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Structural Restoration for the Electric Power Transmission Tower Damaged by
Foundation Settlements
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Abstract

Generally the capacities of electric power transmission tower’s members are improved by increasing their stiffness nature through
injection of grout or attachment of other structural stiffeners. Those are for upgrading their axial strength by fulfillment of proper
materials into pipe members, increment of member dimension by addition of section, or a combination of the two. However the
use of innovative and unusual procedures would be positively recommended for getting more stable state. It is that buckled
members are replaced with lengthened and strengthened members. In providing the structural restoration procedures for the existing
electric power transform tower whose main members have been damaged due to unequal foundation settlement, structural damage
inspection works and numerical analyses for the damaged one and the restored one were done in detail at first. secondarily
member-exchanging works using a newly-generated jacking system and strengthened members were achieved. This figures are to
point clearly to inherent advantages attending the management of the towers.

Keywords : Electric power transmission tower, Structural safety inspection, Jacking system, Strengthening existing member

.2 th B oA olgst EAIE AAT F AEE 7] £
¥ SAHE FAe] @A 24 35S QI AR VIV
Ay TEES A e TEERA U 71z aQkete] AAgshdN T2 AEs EAeelaL 1 A9l
&3] A P AxAdo] shrEojok gtk whEbA R e R o) s
TE FAlEe] flEllA @4 el &gk vt vigo)
OF7|H A, el of g F-A7 3t A7t wA| Holof st 2. 9AE olg A B ZEMA
o] WlE A Asided wmE S SAlACk
gtk ATA AT XA oY didol Y shie 2.1 Fx= e 24E
SAEE AR ARIEY] S Bu VledoR S
3 EBA7)E ANE B Woks sl e v B B TEES T F YA AR] A 470 F37)x20
o} 2, giae] )& PRA Ba i 87} 9o Bavt sk (D7 A7 1% 68mm 538t W) 7} iy E o] o F
&21E Aol 0] BiE FEE R $A8 AE gas A Adtel] mE B gl B 3ARE silth sAks V1x
77t ol 9let = AWEdEl 5o YaE @9l 9 = QAR BE8A] ¢ba, 2 FAel ouA] axdtel whE
s F7F &) wAE A, 73 kA o] Tk € e IR FAE AdEielA ol Aol e A
1) 439, (P2 dmolAl, wAAA} * Corresponding author : threetech@empal com
9) 439, TR AASAAYY g o B =R fgt 28 20134 49 302711 852 wujEAE 20139 5950
3) 439, @UeAY BBARy vy 22A3E A

A3
439, FoFIYsI ERFIY 05
B39, Feradsty EE g 1

Copyright © 2012 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

SEPxENUex B =2 17 M25(013. 3) 83



W AR diell BAAA (AHE EEhE FSlste] A 2
) @S AT ARAelA
A 37 B A D2 R F

%
F27 5] % o1 3
1A

7} sk 12mm7} 2HE Qo] AxF S QITh SAF HAY
S C-DY DZF AHA dhdel] ARA do] vigko 2 syl
79 A, C-DE 7} AR Ake] e wkl B-cH c7)

AR A3 E BIAR A A Soltt & el o
S AHe B g Bl k2 2 AT Aol 983 o
FOA = e FR|EAe Bl Al A @ 3]
-8 support AIXE] A AR AN HE 8 29l @)
ol RAelde] g2 ul e 5o AR B e
upel Bt AU Feilvh e Bk AjA] Y =
F 3 ASS S8 FAY x4 wskes s8] whdste]
wok obdet 5E2Q Ads EEES ik

22 BN x2S ZAL

Fig 19} o] 07 oy P2E9 9, w3, 2491
59 WY A SRS, 1 Aok A2 S 9
g ol S5 AR AR

23 B Z2MA

T8 Ao whE kA Ag
& et *Ml of whe} dixoly A, |
W7 A A, 87 AN Sek gl A, 0 291
6‘Hiﬂ B SO AE FAsith 57) AR 2ae

ER B, HA9 dojg 59 A FAlt agFow
WAE7] 213 support X A FX7F AjEFA QSN
EAE AL AR A A Gel o Wzt wgE e
= G523 Zolth B W 3L Table 19} 2ar, B
A= Table 29+ 2tk

Table 1 Process of structural restoration

damaged area (No.1~No.3) split crack (No.1)

buckling (No.2)

Paint Peeled Off

paint peeling (No.3)

«_ Buckled Area

numerical analysis model

Fig. 1 Structural damage aspects on situ
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items

contents

field work

reviewing variations over diagonal members, examining the method of field work, checking the way of supports

usage required for replacement work

numerical analysis and fabrication of
supports

structural analyses for diagonal members, fabricating supports (factory/site) and jacking—up devices, carrying in

and applying field materials

fabrication of diagonal members

importing diagonal members, grouting, and curing concrete in diagonal members, carrying in diagonal members and

measuring the length

surveying / measurement and
replacement / reinforcement of members

replacing members, filling diagonal members with concrete, surveying and measuring structure while replacing,
painting and inspecting members, dismantling and withdrawal of site facilities, and cleaning up the site
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Table 2 Contents and processes for structural safety inspections

items inspection

contents

axial resistant force

(D estimating changes of axial force and displacement in members while removing and replacing
@) calculating jacking—up force according to growth of reversed displacement

engineering work structural safety of support

(D examining slenderness ratio of support

@ calculating allowable buckling stress and force

@ inspecting member capacity of support while removing damaged members
@ readjusting jacking force according to reanalyses

numerical analysis while
replacing

(D analysing structures numerically for control of jacking—up forces according to results of continuous
measurement while replacing members

jacking—up

(D conducting jacking—up for a smooth separation of the bolts and nuts
(2 measuring initial diplacements and strains while jacking—up

reinforcement by

. replacing work
replacing the members D <

(D separating bolts and nuts

(2 dismantling damaged members

@ filling old diagonal members with concrete

@ lifting new members and fastening bolts partially

(® jacking—up

® fastening bolts completely in accordance with regulations of the standard for the torque

painting process

(D applying primer coat paint epoxy (bonding)
@ applying topcoat paint : urethane (color painting)

surveying / measurement
(vertical displacement)

measurement while
replacing

(D setting up data loggers and survey instrument
@ checking measurement systems and measuring test signals
@ surveying and measuring behavior of members while replacing

dismantling and painting /
repair

dismantling and
withdrawal

(D removing and dismantling scaffolds

(@ dismantling jack—up system

3 dismantling stands and jigs

@ painting members

®) carrying out silicone— waterproof work on the top of diagonal members
® dismantling scaffolds

(@ cleaning up the site

Table 3 Requirements for numerical analysis

Table 4 Cases of sensitivity analysis

items contents case settlement wind velocity | wind direction grouting
voltage 345kV case 1 68mm none - -
No. of transmission wires 2 CCT case 2 68mm none - full
. types SA2 case 3 68mm none - partial
specifications el 00
vertical m - -
Joad span : case 4 80mm none
horizontal 900 m case 5 80mm none - full
track horizontal angle 3° case 6 80mm none _ partial
unit wind load on shape steel high : 575 kgf/m’ case 7 68mm 36.6m7s side _
tower i igh @ 392¢ g -
unit wind load — steel pipe h%gh ?22 kgf/mz case 8 68mm 36.6m/s side full
unit wind load on arms high @ 522 kgf/m e G3mm 36.6m/s e oartial
unit wind load on insulator high : 674 kgf/m® - 10 o \36.6m/\ f :
case mm .6m/s ron -
. pyrometer region 2
region - case 11 68mm 36.6m/s front full
cryometer the other regions
B : case 12 68mm 36.6m/s front partial
head ground wire maximum working . .
: ) overhead g tension : 5700 kg case 13 80mm 36.6m/s side -
strung wire o ] maximum working case 14 80mm 36.6m/s side fulfil
transmission wire . .
tension : 6000 kg case 15 80mm 36.6m/s side partial
insulator weight 900 kg/set case 16 80mm 36.6m/s front -
indication sphere weight : 8 kg/eag case 17 80mm 36.6m/s front full
unit wind load overhead ground wire high © 121 kef/m case 18 80mm 36.6m/s front partial

on strung wire transmission wire

high : 109 kgf/m®

unit wind load on indication sphere

Considerations in modeling :

high : 84 kgf/m’

dead loads

G.W 1 300kg,
CONC : 400kg

1) usual state in pyrometer
3) settlement of Dposition

2) tension of transmission wire
4) basic design wind velocity

5) wind direction : front (arm direction), side (perpendicular to arm direction)
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diagonal members of responses

MIDAS/Civil
P0ST- PROCESSOR
xTAL
1.sa2z6e4003
12634424003
60459224002
5.05746e+002

0.00000e+000

2.5250204003

HIDAS/Civil
POST-PROCESSOR
BEAN STRESS

AXTAL
47317724002
3.8373024002
2.94283e4002
2.048352+002
11538824002
0.000004000
-6.35061+001
-1.52353e4002
-2.42400e4002
-3.31845e4002
-a.21295e+002
-5.1074ze4002

A D ﬁms
= 2: 0,259
positions of over—stress positions of over—stress
Fig. 2 Structural modelling and stress response (diagonal Fig. 3 Structural modelling and stress response (horizontal
member) member)
Table 5 Characteristics of steel members
materials yielding strength tensile strength
types symbols size (kg/em?®) (kg/cm?)
special steel members STKT
X

(diagonal embers / horizontal members) 590 165.25.5 4,500 6,000

structural steel members (redundant members) SS540 L175%12 2,900 5,000
materials allowable stress (kg/cm?)
types symbols size tension compression | bending shear bearing
special steel members STKT

(diagonal embers / horizontal members) 590 165.2>5.5 2,800 3,000 3,000 1,600 4,950
structural steel members (redundant members) SS540 L175%X12 1,900 1,900 1,900 1,100 3,150
A3 A% Ang A8 Vg SAUGY BAE sk ek
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Table 6 Case’s values of stress combination for diagonal members
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member | case 1 | case 2 | case 3 | case 4 | case b | case 6 | case 7 | case 8 | case 9 |case 10|case 11|case 12|case 13|case 14 |case 15|case 16|case 17 |case 18
10 025 | 015 | 043 | 046 | 024 | 073 | 1.68 | 061 | 1.84 | 027 | 0.05 | 012 | 1.89 | 0.70 | 213 | 0.24 | 0.14 | 041
12 1.13 | 045 | 044 | 1.34 | 055 | 054 | 261 | 092 | 090 | 1.54 | 055 | 054 | 281 | 1.01 | 0.99 | 1.76 | 0.65 | 0.64
15 078 | 0.34 | 033 | 096 | 043 | 042 | 1.17 | 044 | 042 | 228 | 0.80 | 0.79 | 1.35 | 053 | 051 | 247 | 089 | 0.88
42 034 | 016 | 015 | 062 | 026 | 025 | 232 | 061 | 059 | 013 | 0.09 | 008 | 261 | 0.71 | 069 | 039 | 0.19 | 0.18
44 154 | 045 | 045 | 1.83 | 056 | 054 | 3.62 | 091 | 0.89 | 1.88 | 052 | 051 | 391 | 1.01 | 099 | 217 | 0.62 | 0.61
54 1.05 | 034 | 033 | 1.33 | 044 | 042 | 143 | 041 | 039 | 315 | 079 | 0.78 | 1.71 | 050 | 048 | 343 | 0.89 | 0.88
86 047 | 018 | 018 | 0.72 | 028 | 0.27 | 2.08 | 059 | 0.57 | 040 | 0.13 | 012 | 232 | 0.68 | 0.67 | 0.65 | 023 | 0.22
88 1.30 | 041 | 158 | 1.55 | 050 | 1.96 | 2.86 | 081 | 3.17 | 1.58 | 046 | 1.77 | 311 | 091 | 354 | 1.83 | 056 | 2.15
98 0.84 | 030 | 1.16 | 1.08 | 040 | 1.53 | 1.05 | 0.35 | 1.33 | 245 | 0.71 | 276 | 1.30 | 045 | 1.70 | 2.69 | 0.80 | 3.13

note : 1) member 10 (split crack) 2) member 88 (buckling) 3) member 98 (paint peeling)
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note : no. of member is on the abscissa, stress value is on the ordinate. bar chart is representative of the case results

Fig. 4 Case’s values of axial direction stress for damaged members

Table 8 Case’s values of stress combination for horizontal
members (—49 m from the top)

Table 7 Case’s values of stress combination for horizontal
members (—59 m from the top)

no. of member | 104 [ 105 [ 110 [ 111 [ 114 [ 115 [ 120 [ 121 no. of member | 180 [ 181 | 186 | 187 | 190 [ 191 | 196 | 197
steel type SS540 (redundant member) steel type SS540 (redundant member)
case 15 | 127 | 145 | 095 | 1.37 | 093 | 143 | 0.85 | 1.11 case 15 | 071 ]092] 062 ] 1.16 [ 063 [ 1.21 [ 086 | 1.11
case 18 | 114 | 1.12 | 1.15 | 1.03 | 1.33 | 1.30 | 1.25 | 1.31 case 18 | 056 | 058 | 0.78 | 0.81 | 099 | 1.05 | 1.23 | 1.27

no. of member | 101 | 102 | 107 | 109 | 116 | 118 | 123 | 124

steel type STKT590 (horizontal member) 42 Support X OFX é',' %17|'
case 15 0.46 | 0.33 | 0.29 | 1.11 | 0.52 | 0.38 | 0.44 | 0.40
case 18 0.36 | 0.46 | 0.3 | 1.05 | 0.45 | 0.98 | 0.52 | 0.43
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Paint Peeled Off . Nodess Noe56

Buckled Area

A

i

SUPPORT (2)
Crack Area

ReSiSting Box SUPPORT (4) ‘. SUPPORT (1)
Foundation(H-Beam) A
(a) details of jack—up and support (b) damaged area and supports (c) node number for analysis

Fig. 5 Support position and target node numbers in numerical analysis

Table 9 Case’s values for member displacement changes | 30 tonf, %] supporti= 10tonf?] slz< 7}l Al

(except wind load) (unit = mm) 7} e A ke gloit) B3 ddi s SR 9

node case 1 case 2 case 3 case 4 case b case 6 ‘8H 4%01] 22mm ﬁ%o T 70}/5] ;51_70}"6‘ H E/Vﬂ support %HO]-

43 0.893 1.795 2.692 2.769 2.512 1.218 {5(]: —31%_ %1_6—21_ ’5‘]—%«% iEé—] %X]E% _5_]_93\11 /\]-ZH ﬂiﬂ %]_
42 1.37 2.741 4.111 0.239 1.644 1.27

Al FARIZE AAE 739 support Zdetel] HHAE = Ut &)

41 0.899 1.797 2.696 —0.238 2.513 0.569

47 1375 | 2749 | 4124 | -0.308 | 1.649 | 1.252 T A Foke A (EAFEE 20m/sec) S.2tonf ©]

54 | 0902 | 1804 | 2706 | —0.344 | 2518 | 2191 Dg AAG2 FAEA FES ks s s3Itk ok
55 1434 | 2868 | 4302 | 0032 | 1718 | 1727 AHE support 4A12] A W SARAE BE HE o
56 0.892 1.785 2.678 1.54 2.507 2.841 Z\J'% o]_g_@_ _(:)_1_%_ ﬂ% %Eﬂg @_7:" 1;_;_3 Table 103"]' 7{_:1_]_4‘

50 1.491 2.981 4.472 1.966 1.789 1.893

casel—10tonf jacking—up for all, case2—20tonf jacking—up for

all, case3—30tonf jacking—up for all case4—30tonf jacking—up to 43 Z5=0| 2 X2 HE
inclined supports, 10tonf jacking—up to vertical supports on

C-D face, caseb—30tonf jacking—up to all of inclined supports,

remark

10tonf jacking—up to all of vertical supports, case6—30tont 3 18 o] ul EXEAES EF o7 AAS
jacking—up to inclined supports, 10tonf jacking—up to vertical - _
supports on C—D face, and 10tonf jacking—up for all on A-B, AA GAMER A QlolA AR E A supportoﬂ z}
B-C,and A°D fces 2 e e AR A T e A A
] ) ] 2 59 Adso] 3, &4 FAls AR st FAlE
E3E A ' S ol Huigh grA| she B St SlDEm s ST mAlE Ao wiAd Al
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support F-A12] Fm=ebAA] AEES asto] ZA} supporti= 2] support®lli= 10tonf?] jack-up=-= AHESHE, $3ks 4

Table 10 Characteristics for support member

materials yield strength tensile strength size area unit weight/unit length
types of steel symbol (kg/em?®) (kg/em?®) (4,em?) (kg/em)
carbon steel pipes SPPS42 2,500 4,200 $165.2%t11 53.29 41.8
materials radius of gyration effective length slenderness ratio allowable axial stress | allowable buckling load
types of steel symbol (r,em) A, em) ) (Fra) (P,)
) 550 100.73 936 49,879
carbon steel pipes SPPS42 5.46
1,000 183.15 284 15,134

note : 1) slenderness ratio (A, =1/r)= 100, allowable axial stress (#,,)=950/(),/100)*[kgf/cm?], allowable buckling load (P,)=F,, < A [kgf]
2) effective length of inclined support (total length=1,100cm, restraint on center) : 550cm
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Table 11 Load reponses on diagonal members and vertical supports (except wind load) (unit : tonf)
position A-B face B—C face C-D face D—A face
diagonal member | vertical | diagonal member | yertical | diagonal member | vertical | diagonal member | vertical
classification A B support B C support C D support D A support
before installation of support 1.7 1.7 - 1.7 1.6 - 1.7 1.5 - 1.8 1.7 -
before removal of diagonal 1.1 11 16 1.1 11 15 11 0.8 16 11 11 16
member
after removal of diagonal member
' after' of split damaged 1.2 1.0 1.6 0.9 1.2 1.6 0.9 0.9 2.2 1.1 1.2 1.5
installation -
of support |after removal of diagonal member| ) | 11 1.6 11 11 15 1.2 0.8 15 11 11 16
of buckling damaged
after removal of diagonal member .
. . 1.1 1.1 1.6 1.0 1.2 14 1.1 0.8 1.6 1.1 1.1 1.6
of paint peeling damaged
Table 12 Load reponses on diagonal members and vertical supports (with wind load) (unit : tonf)
position A-B face B-C face C-D face D—A face direc. of
diagonal member| vert, |diagonal member| vert, |diagonal member| vert, |diagonal member| vyert. wind
classification A B |support| B C |support| ¢ D |support| p A |support| load
after removal of diagonal member| o |5 | o5 | 6o | g2 | 25 | 31 | 10 | 52 | 80 | 55 | 19 X
of split damaged
after g al of diagonal merb
installation | 216" FemovaL of diagonal member| -y 5 gg | g3 | 56 | 78 | 23 | 24 | 28 | 47 | 83 | 61 | 20 X
of buckling damaged
of support -
after removal of diagonal member| ¢ o |70 | 1o | 9o | 34 | 42 | 81 | 47 | 27 | 05 | 22 | 06 Y
of paint peeling damaged
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Table 13 Displacements of the diagonal members due to jacking force (unit : mm)
A " #1 diagonal member (split crack) | #2 diagonal member (buckling) |#3 diagonal member (paint peeling)
region
lower part full member upper part full member upper part full member
measurement
initial final initial final initial final initial final initial final initial final
#3 -
Diagonal | length in - | 4805 | - |11577| - | 6772 | - |11577| - | 6772 | - |11577
drawings
" X C length by T/S | 4804 | 4805 | 11576 | 11577 | 6770 | 6771 | 11575 | 11576 | 6770 | 6771 | 11575 | 11576
#1 Diagonal Member #2 Diagonal Member
) length by - |as06| - - - |emo7| - - - |em05| - -
damaged members (top view) measuring tape
note : each of diagonal members of #1, #2, #3 was assembled by two parts, upper one and lower one
Table 14 Components size of grouting material filled up Load 50,000 T— Concﬁ
/ — y — 1—_Mortar 40.9 tonf
diagonal members o 40000 \
< |
cement sand water admix ; 3°'°°°_
40kg 40kg 16L 0.4kg 2.5m 235m 3 2o,ooo_ e
10,000
1 Grout : 3.7 n4
o ) ) _ _ | 0 / — 1 v v
Table 15 Mixing ratio concrete filled up diagonal members ) 0.15m 0 1o 20 30 40 50
A o G Stroke (mm)

member filled with filler curve of loading test

Fig. 6 Test of frictional resistance for filler in diagonal member
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ZAAe ot vhak AgkHo] ghjjEic). Fig

w/c s/a unit weight (kg/m”)
% W c S g pc ad 1 ad 2
40.4 53 202 500 826 755 8.0 0.025 | 0.25
notes : 1) Gmax : 13mm, pc : superplasticizer (pc) ad 1 : air entraining
agent ad 2 : thickener
2) slump : 6.2cm, air content : 5%,
compressive strength : 40MPa
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Table 16 Strain changes in diagonal members at each step

of member replacement

measured strain strain (X10-6)
member replacemel #1 member #2 member #3 member
lower part of #1 member (new i?fmber) (old _ni:jlbeﬂ (old ;i;beﬂ
upper part of #2 member (new :nlegmber) (new_riijnber) (old _n}leiber)
upper part of #3 member (new i(])gmber) (new ;ngegmber) (newi ngqéiqber)
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(=) compression, (+) tension
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