

[4] Moze J. D. et al. Longitudinal L.oad Analysis of Transmission
Line Systems, IEEE Transactions on Power Apparatus and
Systems, Vol. PAS—96, No.5,1977

(5] R A2 BERENZITEE . €110~ 500KV 3875 3% oy 2 B4 i%
WHARMBEYDL/T 5092-1999). 63, FE & H H R, 1999

. 6o

(6] #E 5. b, TalfF . KERALAREREE SRk REY
AeRRITE . wRIES TREKES, 1990, 10(2): 81~89

(7] #E 5, 0y, EAlfH . MBI B ik A 0 Rt
H. REBR TREBE¥R, 1990, 6(3): 1~11

[81#E%B, FAlfF. KERBEBERNI . kIS
#,1997 4,30(5):28~36

[9] Li Hongnan, Wang Qianxin, M. P. Singh. Seismic Response
Analysis Method for Coupled System of Transmission Lines
and Towers, Part II: In Plane. Earthquake Engineering and
Engineering Vibration, 1996, 16(4): 37~45

[10] Li Hongnan, Wang Qianxin, M. P. Singh. Seismic Response
Analysis Method for Coupled System of Transmission Lines
and Towers, Part I: Out of Plane. Earthquake Engineering
and Engineering Vibration, 1996, 16(Sup);: 67~75

MIERB, EWE . KP5HEMRHEATAERBEEER
RS . LRA%¥,1991, 8(4): 68~69

[12] Li Hongnan, Wang Suyan, Wang Qianxin. Response of
Transmission Tower System to Horizontal and Rocking
Earthquake Excitations.  Earthquake Engineering  and

Engineering Vibration, 1997, 17(4); 34~43

LIB) FEF, ERIME . KB RM a8 S S MB R M 8y



BT 79 AF R, 1996, 13(3): 24~30

[14] Li Hong-Nan Xiao Shiyun. Model of transmission towe-pile-
soil dynamic interaction under earthquake: in-plane. ASME
PVP, 2002, 445(2): 143~147

[15]FES, vz . YRMRERTREBREIERERIN.
HL TR, 1998, 20(6): 102~104

[16] FEH, AR WEX . KRG HHDIENEMILHR
it BTk . R TERER, 2003,16(2): 233~237

Lk U F

(7] FEF, AXR. FiEX . FEREBE RN MR ER
AR EMAERRITE . #3007, 2004,23(2):1~7

(18] Li Hong-Nan, Shi Wenlong, Wang Guoxin and Jia Lianguang.
Simplified models and experimental verification for coupled
transmission tower-line system to seismic excitations, Journal
of Sound and Vibration, 2005(to appear)

[19] e ARIEME B A TUH . AR R+ REGB
50260-96). Jb3T. FE TR H AL, 1996

FRR WE R FENER, ZRIRFEHRE ¥ ARRLERNFEGHE,



Mt-ERshh B RARRETEENBE"

EEK HHFE BREX
(FEFEITKE.EHE  210009)

W OB AIHNETEL- LA I RAENERAARLP AN EEFNEGATAR ST T LS, AR E T
FEEA-FARHAANRERAL TR, SR E L SR N A ERAPEGATLESE o ¥,
BEEAEEE:.O XBKFR R LL-GEAXAGHNMEERN;Q Bk - X Wi T
ANMEZER;Q MEEAE B ORI GHoh;D L-2EA T T) A0 2 AR R R A 4
ME RKHBEHGY 0,0 L-LHHNNREZERAFRGH R BB LML ;0 L-EHF N
MEZERGRBHR.

XWiE. L-LMHNAMEERHKEGRFHERA R THH

ANALYSIS ON THE SEVERAL PROBLEMS ABOUT
THE DYNAMIC SOIL-STRUCTURE INTERACTION

Zai Jinmin Zhuang Haiyang Chen Guoxing
(Nanjing University of Technology,Najing 210009,P. R. China)

Abstract: Several important problems about the dynamic soil-structure interaction are analyzed in this paper. Sub -
problems of each one are summarized and the research methods of these problems are analyzed. It can be used by
researchers who study on the dynamic soil-structure interaction. These problems are; (1) The dynamic soil-
superstructure interaction in the profound soft site, (2) The dynamic soil-underground structure interaction in soft
site, (3) The influence of buildings which will be built on the earthquake response of buildings which have been
built, (4) The influence of dynamic soil-structure interaction on the active or passive control of buildings, (5) The

nonlinear characteristics of materials and interface about the dynamic soil-structure interaction, (8) Testing study

on the dynamic soil-structure interaction.

Keywords: dynamic soil-structure interaction; soft site; superstructure ; underground structure
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