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Influence of tunnel construction on existing high-voltage power
transmission tower

LIN Quan-wei
(Pingyang County Power Supply Company of State Grid Zhejiang Electric Power Co., Ltd., Wenzhou 325401, Zhejiang, China)

Abstract: To study the influence of tunnel construction on the existing high-voltage power transmission tower, this paper
invesitages the influence of tunnel construction on an existing high-voltage power transmission tower in Xiaosong
Mountain 1, Ningbo, and preliminarily considers four renovation schemes. The finite element software is used to carry out
a safety distance sensitivity analysis and safety assessment of the powerful influence source (tunnel blasting) in each option
of tunnel construction. The safe vibration speed of the high-voltage power transmission tower is used as an indicator to
determine the safety of the high-voltage power transmission tower for each scheme and the requirements for the blasting
distance and explosive quantity. The results show that tunnel blasting has much greater influence on the tower foundations
than the upper towers. The vibration velocity of the tower foundations is related to the horizontal distance from the outer
edge of the tower foundations to the centre of the tunnel (safety distance), and the shorter the safety distance the greater the
vibration velocity and vice versa. In addition, by controlling the safety distance or reducing the number of explosives, the
program can also meet the requirements of the safe vibration velocity of the tower foundations caused by tunnel blasting.
The study of the effect of tunnel construction on existing high-voltage power transmission towers can provide a reference
for the related works on the effect of tunnel blasting.
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Fig. 1 Plan view of the project
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Fig. 2 Relative location of high-voltage power transmission
tower foundation and the tunnel

1820 ~:; _

120°

Hf7: cm

763
1075

981

g_‘,lg_%molm‘l

23 686 23
822

3 REwmEE
Fig.3  Cross section of the tunnel
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Table 2 Renovation scheme of high-voltage power transmission tower
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Fig. 9 High-voltage power transmission tower foundation of
scheme 3
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Fig. 10 High-voltage power transmission tower foundation
of scheme 4
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Fig. 11 Abaqus finite element calculation model
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Table 3 Mechanical properties of high-voltage power

transmission tower poles
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Table 4 Physical and mechanical parameters of different layer

MR TR JEREm B F1/kPa BEIEM/() PMEMTE/GPa AL HEE/(N/m?)  RIBRAL BKAC)
MEE L 2.0 15 12 0.018 0.30 17 — —
=R R e 3.0 30 24 0.050 0.30 20 — —
P XACED IR A 4.5 50 26 0.100 0.14 22 — —
BRAIS S ERE — — 40 0.200 0.22 2400 0.9 20
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Table 5 Calculation parameters of the explosion load
S8 P L/ (kg/m?) YE 251 /(km/s) JEFLE S /ecm E Y5 E AR /om n
ZHE 0.76 2.5 42 32
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Table 6 Different working conditions of the influence of tunnel blasting on upper high-voltage power transmission tower and its
foundations m
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Table 7 Controlling items

Etiilh= &L KR/ (cm/s) FEHYR B 2 A BE B /m PR BB AR /%0 IV % /mm
(g 2.0 24.94 1.2 10
M 2.5 1.5 15
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Table 8 Vibration speed of the scheme 1 for the upper high-voltage power transmission tower and its foundation at different

working conditions cm/s

LER! Lo R - Lo = Ty T THN THt TH\
I 4.00 1.77 1.10 0.71 0.54 0.46 0.44 0.29
FL P LAl 13.10 10.96 7.26 4.14 1.40 0.96 0.79 0.55
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Table 9 Vibration speed of the scheme 2 for the upper high-voltage power transmission tower and its foundation at different

working conditions cm/s
LEY TH— T = THh= T4y THh TN THt TH\
I 4.62 3.74 2.70 2.09 1.70 1.30 1.09 0.77
PO LAl 14.81 9.42 6.74 4.89 2.12 1.80 1.32 0.82
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Table 10  Vibration speed of the scheme 3 for the upper high-voltage power transmission tower and its foundation at different

working conditions cm/s
X TH— R - L= T T THN THt T\
Mg checs 9.38 8.78 6.74 3.60 2.22 1.59 1.50 1.03
R B LAl 21.27 13.87 9.10 6.36 4.14 3.09 2.28 1.62
F 11 BBMESR 4 R TR T e bt R a R i
Table 11  Vibration speed of the scheme 4 for the upper high-voltage power transmission tower and its foundation at different
working conditions cm/s
LEX! T T TH= T4y T THN T+ ERVIAN
EHRHIE 9.66 7.45 4.50 122 1.05 0.76 0.73
HLEE LA 16.51 11.66 7.62 2.36 2.02 1.70 1.34
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Table 12 Comparison of the vibration speed of 4 schemes at different working conditions
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Fig. 12 Transversal longitudinal and vertical displacement clouds of the upper electric tower and tower foundation for scheme 1
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Table 13 Calculation results of tower tilt and tower foundation settlement at various working conditions of scheme 1

ER! TH— TITH—- TITH= DITHEIE THAE  THEs It Te
AR /%0 2.40 1.40 1.10 0.90 0.70 0.70 0.60 0.50
YT/ mm 49.17 23.21 13.95 8.94 7.61 6.06 4.98 3.67

Al B URL =
(P B - AR 1A (R - P OB 75
+(FHE B R R BRI R) =
(b I B R L BB e )
F A
V(2.754-(-26.49))2+(0.441 6-(-3.016))2+(34.75-(-56.31))
40 000
2.4%0>1.2%0, ANFHRER; FEILDTE=49.17 mm>
10mm, ApRER. ¥R 13 PRIHEEIRERT
I H 4 B b, WA, 75 1 A [R]IE E P R
BRI THY )\ i T T DUAN 2 % 4R 5)
W HER, TR A TUEEZ . K
b, ERT7E DRI\, B E AL
SIUTRE S FIE TR FE R, 5 R R 22 PR 5))
LR

4 &

R4 1 o7 B 4 4 R R 1 B R T T A LAk
YIER S 125 SR R B B AL () R B St e
BRI O, L TR S RRE AN R A
23 B =Y BR IC A AR A, S AU 42 R Bk T A% 8
TEA R 2 A BE B N b AT 2 A PR S UM i . 8
BT A

(1) bR e B T 3] B 1 v o B 29 A2 B T
TSt 5 L o B L A A R ) — AN EE B A
7, B BEE LA IS IR O R R R
& R 1 R R T ek ) o

(2) BRI FRBEIT, XoF b3 e 3 7= A= fr s ) sk
HL B Al = AR R BN 2, HLBEA 2 AR B 1)
NI o F ) 2 4 P B8l MR 25 225 T
3, AT DL 2 BT AR AT H B R Al e 4 R B
EE K

(3) MIBSIE TR, TTE 1 R, J7
FK2RZ . Hp, MHE2 5 47750, {FHBSIHE
BRI TR R RCR, X R 3 547

K, A G A 20 R i T LA Y B AP Rt PO S8R

(4) AR TREPE 1 F B A% K ol Jr 58 CEDX
B HOE T % 1 I EL ) AN R RS
FEER, N S TR %

P

[11 &7, BPEE, ks €. HaRATE X s ki iy 70
ARTE IS A ERT]. R 2241, 2009, 34(8): 1043-1047.
YUAN Guang-lin, YANG Geng-yu, ZHANG Yun-fei.
Influence of ground deformation on the internal force and
deformation of power transmission towers[J]. Journal of
Coal Science & Engineering (China), 2009, 34(8): 1043~
1047.

[2] XU Y S, SHEN S L, DU Y J. Geological and
hydrogeological environment in Shanghai with geohazards
to construction and maintenance of infrastructures[J].
Engineering Geology, 2009, 109(3/4): 241-254.

[3] MENG F Y, CHEN R P, KANG X. Effects of tunneling-
induced soil disturbance on the post-construction
settlement in structured soft soils[J]. Tunneling and
Underground Space Technology, 2018, 80: 53-63.

[4] TSR, BRAEST, PMGR, 5. MUBKREE T A Z E
ST A, B L TREEAR, 2015, 37(S2): 148-152.
HENG Chao-yang, TENG Yan-jing, Sun Xi-yuan, et al.
Evaluation method for subway tunnel underpassing single
multi-story buildings[J]. Chinese Journal of Geotechnical
Engineering, 2015, 37(S2): 148-152.

[5] k. Bk BRI G A3k Tt TN R A5 5 e ) B
BEUD]. B AL TR, 2005.

ZHANG Hai-bo. Numerical simulation of the influence of
shield construction of subway tunnel on the surrounding
environment[D]. Nanjing: Hohai University, 2005.

[6] BAAA. riy bk T S5 R AR B N IR BB 7T S H
{ARBHD]. JE5: HHER, 2013,

ZHAO Dong-dong. Experimental study and numerical

simulation of seismic response of urban subway



%1 W

MBUEL BEIE il T EAT e s FL B O RE T 7 57

(7]

(8]

(9]

[10]

[11]

[12]

[13]

underground structures[D]. Beijing: Tsinghua University,
2013.

PRSC. T T 3t 2 A R AR BB BT 2 [D). 1
5. PURIAZI R, 2015,

LIN Yi. Numerical simulation study of tunnel seismic
Chengdu: Southwest

over-prediction technology[D].

Jiaotong University, 2015.

B, KR, R, 55 BT T2 E G RN )
BRBEE I TR B T )], B0 S TR R,
2013, 32(S1): 2915-2924.

HOU Gong-yu, LIU Hong-wei, LI Jing-jing, et al
Numerical analysis of subway tunnel construction process
based on excavation and unloading effect[J]. Journal of
Rock Mechanics and Geotechnical Engineering, 2013,
32(S1): 2915-2924.

HAN, BTy, HETT. BEEITZ R B E AR A
B S HUEREUI]. A 7757, 2007, 28(S1): 379-384.

JI Xiao-ming, WANG Yu-hui, YANG Zhi-yuan. Flow-
solid coupling model and numerical simulation in tunnel
excavation problem[J]. Rock and Soil Mechanics, 2007,
28(S1): 379-384.

ARAT, SR, S i R R AN R S X B AT B E RS 1
BAG S ATT]. R, 2008, 25(4): 20-23.

FENG Zhong-ren, WEN Xi. Numerical analysis of the
effect of blasting vibration on existing tunnels in new
tunnels[J]. Blasting, 2008, 25(4): 20-23.

B, 24 b, B RGE. BEIE T2 SRR 1 3R e
BRIEFM K] FLAC~(3D)/MT[J]. 3t T 388 5 TARES K,
2013, 9(6): 1401-1405.

XIAO Xin-xin, LI Xi-bing, GONG Feng-qiang. FLAC-
(3D) analysis of the effect of tunnel excavation and
blasting on surface high-voltage pylons[J]. Chinese
Journal of Underground Space and Engineering, 2013,
9(6): 1401-1405.

R, R o B At X e I LA R R ) 2 4
PEAI]. TR, 2020, 34(2): 89-93.

XIE Jin-rong. Safety evaluation of the influence of
underpass tunnel shield construction on high-voltage
electrical towers[J]. Soil Engineering and Foundation,
2020, 34(2): 89-93.

LM, RZERE, DiEDG. BEIEHE X BEA s A Y
SR 34T S BB B S8 [J/OL]. R AR 1-7[2021-
09-01].

GU Ren-guo, ZHU Yi-yao, FANG Ying-guang. Analysis

and numerical simulation of the influence of tunnel

[14]

[15]

[16]

[17]

[18]

[19]

[20]

construction on existing high-voltage electric towers
[J/OL]. Applied Science and Technology: 1-7[2021-09-01].
rhee N RSN [ A 55 R 2 3 Wil R e AR
GB 6722—2014[S]. dbx: HEFs#EH RAE, 2014,
Ministry of housing and urban-rural development of the
People’s Republic of China. Safety Specifications of
Blasting: GB 6722—2014[S]. Beijing: Standard Press of
China, 2014.

WMok, 225K BE RS TE it T 7 i I Rk
MBEZW 2 HD]. Kib: PRI, 2011

YANG Yuan-hong. Analysis of the interaction between the
construction of Li Jiachong large-span tunnel and the
overlying high-voltage transmission tower [D]. Changsha:

Central South University, 2011.

WROGHE, REfep, Yoi-E. HPORDMRETE H 1o N 5
FURITT 5G], 2012 484 [F 2 RS IE BB R BT

SBORRC S, E AR 2r, 2012: 10.

CHEN Xian-Guo, KANG Hai-Bo, Fan Ren-Yu. Blasting
scheme for the exit end of Chongqing Shuangbei Tunnel
under the building[G]. 2012 National Symposium on
Highway Tunnel Construction Technology. China
Highway and Transportation Society, 2012: 10.

E R B R, BREREE &G TB 10003—2016[S].
b5 AR AE HARAL, 2017,

National railway administration of the People’s Republic
of China. Code for Design of Railway Tunnel: TB
10003—2016[S]. Beijing: Standard Press of China, 2017.
F R Reil . Ao i 2k i IS T MR DL/T 741—
2019[S]. dbxt: = E Iy R, 2019.

National energy administration. Operation Code for
DL/T 741—2019[S].
Beijing: China Electric Power Press, 2019.

e N RIEANE A 5 A 2 B8, 110 kV~750 kV
s i WL 2 K BE T BV GB 50545—2010(S]. bR
Fh bR H R, 2010.

Ministry of housing and urban-rural development of the
People’s Republic of China. Code for Design of 110 kV-
750 kV Overhead Transmission Line: GB 50545—
2010[S]. Beijing: Standard Press of China, 2010.

e N RIEAIEE 55 M 2 (2 B0HE. B 4 e
i GB 50135—2019[S]. dbat: A [Ekr#E H AR AL, 2019.
Ministry of housing and urban-rural development of the
People’s Republic of China. Code for Design of High-
rising Structures: GB 50135—2019[S]. Beijing: Standard
Press of China, 2019.

Overhead Transmission Line:



