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ABSTRACTS st

Technical Sessions

for underpass construction with small overburden {1 4m) at
1R-East Takasaki Line imporSant railway ine, many trains pass
Imasiamvum 3-minute interval),in Japan. The JES method uses
small stoe box elements with special jeints. The element is
pressed into the ground connecting with adjacent lements
and grout & filled into the gap between the joint. While the
culling edges prassedinto the ground, the cutter mathine of
the ground

eoame: AC strectere: sl Wilng ready it sorerete &0
thase Finaly,  road, raibway and water supply tunnel culvert
s completed by cxcavating in this AC structure

The Original IES excavation sometimes occur surface
desplacement frst, the cutting edge raises the ground
surfac
excavation with small overbarden. The other case, the
ground surface was subsided by loosening due to cavities
aites removal of obstacies. The Original IES escavation
lnitation in no train service hours increases construction
costs and construction period are increased, The cutting
edge was improved attaching a Cutting wire on the front. It

195

STUDY DF STRUCTLEIAL ANALYEAS SOFTWARE MIAS
USEDIN THE POWER TRANSMISSION

JeramyHusng, Tapawer company. ey

The computer structural analysis was not 50 popukar in the
2arly years, so the power transmission tower structaral
analysis were don by 20 graphical analysks Thismethod s to
construct the force polygon based on the extamnal force
direction, magnitude and the tower member arrangement
“Then we can obtain the tower member force by measuring 3
line langth in the direction of tawer member fram the lorte
polygon. This method is 5o cowenient that no complicated
calculations procedures are nasded. Hewewer the acal
situation & that the tower member arrangement is in 3
dimensional (30, and the member forces induced by
external forces werm no doubt different from 20 plan
grapnical analyla. Hence, this study Is to distinguish the

2D and 30 structural on pawer
transmission tower, and the reliability and safety of 2D

8
subsidence of the ground

This paper report th first GC-JTS Miethod use and the result
of minot change for the underpats construction under a
iy it

194
DEVELOPMENT OF LINK TRAVEL INFORMATION
MANAGEMENT SYSTEM FOR LOW-CARBON GREEN

YooHwan Yoon, Ween&ul Kang. Tashysang Kim, and
Bum-tin Park.
Korea sttt of Construction Technology, Korea,

The eevironmental problem due 10 globsl warming has
begun to be regarded a5 a sadious crigs worldwide, |n order

held, a0l particularly most countries shows a lot of interest
on greenbodse gas monitoring of the road. In Kerea, frelght
transport sector cccupies apgecumately 20% of the annual
carbon diaxide emissions according to the statistics of 2004,
To improve the enviroamental performance of transport
suctor the transtion of f a5 green logistics system s urgently
needed. Alio, efficient route planning and managemant of
carbon dioride emissions by green logistics system are
needed to reduce carbon dioxide emissions. Therefore, the
purpose of this study is to develop link travel information
systom corsidering eabon emissions for advanced green
fright ransgart. For i purposs, ink travel nformation by
and newly.
by USN [Ubiquitous Sensor Network) are combined, the
combined transportation DB {Database] is built, and the built
DB is merged with GIS [Geographic Information System)
technology. It is expected that the developed system can
support the shipping companies’ transport. planning by
providing, fink Lravel information as well as building of
greenhoute gas inventory by providing the information of
carbon dioside emissions according to the link transport of
freightcars

The study object s 161KV 441 moseltower Tower 30 moded
i created by structural analysis software MIDAS. Then input
the loading rases1"6. And analyses are performed
respectively, Analysis results of 20 end 3D will be compared
Interms of towve main post, leweer arm, nd beacing

The result of 20 and 30 structural analysis on tower main
post seems similar, The main control losding case on tower
main post is CASEZ (60" wind). Adapting 20 graphical anabysis
ontower main post 15 relable.

Accordingto the result of structural analysis on tower arm, its
control loading cases are broken wires and CASEB.The result
shows that the member farce value of 3D analysia is more
than that of 20 graphical analysis. Fortunataly, the allowable
force of materials and bolts used on the tower are sull Righer
than 30 analysis vahoes. Tha tower arm s safe.

Below the tower panel 16(bend line), the bracing structural
analysis control loading case Is caseS-1', The analysis result of
20 graghical analysis & unsafe, Additional 3D structural
analys s necessary.

Genenally, the 20 graphical structural anabysis s fast,
comveniant,reliable. But the spacific loading a5 as CASES-1
shauld be avoided 5o as nat to reduce the towes structural
safety,

i:B\.l.DINa mn APPUCATION OF “THE LOCATION
INFORMAT

SO0FE Systm Departmert. Jagan

For the port and harbor construction works, various large
work vessels including dredgers and flaating cranes are
employed. These work yessels are not the same as the
U's such s powe:

and ot easy topurchase or hire due Loits magnitude

Therefore, we need to mobilize these work vessels from
somewhara she anchoring, when we need o we. The
mobilizatian cost of the work vessels is one of the major cost

195

STUDY OF STRUCTURAL ANALYSIS SOFTWARE MIDAS
USED IN THE POWER TRANSMISSION TOWER

Jeremy Huang, Taipower company, Taiwan.
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Study of structural analysis software MIDAS
used in the power transmission tower

Paper 1D 195
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1.1 Analysis method in early years
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2. Tower Types

" Suspended
Tangenttower (A , B type) J tower
~ Angle tower —\
standard . Angle tower
Towers y _ Anchor tower (D , E type) (C D type) J
special Tension tower (D , E type) ‘ | ‘

N

<Tangent: power transmission line rotate angle is small (3°~9°) (A,B type ).
*Angle: used in the line direction changed, suspended type used in line rotate angle smaller
than 9°(B type); for angle smallerthan 30° (C or D type).

<Anchor: used at the two end of transmission line to supportthe transmission line of the whole
towers (D or E type), also used in line rotate angle over than 30°

*Tension: D or E type, used in fixed distance to insure the transmission line strength, or used in
the terrain where elevation difference is big and long span.

-Special : overpass the river or mountain valley, long span or any other special spot.
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2.1 Tower Description
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P16 : 3D e/ 455 % 7 1 W st BT 4ot ] 0 4 &3 el WAL 2 gkt o

+ :compression
- :tension
Unit: kg

3.1 Tower Main Post

x 2D 3D Material Strength

HET MIDAS 3D 47
iotal stress total stress HEEE BHEE
Mark Mark MEMBER BOLT
SLE O.LF. HIE O.LF. | Strength Material | BOLT
Load O.L.F. CASE  CASE Load Q.L.F. CASE CASE O.LF. Ratio bearing  shear
1 -500 -830) 3 3 q -737) -1229 6 6 OK 1.470 -13280 LB5X6
12801 2120 6 6 767 1264 6 6 OK 0.594 11470
5 -2720 -3000 5-1 51 2 -1359 =212 51 6 OK 0.707 -13260 LB5X6 13160
43601 5990 5-1 6 3311 54704 6 6 OK 0.913 12750
2 -7560 -8320 1 1 4 -6011 -66204 2 2 OK 0.796 -24070 LS0X7
9930 10930] 1 1 986! 10864 1 1 OK 0.994 20300
5 -10800 -1188() 1 1 5 -7913 -871Q 2 2 OK 0.733 -24070 L90X7 19740
14540] 16000] 1 1 13762 15144 1 1 OK 0.948 24130
7 -21020) -23130) 1 1 7 -18437) -2028(Q¢ 2 2 OK 0.877 -35250 L100X10
25080 27570 1 1 25049 275509 1 1 OK 0.999 33640
a -25680] -28250) 1 1 8 -217149 -23890Q 2 2 OK 0.848 -35250 L100X10| 48630
31210 34340 1 1 30399 3344 1 1 OK 0.974 38850
10 -39410) -43360) 1 1 10 -3601 -3962Q 2 2 OK 0.914 -70570 HL130X9
453201 49860 1 1 45399 4994 2 2 OK 1.002 63960
1 -45970f -50570) 2 2 - -4063 -4470Q 2 2 OK 0.884 -70570 HL130X9 65530
53340, 58680 1 1 51870 5706 2 2 OK 0.972 73310
12 -54680] -60150] 2 2 12 -50613 -5568( 2 2 OK 0.926 -93590 HL1;OX1
62210 68440 1 1 62229 684504 2 2 OK 1.000 72870
1 65530 72090 2 2 13 61651 67830 2 2 OK 0941 -93590 H“g‘m 87370
-U 74730) 82210 2 2 -U 74744 822204 2 2 OK 1.000 103810
®) 1 F7190| 84910 2 2 ®) 1 7249 7975 2 2 oK 0.939 | -122040 H“f’x’
2-%_ 86830 95520 2 2 ('i)l- 87329 96070 2 2 OK 1.006 115270
15 -89320] -98260) 2 2 15 -84173 -9259( 2 2 OK 0.942 -122040 HUZS)“ 131080
1007001 110770 2 2 10028 110324 2 2 OK 0.996 147410

| BEED it gt o AT % BT A L et s A

Bghd b T oo 5 2 AR R R R o
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14040 10UUY| 1 1 15110 10 144 1 1
7 21020 -231300 1 1 7 -184371  -2028 2 2
25080 27570 1 1 25049 2755 1 1
3 -25680|  -282500 1 1 8 2171 -2389 2 2
31210 34340 1 1 SDSE 33444 1 1
10 433600 1 1 10 - -396200 2 2
2 D 43860 1 1 J D 4934 2 2
1 -50570} 2 2 - R -44700) 2 2
53340 58680 1 1 518704 57064 2 2
12 -546801 -60150} 2 2 12 -50613 -55680 2 2
62210 68440 1 1 62229 68454 2 2
13 -655301 -72090; 2 2 13 -61657) -67830 2 2
-U 74730 82210 2 2 -U 74744 8222 2 2
O 14 -771901 -84910] 2 2 O 14 -72499 -79750 2 2
2_ 286330 95520 2 2 ﬂ 87329 96074 2 2
15 -89320) -9826(0) 2 2 15 -84173 92590 2 2
100700 110770 2 2 10028 11032 2 2
16 -98880) -10857() 2 2 16 -92339 -101589 2 2
1087001 119570 2 2 110634 121704 2 2
17 -997801 -109760) 2 2 17 -93291 -10263( 2 2
1121404 123360 2 2 11156( 12272 2 2
18 -103370¢ 113710 2 2 18 -98974 -10887( 2 2
1164501 128100 2 2 117867 12965( 2 2
19 -1074000  -118140) 2 2 19 -101584  -11175(Q 2 2
121340 133480 2 2 121101 133224 2 2
20 -1117300  -122910) 2 2 20 -107469 -118229 2 2
1281501 140970 2 2 1277634 140544 2 2
21 -1119200  -123120 2 2 2 -107254  -11798( 2 2
1270801 139770 2 2 127973 140774 2 2
29 -1175500  -128310) 2 2 2 -114159  -12558( 2 2
136210 149840 2 2 133729 147114 2 2
23 -117550)  -129310) 2 2 23 -1134179  -12476( 2 2
1362101 149840 2 2 135120 148644 2 2

P18 :d £ 7 &7 » 2D & QD 4BE A A 7 % 4p 0 >

WL B0 RAR  BEMHT DEEAFTEES T L
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un
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK.
OK
4

[R5 10 ]
0.877
0.999
0.846
0.974
0.914
1.002
0.884
0.972
0.926
1.000
0.941
1.000
0.939
1.006
0.942
0.998
0.953
1.018
0.935
0.995
0.957
1.012
0.946
0.998
0.962
0.997
0.958
1.007
0.971
0.982
0.965
0.992

B HRE

25150
-3525(
3364C
-3525(
38850

+

: compression

: tensi

Unit: kg

on

Material Strength

73310
-93580
72870
-93590
103810
-122040
115270
-122040
147410
-122040
142500
-122040
136550
-122040
145420
-122040
145420
-150880
180200
-150860
174580
-150860
168050
-150880
156500

HL150X1
0
HL150X1
0

HL175X1
2

HL175X1
2

HL1756X1
2

HL1756X1
2

HL175X1
2

HL175X1
2

HL175X1
5

HL175X1
5

HL175X1
5

HL175X1
5

ol ¥
* 1= %

87370

131060

131080

152900

152900

152900

CASE2



2D —

3.2 Bracing

3D

+

: compression
: tension
Unit: kg

Material Strength

WIH SUESS total stress
ik Nieaic MEMBER BOLT
OLF. OLF. M¥E OLF. |stengh material| BOLT
Load OL.F. | CASE CASE Load OLF. | CASE CASE OL.F. Ratio comp tens bearing shear
1 318 5250 3 3 1 1726 2850 3 3 oK 0543 8810 -7800 L50X6 6580
5 236 4720 3 3 5 2766 45700 6 6 OK 0968 4870 -5440 L50X4 [ 6980
3 415 6850 4-1 4-1 3 a703]  e110] 41 41 oK 0892 7400 -8560 LBOX5 | 8730
4 386 6370 4-1 4-1 4 3711 6120 41 41 oK 0962 7120 -8560 L6OX5 | 8730
5 348 5320 5-1 4-1 5 ao0e| 49700 41 4-1 oK 0934 8150 -7800 L50X6 6580
6 431 6200 1 42 8 4g03]  5890| 1 42 oK 0928 8930 -8560 LBOX5 | 8730
7 418 5920 1 42 7 3544 5670 1 42 OK 0956 6660 -8560 L6OX5 | 8730
W 8 443 5100 5-1 4-2 W 8 a704  4s60[ 1 4-2 oK 0914 5560 -7800 L50X6 6580
= =
O 9 586 6450 1 1 L 9 6404 7050 1 1 NG 1.093 8460 -11330 L65X6 6580
O O ‘ )
=) -
w 10 572 6300 1 1 (@] 10 s0s8| 5800 5-2 52 OK 0889 8200 -11330 LB5X6 8580
11 660 7260 5-2 52 11 5657 62200 1 1 OK 0857 8730 -11330 L65X6 9870
. s e N n _
P19 . 32iﬁ£€ ﬁ*j’ 2D Zs 3D}n ’]:’?‘sp’aclr ﬁ{o
+ . compression
10 572 6300 1 1 10 s086( 56000 5-2 52 oK 0889 - : tension
Unit: kg
2 - -
vl 2D s sz | s n 3D ead 1+ | 1 | o« osr | Material Strength
Q 12 787 8660 1 1 E 12 78321 8200 1 1 oK 0995 9510 -13580 L75X6 9870
0] U]
(9] O
5 13 883 9720 5-2 52 5 13 7408 8150 1 1 oK 0838 15880 -18970 L90X7 | 10190
(@] «©
14 921 10140 1 1 14 9176 107000 1 1 oK 0996 15030 -18970 L90X7 | 10190
15 961 10580 5-2 52 15 g7o0| 9670 1 1 oK 0914 15170 -18970 L90X7 | 15280
16 391 430 5-1 48 186 4119]  4530] 51 5-1 NG 1.032 8190 -8560 LBOX5 | 5820
17 397 4370 51 5-1 17 4258  4s00| 51 5-1 NG 1.098 5720 -8560 LBOX5 | 5820
18 388 4270 5-1 5-1 18 4308]  4740| 51 5-1 NG 1110 4560 -8560 L60X5 | 5820
19 378 4180 5-1 5-1 19 43321 4770| 51 5-1 NG 1.147 5500 -11330 L65X6 6580
20 450 4950 5-1 5-1 20 4590  5050| 5-1 5-1 NG 1.020 5330 -11330 L65X6 6580
21 405 4480 5-1 5-1 21 4880  5130| 51 5-1 NG 1.150 8200 -12980 L75X6 | 8730
22 547 6020 5-1 5-1 22 eseg| 75800 51 5-1 NG 1.259 10910 -18970 L90OX7 | 10190
23 902 9930 51 5-1 23 10334 11370 51 5-1 NG 1.145 12320 -18970 L90OX7 | 10190
. N PN Y - , s pat- A4 %% N N 2 4 N JaN s 2
PO : d AR R RA Y Thrs AABIES 16 &M LT 2D AP s 2 hhd B s

22




DA AT E g B0 ¥ AR 2 AP L 5 CASES-1(F i - i sz C1-C3 A

SN

R) o - HEm T AR ,#ﬁ-%;\_&iﬁv{i— WA R o FF 0 3k
PR F A R A F 2o M AR R GREEALL - % 2T

fed 2D AT R AT R BT 0 RN ID 2R AT e o

CASE 5-1

P21 : 1+ BT RS H e & fr I £ i & CASES-1 -

23



P2

2

.

=5528

3 2 N &
§ '>C9.‘_'; ’\q:‘ Zun;
| 3458 3201 M
377

. 4
o~ ’b ~, (2]
R 1 e bﬁ’) 5N
™ £ o 37
@ b EI o 15

PR3 AITEE BT LY

16 &

7
~

compression
tension
Unit: kg

E3

LA #h A R o

33Arm

EREHE 20 MIDAS 3DEEH ~ D
s
Mark L 2 D Mark J
OLF. OLF
Load OLF CASE CAsE Load OLF CAsE CASE
742 12251 6 6 356 3 3
ew 853 103 & 6 G, g48| 3 3
o 704 Te20 6 5 o soad__ 21 a1
889 14670 6 5 11% X a1
- 75279 0350 6 B . 5020 42 a2
809 13350 6 6 w7 42 a2
= B 5 G 6 £ T 51
3 & 7561 1245(] 6 5 3 o 373 13 a3
457 82006 5 6 3
4 65T g4l & 6 o 5013 gze a4 44
= ~452 TEM 6 6 = ~1269 2080 45 46
672 BT 6 555 sz © 6
s 439 7250 6 6 . -84 BT 38
855 et 6 6 577 5% 6 g
] 6 6 4, 732 3 3
e 2071 a6 B G- 2771 4% 3 3
510 B2 6 6 513 845 6 6
e q s 6 o 6 8
~507 837l 6 6 50| 338! 5 6
ez 4 s 5 c2 6 3
= = 521 B 5 2 = “5E2. 912 6 3
= g 3 3 F 3 3
435 T4l 6 6 451 7a5 5 &
4 g & 6 o -57] 52 &
572 a6 6 574 348 6 3
c® q & 6 s 7 g 52 52
“EED o7z 6 6 5519 57T 6 g
ce 4 & 6 & 161 1% 52 52
6 6 50! T 3 3
cw 189 3z 6 6 e 7:_; 12% 3 3
& 6 104 ETE S 41
c 175 2800 & 5 o 1214 201 41 41
s 5 ~1004 6642 32
H €2 144 238 6 B E & 1109 183 40 a2
s o ] 6 6 H . 524 57 43 43
g 123 203(] 3 3 g 747] 124 43 43
2 5 3 & 59 oo 44 a4
c 91 R0 G 6 o Q e a4 44
GG 6 234 35 45 45
c® 84 10 6 6 s 441 73 46 45
G 6 6 6
8 74 123 6 6 e a2 137 46 3-8

NG

NG

NG

NG

NG

oK

oK

oK

oK

oK

oK

NG

O.LF
Ratio
0.291
0.587
0520
0.806
0.485
0.807
0.021
0.780
0.000
0.764
0.274
0.831
0.217
0.882

1339
1.007

1.002

1.060

1.005

1.005

1.005

0413

0.696

0.769

0.611

0.867

0.525

1114

22

+

T compression
: tension

Unit: kg
Material Strength

HEZ2E EnEE
MEMEER BOLT
Strength material bearing shear
-2407C L90X7 1316
14270
-2407C L80X7 1645
20500
-2407C L80X7 1845
20100
-24070 Leox7 1316
18480
-16260 L75XB 1318
11310
-24070 Le0x7 1316
18060
-2407C L90X7 1316
186830
-11330 LESXE 658
4200
-8560 LBOX5 8730
-8560 LE0X5 730
-11330 LB5XB 8871
-7800 LE0XE g
-11330 LEEXE 9&71
-11330 LESXE 98T
-4890 L45X4 4850
3800
-4850 L4sx4 4850
3350
-469C L45X4 4650
2590
-5440 LE0x4 4650
arao
-6440 LBOX4 4650
2120
-5440 LE0X4 4850
1750
-8560 LBOX5 5820
3120

BRER 23

24




Ei 2D° MIDAS3DEH - ~ " TR
2D — 3D - Material Strength
Mark Mark MEMBER BOLT
O.LF. O.LF. ¥E O.L.F. | Strength material | bearing  shear
Load OLF. | CASE CASE Load OLF. | CASE CASE OLF. Rafio
ow 4240|7000 3 3 ow 2131 28099 52 3 OK 0413 | -24070 LO0X7 1316(
o 3390 56000 3 3 o 795 1320 6 6 OK 0238 21640
o -as70|  -s800] 46 46 - -559 -gag 41 41 OK 0158 | -24070 LI0X7 1845(
5640) 9310 46 46 4053 6690 41 4-1 OK 0719 20300
o 3130|5170 46 46 e q qd e 6 OK 0000 | -24070 LOOX7 1645
5170) 3530 46 46 362 5990 42 42 OK 0702 17270
c c
= 2830|4670 46 46 = q d e 6 OK 0000 | -24070 L90XT 13160
= c3 = Cc3
c 4g00) 3000 46 46 = 327 5400 43 43 OK  0.867 14010
ca 2430]  -4010| 46 46 e q d s 6 OK 0000 | -24070 LI0X7 1316(
4170 6830 46 46 2917 4620 2 44 OK 0672 10870
s -2250|  -3720] 46 46 s q d e 6 OK 0000 | -27570 L100X7 13160
5040) 83200 6 [ 3754 6200 45 45 OK 0745 12310
- 2100  -3470| 46 46 - q d s 6 OK 0000 | -24070 LO0X7 1316(
5140) 2490] 6 6 6474 a2 46 OK  0.868 17040
ow -80] 00| 52 52 ow -56() o3 6 6 NG 10.333 -8560 LBOX5 5820
o 250) 500 6 6 o 524 580 52 52 NG 1.000 5850
o1 1230 2030 6 6 o1 -159 2640 6 6 NG 1.300 -8560 LE0X5 5820
330) a70| 52 52 213 240 51 51 OK  0.649 5110
o 30| 22500 6 6 o 57d  ze0d 6 6 NG 1.156 -8560 LE0X5 5820
350 420 52 52 14 i 6 5 OK 0071 3840
- 3 as7o|  2s00] 6 8 3 3 ared  2ord s 6 NG 1.147 -8560 LBOX5 5820
& 430) a0 52 52 ¢ q d s B OK  0.000 2940
[} )
3 ca 1540 2530 52 6 2 ca 26271 2800 1 1 NG 1142 11330 L65X6 6580
500) 550 52 52 q d & 6 OK  0.000 3460
s 2150|  -3850] 6 6 s 2400 302 1 6 OK 0851 -13580 L75X6 6580
530) 500 52 52 251 280 52 52 OK 0475 4420
- 22500  -3sa0| 6 3 e -gas  -1020d 1 1 NG 2852 | -19670 LI0X7 9870
580) g40] 52 52 7059 7760 1 1 NG 12125 14600
" [ 3
P R . p 5 -—j + :compression # 2 4
g o 3. s 2 A
= - :tension Unit: kg
. £ L 3
P24 : 3.3 4 it o
] | | ol Qg
D 3D Material Strength
EEtE 20+ MIDAS 3D - ~
total stress total stress HEEE EREE
Mark Mark MEMBER BOLT,
O.LF. O.LF. HE O.LF. | Strength material | bearing  shear
Load oLF. | cASE cAsE Load OLF. | CASE CASE OLF. Ratio
cw. 0 ad s 6 W, 2420 400d 3 3 7800 L50X6 987(
1950 32200 6 6 1214 2000 3 3 OK 0621 3640
o -age0|  -7eo0] 6 6 o1 213 315 52 6 OK 0410 -7800 L50X6 987
0 o & 8 q d s 6 3640
c2 4500  -7s80] 6 6 c2 281 -as2d 2 3 OK 0504 -7800 L50X6 9870
0 a & 6 q d 6 B
© s -ags0|  -7e00] 6 6 ° o 203 -a0ed 2 43 OK 0515 -8560 L60X5 a730
= 0 o & 8 = q d & 6
= ca 3910|6460 6 6 = c4 284 -aesq 2 4-1 OK 0565 | -11330 LE5X6 658(
0 o & 8 q d & 6
s s040|  -saz0| 6 3 cs 508 -sa0d 6 6 NG 1010 | -11330 L6EX6 1316(
0 ad & B q d s B 9250
- 5140|  -s400] 6 6 - 519  -assd 6 6 NG 101 -11330 L65X6 13160
0 G B q d s B 8290
W, -360) 600] 6 8 cw. -4 7q &2 52 oK 0117 -5440 L50X4 4850
0 d & 6 34 57 6 6 2610
e 0 ad s 8 1 q d s 6 -5440 L50X4 4850
1160 19200 6 6 643 1060 6 B OK 0552 2610
e q od s 8 2 -264 200 51 51 L50X6 6580
u 1300 21506 8 N 140 170 1 6 OK 0791 2600
= = | _ -
= c3 0 ad s 6 p c3 -453 500 51 51 LE0X5 5820
® 1500) 2480 6 B ® 1694 2000 1 B OK  0.808 3120
= ca 0 o 6 6 = o4 1854 204 52 5-2 LE5X6 6580
1470) 2430 6 B 253(] o191 1 NG 1148 3680
s o d s 6 s d d e 6 -8560 LBOX5 5820
2080 3440 6 6 2161 570 6 6 NG 1.038 6660
6 0 o s 6 s -39 4q 52 52 11330 LB5X6 6580
2280 ar70| 6 3 2371 a2 6 6 NG 1.040 8290
Py £ 35 PE; I) o -‘-a + :compression # ﬁ i 2 5
A o ¥ N
7 - : tension Unit: kg

P25 3. 3 v g o d VA B ARESEY 2 L5 2 (Tie/Main/In Tie/Tie



Side/In Main/Main Side %) » ###5 R v x> 3D #4178 - KL LHES 2 -

4. Conclusion and Discussion

v' The result of 2D and 3D structural analysis on tower main
post seems similar. The main control loading case on tower
main post is CASEZ2(60°wind). Adapting 2D graphical
analysis on tower main post is reliable.

v Below the tower panel 16(bend line), the bracing structural
analysis control loading case is caseb-1. The analysis result
of 2D graphical analysis is unsafe. Additional 3D structural
analysis is necessary.

v' Generally, the 2D graphical structural analysis is fast,
convenient, reliable. But the specific loading case as CASES-
1, should be avoided so as not to reduce the tower structural
safety.
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STUDY OF STRUCTURAL ANALYSIS SOFTWARE MIDAS USED IN THE
POWER TRANSMISSION TOWER

Jeremy Huang®

! Taipower company, No.242, Sec. 3, Roosevelt Rd., Zhongzheng Dist., Taipei City 100, Taiwan (R.O.C.),
u903690@taipower.com.tw

ABSTRACT

The computer structural analysis was not so popular in the early years, so the power
transmission tower structural analysis were done by 2D graphical analysis. This method is to
construct the force polygon based on the external force direction, magnitude and the tower member
arrangement. Then we can obtain the tower member force by measuring a line length in the
direction of tower member from the force polygon. This method is so convenient that no
complicated calculations procedures are needed. However the actual situation is that the tower
member arrangement is in 3 dimensional (3D), and the member forces induced by external forces
were no doubt different from 2D plan graphical analysis. Hence, this study is to distinguish the
difference between 2D and 3D structural analysis on power transmission tower, and the reliability
and safety of 2D graphical structural analysis.

The study object is 161kV 4A1 model tower. Tower 3D model is created by structural
analysis software MIDAS. Then input the loading casesl~6. And analyses are performed
respectively. Analysis results of 2D and 3D will be compared in terms of tower main post, tower
arm, and bracing.

The result of 2D and 3D structural analysis on tower main post seems similar. The main
control loading case on tower main post is CASE2(60°wind). Adapting 2D graphical analysis on
tower main post is reliable.

According to the result of structural analysis on tower arm, its control loading cases are
broken wires and CASEG6.The result shows that the member force value of 3D analysis is more than
that of 2D graphical analysis. Fortunately, the allowable force of materials and bolts used on the
tower are still higher than 3D analysis values. The tower arm is safe.

Below the tower panel 16(bend line), the bracing structural analysis control loading case is
case5-1°. The analysis result of 2D graphical analysis is unsafe. Additional 3D structural analysis is
necessary.

Generally, the 2D graphical structural analysis is fast, convenient, reliable. But the specific
loading case as CASE5-1, should be avoided so as not to reduce the tower structural safety.

BODY OF PAPER

This paper is to distinguish the differences between 2D and 3D analysis. The structural analysis
software MIDAS is used in this paper to compare the 3D analysis results with traditional 2D
analysis results. This paper mainly comprises of six sections, including tower types introduction,
loading cases ,material strength, safety factor, MIDAS 3D model and conclusions.

Types of Power Transmission Tower

Taipower company’s power transmission towers are divided into many types for all sorts of
conditions. It is illustrated in Fig.1.and described as follows:

30
2 one OGW(GW) any one CKT( C1~C3) on the same side not strung, please refer to
Fig2.
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Fig. 1: Tower Types
Tangent: power transmission line rotate angle is small (3'~9°) (A,B  type).
Angle: used in the line direction changed, suspended type used in line rotate angle smaller than 9°(B
type); for angle smaller than 30" (C or D type).
Anchor: used at the two end of transmission line to support the transmission line of the whole
towers (D or E type), also used in line rotate angle over than 30°

Tension: D or E type, used in fixed distance to insure the transmission line strength, or used in the
terrain where elevation difference is big and long span.
Special : overpass the river or mountain valley, long span or any other special spot.

Tower Structure Description
Tower structure description as the following Fig.2. From top to bottom, every panel are numbered

in sequence (such as 1 2 3 note on each panel ) so as to identify the tower member location, such as
tower main post , bracing.
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Fig. 2: Tower Structure Description

Applied Loads

Tower weight: bolt, gusset plate, angle, ladder, etc.

Vertical load : conductor, insulator weight, and the conductor string’s vertical direction load.
Transverse load: wind on conductor, insulator and string’s transverse direction load.
Longitudinal load: the unbalance load of conductor and grounding wire.

Taiwan Wind Zone
Taiwan wind zone are divided into 2 zones, east and west (see Fig3). The important

transmission  power line in east Taiwan, the design wind pressure is 300kg/m?. In the west zone,
the important transmission power line’s design wind pressure is  260kg/m®.
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Fig. 3: Taiwan Wind Zone

Loading Cases

The study object is 161kV 4A1 tower, and the input loading cases is shown on Fig.4.
Casel : All wires Intact, O.L.F.=1.1, Wind pressure  760kg/m®.

Case2 : All wires Intact(60° wind) ,0.L.F.=1.1 ,Wind pressure  760kg/mZ.

Case3 : One O.G.W. broken, O.L.F.=1.65, Wind pressure 80kg/m?.

Case4 : Any one cond. Broken, O.L.F.=1.65, Wind pressure 80kg/m®.

Case5 : One O.G.W. and any one CKT one the same side not strung, O.L.F.=1.1, Wind pressure 760
kg/m?,

Case6 : Double vertical or broken wires (for cross arms only), O.L.F.=1.65.
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Fig. 4: Loading Diagram

Material Allowable Strength

Compression :
Cs=Fc*A
(Cs: compression force, Fc: buckle stress, A: section area)
As to Fc, it is calculated as follows:

As 0« EL/R < Cg,
) o [GRLARY) [ERLAR) :}
R | WY~ Ik Wy~

As C; = EL/R,
_ 15 +°E
Fe= e mLmn

For main post calculation ,
K=0.9, K¢=0.945, K;=0.0123, K,=0.316, Kx=0.5
For bracing calculation ,
Fc=0.6Fy, K=0.9, K;=0.939, K;=0.424, K»=0, K\=0.3
Tension:
For the axial tension stress Ft=Fy, (Ft=0.7Fu)
(Ft: tension force, Fy: yield stress, Fu: ultimate stress)

Tension force Ts=Ft*At
(Ts: tension force, Ft: tension stress, At: effective net section area)

Over Load Factor (Safety Factor)

Gust, Over Load Factor=1.1.
Consider the wire broken, all wires intact, 60°wind, one circuit on.

Normal, Over Load Factor=1.65.
Considering the seasonal wind in Taiwan island and safety wind speed for working on tower, it is

necessary to take broken wires into account while working on towers ( any ground wire or
conductor broken).
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MIDAS 3D Calculation

161kV/161kV 4Altower, height 58.45m (6m tower body extension, 10m leg), tower weight 23.4
ton. Use the MIDAS structural analysis software, build the tower 3D model, and then input the
casel~6 loading cases. The MIDAS 3D interface is shown on Fig.5.

Fig. 5: Midas 3D interface

Conclusion and Discussion

Whether the traditional 2D graphical analysis is reliable and safe as well as which
loading cases might be influential to the tower safety are the main purposes of this research. The
research results, which summarize the 2D’s and 3D’s analysis comparison regarding every panel’s
member force and the control loading cases, are shown on Tablel, Table 2 and Table 3.

1. Main post: the 2D’s and 3D’s analysis result seems similar, the main control loading cases is

CASE2(60°wind).

2. Bracing: under the panel 16, the main loading case is case5-1(one OGW any one CKT on
the same side not strung), it shows the 2D analysis is unsafe. It is believed that unstringing
one side will release the tower loading, but, in fact, it turns the tower to unsafety.
Consequently, for practical loading cases, case5-1 should be avoided to keep towers safe.

Tab.1: Main Post Analysis Result Compassion

2D Analysis 3D analysis Used Material Strength
total stress total stress Member strength Bolt strength
Mark Mark MEMBER BOLT
O.L.F O.L.F. | check | O.L.F. | Strength Material BOLT
Load O.L.F. |CASE| Load O.L.F. |CASE|O.L.F.| Ratio bearing  shear
-500 -830] 3 -7371  -1220| 6 NG 1470 -13260 L65X6
. 1280 2120 6 . 762 1260 6 OK 0.594 11470
- -2720(  -3000( 5-1 | -1358| -2120| 6 OK 0.707 | -13260 L65X6 13160
IS o
22 4860 5990 6 g2 3311 5470| 6 OK 0913 12750
0 0 -2671| -2940 2 L90X7
3 3
0 0 5637 6200 1
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-7560| -8320 -6011| -6620] 2 OK 0.796 | -24070 L90X7
* 9930] 10930 ) 9869 10860 1 OK  0.994 20300
-10800| -11880 -7913] -8710f 2 OK 0.733 | -24070 L90X7 19740
° 14540 16000 ° 13762| 15140 1 OK 0.946 24130
0 0 -13109| -14420| 2 L100X10
6 6
0 0 18805 20690 1
-21020| -23130 -18437| -20280( 2 OK 0.877 | -35250  L100X10
! 25060 27570 ! 25045] 275501 1 OK  0.999 33640
-25680| -28250 -21718| -23890| 2 OK 0.846 | -35250  L100X10 48630
° 31210 34340 ° 30399] 33440 1 OK 0.974 38850
0 0 -28613| -31480| 2 HL130X9
9 9
0 0 37042 40750 1
-39410| -43360 -36016] -39620( 2 OK 0914 | -70570  HL130X9
. 45320] 49860 0 45392| 49940| 2 NG 1.002 63960
-45970| -50570 -40636| -44700| 2 OK 0.884| -70570 HL130X9 65530
. 53340| 58680 . 51870] 57060 2 OK 0.972 73310
-54680| -60150 -50613| -55680| 2 OK 0.926 | -93590 HL150X10
. 62210 68440 2 62225| 68450 2 NG 1.000 72870
-65530| -72090 -61657| -67830f 2 OK 0941 ] -93590 HL150X10 87370
. 74730 82210 . TA745| 822201 2 NG 1.000 | 103810
-77190| -84910 -72498| -79750| 2 OK 0.939 | -122040 HL175X12
H 86830| 95520 . 87329] 96070 2 NG 1.006 | 115270
-89320| -98260 -84173| -92590| 2 OK 0.942 | -122040 HL175X12 131060
° 100700f 110770 . 100286 110320 2 OK 0.996 | 147410
-96880| -106570 -92339] -101580f 2 OK  0.953 ] -122040 HL175X12
° 108700 119570 e 110632| 121700 2 NG 1.018 | 142500
-99780| -109760 -93292] -102630| 2 OK 0.935| -122040 HL175X12 131060
Y 112140| 123360 o 111560 122720 2 OK  0.995 | 136550
-103370] -113710 -98973| -108870| 2 OK  0.957 | -122040 HL175X12
. 116450| 128100 ° 117861| 129650 2 NG 1.012 | 145420
-107400] -118140 -101585] -111750f 2 OK  0.946 | -122040 HL175X12 152900
. 121340| 133480 . 121101 133220 2 OK  0.998 | 145420
-111730| -122910 -107465| -118220| 2 OK 0.962 | -150860 HL175X15 152900
? 128150| 140970 @ 127763| 140540 2 OK 0.997 | 180200
-111920| -123120 -107254| -117980| 2 OK 0.958 | -150860 HL175X15
“ 127060 139770 “ 127973| 140770 2 NG 1.007 | 174580
-117550] -129310 -114157| -125580| 2 OK 0971 ] -150860 HL175X15 152900
# 136210| 149840 # 133729 147110 2 OK 0.982 | 168050
23| -117550( -129310 23 -113417| -124760| 2 OK  0.965 | -150860 HL175X15
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| |136210| 149840| 2 |

135120| 148640| 2 ‘ OK 0.992| 156500

Unit : kg

Compression:+

Tension:-

Tab.2: Bracing Analysis Result Compassion

2D Analysis 3D analysis
Used Material Strength
Member strength Bolt strength
total stress total stress
Mark Mark MEMBER BOLT
O.L.F O.L.F. | check | O.L.F. | Strength material | BOLT
Load O.L.F. | CASE Load O.L.F. | CASE | O.L.F. | Ratio comp tens bearing  shear
1] 3180 5250 3 1 1726 2850 3 OK 0.543 6810 -7800 L50X6 6580
2| 2860] 4720 3 2 2766 4570 6 OK 0.968 4870  -5440 L50X4 6980
3| 4150 6850| 4-1 3 3703] 6110 4-1 OK 0.892 7400  -8560 L60X5 8730
4| 3860] 6370 4-1 4 3711 6130| 4-1 OK 0.962 7130  -8560 L60X5 8730
5| 3480 5320 4-1 5 3009| 4970 4-1 OK 0.934 6150  -7800 L50X6 6580
6 | 4310 6290| 4-2 6 4803| 5890| 4-2 OK 0.936 6930  -8560 L60X5 8730
7| 4180 5930 4-2 7 3544 5670| 4-2 OK 0.956 6660 -8560 L60X5 8730
8 | 4430] 5100 4-2 8 3704| 4660 4-2 OK 0.914 5560  -7800 L50X6 6580
9 | 5860 6450 1 9 6404 7050 1 NG 1.093 8460 -11330 L65X6 6580
10| 5720] 6300 1 10 5086 5600 5-2 OK 0.889 8200 -11330 L65X6 6580
11| 6600 7260 5-2 11 5652 6220 1 OK 0.857 8730 -11330 L65X6 9870
§ 12| 7870 8660 1 § 12 7832 8620 1 OK 0.995 9510 -13580 L75X6 9870
“ 13| 8830 9720| 5-2 “ 13 7408 8150 1 OK 0.838 15880 -18970 L90X7 10190
141 9210] 10140 1 14| 9176] 10100 1 OK 0.996 15030 -18970 L90X7 | 10190
15| 9610| 10580 5-2 15( 8790 9670 1 OK 0.914 15170 -18970 L90X7 | 15280
16| 3910 4390 4-6 16| 4119 4530 5-1 NG 1.032 6190  -8560 L60X5 5820
17| 3970 43701 5-1 17 4356 4800 5-1 NG 1.098 5720 -8560 L60X5 5820
18] 3880 42701 5-1 18 4306 4740 5-1 NG 1.110 4560 -8560 L60X5 5820
19| 3780 4160| 5-1 19 4332 47701 5-1 NG 1.147 5500 -11330 L65X6 6580
20| 45001 4950[ 5-1 20| 4590 5050f 5-1 NG 1.020 5830 -11330 L65X6 6580
21| 4050 4460| 5-1 21| 4660 5130| 5-1 NG 1.150 6200 -12980 L75X6 8730
22| 5470 6020[ 5-1 22| 6888 7580| 5-1 NG 1.259 10910 -18970 L90X7 | 10190
23| 9020 9930] 5-1 23| 10334| 11370f 5-1 NG 1.145 12320 -18970 L90X7 10190
Unit - kg Compression: +  Tension: -
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2D analysis

Tab.3: Arm Analysis Result Compassion

MIDAS 3D analysis

total stress

total stress

Used Material Strength

Material strength  Bolt strength

Mark Mark MEMBER BOLT
O.L.F. O.L.F.| check [ O.L.F.|Strength material|bearing shear
Load O.L.F. [CASE Load O.L.F. |CASE|O.L.F.| Ratio
-7420]-12250| 6 -2157] -3560| 3 OK 0.291| -24070 L90X7 13160
GW. GW.
6680| 11030 6 3925| 6480 3 OK 0.587| 14270
-7040]-11620| 6 -3659| -6040] 4-1 | OK 0.520 | -24070 L90X7 16450
C1 C1
8890| 14670 6 7168| 11830 4-1 | OK 0.806 | 20500
-6270]-10350| 6 -3037| -5020] 4-2 | OK 0.485| -24070 L90X7 16450
Cc2 C2
8090| 13350 6 6522( 10770| 4-2 | OK 0.807 | 20100
- -5670| -9360| 6 - -177] -200| 5-1 | OK 0.021| -24070 L90X7 13160
g C3 g C3
7560| 12480 6 5897| 9730| 4-3 | OK 0.780| 19490
-4970| -8200| 6 0 o] 6 OK 0.000| -16260 L75X6 13160
c4 c4
6570 10840 6 5013 8280| 4-4 | OK 0.764| 11310
-4620| -7630| 6 -1266| -2090| 4-5 | OK 0.274| -24070 L90X7 13160
C5 C5
6720] 11090 6 5586 9220| 6 OK 0.831| 19060
-4390| -7250| 6 -948| -1570| 4-6 | OK 0.217 | -24070 L90X7 13160
Cé Cé6
6550| 10810 6 5773| 9530 6 OK 0.882| 18630
0 0] 6 -4432| -7320] 3 -11330 L65X6 6580
GW. GW.
2070 3420] 6 2776 4580 3 NG 1.339 4200
-5100| -8420| 6 -5136] -8480| 6 NG 1.007| -8560 L60X5 8730
C1 C1
0 0] 6 0 0] 6
-5070| -8370| 6 -5082| -8390| 6 NG 1.002| -8560 L60X5 9730
c2 Cc2
0 of 6 0 of 6
-5210| -8600| 6 -5524| -9120| 6 NG 1.060| -11330 L65X6 9870
C3 C3
0 0] 6 0 0] 6
-4490| -7410] 6 -4510| -7450] 6 NG 1.005 -7800 L50X6 9870
(5] (5]
iz | C4 = C4
0 0] 6 -57 0] 6
-5720] -9440| 6 -5748] -9490| 6 NG 1.005| -11330 L65X6 9870
C5 C5
0 of 6 70 80| 5-2
-5890| -9720| 6 -5919| -9770| 6 NG 1.005| -11330 L65X6 9870
Cé 0 0] 6 C6 161 180| 5-2
500 550| 5-2 0 0] 6 OK 0.000 3460
-2150] -3550| 6 -2400] -3020| 6 OK 0.851| -13580 L75X6 6580
C5 C5
530 590| 5-2 251 280] 5-2 | OK 0.475 4420
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-2350| -3880| 6 -9350[-10290| 1 | NG 2652 -19670 L90X7 9870
Ccé Ccé
580 640| 5-2 7053| 7760 1 | NG 12.125| 14600
Unit - kg Compression:+  Tension:-
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