W

" Sl
W ol R

FE-OY ¢ ;m.b 93 Jlio (VFeY ul.\.m.n)) ¥ a)Lo.& OHY o> S buxo 9 O‘J‘“‘c (W0 A gl

) 3l (S Sy 95 Ll G J5S oz CYLATT 13 o] ansis
S 3O (G A dilo (6 S OL

Toblsie Loy e MF Sl B 7 )e

S el gt olSls g Lamma 5 (ol pae gudig 008l | puli IS symmiils "

VEYIFIO 0BT 5 VEYIFIO o pndy VETVIFIVA o, S50 D F VYT sdly o

ouSs
Al yo Corw g 5 UsS (cond8l Ll i v alizee Ll an 3blin 3l jeue g 15iS daw ;o SaiSTy Loy 5 Cain (o g0 Jlanl bylas
O IS 38 St Gl S0 0,55 5 jeiiee Ol Gy Cao j0 Sy cpl Camesl Jdod s e g9, g0 sla ol > g ol L
aS" ails ol yenay |, SMSw (i )ls (goaxie syl a5 (318 Siie sl JSs wile glaojle ;o ol Joee ololid (S el a3 )3 15 ol
bl S5l e slobs 8 5o e ol (Ko 5 o licisal 1, VU sy e bl b eSS 55 5 55,
Orole (6 S ol 0 gundn b slop sl 5l (S 5l 6,50 e b aS 00,8 o M alis ol jo el 423 )T )18 (Al (pafise dx g 950 A ol
5 Silwdowe y9i8 5o Jail bgls mly sl IS 51 (G ol g, cnl 5100,8 ololis bojle (pl jo o @Ylasl jo o5 ol 5 98 (Joxo
aalsl 45 00,5 o (s5lu e lale 5 5l eolainl b 50 JEsl JSs slaasl asb jo o] calize SYLas] s i oo (Soalns Julsw ol b o
o680l gel gl bl ol o ks sl uilS 5 5 soge slaJSh 5 (gjlednd SVl o ol alise IS 1 sgazme (slacgeze

S5 5 a5 5uion ol ol 09 oe oolitul calises slagy L 1o ol ololid Cg ol Casas (slosls ol 5109 o 2l el (soailo

Sl ol e g LSS aly YLl jo oals (g o5 ol > elgl Jore ololids jo Sl (s, og

(5990 S NS ¢ grrab Lol 5 e slojle Codl il «slakoy VLAl oy JUil sla JSs e lgands

09 SIS g e (S S5 oyil sladsliy Dle
20,5 U5 ojle (IS o> crge wilgie g abboo by
loled 9 Laasl cnl szl ) 59, (8IS 5l 6550 02 9, Cnl 5!
Sl gl 4 il Sa S by ] e 535
il gaslb b Ss ol S,y SalS )0 0aiiS o 08
Slalllas 04 anlys 00iS s o] 51 30 eloix] 5 (goladl
Jusl slagss olulis 5 cods ol peas o (sousie
2 oher o Yin dlis 4 g5 oo alox o] 5l a5 a8 58550
SaUSs j0 coaml plulis 4 pladl a5 o 5 o Lal Ve o QLo
ge sla el )b o] .o ged K (09050 dlaws b Jlas!
Sle o5l g wmSojlal ame ol slassls 5115 o5l
A3 ges ookl i ol
pladl Y- F Jlo o o,Ken g Skarbek o dbos (o
ol 31 oslial by iy Jil (slo S5 55 ol ololit 4

doddo —)

@by sbojle 5 Gl slapl,o owlol 285 Jdoay
SIS 5 e By il slean e alls e jgaS o
9 e SLoplaislo 5l (6 )lns (B gy iBgs 09k oo lag)]
Oeiize g cpl 3l oed g0l ollls cel Wiy o Sl
u,-'LwLw-' 9 g5-’)l-‘ Slp Ll bo)Sal; Jlisas o)l
ol s bojle Coundg S8 ¢ Fgolaill (S
bojlos 5 6,55 sl oSl 0 55550 51 (S o5l bl
RET PR paseg o Lgl.&:&:)l.w:} JJLQA 5

756 Co 093 Gllas jee Jsb o g5 Jlanl sla o
b yio e bulpd £985 9 (Sewlo slayb jlg o Jaume Jalge
5o | Ol ol .oﬁ—l@ S92 54 03l alie slocond g

TYV-FFOFY1F el o )lad £ gt odisi

(oblsis -¢) abinavayan@autacir « b & o) ttaghikhany@aut.ac.ir : e s ,o]



FE-OY (\FeY ul..w...n)) f oyl OY o o) buxo g ¢|).o.c (W Ay el / ub‘guuu ¥ s@l’sm ) N g

Sy90 5o ool gl ol Jelse 0p 51,50 5l (S
wibse B il ladhic glagn »» Seie glaJss

(V) JS2)

Wl Comd jo ppray Jain glacl gbgu ed o - S
508 JUl o JS'o

10,5 (gl £45 90 4y odes jsbay lgi o f) ld

(e SB e ()

maaS Sl ol Coen! Pl aSS L Jlasl slagey <8 (Y
5 St sl S0 (YL ol 4 pw s Cogre o
Lot Ceond )0 oud oolawl glasl 05 5K pisren
sladsb sl avais Jdoay Sbisw cuwnd glach IS
(2l oo 6 YL ahatio phans gljls glojle LYo 4y 55,5
9 ol 3l adbige i e Glog glasl o 2w e
2l by I3zl o plaii g e Wiyt oS (39, 5l S0
Iy 0gin wdlol e &lus 4 mie aSpl 51 Gien 1) YLas!
ool o e e plid 1) el Gl @558 wled Lasein
Olyds e (g, S LG oyls W ol allie Ll
S 5 gelS 8 it oS b5 ol Jlage cslo ol
‘) leo)LM: )| &9.: u.)‘ Y las! BN u.;.w] IR 9 ulSaG (5Oge Lgl.ab
(Blg IS0 G Clasin lanl jo jslate yeddy dled (ps
(haszme o525 o8 s g (Sl Jbe TV e o I3l 50
q odguzme Sy 0 o5l (pl slahos CYLas! s 0,5 o0 )3
5 (s Jt IS (sloanl) g, JUl IS5 glisl 5 51 (s e
b a5 Judog g Jow Gkl Laol l58le 5

bl iogai o3 Sl slogsbs 5l s pSo e b s S
Sy50 omar 4 5l oliiul by 1y uilS 3 ] cloasls
aiols J18 oy

lad 5 g, sleslatwl LYV Jlos yo ol Ken g Zhao
a1y S Ve 5 JU S5 s 55 ok
Ay ol e vy oas  olwlids uslS )3 aidl yo 5 00,91 oo
el

maeS Guyb 5l VY. e o o) Ken ¢ Karami S
Jloge pliebl Jlae il yo (ila8nd slacsogyy 5l
IS gLl 31 oolizal b g wiols @l 1, s S dings Connbso
Sz ] gl [l diogny Szge Jaod bolyen (g05e
oS olo i (ol @l 9 w85 5 50 ol (plulid (b5
el ol QI plares S ol 2l 592
30 ] A g5 9 Vb 40 ool oLl il Lo ,lo 429
o] ol S 28,5 ol 9,5 Jlil sla S oYLl
bolas ;5 985 iles Jodoa Sl laojl 1 gsi onl Jlail o
o bakuly jo el s 05 5 YL Coal Sl oll s L]
slepiegh @ ol 5y Jul gldss wilal L,
Do o )Lsl Yeor Jlu yo ol Sea g Ungkurapinan

LYV Jle yo ol )Ken g Szafran gubod ,o cpioxes
Sy VLT (g5l Jote 4y pladl ' Ktiasl g l30e 5 51 ol
(90 J) slaJ5's alie w1 ) Sen S1e S
559 00,5 (lgebl Sl (e By, o jslaiea

Jde Yo¥) Lo 5 olSan 5 Zhao aslllas o Cyeizean
ags SdgelS 00+ sl JSo S aYlasl 5l sgaze oledl sla
Alysas cals J13 2lg Jlasl glp 5 ol azgr 0ys )8
JIdge Jolow 5 4525 aslol ;5 091w STLe (25 Co ok (5950
Pl gl Sl 3 g i b 0,0 Cemsts 61
&l S S g Jloge Jolow g2 (e (oBg, 10l 5l g
0 B G Dad g O plulis Gl g Byme (sl 4l
iy Dlagdos b annlie j0 050,85 oolaiwl by axio
Slcawl o )Sul Loy, Gl LG oyls 0 ol ey
5 gy JUl glaSs glbog VLl o eols ¢, Jlazs]
p Jdoar I cnl 5o ams S8 g 0550 1) sl 4l
JICE PRV I RSOV ICH {51 A W JES O B TP S
Sl slocts, b ol oo, (5 ojle (Seslis
ol B Jelo (UGl g oS 5 (S50 sauain (h9) oedle
2 pla iy Covles 5l pgas Gl 5 s S sl
@bt sln g JBBI Sl 55 5 (b sl ulS
0,5 salez oolaiwl SYlasl o ol

2.SAP2000

1. Ideastatica



FE-OF ((1F+Y lcno)) F oylods DY ol cConn ) buxo g oyl pos (oo 4y 35 [ llgian & (S & O

bd

-l (310 sl 097 5e T smez 5 S0k slagsts, 51Tk
-0 oolatul ol Sl anld cpm Gl slools sl
Al o g0 y0 @it Glocaw! olulis anld coled 0 00 F
135 (oo plox]

q odgame ;o b ,o alisie SVl 4o ol auseds ()
(oaly) JSo U5 5l 5%

50 aS SVlasl slozen ,o cilise slacaw] ololis (Y
el sl S wog ad lulis oyl el (8 al> o
Bgd o ABIAT Jigleday (V) UG jo allis ol jo a8 )8

e Ll 5l Lol gla o) S8l ol b 5l eoliul
Lol Sley 50 eal gl ae cVlail jo a8 S el
gely 5l osliial b .53 so Seelins o g (5 5kw e Toaee
oo dliie Slagy b 5o lojle Dbl loj azl
90 0) (5350 S JSS 5 (amb Slo Wl B b ala S
osls oL bl (gl Sledbl 51 0gd oo !5l (o
xSl ly e oty sS o Gseil 5 sl cax
S5l ol 5 oolinul b cules 45 pmlod oo oolinul

Model Mode2 Mode3
S6.341 m O3MIm B3 m
Splice compechon
~
i:w 5 . ;
3 | : 3
. = [ - - =1
J - 4 W W E
E-N TN T oo
[ 5 - N E ' . N
L—‘y> s Titnsel s L—‘,/
Autbient vibeation{ wind) ' Responsef scceleration) ’
O i m om ‘ U 1
'
1 I -l 1 -1 1
step | | step( 2
—~
K_I
- | ooyl SV Ll
B ==l e
Bagging tree I ) ! l Out put -~
| )
—~ S aidy ! SV lapy (g Sl Ll
.j_..
vouboe
) step
]
™
step| 3 )

oads (g kwancd ob L 5l G‘fl sl d=s ol sl ouls ools
zr slacl mhaw g5, 0L Lud 230,5 solaiwl o jle S o5 gl

oolital 5 8,5 oo Jlael g (o 53 (5208 (83505 5500
(FOY a,85) 005 oo duls (V) dla) 5

(VWH )2

= _~WHZ o)
W 16X C XA

930 JUGI 5o g5lw S -
bglas 00,515 Slgl 8 bl o IS ggilaml jisy ol (o
Si8le s 50 T sgame slixl (so0e Jow ( JSS ojle sloaias ;)
(@l -¥) Js ;o DCO JS» 5 sles oy aisl Yov v o

Oimlbed (o -Y) UKo 0 j8la 5 50 eads (gle Jaw awais

4. Ensemble Methods

3. Matlab



FE-OY ((1F+Y lno)) F oylods DY ol cConn ) bnxo g oyl s (oo 4y 35 | Llgoas & (S & O N4

()

oy Cegoyoyio cansp 2 50b J5e mhow A il 5 e

b Pancl 5
47-50.341
:

Pancl 4
33.74-47 m

Pancl 3
25-33.74 m

4

Pancl 2

9-25 m

L

SAP2000 ,1380 55 55 00 (5w Joko duwaidd (o DCO JS's IS gles (AN Y JSCi

b (Sl (5,185,L Y

5 akSl ol S Oygen ey 9z 0 9k ol
-0l 0,90 b p.la,.al.; ‘_,,_.b)_:» oL as VIR | uﬂs\)fﬁs
Sy a4 arg b ol adids Lz b 4l w3l e gl
Slagby, 3l sl 3Y (T ciogs sl ol o9 peite 5 ol
quw‘).: adlaio g_ix JL’ U.C).MJ M}) 6‘).8 Qy.u oolaiul Lg)LcT
D oo ool ol by pagin 3l olusST cwliilgr Dledlbl
QO @iz padame ggw )l BB sl Jow o Lailg, eST
S5 cpl 0 el ouls &3] adlaie SO ol b wdgr jglaie
Gl 98l ol Jre slooles o0y 458 JlooS i o551 5
sl (ST o) S50 Slasl Jome dalaie ol e o
&l (F) adal,y o ax ] alle JlouS s oo ol oolisul
o b lad po ol )l a9 cauds aals o adall ) SOl el oas
e g (U) ok 5uSile Sy (2) SlaS 3590 i) Jals
44y Hansen 4 Dyrbye) ceul Jhw J&> 4 xhw
.(Y+\+ Branlard

VA
52.5%
S =uw— U __ — = f ®
(1+33n)73 u

Al oy (V) abayl) 5l dilaie ol s o Aty
H
Vi = Vi X (E)O'095 for (H = 10m) M

P @lab 0 pley So o ol ey JiST0) sl oy Vi
2 0l g8y il o5 ey gl 5l 5 Ve Lagie gl
(b Jlo 50 oo g0 45 0,90 adlaie

S (Sete sloojle 5 bz sl € JSKS o po (uizmon
:oo)f

Cir = 43(1 - 1.160) !

Sl basbise /TO L /00 o oS pFob maw oo U
syl s gl ol jled jlade (V) dolee o polie ol 5,18
—d Gl jee S0 dwaie ulul Sl dalgS Cawods Ll 890
ol gty 4 i) Blod Sl ol Jubos ol ki
5 e (il el asals g Jolgd el o0l s

el oo &) SIS @ (0 -Y) S

6 Friction Velocity

5. Kaimal



FE-OF ((1F+Y lcno)) F oylods DY ol cConn ) buxo g oyl pos (oo 4y 35 [ llgian & (S & O oY

bl LT 3l 5 4y 9505 JUED U5 cilises slos 384
S970 (P s pansid anl B 4 4z gi bl e Jlix!
az g ol Sl o az) eul gile o cYLlasl ) plas e
20,5 oo g Bl (audqn]

@l Slasin oo 4l Sy o LAl 5l plaS o e
o osls plas (V) Jguz 5 (0) S5 )0 S5 po (e oo
Gl 03 U5 (g ()l &z g8 b S ol sy @ oY e
bl plo )oaly S0 (o) 2 9,90 YLl poled ¢ gy
- o dnlol jo 5 ls asliee (6,8, 55 sy 590 03game O
Y pled gl Bsbalbosl ldle 5 5l oael cavsas slo
oy o i gloyid 4 Yo e e s Jl38la 00 (el 5 ]
a5 6o o s 5 00l ozl VLl (g 0
VL] ol slog L b S il sla oo 59, 2 Slej
Sl e gl ol Bl 5 ol ol sl 5 o
b coline) o> i g9 am ol sloglw s)z5b
0l Byre g S ielS Ll 63,46l (g olows ials
Syro g Ao 2L 5 hawgle Al Byre i 50 G5 oS
el 0l alks

IDEA STATICA 3810 5 3l ool cawdas (gla it —) Jguz
iliseo oYl (gl
e &SL‘”@'& Slows Lials calise oVl Axial

o0 (55l Joe YL stiffness(MN/m)
Connection 1
Sl 2l Y
g ) ol \YY/-Y
gn Vel y1a/AY
e Vel VVIO
Connection 4
Sl 2l VoY
e ) ol VY
& ¥ oels \PE
A \Y£/A8
Connection 2&3
DI [P A-If7
gn ) ol YAIYO
e Vel OFIVO
A BOITY
Connection 5
Ml cdl> YV/FE
) als BYUAN
e £5105
g Vol \ATARY

@5l wile 59y 2 (Sealns NS Jlesl jglases
Al so Gloy s @i slo gl )| o ol e oo Ailors
O Ke 9 Chen lawgs oo &5l g, (glivo pp o o) j0
sl gl oS 5l sslinl b p3Y Slawlxe (YY) Jlo o
b 5 el s ol (Saslis [l Sl a5 L
e ) ool ol (sl kil o o 555 Jil (slo IS
ob cads oolaiwl b 1 dilate ol cue p Ol ptd asn U Jloges
Iy JSs wlasl o adlaie cwlislse Oledbl gl 5 alol>
4 00,lg ol yloj —Cae puw loges dle LSl o b oged s
Sos Sloj 4zl Gl oo it (oli )l slajls s S5
Iy el slasly ol 5l SGpe j0 JSs slacl 4y o)y oL
aglais ol Ce pus Gloj azesn U Jloged 1 laiges .0, astie
b el bl ool (eped alides ol )l slajl s 5o 553
el oas ools ylad (F) Sy JleoS

MART A

S, gl 50 0k 4 by po (yloj Cas juw (Smio T S
s

Slabog Ylail g3lwJow -F
Sre V3l 6 sy 0y00 S50 OYLail cond ol jo
Silodae Isbowl bl Jl8le 5 50 39250 sloasii b Billae
o Caeal Jods 515 pl B S a0l Ylasl 4 axg5 25,5 o
Sl 1581 5 S ISkl Lo T ol oo 9 Jlasl sla JS's o
iz JSa! o] SeSa g o a5 ol s3¥58 VL]
O Sl sl delo g lwanes |y (o 5 slalog L)
Jloolaiwl b g 09290 Slasive 4y ax g5 b glabog oYLlasl (IS
"slaloy Sl 5 sudss Slulas lyie b Jlsile 5 slacssl
odd (g5l Jow SVl 5l plaS jo SBew 00,5 o (sile Joe
o adsl anain 05 co pues \@mJ..lmM)f SeS
Jite Stiad byl 3805 4 Voo Jf38le5 51 YL
ke (Ll lags seles (JWSH ol 1,0 00,5 o

9. Splice connection
10. Stiffness Analysis

7. Python
8. Operations
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1. Introduction

There have been many studies regarding the health monitoring and detection of transmission towers,
among which we can refer to the article by Yen et al. in 2009, who investigated damage detection in
transmission towers with a limited number of sensors those modal parameters were obtained from the
measured environmental vibration data. In their research, mode shape and frequency were used to identify the
system. Also, stiffness reduction was also suggested to damage detection. Structural health monitoring by using
features such as natural frequencies and mode shapes has attracted the attention of a number of researchers.
Damage detection in power transmission towers using these features and using soft computing methods was
also considered by Skarbek et al. in 2014. They have investigated frequency damage indicators by simple
processing and using neural network for power transmission tower. In 2019, Zhao et al obtained the natural
frequency of the 110 kV power transmission tower using the sub-random space method and found that the
detected natural frequency is dependent on the wind speed. However, the current article tries to damage
detection in the connections due to the lack of access to real data and experimental data and based on numerical
modeling of a limited number of possible damages that occurred in the legs of the splice connection of power
transmission tower.

Fig. 1. Thefting the bolts of the connected members in the leg of the power transmission towers

One of the most frequent causes of damage on lattice towers is theft. (Fig. 1). The important point is that
due to the difficulty of accessing the upper levels of the lattice towers and also the heavier members used in
the lower part of the towers (The members of the lower part have larger lengths due to geometry and have a
higher cross-sectional area due to structural reasons), the rate of thefting is much higher in the lower
members. Therefore, it is necessary to use a method that can determine any damage in members or damage
in connections before it leads to irrecoverable damage. In this regard, this article tries to determine the
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location and severity of damage in the connections of this type of structures by providing a method based on
changes in the modal parameters of the structure, such as changing the frequency characteristics and mode
shapes.

2. Methodology

During this research, based on the specifications of a real case, a power transmission tower was modeled
in SAP2000 software, and then it was subjected to environmental stimulation, and for the final purpose of this
research, which is to identify the damage in splice connections, the connections of this structure was modeled
in a 9-meter range in IDEASTATICA software. The stiffness analysis was done on the connections, and then
used the results to specify set of damages in connection at model in SAP2000 software. The response
acceleration time history at level of tower’s Leg level were used for structure’s feature extraction. Then using
features such as natural frequencies and mode shapes (first 5 modes) were used to create datasets to complete
the damage identification process. An available Ensemble Method in Classification Learner App Matlab was
used to process different dataset and identify damage at connectins. The process of identifying different
damages was done in two stages: (1) detection of damage in various connections of each leg within 9 meters
of the entire tower (legs) and (2) detection of different damages in connection bolts whose damage was
detected in the previous stage.

Connection 1

Connection 2&3

Connection 4

Connection 5

Fig. 2. Showing the different connection locations of a legs of the laticce towers

The whole process that was carried out in this article is shown in Fig. 3.
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Fig. 3. Flowchart of damage detection on this article

4., Conclusions

As mentioned above, after the implementation of all planned damage scenarios according to the results
obtained from IDEASTATICA and SAP2000 software, to advance the goals of structural health monitoring, we
tried to collect data for damage identification operations. During this operation, the acceleration data of each
of the damage scenarios implemented in 4 points of the examined range in all 4 legs. Then we tried to extract
the sensitive features to damage. For this purpose, we used parameters such as natural frequency and mode
shapes. The collected dataset was used as an input during the classification process and labeled according to
each damage scenario. The following results were obtained:

v
v

The influence of various damages in the mode shapes is more than the natural frequencies.

The severity of the changes in the mode shapes that are affected by the reduction in the number of
different bolts in the same type of damages (for example, damage scenarios of group A that only
reduce the number of different bolts in one connection) , is more intense and tangible than the case
where different types of damage are the same with the reduction of the number of bolts (for example,
damage scenarios of A_2 and B_2 types that have the same number of bolts reduced (reduce 2 bolts)
but the number connections that have reduced bolt are different (A: damage in one connection out
of five connections in one leg, B: damage in one connection out of five connections in one leg)).

In all four legs, damage detection using information from 4 sensors is more accurate.

Damage detection with one sensor located on the leg under investigation provides better results than
other situations where there is only one sensor. It is necessary to explain that we divided the available
data into training and testing data (with a ratio of 70 to 30).

In the general comparison between different damage scenarios in this research, the scenarios that
had similar types of reduce the bolt showed more sensitivity to damage than the damage scenarios
that included different types of different reduce the bolt. However, it is necessary to explain that with
the increase in the number of damaged bolts, the sensitivity to damage increases in all scenarios.
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