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Abstract

Electric power consumption, is increasing rapidly, showing growth faster growth in the last
few decades. To meet the increase in demand of electricity the expansion of
transmission networks is needed all over the country. In Sri Lanka most of the electric
lines are saturated, they are reaching critical values of capacity and sag. Therefore,
building new lines is necessary to provide the ever increasing consumption. The
difficulty to find line route and environmental issues limited the construction of new
overhead lines. Therefore, there is an urgent need to find out some alternatives that
increases the power transfer capacity of the existing lines. This circumstance is forcing
the use of the existing lines, which represents a cheaper solution compared

underground transmission for countries like Sri Lanka.

This research study is focused on finding facts to replace the conductor by a high
current capacity one. In this study, a suitable alternative method is proposed for
existing transmission lines comprising zebra conductors. In order to evaluate the
potential be@égi'ts of re conducting-ef a transmission. network a holistic computational
methodologr‘y_i_;i;s useds This allews, sag; €apacity and tension calculations to be carried

out for each section of selected transmission line.

Further, PLS -Tower and PLS — CADD software is used to analyze usage of various
high current rating conductors in the market with the new technologies. Tower loads
due to wind, weight of the conductor etc.. are calculated and loaded to the existing
towers to check the strength.

The proposed technique can be used to analyze the tower strength to replace high
current capacity conductors. The same can also be used as a powerful method at

planning stage at the new transmission line projects.
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Chapter 1

1. INTRODUCTION
1.1 Background

Power Transmission from Generating Station to Substations (Grid) is the fundamental
objects of the Power System. This function is accomplished by overhead transmission
lines that connect the power plants into the distribution networks in Sri Lanka.

The growing demands on the dynamic capacity of transmission system and utilities in
Sri Lanka are looking costly. The construction of new transmission line essential to
cater reliable supply of electricity and meet the growing demand in each provinces in
the country. The construction of new transmission line require additional land,
environmental issues, project implementation period also relatively high. The cost of
new transmission line construction includes cost of towers, conductor, insulators,
hardware and the cost of land covered by the tower foundation. Also environmental
clearance frg‘h;; the government] stating that theré are rio objedtions on environmental
issues in tﬁé?particular transmission~tiné ™ project-heeds’ 't be submitted to the

funding agieﬁ':c”y when looking for funds.

Therefore we need to come across the solution how the existing lines can be utilized
more efficiently. In this regard, several alternative way to increase the power transfer
capacity of an existing Transmission line, such as , convert it from AC to DC
transmission system, Consider the Voltage upgrading mechanism, replace the
conductor by a high current capacity one without modifying the existing towers, line
accessories etc... Hence, AC to DC conversion system need total modification in the
Grid substation and suitable for long transmission line system and other hand the
Voltage upgrading mechanism also require the modification in the Grid Substation as
well as Transmission Line that imply more cost and time. Therefore, Re-conductoring
of Transmission Line by substituting a high current carrying conductor is the relatively
best option for countries like Sri Lanka while considering the electromechanical

properties of the particular transmission line.



1.2 Objectives

The construction of new transmission lines to transfer more power from the
Generating Station to Substations (Grid) need large extent of land, substance amount
of steel and foundation cost, consume more time for construction works and etc..,
which cause to the high cost to the supply providers. In addition to the high cost a
number of indirect impediments are encountered in implementing of the projects with
the current design of towers such as objection by land owners and environmentalists
where the transmission lines running through urban areas. Therefore, it becomes
essential to increase current carrying capacity of the existing transmission line with
the optimum cost in this study. In this case I used low loss conductor to substitute the

existing one.

1.3 Case Study

This case studies have been carried out by modeling the existing 132kV transmission
lines currengly in operation. in, 132k\ Vavuniya to Kilinoghchi transmission line
(Zebra coné@tor wiithethe-gominaheuwsentrating<ef- (760A @ 75° C) and 132kV
Anuradhap(jr_'a”,to \Vavaniyaltransmission< line (Lynx conductor with the nominal
current rating of 450 A @ 75° C). This achieved by using computer software’s PLS-
Tower and PLS-CADD.

Five different spans form each transmission lines are selected for this study. The
existing tower architecture and profile survey were used to configure the additional
load of the larger current rating conductors for the safety of the towers and the

electrical clearances. The details are given in the Appendix A and B.

1.4 Methodology

Earlier the design of transmission line was made as per design philosophy based on
deterministic concept of Loadings and strengths with specified factors of safety for the
different operating conditions. Now the design of transmission line is made as per
design philosophy based on probabilistic concept of Loadings and strengths with
specified factors of safety for the different operating conditions. Further the design



must consider the optimum utilization of the transmission towers because those are

constituting about 30-40 percent of the cost of transmission line.

This case study is based on data obtained by reviewing the existing tower literature on
different design of transmission towers and comparing the cost of manufacture and
other social and practical implication of existing design with the proposed design. In
this study the proposed large current rating conductors manufacturing data used to
analyze the tower by using the computer software called PLS-Tower and profile design
of selected spans has been achieved by the software called PLS-CADD.




Chapter 2

2.0 DESIGN ASPECTS OF A 132kV TRANSMISSION LINE

2.1 Applicable Standards

Following standards are used in this study.

Basical

A A

ANSI/ASCE 10-97 —Design of Latticed steel transmission structures

ISO 898-1 —Mechanical properties of fasteners. Part 1-Bolts, screws and
studs.

ISO 630 — Structural Steels — plates, wide flats, bars, sections and profiles
ISO 1459 — Metallic coatings — Protection against corrosion by Hot Dip
Galvanizing.

ISO 7411 — Hexagon Bolts for high strength structural bolting with large
width across flats.

ISO 657— 5 — Hotrolled structural steel sections eaual and ||nequa| Ieg angles,

7l
A
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Tower Design
Wind Span Vs Angle of Deviation
Creep Calculation

Profile Design

2.2 132kV Tower Design

Tower design is one of the most important factors for reliable operation and lifetime

of a transmission line. The tower of various shapes is being used with increasing

environmental concern and the public becoming more and more conscious of the

detrimental effects of transmission line towers on the environment and land use. In

Ceylon Electricity Board (CEB) transmission system there are three types of towers.



a) Suspension Tower
b) Tension Tower

c) Transposition Tower

2.2.1 Suspension Tower

These towers are used on the lines for straight run or for small angle of
deviation up to 2° or 5°. Conductor on suspension towers may be supported by means
of I-string in CEB transmission System. In double circuit transmission lines this types
of towers are called TDL towers.

2.2.2 Tension Tower

Tension towers also known as angle towers are used at locations where the angle of
deviation exceeds that permissible on suspension towers and/or where the towers are

subject to uplift loads. These towers are further classified as
Up to 10° angle deviation  TD1

10°- 30° angte tion D3

(346 s
300' 60' ";g(re'de ¥ OVl L. i Fiy

Termin

<

Those towers are used according to the angle of deviation of line. One of the classes
of angle towers depending on the site conditions is also designated as Section
Tower. The section tower is introduced in the line after certain distance to avoid

cascade failure or series failure of towers.
2.2.3 Transposition Tower

Transposition towers are used to transpose the phase conductors in three sections in

such a way that each phase by rotation occupies each of the three phase positions in a

circuit. L/3 L/3 L/3
X
<
o
L

Figure 2.2.3: Transposition



2.2.4 Tower Extensions (Leg or Body Extensions)

Body extension is used to increase the height of tower (3m, 6m, 9m, and 12m) with a
view to obtaining the required minimum ground clearance over road crossing, river
crossings, power line crossings, ground obstacles etc. For body extensions having
greater heights more than 25m, the suitability of the standard tower is checked by
reducing the span length and angle of deviation. Leg extensions are used either with
anyone leg or any pair of legs at locations where footings of the towers are at different
levels. Leg extensions are generally used in hilly regions to reduce benching or cutting.

Leg extensions of —2m, -1m, +1m, +2m, and +3m also used where necessary.
2.2.5 Tower structure

Tower structure is fixed from the requirement of minimum ground clearance, terrain
type, right of way limitation, electrical clearances etc. Tower structure is defined in

terms of the following parameters.

Tower Height

,.
UNITU/

e Vertical spacing between power conductors
e Location of ground wire
e Angle of shield

e Minimum mid span clearance
Cross Arm Spread

e Length of insulator string assembly
e Length of the insulator

e Tension string

e Jumper Suspension string

e Swing angle

e Conductor jumper



e Phase to phase horizontal spacing

e Bundle Conductor configuration

2.2.6 Insulator Swing Angle

At the heavy wind condition suspension insulators swing with certain angle. If we
consider a double circuit line one circuit swings away from the tower and one is
towards the tower. Then the line clearance gets reduced. Therefore, it is important to
consider swing angle during the design. The factors effects to swing angle is length of

the insulator set, Wind force, weight span, wind span, conductor type, Insulator type,

etc.
<
00X N
dl LII‘ i \\
hl » <
°
Figure 2.2.6 : Insulator Swing Angle
2.2.7 ArchiggiHorn-GHp
€3
This is verys{mportagt inconReston with mainly depends
onairb g g yreaking voltage

is 21kV/cm at the clear air. For 132kV transmission line the Arching Horn Gap is

calculated for the impulse voltage of 800kV.
2.2.8 Overhead Earth and Shielding Angle

Double earth wire configuration towers are erected in areas of high lightning activity,
or with supporting structures with wide horizontal spacing configurations, two earth
wires were provided to permit a lower shielding angle and superior protection. The
tower height reduce by the use of double earth configurations. Shielding angle of the
double earth configuration is almost 0 degree. In this case more critical in the mid span

clearance of the conductors.
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Figure 2.2.8 : Overhead Earth and Shielding Angle

The design of a transmission line tower is distinctly classified into Mechanical design
and Electrical design. Electrical clearance between live partsto ~ metal parts is to
be considered while designing the tower. For checking the clearance, swing angle of
insulator (for suspension towers) and swing angle of jumper (for tension towers) is

required, Sample electrical clearance diagram for suspension tower, tension tower and

swing anale calculation as per the CER Technical Snecifications are attached as

Appendix-Ci:
&,
%
2.2.9 Basic Spar
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Basic Span Tower Span

Figure 2.2.9 : Basic Span

Basic span for a 132kV Transmission line is 300m.



2.2.10 Equivalent Span or Ruling span

Equivalent span calculates for a particular section. It considersall the spans in a

section. This varies from section to section.

Eq. Span _ /|1 +12° +13
li+la+1s
—  —rt—

l1 I2 I3

Figure 2.2.10: Equivalent Span or Ruling span
2.2.11 Wind Span

Wind span for a particular tower is half of a sum of adjacent spans. The wind force
act on the tower due to conductor section represents by multiplying wind span by
wind force act on the unit length of the conductor.

WindEpan =

Epis

2.2.12 Weight Span

The weight span is the equivalent length of the weight of conductor supported at any

one tower at minimum temperature in still air. At suspension positions the minimum

Ta

weight of conductor, inclusive of weights where used.

/
- Figure 2.2.12: Weight Span




Weight Span = 52—1+ (ﬂ) (h)

w/ \s;
Where T1 Tension of conductor at required temperature
w unit weight of the conductor
S1 Span
h: Level deference between towers

2.3 Loading on Tower (Suspension Tower - TDL)

The following parameters were used to calculate the force acting on a transmission
tower as per the CEB technical specifications and the conductor, Earthwire and
insulator manufacturers specifications are attached as Appendix-D. Transmission
Conductor and Tower are usually subject to the following external forces. Forces due

to ice will not be considered for the lines in Sri Lanka.

g = lﬂé ﬁ
Sl 5k ]
B — + v
() Do (]
N = g 4

Transverse Load Longitudinal Load Vertical Load

Figure 2.3: Loading on Tower (Suspension Tower - TDL)
2.3.1 Transverse Load
The following factors produce the Transverse Load on a Tower.

e Component of mechanical tension of conductor , ground wire OPGW and
insulator string

e Wind load on tower structure, conductor, ground wire / OPGW

10



2.3.2 Longitudinal Load

Unbalanced Horizontal loads in longitudinal direction due to mechanical tension of
conductor and/or ground wire during Broken wire condition.

In the case of supports with suspension strings may be reduced value of maximum
working tension of the conductor in broken wire condition as specified in CEB
specification and this value is taken as a 30% reduction in maximum conductor
tension.

For the ground wire broken condition, maximum working tension shall be considered
for the purpose of design of a tower.

When there is a possibility of the tower being used with a longer span by reducing
the angle of line deviation, the tower member needs to be checked for maximum
longitudinal and transverse components arising out of the reduced angle of deviation.
2.3.3 Vertical Load

Loads due to weight of each conductor, ground wires based on appropriate weight

span weight of insulator strings and hardware fittings.

A provisio_rjéﬁ’%lSO kgs made for the weight.of-a lineman, with tools in addition to the

vertical Ioaqlégdue todnswators and-fittings-and dead weight of the structure.

e Dead load of conductor = Unit weight of Conductor (kN/m) x Weight Span
(W1+W2)

e Dead load of Tower (Self Weight of Tower)

Figure 2.3.3: Vertical Load on a tower

11



Table 2.3.3: Weight Span of a 132kV Transmission tower according to CEB Specification

Basic Span (m) 300
Wind Span (m)
All Towers Normal Working Condition 360
Broken wire condition 270
Weight Span (m) Maximum Minimum
Suspension towers | Normal Working Condition 600 150
Broken wire condition 450 112.5

2.4 Sag Tension Calculation

| Y axis

=]
m||—

The catenary curve for level spans.
Figure 2.4 Catenary Curve for level spans

Sag Tension Calculation is carried out for both existing conductor (ACSR Zebra -

54/7/3.18) and the proposed conductor Low loss conductors.

12



Table 2.4.1: Properties of the Conductors and Earthwire

Properties of the Earthwire

Earthwire GSW
Earthwire Size 7/3.25
Overall Diameter of the earthwire (D) 9.8 mm
Area of earthwire ( for all strands) (A ) 58.07 mm?
Weight of the earthwire (w) 0.46 kg/m
Ultimate breaking strength 58.1 kN
Coefficient of linear expansion 0.0000115 per° C
Modulus of elasticity ( E ) 193 kN/mm?
Table 2.4.2 : Properties of the Conductors

Existing Low Loss ACSR
Conductor (ACSR-ZEBRA)
Conductor Size 54/7/3.18 -
Overall Digmeter of thexcondustan{D,) 28,62 28.62 mm
Area of cdﬁ;i%lbtor Cfor@irstirands) (&G 484100 11?2 590.5 mmz2
Weight of the condUictor with greaSe (W) 1.6307 kg/m 1.814 kg/m
Ultimate breaking strength 130.32 kN 140.9 kN
Coefficient of linear expansion 0.0000193 per°C | 0.00002 per° C

Modulus of elasticity ( E )

69.00 kKN/mm?

71.00 KN/mm?2

13




Existing | Proposed Low
Span (L) ACSR Loss
300m Zebra Conductor
Temperature
Minimum ( T min) 15°C 15°C
Everyday (T) 32°C 32°C
Maximum ( T max ) 75°C 90°C
Wind Pressure (P) 970 N/m2 970 N/m2
Minimum factor of safety for Conductors and Earthwires
based on Ultimate Strength
At Maximum working tension 2.5 2.5
Everyday Temperature, still air 4.5 4.5

As per the technical specification the proposed low loss conductor can be operated up

to 90°C.

The detailed sag tension calculation for the both existing Zebra conductors and

proposed co'nductors are givieni i the AppéndixwaC.
)

2.5 Tower Structure Design

1. Technical requirement of the Transmission Line

I.  Voltage 132kV
Il.  Circuit Double Circuit
. Peak One
IV.  Phase Conductor Low Loss ACSR and ACSR Zebra
V. Earthwire OPGW (D=13.25mm)
2. Wind Pressure 970N/m? on Conductor and OPGW

1170 N/m2on Insulator

14




3. Span
Condition (NC)
Condition (BWC)
(BWC)
(BWC)

4. Conductor Temperature

5. Conductor Height
Grouggislearance
( g;g )

conductor

6. Electrical Clearance

7. Safety Factors

Tower Normal Condition 2.0
Broken wire Condition 1.25

Conductor Max Working Tension 25
Everyday Temp 4.5

Note: Following Load Calculations are carried out as per the

1640 N/m? on Tower Body (1.5 times the

projected area of the members of one face of

the tower)
Normal Span
Wind Span

Max. Weight Span

Min. Weight Span

Min. Temp

Everyday Temp
Max. Temp

300m

360m for Normal

270m for Broken wire

600m (NC) and 450m

150m (NC) and 112.5m

15°C
32°C
75°C

Min height of the phase conductor = 6.7m

+ 0.3m (Survey error) + Max Sag of the

0°-10° 1650mm
10°-4Q0° 1550mm

Transmission Line Structures By SS Murthy and AR Santhakumar

15



Normal Conduction (Min.Temp- Full Wind)

Normal Conduction

Max Wt Min Wt
For Earth Wire(OPGW)
Transverse Loads
Win Load on Earthwire Ne*De*Swnnc*Pe*Sin(90)*2*F1 472 472
Due to Deviation Ne*Te*Sin(02/2)"2*F1 0 0
Total 472 472
Vertical Loads
Weight of Earthwire Ne*We*Swtnc*F1 271 68
Total 271 68
Longitudinal Loads
0 0
For Conductor
(ACSR/ZEBRA)
Transverse Loads
Wind Lc R tof Nc*Dc*Sw Pc*Sin{90)"2*F 1020 1020
Win Loz ..,ng:ml;.. Di*P 31 31
Due to Deviation NT*Te*Sin(02/2)"2*F1 0 0
=t 1051 1051
Vertical Loads
Weight of Conductor Nc*Wc*Swtnc*F1 979 245
Weight of Insulator Ni*Wi*F1 70 70
Total 1049 315
Longitudinal Loads
0 0

16




Broken Wire Conduction (Min.Temp- Full Wind)

Broken Wire Conduction

Max Wt Min Wt
For Earth Wire(OPGW)
Transverse Loads
Win Load on Earthwire Ne*De*Swnbwc*Pe*Sin(90)"2*F2 354 354
Due to Deviation Ne*Te*Sin(02/2)72*F2 0 0
Total 354 354
Vertical Loads
Weight of Earthwire Ne*We*Swnbwc*F2 203 51
Total 203 51
Longitudinal Loads
Ne*Te*Cos(061/2)F2 2193 2193
Total 2193 2193
For cOnrh irtor
(ACSR/:
0
Transverse: ,Lg, s
Win Load on-€anc ofi Na*Dad 765 765
Win Loz 31 31
Due to Deviation Nc*Tc*Sin(02/2)22*F2 0 0
Total 796 796
Vertical Loads
Weight of Conductor Nc*Wc*Swtbwc*F2 734 183
Weight of Insulator Ni*Wi*F2 70 70
Total 804 253
Longitudinal Loads
0.7*Nc*Tc*Cos(01/2)F2 3677 3677
Total 3677 3677
Swnnc Standard Wind Span in Normal Conduction
Swtnc Standard Weight in Normal Conduction
Swnbwc Standard Wind Span in Broken Wire Conduction

17




2.6 Electrical Clearance Diagram of 132kV Transmission Tower

The Electrical Clearance Diagram of 132kV Transmission Tower is given in the
Appendix — D.

2.7 Wind Load on Tower

o
f(}" AVAVLY .

=
Y

l |

Figure 2.7: Wmd Load o Tower

Note: Wind pressure on tower = 1640 N/m? = 167kg

18



Table 2.7: Wind load on a TDL single peak tower

Net Wind Coefficient | Actual | Distribution | Applied
Description | Area | Pressure | as per the Wind | (kg) (kg)
(m?) | (kg/m® | Specification @ (kg)
170 175
A- B 1.353 167 15 339
170+221 400
B- C 1.766 167 15 443
221+267 500
C-D 2.130 167 15 534
267+842 1135
D- E 6.712 167 15 1684
842+430 1300
E- F 3.434 167 15 861
430+861 1320
F- G 6.870 167 15 1723
862 880

)
Applied anf_T;{-is calculated 2% higher than the actual distribution load (Additional

safety factor to cover Name, Joint plate areas). Net area of the tower is calculated from

the members used and the detail drawing with the member dimensions are attached as

Appendix — E.

As per the load calculated above the loading trees were draw for the Normal and

Broken wire Conditions. Total 18 different cases have been analyzed the detailed

analyzed are as follows.

In order to ensure the additional safety Drag coefficient is not considered

(or taken as 1).

19



2.8 Load Showing on Tree Diagram for Each Case

Loading Tree
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Chapter 3

3.0 SOFTWARE USED FOR STRUCTURAL ANALYSIS AND MODELING
PLS-TOWER is the modeling MS-WINDOWS based software developed by Power

Line Systems for the analysis and design of transmission structures. All these

programs have many features in common. It is now used by hundreds of organizations

in over eighty countries and is probably the most widely used tower program in the

world.

PLS-TOWER deals with the analysis and design of steel latticed towers.

ﬁsTowel - Geom #6

File Edit ‘“iew General Material Geomety Insulators Loads

Bunl  Window

o8 2= &2

Q|| +H—|®|w|w] ofe|6|E[N]s] 8@ F]T|5[S]

Genm #5

g o

Eeom #2

H=1E

12 | | |
bl A -
< [ 2|1 o] 0y
[ienm #3 = | O] > || | R - O] x - O] %]
T = = =
B N 1, _I
0 | » D | |» D v
Joint Infa [Left Click]: Joint ‘8291, Load case ' Undeformed Shape', ®=-2.165 =-3.750 Z=829.000, Displacements ¥=0.000*=0.000 Z=0.000 ’7

Saﬁlaﬂl“ e Eﬁ @ |J (32 BitPLS ”lﬁ':'lnwel- Geom #6

||T’:a\3§$<il’ 525 PM
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il Tower -
File Edit View Geperal Components Geometry Loasds Model Window

= {Z]X]

DIs(@| - |n]e| |lal+H—|elwlml o|als|elx|-(s|@] llz|s]s| @lEmEmEO)

M[=1§5 Run #1 Deformed Ge.. E[=1E3

Sunmmary of Maximum Usages by Load Case:
Load Case Naximum Element Elex

Usage % Label 1
NES-NESC HEAVY 81.60 31X Ar [
EXW - EXTREME WIND 56.43 125 Ar
BLP - BROKEN LEFT PHASE 108.17 Iy An
BMP-BROKFN MIDDLE PHASF 86.6) 31¥ Ar -
K [ , —_— 5%
MemberIn N el MV E TS 800 Lo v e BV éb, Wi Mo 831 Kieh am joint'3FY" to joint ‘3E |
Figure: 3.0:88@mts/ty picaltransmission towers’configurationswhich'éan be modeled with
PLS-TOWER:

3.1 Design Criteria

The design of tower based on varying conductor size under different atmospheric
conditions, environmental impacts and possible abnormal conditions arising from
accidental and natural failures was computed using PLS — TOWER software was
obtained. The PLS — TOWER software is more user friendly for Transmission Tower
designing compared with other software. The relevant usages of land and Steel

materials were calculated and tabled with cost based on market values.
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3.2 Modeling and Analysis in PLS — Tower (for TDL tower)

1. Step by step instruction and method for modeling and analysis of PLS —
Tower are shown in Appendix F.

2. Analysis Results as shown in Appendix G for a TDL+9 tower.

2z 1uwer -~ Juusdy o

' >
[E] File Edit View General Components Geometry Loads Model Window Help

- ||| x
Dl & & AL BH SN % GO+ —9aMEmn H G LK L@ HHY S S mEEED

L

Joint Info {Left Cli

ick): Jo ,@:% pd case 'Undeformed Geometry', X=-7.631 Y=-7.631 Z=13.812, Displaceme: 1ts X=0,000 ¥=0.000 Z=0.000 e :
L@) Electronic Thicses & Dissertations w0 s

Similarly, all types of towers (TD1, TD3, TD6 and TDT) were used in the 73km of
Vavuniya Kilinochchi transmission Project analyzed for the new conductors (Low
Loss conductor) and the result for each tower analysis have been tabulated in the
Appendix H. According to my result minor changes to be done in the tower members

to replace the low loss conductor.
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3.3 Wind Span Vs Angle of Deviation

Angle of deviation is important for profile design which is used to determine the type
of tower to be used for a particular span and the optimum design will depend on the

Wind Span Vs Angle of Deviation of the tower.

(90-p/2)

v

Figure 3.3: Wind Span Vs Angle of Deviation

The transverse load imposed on a tower bv one conductor

Ld 2ot PR A g |
1L Rl Sin\g ) ALV

Where 1 WW 10 [t ac 1
L Wind Span
W.  Wind Load per unit length
U Line Angle
For General Condition
Normal Wind Span Ln =360m
Line Angle Hn

by resolving the forces
. Un - . u
2Tsin (7) + L, W, = 2Tsin (E) + LW,

Wind load on conductor per meter run W, = 970 x 28.62 x 103 = 27.76Nm
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Wind load on earth wire per meter run~ We = 970x 9.8 x 103

Maximum allowable working tension of the conductor T¢ = 51,000 N

(As per the Sag Tension Calculation)

Maximum allowable working tension of the earth wire Te = 18,762N

(As per the Sag Tension Calculation)

i. Suspension Towers

For Conductor
27.7614 x L + 2 x 51000 x sin (/2 ) = 27.7614 x 360 + 2 x 51,000 x sin (0)

27.7614 L = 9994.1- 102,000 sin (u/2)

For Earthwire

(0)

9.5 L = 3,422.16 — 37,524 sin (1/2)

Table.3.3.1: Angle of Deviatign,of TDL. tower

()

k) Angleof

Dawiation Wikd Span (m)

(Degree) Conductor | Earthwire
0 360.0 360.0
1 327.9 325.6
2 295.9 291.1
3 263.8 256.7
4 231.8 222.2
5 199.7 187.8
6 167.7 153.4
7 135.7 119.0
8 103.7 84.6
9 71.7 50.3
10 39.8 16.0

= 9.5 Nm

95xL + 2x18,762 xsin (W2) = 9.506 x 360 + 2 x 18,762 x sin
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ii. Angle Tower (TD1)
For Conductor
27.7614 x L + 2 x 51,000 x sin (W/2) =27.7614 x 360 + 2 x 51,000 x sin (5)

27.7614 L = 18,883.1- 102,000 sin (W/2)

For Earthwire

95x L + 2x 18,762 x sin (/2) = 9.506 x 360 + 2 x 18,762 x sin (5)
9.5L =6,692.59 — 37,524 sin (u/2)

Table 3.3.2: Angle of Deviation of TD1 tower

Angle of Deviation Wind Span (m)
(degree) Conductor Earthwire

0 680.2 704.0

1 648.2 669.6

2 616.1 635.1

3 584.0 600.7

4 552.0 566.3

fmp 5 520.0 531.9
& ) 48719 497.4
. 7 455.9 463.1
8 423.9 428.7

9 392.0 394.3

10 360.0 360.0

11 328.1 325.7

12 296.2 291.4

13 264.3 257.2

14 232.5 223.0

15 200.6 188.8

Similarly Angle of Deviation for the other towers such as TD3, TD6 and TDT were

calculated and the values are shown in the Appendix I.
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3.4 Creep Calculation (Temperature Shift Calculation)

Creep in a conductor is defined as permanent set in the conductor. It is a continuous
process and takes place throughout its life. The rate of creep is higher initially but
decreases with time. Creep compensation is provided for by over tensioning of the

conductor in the form of temperature correction.

Creeps strain leads to increase in length and in turn the sag of an overhead line
conductor with passage of time. The effect of intermittent high temperature operation

of transmission lines accelerates creep strain.

For this calculation the assessment method in [9] was used.

e = kT8 gopy Eq (4)
ult
e = Creep strain mm/km
T P Tension in eqnductor at 32 2C (kg)
Tur é‘:"gz WUitimateTensile.Strength of Candustor (kg)
K o _ = @réep Gonstant
B,g,y = Creep Indices
@) = Conductor Temperature °C
t = Duration in Hrs.
Where,
From Table 2
K = 14
B = 13
g = 0
y = 0.16
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Conversion of Tension to temperature differences is calculated from the equation of

sag calculations.

W;i;z -Z= W;';lfz ~ 24 @t oo Eq (8)
W = Unit weight of conductor (kg/m)
S = Span Length (m)
= Young's Modulus of conductor (kg/cm?)
T1 = Final Tension of Conductor (kg)
T = Initial Tension of Conductor (kg)
A = Cross sectional Area of Conductor (cm?)
X = Co-efficient of Linear Expansion of Conductor ( per °C)
t = Temperature Difference (°C)
Where
WPEAS® (1 (To T
2 nivay \ 4.2 .,
"=TT&} FEhgonic I
Table 3.
T1 T(ult) "
*100/T(ult)
Tension at 32 °C Ultimate
. (%)
Span (kg) Tension(kg)
(m) (at UTS/2.5)
200 2950.89 22.21
300 2948.87 13288.94 22.19
400 2803.77 21.10
500 2731.11 20.55

As the result of the calculation above table indicates that the percentage of everyday
tension - (T1) to ultimate tension-T(ult) does not vary with the length of equivalent
span. The percentage of creep can be calculated from the Equation (4) of Transmission
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Line Structures by S. Murthy and AR Santhakumar [7] and values are tabulated as

follows.

Table 3.4.2: Creep Calculation

T x 100 e e Balance
Tut mm/km mm/km Creep

Span(m) for 10 years for 24 hrs 10Y - €24H

(87600hrs) mm/km

200 22.21 486.9 131.1 355.8
300 22.19 486.3 130.9 355.4
400 21.10 455.5 122.6 332.9
500 20.55 440.1 1185 321.6

Average value of balance creep = 341.4mm/km = 0.034%

Therefore, Percentage of creep at everyday temperature is 0.034% for Zebra-ACSR

conductor.

In order to allow the ahove halance creep of 341.4mm to happen in 87576 hr the

conductor tdggion tolbe increased thamthefinalhiensisnof e konductor at everyday
temperatureéié

Difference in tension is given by

AT =

Where

Temperature)

12CT}
w2s?

W Unit weight of conductor (kg/m)

S Equivalent Span (m)

C Percentage Creep

T1 Final Tension of Conductor at 32°C (Daily operating

Accordingly tension to be applied as the initial tension calculated by

To=T1+AT
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The above increased initial tension T2 will be maintained at the site condition above

initial tension to be calculated using the Equation (4) of Transmission Line

Structures by S. Murthy and AR Santhakumar [7].

W2ES? T, _ WZ?ES?

24T7 A 24T7

W2EA52<1 1 )
A Ve~ Y2 )= (@)
24 /7"22 /T12

aEA

2 2
W7EAS” _ 377320.752

Table 3.4.3 : Creep Calculation Result

= — 4 aET
A

Span Final Tension Initial Tempera.
(m) Tension | Increase for | Tension | Difference
0.034%

= at 32°G At 820 H14

o creep

%7

1 (kg) AT (ke) Ti1+ AT

T2 (kg)

200 2950.89 985.62 3936.51 -26.55
300 2948.87 437.16 3386.03 -21.00
400 2803.77 211.36 3015.13 -19.02
500 2731.11 125.02 2856.13 -18.38

Therefore, the average Temperature difference is -22°C

Accordingly the temperature difference, for 10 years creep for Zebra conductor is (-)

22°C.
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Chapter 4

4.0 PROFILE DESIGN

4.1 Clearances to Ground, objects under the line and at crossings

As per the CEB specification the line clearances to the ground, objects are described

as follows,

Table 4.1: Line Clearances as per the CEB specification.

132 kV LINE CLEARANCES

132 kV
Minimum Clearance from Conductor: To Ground m 6.7
Metal Clad or Roofed Buildings, or other Buildings or m 41
Structures upon which a man may stand
To earthed cradle Guard Wires m 4
To Electric power Line Wires (Line to Earth) 3.7
To be : il torthe abave Ciearance to Adlow. for, - m 0.3
Survey aﬁdsaﬂ:mj error
Minirmum - horizontal spacing between outermost m 15.3
conductor of adjacent power line in siiii air
Spacing between P + T Line and cradle guard m 1.8
3.7m
4.1m
6.7m
EE
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4.2 PLS-CADD Software

PLS-CADD is an overhead power line design program which is easy to design
graphical user interface. It integrates all aspects of line design into a single stand-alone
program with a simple, logical, consistent interface also used to design the plane,

profile, route selection process.

£ 3d - dtm2.xyz x|

# Plan - dtm2.xyz _[o]x] | 2% Prof - dtm2.xyz -[of x|

PLS-CADD software is used to design the profile. The detail profile design of a section
of Vavuniya Kilinochchi Transmission Line is attached as Appendix J. For this Design
actual survey data is important therefore | obtained the survey data from our office.
Those data’s loaded in to PLS CADD software then the profile design was carried out
for this desigi the abovecateutationssliohzas creap “sag ltension, conductor data and

| e |

earth wire ! cal dafa

el
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Chapter 5

5.0 COST and TIME IMPACTS OF A NEW TRANSMISSION
LINE CONSTRUCTION

The detailed cost and time structure for construction of a new transmission is

mentioned bellow. This average data is take from several CEB projects for a

construction of around 60km length double circuit transmission line.

Other Services
14%

Tower Materials
18%

Design

Installation 3%
10% Conductor &
Accessories

16%

Foundation

_University of Moratuyd? Sri Lanka.
onic Thesesg@®@P1sscriations

Time Duration
30
25
20
15

Months

10

For a New Tr Line Re stringing work
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Chapter 6

Conclusion

The study of tower and profile design for different conductor was analysed with the
help of PLS tower and PLS -CADD software and different cases based on the tower
types were analysed to obtain the optimum use of the existing transmission line and

maximum cost and the time benefit.

As the objective of the study was to obtain an optimum electrical and mechanical of
equilibrium between the cost and the current rating of the existing transmission line
with varying the different conductor. This computed with varying cost of ta new
transmission line project including the prices of steel, different cost of land depending

on location and environmental impacts.

Further, the study also based on the temperature rise of the conductorand the proposed

new lov ( ctor C du lich is mc ble for countries
like Sri Lagkas
This study=genforiy that L Bayilrankmiss 1 on the CEB

SpeCifiCauuna usSing e ALOK Zebia Cail 0eE iepraCed 0y a LOW 10SS, high rating
conductor. The detailed analyses of Tower and Profile shows that modifications are

required for some towers.

Therefore, it is recommended to select the low loss conductor within the economical
range of sizes given above to reap maximum financial benefit. Apart from the financial
benefit the important aspect of the above recommendation is to be highlighted here as
a non-cash benefit where an immense gain is realized in terms of environmental
impact. Similarly, the new design of towers and profile could be analysed for different
parameters, shapes, sizes and configuration in order to ascertain benefits over cost and

environmental advantages through further studies.
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Appendix A  Existing 132kV Tower Details
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Appendix B

Specification Comparison of Conductors

Adoption in this project Reference
Description Unit Low Loss TACZSR/ AS Low Loss ACZSR/AS TAGSR/AS _ACSR
550mm 550mm Zebra Zebra
Nominal Diameter (*) - 28.62 28.62 28.62 28.62
Cross AL 550.4 550.4 428.9 428.9
Sectional Core mm? 40.08 40.08 55.59 55.59
Area () Total 590.5 590.5 4845 4845
Nominal Weight () kg/km 1,814 1,814 1,555 1,621
Ultimate Tensile Strength (%) kN 140.9 140.9 130.4 131.9
DC Resistant at 20°C (*) )657 0.0674
Max. Allowable Temperature 150 \ ol ' 50 90
sy o 67 757
Current(A) [ o0c R - 930
| 136.1°C - N/A
150°C 1,423 N/A

Cross Section

Note : Specific values (marked:(*)) for above conductors are calculated in accordance with IEC 61089-1991 for ACSR “Zebra”
& TACSR/AS “Zebra” and in accordance with IEC 62219-2002 for Low Loss ACSR/AS 550mm? & Low Loss TACSR/AS 550mm?.




Comparison of conductor specifications

For the Zebra conductors

Cross
Diameter [section

Area

Zebra ACSR 28.62 428 1621 0.0674 760
Rubus AAAC 31.50 500 1620 0.0566 940
Camel S ersityddb Roratuwad Bri Laflgnl 1 820

T '1

------

Option 1

Option 2 20.02 S5V 1014 U.U515 1070

-

Option 2

7/27/2016




Comparison of conductor specifications

For the Lynx conductor

Diameter

Lynx ACSR 19.55 183 R65 0.1576 450
Sauihin Utidversity of®loratuwh?®8ri Lania! 202 el
Option 1 HRAronic Thies & Difddrtationd-140 875
Option 2 W= 1ib. mrl %2 1k 803 0.150 920
Lynx Option 1 Option 2
TAL : Thermal resistance
HAL Aminum alloy wire ZTAL : Extra Thermal resistance

Alnmimum alloy wire

Grease
EST : Extra high strength EST : Extra high strength
Galvanized Stesl Galvapized Steal




Appendix C

Sag Tension Calculation

Wind force on conductor per meter run,

p=970x28.62x 10
= 27.7614

Wind force on conductor = 27.7614

Loading factor at 15° C

With wind, QI = (p*+w?)
w

12

Where, p - wind force on conductor per meter run
w - Weight of the conductor per meter

Ql
1.631

Ql 2.0031

Loading factor at given tcn%ﬁgamrc without wind,
3

==t)) (oL 113BIRy IR

Q2 = 1.0

Maximum allowable working tension of the conductor

Maximum working tension of ZEBRA conductor = UTS /2.5

= 52760 N
( Note : UTS of Insulator = 160kN, Maximum WT = 160/3 = 53.3 kN > 51.000 kN )

However in order to satisfy the design condition at 32°C , UTS/4.5
the maximum allowable working tension is assumed as =

Maximum allowable working stress of the conductor

f, = 51000 N/mm?

484.5

= 105.2632 N/mm?

Weight of conductor with grease/m/mm?

{(27.7614/9.80665)* + 1.631 }'*

N/m
N/m

N/m

51000 N

27.76 N/m

2.00

1.00

105.26 N/mm?



§ = 1.631 x 9.80665 N/m/mm’
484.5

§ = 0.033013 N/m/mm’

Then the working stress f, can be determined by the following formula

£7[6-(f- a2 Q2E-® tE)] =a>§ Q,2E

2412 24
Where a= Conductor span in meters
E= Modulus of elasticity in N/mm?
®= Coefficient of linear expansion in per °C
t = Temperature difference

( treq - tmin)

Then the Sag can be determined by the following formular ;

Sag = a2§ Q,
8f,

Co-ordinates of the curves can be determined by the following formular

Sag reqat 15 °c = 7 Equivalent Span Sag at 15°C x (Required Span )2

@l ( EquivdbyESpahly

LA '

SAG at 15°C with wind load

Initial Tension = 51000 N
Sag = w x span® x Q1
8xT w - unit wt of conductor
T - Initial Tension
Sag = 1.631 x 9.80665 x 300°****!
8 x 51000
= 7.06754 m
SAG at 15°C without wind load For Equivalent span (m) = 300
£7[6-(f- a2 Q2E-® tE)] =a>§ Q,2E
24£2 24
t = (15-15)°C
0 °C

(f-22§82Q2E-=tE)] = 105.2632 - {300 x 0.0330132 x 2.00312 x 69 x 10°)

2412 24 x 105.26322

N/m

0.03 N/m/mm’

7.07 m



a282 0.2 E -
24

Therefore the equation,

-0.0000193 x 0 x 69 x 10’

105.2632- 102.1196
3.1436

3002 x 0.0330132 x 12x 69 x 10°

24
281995.429

f,° - 3.1436 f,> = 281995.4292

Solving by Newton Raphsan methods

f2 =
Starting f, =

ShO5h GhGh
[ | |

Then T =

Sag =

SAG at 32°C without wind lo

{281995.4292+3.1436f,%
66.7
66.64299
66.64120
66.64114
66.64114
66.64114
66.64114
66.64114
66.64114 N/hn?

66304k %484 N
32287.632 N

300%x 0.033013 x 1
8x66.64114

5.5730 m

ad For Equivalent span (m) = 300

£°[6,-(f;- a2 §2 Q2 E - & t E)]
24£2

t =

(f-a2 Q2 E-2&tE)]=
24f2

—a2 2 2E
24

(32-15)°C

17 °C

105.2632 - {300 x 0.0330132 x 2.00312 x 69 x 10°)

24 x 105.26322

-0.0000193*17*69%10°

32287.63 N

557 m



= 105.2632-  102.1196 -22.6389

= -19.4953

2§ 0Q2E = 3002 x 0.0330132 x 12 x 69 x 10
24 24
= 281995.429

Therefore the equation,

£,° + 19.4953f,% =281995.4292
Solving by Newton Raphsan methods

f, = {281995.4292 - 19.4953f,"} '
Starting
f, = 59.679000
f,= 59.679881
f, = 59.679689
f,= 59.679731
f, = 59.679722
f, = 59.679724
f, = 59.679724
f,= 59.679724
Then T = 59.679724 x 484.5 N
= 5 ;} e, 28914526 N 28914.83 N
Note : at 32°C Tension shégai be less W TSHSIT 2931111 Ok
Sag =  3002x0.033013 x |
8 X 59.679724
6.2231 m 6.22 m
SAG at 75°C without wind load For Equivalent span (m) = 300

£ 6-(f- 22§ Q2 E -2 tE)] =a2§Q,2E

24f2 24
t = (75-15)°C
60 °C
(f-22 £ Q2 E - t E)] = 105.2632- {3002 x 0.033013% x 2.00312 x 69 x 10°)
24,2 24 x 105.26322
-0.0000193 x 60 x 69 x 10°
= 105.2632-  102.120 -79.902
= -76.7584

a>§* Q2 E = 3002 x 0.0330132 x 12x 69 x 10°




24 24
= 281995.429
Therefore the equation,

£, +76.7584 £,> = 281995.4292

Solving by Newton Raphsan methods

f, = {281995.4292 - 76.7584£,"} '
Starting f, = 47.616234

f, = 47.6162340

f, = 47.6162340

f, = 47.6162340

f, = 47.6162340

f, = 47.6162340

f, = 47.6162340

f, = 47.6162340

f, = 47.6162340
Then T = 47.6162340 x 484.5

23070.065
Sag = 3002 x 0.03303 x 1

8x47.6162340

€% 771997m
o /S

S

23070.07 N

7.80 m



Sag Tension Calculation of Proposed Low Loss Conductor

Wind force on conductor per meter run,

p=970x28.62x 107 N/m
= 27.7614 N/m
Wind force on conductor = 27.7614 N/m
Loading factor at 15° C
With wind, QI = (p*+w)"”
w

Where, p - wind force on conductor per meter run
w - Weight of the conductor per meter

Ql = {(27.7614/9.80665) + 1.631 } '
1.814
Ql = 1.8535

Loading factor at given temperature without wind,

g“"an = C0+ 156312}

)

= 1814

Q = 1.0

Maximum allowable working tension of the conductor

Maximum working tension of Proposed Low Loss conductor = UTS /2.5

= 56360 N

( Note : UTS of Insulator = 160kN, Maximum WT = 160/3 = 53.3 kN > 51.000 kN )

However in order to satisfy the design condition at 32°C , UTS/4.5
the maximum allowable working tension is assumed as = 51000 N

Maximum allowable working stress of the conductor
fi = 51000 N/mm?
484.5

= 105.2632 N/mm?

Weight of conductor with grease/m/mm?

§ = 1.631 x 9.80665 N/m/mm’

484.5

27.76 N/m

1.85

1.00

105.26 N/mm?



§ = 0.036717 N/m/mm’

Then the working stress f, can be determined by the following formula

£, [f-(f-22 2 Q2E -2 t E)] =a2§* Q2 E

2412 24
Where a= Conductor span in meters
E= Modulus of elasticity in N/mm?
&= Coefficient of linear expansion in per °C
t = Temperature difference

( treq - tmin )
Then the Sag can be determined by the following formular ;

Sag = a’2§ Q,

Co-ordinates of the curves can be determined by the following formular

Sag reqat 15 C = Equivalent Span Sag at 15°C x (Required Span )?
( Equivalent Span )?

SAG at 15°C with wind {gad)
Initial Tension == 51000 N
Sag = w x span®x Q1
8xT w - unit wt of conductor
T - Initial Tension
Sag = 1.631 x 9.80665 x 300°* >
8 x 51000
= 7.27325 m
SAG at 15°C without wind load For Equivalent span (m) = 300
£[f-(fi- 2 $ Q2 E-® tE)] =22 §$Q2E
24f2 24
t = (15-15)°C
0 °C
(f;-a2§82Q2E-&tE)] = 105.2632 - {3002 x 0.033013%2x 2.00312x 69 x 103)
2412 24 x 105.26322

-0.0000193 x 0 x 69 x 10’

N/m

0.04 N/m/mm’

7.27 m



= 105.2632-  111.2859

= -6.0227

2§ 0Q2E = 3002 x 0.0330132 x 12 x 69 x 10
24 24
= 358936.786

Therefore the equation,

£, -3.1436 f,° =281995.4292

Solving by Newton Raphsan methods

f, = {281995.4292+3.1436f,°1 '3
Starting f, = 66.7
f, = 69.25346
f, = 69.10784
f, = 69.11630
f, = 69.11581
f, = 69.11584
f, = 69.11584
f, = 69.11584
f, = 69.11584 N/mm?
Then T = é”é 6911843 K145 s N
=Y 33486 604 N
Sag = = 300>x0.033013x I
8 X 66.64114
59764 m
SAG at 32°C without wind load For Equivalent span (m) = 300

£ 6-(f- 22§ Q2 E -2 tE)] =a2§Q,2E

24f 24
t = (32-15)°C
17 °C
(f1-2>§2 Q2 E - ® t E)] = 105.2632 - {300 x 0.033013 x 2.0031 x 69 x 10°)
24f 24 x 105.2632°
-0.0000193*17*69*10°
= 105.2632-  111.2859 24.14

= -30.1627

33486.62 N

5.98 m



2§ 02 E = 3002 x 0.0330132 x 12 x 69 x 10

24 24
= 358936.786

Therefore the equation,

£,° + 19.4953f,% =281995.4292
Solving by Newton Raphsan methods

f, = {281995.4292 - 19.4953£,*} '
Starting
f, = 59.679000
f, = 63.122612
f, = 62.036966
f, = 62.389931
f, = 62.276284
f, = 62.312992
f, = 62.301148
f, = 62.304971
Then T = 62.304971 x 484.5 N
= 30186.758 N 30186.76 N
Note : at 32°C Tension should be less UTS/4.5 = 31311.1.N Ok
sag - ({9800 alnerani
BB X 59,679724
o 6.6297 m 6.63 m
SAG at 75°C without wind load For Equivalent span (m) = 300

£, [f-(f-22 2 Q2E -2 t E)] =a2§*QE

24f2 24
t = (75-15)°C
60 °C
(f-22 £ Q2 E - t E)] = 105.2632- {300 x 0.0330132 x 2.00312 x 69 x 10%)
242 24 x 105.26322
-0.0000193 x 60 x 69 x 10°
= 105.2632-  111.286 -85.2
= -91.2227
2§ 02E = 3002 x 0.0330132 x 12x 69 x 10°
24 24

= 358936.786



Therefore the equation,
f,’ +76.7584 £, =281995.4292

Solving by Newton Raphsan methods

f, = {281995.4292 - 76.7584£,"} '
Starting f, = 47.616234
f, = 52.4523327
f, = 48.5055184
f, = 51.8043689
f, = 49.0987901
f, = 51.3539141
f, = 49.4985096
f, = 51.0419075
f, = 49.7694532
Then T = 49.7694532 x 484.5
24113.300
Sag = 3002 x 0.03303 x 1
8 x 47.6162340
8.2995 m

24113.30 N

8.30 m
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Appendix E
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LIST OF DESIGN MEMBERS

LIST OF DESIGN MEMBERS

Mem. Section Fy No.
code Selected of
N/ Shear
mm X mm Xmm mm2 Bolts
TO5L L|50 X 50 X 5 (275 1
MB11L L|55 X 5856 X 5| 275 2
MB1L L|(75 X 75 X 6 [ 275| 3
MB11R L|55 X 55 X 5 (275 2
MB1R L|[75 X 75 X 6 [275| 3
L5 HL|100 X 100 X 7 | 355 6
L15T L|[50 X 50 X 5 |275| 2
L15L L|[50 X 50 X 5 |275| 2
T96T L|55 X 55 X 5 (275 2
T96L L|(45 X 45 X 5 |275| 1
T96X L|45 X 45 X 5 | 275 1
L4 HL|100 X 100 X 7 | 355| 6
L14T L| |45 X 45 X 5 | 275 2
L14L L|45 X 45 X 5 | 275 2
L3 HL|100 X 100 X 7 | 355| 6
L13T L|50 X 50 X 5 (275 2
L13L L|50 X 50 X 5| 275 2
L2 HL|100 X 100 X 7 | 355 8
L12T L|50 X 50 X 5| 275 2
L12L L|[50 X 50 X 5 |275| 2
L1 HL|100 X 100 X 8 | 355 6 DS
L11T L|[55 X 5856 X 5 [275| 2
L11L L|55 X 55 X 5 (275 2
E12 HL|110 X 110 X 8 | 355 6 DS
E12T L|(55 X 55 X 5 |275| 2
E12L L|55 X 55 X 5 (275 2
B1T L|[55 X 656 X 5 |275| 2
B1L L|55 X 55 X 5 (275 2
E11 110 X 110 X 8 (355 | 6 DS
E11T 55 X 55 X 5 [275| 2
E11L 556 X 55 X 5 | 275 2
B3T 55 X 55 X 5 (275 2
B3L 556 X 55 X 5 | 275 2
E10 110 X 110 X 8 | 355| 6 DS
E10T 65 X 65 X 5 | 275 2
E10L 65 X 65 X 5 | 275 2
B4T 60 X 60 X 5 (275 2
B4L 60 X 60 X 5 | 275 2
E13 110 X 110 X 8 | 355| 6 DS
E13T 60 X 60 X 5 | 275 2
E13L 60 X 60 X 5 (275 2
E14 110 X 110 X 8 | 355| 6 DS
E14T L|55 X 55 X 5 (275 2
E14L L|(55 X 556 X 5 |275| 2
B2T L|55 X 556 X 5| 275 2
B2L L|55 X 556 X 5§ |275 2

Mem. Section Fy No.
code Selected of
N/ Shear

mm X mm X mm?2 Bolts

P2 HL| 65 X 65 X 6 | 355 6
P1 HL|{ 65 X 65 X 6 | 355 6
P11T L|45 X 45 X 5 | 275 1
P11L L|45 X 45 X 5 | 275 1
T91T L |55 X 55 X 5 |275 1
T91L L|45 X 45 X 5 | 275 1
MA11L L |60 X 60 X 5 | 275 2
MA1L L|70 X 70 X 6 | 275 3
MA11R L |60 X 60 X 5 | 275 2
MA1R L|70 X 70 X 6 | 275 3
T8 HL|{ 76 X 75 X 6 | 355 6
T18T L|45 X 45 X 5 | 275 2
T18L L|45 X 45 X 5 | 275 2
T92T L|55 X 56 X 5 | 275 2
T92L L|45 X 45 X 5 | 275 1
T92X L|45 X 45 X 5 | 275 1
T7 HL|{ 76 X 75 X 6 | 355 6
T17T L|45 X 45 X 5 | 275 2
T17L L|45 X 45 X 5 | 275 2
T6 HL| 756 X 75 X 6 | 355 6
T16T L|45 X 45 X 5 | 275 2
T16L L|45 X 45 X 5 | 275 2
T5 HL|{ 76 X 75 X 6 | 355 6
T15T L |45 X 45 X 5 | 275 2
T15L L|45 X 45 X 5 | 275 2
T93T L|45 X 45 X 5 | 275 1
T93L L|45 X 45 X 5 | 275 1
MM11L L|55 X 556 X 5 | 275 2
MM1L L|70 X 70 X 6 | 275 3
MM11R L|55 X 55 X 5 | 275 2
MM1R L|70 X 70 X 6 | 275 3
T4 HL([{100 X 100 X 6 | 355 6
T14T L|50 X 50 X 5 | 275 2
T14L L |45 X 45 X 5 | 275 2
T94T L|55 X 55 X 5 | 275 2
T94L L |45 X 45 X 5 | 275 1
T94X L|45 X 45 X 5 | 275 1
T3 HL([{100 X 100 X 6 | 355 6
T13T L |50 X 50 X 5 |275 2
T13L L|45 X 45 X 5 | 275 2
T2 HL([{100 X 100 X 6 | 355 6
T12T L|50 X 50 X 5 | 275 2
T12L L|45 X 45 X 5 | 275 2
T HL|100 X 100 X 6 | 355 6
T11T L |45 X 45 X 5 | 275 2
T11L L|45 X 45 X 5 | 275 2
T95T L|45 X 45 X 5 | 275 1

REDUNDANT MEMBERS

SYMBOL ANGLE SECTION BOLTS
UNNOTED L 45X45X5 1
a L 50X50X5 1
b L 55X55X5 1
c L 60X60X5 1




Appendix F

Modeling & Analysis in PLS - Tower
Step by Step instruction and method for modeling and analysis of PLS — Tower

Open New Job

B File | et View Genesl Components Geometry Losds Model Window Fielp —
D iHow. BM o™ RA+—RrEm SAGCEH LD LS
—  Open. 0
Close

Save =751
Sove s

Model DHE...
Dateh Madity.

Analyze Mubiple Nodeks.

Page Setup [Reports).

Print Setup (Graphict)..

Print... Cul-p
Brint Previes

Backup...
Restore Backup...

Preferences .

Fxpert DXF.

Export SONF._.

1ty 6.2m

2tids A2m

3 Ekctprcebi. \tidstidsy

A Flectp-ceb. '\t 12 220k

1. General Data (General>General Data)

i1 Tower - [Untitled] - a
[ File Edit View General Components Geometry Loads Model Window Help [=]=]x]
NEHE (2@ HRBLBBN N Qe +—DRMm S6GEK gD HETssr| BEEED
~

General Data ?

Fioiect Tile |TDL +12m ‘

Priect Notes [M.c.Stvcturd Eng Design | Define the
Enable Automatic Froject Fievision Tracking During Each Save O
e o 1. GeneralData
Tower Stiength ASCE 10 v
Connection Rupture Not Checked v . .
Crossing Diagonal Unbraced Length Method | Fixed v 2. Steel Materlal Propertles
Fiequited % of compression force in the tension (supporing) a0
biace [user defined check ony]
Altemate unsupported unbraced length ratio FLOUT 1

Load Type Standard [ lealiic, v

2 of ground for wind height adiust and PLS CADD centerine— [m)

Sthucture shape (used for diag ooef. selection]

Allow separate face for each section [iesticts face membership to members

in sections)

Nonlinear Convergence Paiameters Standard v
Analysis Dptions Analysis Type
(®) Design Check for Single Stiucture O Linear
) Basic Allowable Spans ® Naniingar

) Create a Method 1 File for PLS-CADD
(©) Allowable Spans Interactions Diagrams

() Create a Method 2 File for PLS-CADD

to centeriine ground in PLS-CADD (this is al < not apply to telecommunications structures. Range: -1e+006 to 1e+006(m) Type NUM

1415
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9. Model View

[ File Edit View General Components Ge I!i: Eft View Genesal Components Gemetry Em- Edt View Genesal Comgoments Geometry Loads Medel | Emp Fdit View General Components

Ded s&@| R Dol ‘B RE SRS DeE ' RB| | %2%%%% =% DEl ‘B [ %%t
A
P
—9
“ il '?T-_—-_ T'-.‘;. '] r
N\l ; =
- -ml”ll DA
I ' | l
- 4.
I | 1 ¥
€ <
A3 = 5 Joint Info [Left Clickk: Joint D25F0.505", Load case Undeformed Geometry’, X=0L000 Jeint Info {Left Clickl Joint ‘CAP, Load case ‘Undefc
Joint Info (Left Click): Joint "AY", Load case Undefnlm: Jond Info (Left Chek): Jomt *CXY, Load case ‘Undelormed Geor 7 —

Isometric View View from Left /Right View from Top View from Front
University of Moratuwa, Sri Lanka.
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12.Check the Model (Model>check)

il Tower - [tlds_6.2m]

@File Edit View General Components Geometry Loads | Model | Window Help

LeEE Th At Y B B 7l Chek F{mnﬁ@@@}{su,}{,@
Generate Input Echo Report
Run
Results
Generate Analysis Results Report
frenarate Cimamaan: Raculbe Ranart

Results:

Tower Version 9.20 14:36:10 10 November 2013

Check of model '132 kv D/C tower type TDLS"
Checking 19 Joints
Checking 1 Bolt properties
Checking 276 Angle elements
Checking 64 Angle groups
Checking 3 Equipment properties
Checking load case "'b0O01-NCMX"
Checking 15 concentrated loads
Checking load case "'b0O02-NCMN'
Checking 15 concentrated loads
Checking load case 'b0O03-PKMX'
Checki@"%$5 concenitirated Poads
Checking I8@dicasaThBPARKNN'
Check ig@ed8 concentrated loads
Checking 188 casé V" \Wou5L DLV
Checking 15 concentrated loads
Checking 1oad case “‘bO06-1LMN**
Checking 15 concentrated loads
Checking load case "'b007-2LMX™
Checking 15 concentrated loads
Checking load case "'b0O08-2LMN"
Checking 15 concentrated loads
Checking load case "'b009-3LMX"
Checking 15 concentrated loads
Checking load case "b010-3LMN"
Checking 15 concentrated loads
Checking load case "'b011-1RMX"
Checking 15 concentrated loads
Checking load case "'b012-1RMN"
Checking 15 concentrated loads
Checking load case "'b013-2RMX™
Checking 15 concentrated loads
Checking load case "'b014-2R MN"
Checking 15 concentrated loads
Checking load case "'b015-3RMX"
Checking 15 concentrated loads
Checking load case "'b016-3RMN"
Checking 15 concentrated loads
Checking load case ""b017-NCLSMX"'
Checking 15 concentrated loads
Checking load case ""'b018-NCLSMN'*
Checking 15 concentrated loads
Checking load case '"'b019-PKLSMX"
Checking 15 concentrated loads
Checking load case "'b020-PKLSMN"'

Checking 15 concentrated loads
120




Checking load case ""b021-1LLSMX
Checking 15 concentrated loads
Checking load case "'b022-1LLSMN"
Checking 15 concentrated loads
Checking load case "'b023-2LLSMX"
Checking 15 concentrated loads
Checking load case "'b024-2LLSMN
Checking 15 concentrated loads
Checking load case '"'b025-3LLSMX"
Checking 15 concentrated loads
Checking load case "'b026-3LLSMN*
Checking 15 concentrated loads
Checking load case "'b027-NCRSMX''
Checking 15 concentrated loads
Checking load case "'b028-NCRSMN"'
Checking 15 concentrated loads
Checking load case '"'b029-PKRSMX''
Checking 15 concentrated loads
Checking load case '"'b030-PKRSMN"'
Checking 15 concentrated loads
Checking load case "'b031-1RRSMX'
Checking 15 concentrated loads
Checking load case "'b032-1RRSMN'*
Checking 15 concentrated loads
Checking load case '"'b033-2RRSMX"*
Checking 15 concentrated loads
Checking load case '"'b034-2RRSMN'*
Checking 15 concentrated loads
Checking lo&fl casd [1bA35:3RRSMX
Checkjagmeb caoncentrated Jloads
Checking sgase—THO 86 BRRSMN!
16=t5 capgertrakee fpags
Checking 68 Secondary Joints
Checking 3 sections

Checking 1 Clamp properties
Checking 15 Clamp insulators
Checking 15 PLS-CADD links
Total of O errors detected while checking

Checking if a model for analysis can be built...

Model built successfully.

Checking view. ..

Joint Errors report: (Joint errors shown in red in current geometry view)

0 Errors detected

Joint Warnings report: (Joint warnings shown in green in current geometry view)
0 Warnings detected

Member Warnings report: (Member warnings shown in green in current geometry
view)
0 Warnings detected
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13. Analysis the Model (Model> Run)

& Tower - [tlds_6.2m]
@File Edit View General Compenents Geometry Loads | Model | Window Help
DEHE ¢ @ YA 7 Chek F..nn@aq;qz;;w%@
Generate Input Echo Report o
Run
Results

Generate Analysis Results Report

Joints Geometry:

Joint Symmetry X Coord. Y Coord. Z Coord. X Disp. Y Disp. Z Disp. X Rot. Y Rot. Z Rot.
Label Code (m) (m) m) Rest. Rest. Rest. Rest. Rest. Rest.
AP XY-Symmetry 2.031 0 Free Free Free Free Free Free
BP XY-Symmetry i ¢4 147 Freg Free kres Freg fFree Free
CP  XY-Symmetry 0.75 24 .32 Free Free Free Free Free Free
JAP None| £ o, 24 244 Heg Ff&e ktree Htoe Free Free
CAP  X-Symmetry 40 14247 Free Free Free Pree Free Free
CCP X-Symmetry = 3..937 13 .83 Free Free Free Free Free Free
CEP X-Symmetry = 3,85 23,24 FKes Free Free Free Free Free
AX X-Genxy -2.031 0 Free Free Free Free Free Free
AXY XY-GenXxyY -2.031 0 Free Free Free Free Free Free
AY Y-GenXY 2.031 0 Free Free Free Free Free Free
BX X-GenXY -1 14.47  Free Free Free Free Free Free
BXY XY-GenXY -1 14 .47 Free Free Free Free Free Free
BY Y-GenXY 1 14 .47 Free Free Free Free Free Free
CX X-GenXY -0.75 24.32 Free Free Free Free Free Free
CXY XY-GenXY -0.75 24.32 Free Free Free Free Free Free
CcY Y-GenXY 0.75 24 .32 Free Free Free Free Free Free
CAX X-Gen -4.24 14.47  Free Free Free Free Free Free
CCX X-Gen -3.937 18.88 Free Free Free Free Free Free
CEX X-Gen -3.85 23.24 Free Free Free Free Free Free
Secondary Joints:
Joint Symmetry Origin End Fraction Elevation X Disp. Y Disp. Z Disp. X Rot. Y Rot. Z Rot.
Label Code Joint Joint Rest. Rest. Rest. Rest. Rest. Rest.
m

B1S XY-Symmetry AP BP 0 4.21 Free Free Free Free Free Free

B2S XY-Symmetry AP BP 0 7.61 Free Free Free Free Free Free

B3S XY-Symmetry AP BP 0 10.39  Free Free Free Free Free Free

B4S XY-Symmetry AP BP 0 12.63  Free Free Free Free Free Free

C1S XY-Symmetry BP CP 0 15.53 Free Free Free Free Free Free

C2S XY-Symmetry BP CP 0 16.54 Free Free Free Free Free Free

C3S XY-Symmetry BP CP 0 18.88 Free Free Free Free Free Free

C4S XY-Symmetry BP CP 0 19.89 Free Free Free Free Free Free

C5S XY-Symmetry BP CP 0 20.87 Free Free Free Free Free Free

C6S XY-Symmetry BP CP 0 23.24 Free Free Free Free Free Free

C1SF0.50S X-Symmetry Cls C1ly 0.5 0 Free Free Free Free Free Free

C1YFO0.50S  Y-Symmetry Cly Ci1XY 0.5 0 Free Free Free Free Free Free

C4SF0.50S X-Symmetry C4s  C4Y 0.5 0 Free Free Free Free Free Free

C4YF0.50S  Y-Symmetry C4Y C4XY 0.5 0 Free Free Free Free Free Free

X1S XY-Symmetry AP BP 0 -6 Free Free Free Free Free Free

X2S XY-Symmetry AP BP 0 -9 Free Free Free Free Free Free

X3S XY-Symmetry AP BP 0 -15  Fixed Fixed Fixed Fixed Fixed Fixed

X1XF0.50S  Y-Symmetry X1X  X1S 0.5 0 Free Free Free Free Free Free

X1SF0.50S  X-Symmetry X1Ss  X1Y 0.5 0 Free Free Free Free Free Free

X2XFO.50S  Y-Symmetry X2X  X2S 0.5 0 Free Free Free Free Free Free

X2SF0.50S  X-Symmetry X2S X2y 0.5 0 Free Free Free Free Free Free

B1X X-GenXY AP BP 0 4.21 Free Free Free Free Free Free

B1XY XY-GenXY AP BP 0 4.21 Free Free Free Free Free Free

B1Y Y-GenXY AP BP 0 4.21 Free Free Free Free Free Free



Secondary Joints:

Joint
Label

Symmetry Ori

Code Joint Joint

End Fraction Elevation X Disp. Y

Rest.

Disp. Z

X-GenXY
XY-GenXY
Y-GenXY
X-GenXY
XY-GenXY
Y-GenXY
X-GenXY
XY-GenXY
Y-GenXY
X-GenXY
XY-GenXY
Y-GenXY
X-GenXY
XY-GenXY
Y-GenXY
X-GenXY

AP BP
AP BP
AP BP
AP BP
AP BP
AP BP
AP BP
AP BP
AP BP
BP CcP
BP CcP
BP CcP
BP CP
BP CP
BP CP
BP CcP

Symmetry Origin End
Code Joint Joint

Fractio

[eleloojojoNojojoNooNoNoNoNoNe]

n

X

C5X

C5XY

C5Y

Ce6X

CeXY

cey
C1SF0.50X
C1YFO.50Y
C4SF0.50X
C4YFO0.50Y
X1X

X1XY

X1y

X2X

X2XY

X2y

X3X

X3XY

X3Y
X1XFO0.50Y
X1SF0.50X
X2XF0.50Y
X2SF0.50X

Angle Groups:

Group

XY-GenXY
Y-GenXY
X-GenXY

XY-GenXY
Y-GenXY
X-GenXY

XY-GenXY
Y-GenXY
X-GenXY

XY-GenXY
Y-GenXY

X-Gen

X-Germg

XY—Gen>><WY_ﬂ

Y-GenXY
X-GenXY
XY-GenXY
Y-GenXY
Y-Gen
X-Gen
Y-Gen
X-Gen

Group Angle

Label Description Type

BP CP

BP CP

BP CP

BP CP

BP CP

BP CP

BP CP

BP CP

BP CpP

BP CP

BP CcpP

C1s c1y
C1XY

G4Y

€4XY

BP

B

BP

AP BP

AP BP

AP BP

AP BP

AP BP

AP BP

XX  X1S
X1s X1y
X2X  X2S
X2s X2y

[cfoYoNa]

[eNeNoNe}

Angle Material

Size

Type

QUUUO000O0LO@OUUIUIIIO0OO0O0O000O0O00O0

Element
Type

Fixed
Free
Free
Free
Free

Y Rot. Z Rot.
Rest. Rest.
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free

Y Rot. Z Rot
Rest. Rest
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Fixed Fixed
Fixed Fixed
Fixed Fixed
Free Free
Free Free
Free Free
Free Free
Allow. Add.

Angle Width
For Optimize

(cm)

M1 SAE
M2 SAE
M3  SAE
M4 SAE
M5  SAE
M6  SAE
M7 SAE
D1  SAE
D2 SAE
D5  SAE
D6  SAE
D9  SAE
D10  SAE
D11  SAE
D12 SAE
D13  SAE
D14  SAE
D15  SAE
D16  SAE
D17 SAE
D18  SAE
D19  SAE
D20  SAE
D21  SAE
D22 SAE

100*100*8
100*100*7
90*90*7
90*90*7
90*90*6
75*75*6
60*60*6
50*50*5
50*50*5
45*45*5
45*45*5
50*50*5
50*50*5
45*45*5
45*45*5
45*45*5
45*45*5
45*45*5
45*45*5
45*45*5
50*50*5
50*50*5
45*45*5
45*45*5
45*45*5

Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing
Crossing

Crossing
Crossing
Crossing

Leg
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal
Diagonal

Other
Other
Diagonal
Diagonal
Diagonal
Other
Other

Disp. X Rot.
Rest. Rest.
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Disp X Rot.
Rest Rest.
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free Free
Free, Free
Free Free
Free Free
Hree Free
Free Free
Free Free
Free Free
Free Free
Fixed Fixed
Fixed Fixed
Fixed Fixed
Free Free
Free Free
Free Free
Free Free
Optimize
Group
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type



Angle Groups:

Group
Label

Angle Material

Element
Type

Group
Type

Optimize
Group

Allow. Add.

Angle W

idth

For Optimize

(cm)

Group
Label

Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss

Beam

Beam
Truss
Truss

Beam

Beam
Truss
Truss

Element
Type

Crossing Diagonal
Crossing Diagonal
Crossing Diagonal
Crossing Diagonal
Crossing Diagonal
Crossing Diagonal
Crossing Diagonal
Crossing Diagonal
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other
Other

Group
Type

Allow. Add.

Angle W

idth

For Optimize

(cm)

Group Angle
Description Type
D23  SAE
D24  SAE
D25  SAE
D26  SAE
D27 SAE
D28  SAE
D30  SAE
D31 SAE
D38  SAE
D39  SAE
D42 SAE
D43 SAE
H1 SAE
H2 SAE
H3 SAE
H4 SAE
H5 SAE
H6 SAE
H7 SAE
H8 SAE
H9 SAE
H10 SAE
Group Angle
Description Type
H11 SAE
H12  SAE
H13
H14
H17
H18
B1
B2
B3
Tl GORE:
T2 SAE
T3 SAE
P1  SAE
M8 SAE
M10 SAE
M12 SAE
DUMM SAE

Size Type
50*50*5 MS
50*50*5 MS
45*45*5 MS
45*45*5 MS
45*45*5 MS
45*45*5 MS
50*50*5 MS
50*50*5 MS
50*50*5 MS
45*45*5 MS
60*60*5 MS
50*50*5 MS
50*50*5 MS
50*50*5 MS
45*45*5 MS
45*45*5 MS
50*50*5 MS
50*50*5 MS
45*45*5 MS
45*45*5 MS
50*50*5 MS
50*50*5 MS

Angle Material

Size Type
50*50*5 MS
50*50*5 MS
60*60*5 MS
60*60*5 MS
60*pJ*%5 NS
60*60*5 MS

L} 75*7516 NS
§ 70*K0%6, M3
60*60*6 HT
50*%9* 5 S
45*45*5 MS
45*45*5 MS
50*50*6 MS
120*120*8 HT
100*100*8 HT
100*100*10 HT
DUMMY MS

Truss
Beam
Beam
Bé&an
Beam

Truss

Srss

Truss

Teuss

Truss

Truss

Truss

Truss

Truss

Truss

124

Fictitious

Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Optimize
Group

Size + Type
Size + Type
Size + Type
Size + Type
Sifzey+ Type
Stzé*+ Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type
Size + Type



Appendix G

Successfully performed linear analysis

Member check option: ASCE 10
Connection rupture check: Not Checked
Crossing diagonal check: Fixed

Loads from file: d:\msc eilmsc research project\pls tower design\tower design\tacsr _as
\tdl.lca

*** Analysis Results:

Maximum element usage is 93.48% for Angle "H10Y" in load case "b009-3LMX"
Maximum insulator usage is 5.06% for Clamp "CAO" in load case "b005-1LMX"

Summary of Joint Support Reactions For All TLoad Cases:

Load Case Joint Tran'! Verit. Vishear dTranl, JlongilliNiart. Bending Found.
Label Forge, Force T Fexrce Moment Moment Moment Moment Usage

(kN) (kN) (kN) (kN-m) (kN-m) (kN-m) (kN-m) %

b001-NCMX X3S -50.20 -62.66 386.39 80.29 -0.00 -0.00 -0.00 0.00 0.00
b001-NCMX X3X 35.93 -48.35 -277.79 60.24 -0.00 -0.00 -0.00 0.00 0.00
b001-NCMX X3XY -36.25 -50.46 -282.38 62.13 -0.00 -0.00 -0.00 0.00 0.00
b001-NCMX X3Y 50.52 -64.77 390.99 82.14 -0.00 -0.00 -0.00 0.00 0.00
b002-NCMN X3S -49.38 -63.64 380.54 80.55 -0.00 -0.00 -0.00 0.00 0.00
b002-NCMN X3X 38.28 -52.48 -297.59 64.96 -0.00 -0.00 -0.00 0.00 0.00
b002-NCMN X3XY -38.28 -52.48 -297.59 64.96 -0.00 -0.00 -0.00 0.00 0.00
b002-NCMN X3Y 49.38 -63.64 380.54 80.55 -0.00 -0.00 -0.00 0.00 0.00
b003-PKMX X3S -38.99 -48.90 308.10 62.55 -0.00 -0.00 -0.00 0.00 0.00
b003-PKMX X3X 15.02 -22.99 -109.71 27.46 -0.00 -0.00 -0.00 0.00 0.00
bO03-PKMX X3XY -28.44 -38.32 -228.32 47.73 -0.00 -0.00 -0.00 0.00 0.00
b003-PKMX X3Y 25.56 -33.57 189.49 42.20 -0.00 -0.00 -0.00 0.00 0.00
b004PKMN X3S -36.75 -46.60 290.26 59.34 -0.00 -0.00 -0.00 0.00 0.00
b004PKMN X3X 17.26 -25.30 -127.54 30.62 -0.00 -0.00 -0.00 0.00 0.00
PO04PKMN X3XY -29.83 -39.64 -238.53 49.61 -0.00 -0.00 -0.00 0.00 0.00
b004PKMN X3Y 24.18 -32.25 179.27 40.31 -0.00 -0.00 =-0.00 0.00 0.00
b005-1LMX X3S -38.69 -55.16 318.90 67.37 -0.00 -0.00 -0.00 0.00 0.00
b005-1LMX X3X 5.11 -26.36 -98.17 26.85 -0.00 -0.00 -0.00 0.00 0.00
b005-1LMX X3XY -38.20 -34.21 -238.67 51.28 -0.00 -0.00 -0.00 0.00 0.00
b005-1LMX X3Y 25.45 -26.30 175.44 36.60 -0.00 -0.00 -0.00 0.00 0.00
b006-1LMN X3S -36.86 -53.40 304.76 64.88 -0.00 -0.00 -0.00 0.00 0.00
b006-1LMN X3X 6.81 -28.12 -111.31 28.93 -0.00 -0.00 -0.00 0.00 0.00
b006-1LMN X3XY -39.90 -35.97 -251.81 53.72 -0.00 -0.00 -0.00 0.00 0.00
b006-1LMN X3Y 23.62 -24.54 161.31 34.06 -0.00 -0.00 =-0.00 0.00 0.00
b007-2LMX X3S -38.98 -56.19 328.72 68.38 -0.00 -0.00 -0.00 0.00 0.00
b007-2LMX X3X 5.39 -24.64 -86.74 25.22 -0.00 -0.00 -0.00 0.00 0.00
b007-2LMX X3XY -37.71 -35.93 -248.57 52.09 -0.00 -0.00 -0.00 0.00 0.00
b007-2LMX X3Y 24.96 -25.27 164.10 35.52 -0.00 -0.00 -0.00 0.00 0.00
b008-2LMN X3S -37.15 -54.42 314.62 65.90 -0.00 -0.00 -0.00 0.00 0.00
b008-2LMN X3X 7.10 -26.40 -99.92 27.34 -0.00 -0.00 -0.00 0.00 0.00
b008-2LMN X3XY -39.42 -37.69 -261.75 54.54 -0.00 -0.00 -0.00 0.00 0.00
b008-2LMN X3Y 23.14 -23.51 150.00 32.99 -0.00 -0.00 =-0.00 0.00 0.00
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p009-3LMX
p009-3LMX
p009-3LMX
p009-3LMX
p010-3LMN
b010-3LMN
p010-3LMN
p010-3LMN
b011-1RMX
b011-1RMX
b011-1RMX
b011-1RMX
b012-1RMN
b012-1RMN
b012-1RMN
b012-1RMN
b013-2RMX
b013-2RMX
b013-2RMX
b013-2RMX
b014-2R MN
pb014-2R MN
b014-2R MN
p014-2R MN
b015-3RMX
b015-3RMX
b015-3RMX
b015-3RMX
b016-3RMN
b016-3RMN
b016-3RMN
b016-3RMN
b017-NCLSMX
pb017-NCLSMX
pb017-NCLSMX
pb017-NCLSMX
pb018-NCLSMN
p018-NCLSMN
p018-NCLSMN
p018-NCLSMN
b019-PKLSMX
b019-PKLSMX
b019-PKLSMX
b019-PKLSMX
pb020-PKLSMN
b020-PKLSMN
p020-PKLSMN
p020-PKLSMN
p021-1LLSMX
p021-1LLSMX
p021-1LLSMX
p021-1LLSMX
p022-1LLSMN
p022-1LLSMN
p022-1LLSMN
p022-1LLSMN
p023-2LLSMX
p023-2LLSMX
p023-2LLSMX
p023-2LLSMX
p024-2LLSMN
p024-2LLSMN
p024-2LLSMN
p024-2LLSMN
p025-3LLSMX
p025-3LLSMX
p025-3LLSMX
p025-3LLSMX
p026-3LLSMN
p026-3LLSMN
p026-3LLSMN

X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY

-29.

-57.
-23.
.34

-37

-23.
-55.
-24.
-39.
.21

=22

-44.
-15.
-44.
-36.
-42.
-17.
-46.
-35.
-46.
-14.
-45.
-35.
-44.
-16.
-47.
-33.
-41.
-28.
-31.
-40.
-39.
-30.
-33.
.28

-38

-48.
-36.
6 —-36]
e —48 .
-AQ
-37.,
' —37Y
.29
.32

L7

=47
=37

-28

=27

=27

-14
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-15.
-29.
-22.
-36.
-15.
-31.
-21.
-31.
-21.
-22.
.22
-30.
-22.
-23.
.33
-43.
-16.
.20
-15.
-42.
-17.
-28.
-14.
-44.
-15.
-28.
.38
-44.
-16.
-29.

49
22

98
72
99
11

66
86
71
81
89
62
47
04
37
83
74
09
61
59
50
33
42
64
93
04
66
40
69

83
39
B}
83

93
V¥

26
61
97
87
71
04
54
06
68
45

16
57
34

72
92

56
82
81
09
67
90
63
49

01
52
38

338.
-75.
-258.
152.
324.
-88.
-271.
138.
316.
-95.
-238.
175.
302.
-1009.
-252.
162.
326.
-84.
-248.
.27
312.
.22
-262.
151.
253.
-156.
-174.
235.
.24

164

-98

240

-170.
-188.
222.
261.
-169.
ch et
261.
ZO4.
-189.
280
258.
215.
-47.
-158.
104.
218.
-56.
-175.

99.
165.
-95.
-109.
151.
164.
-107.
-121.
150.
233.
-27.
-175.

83.
.28

231

-39.
.23
81.
242.
-17.
-183.
72.
240.
-29.
-195.

-187

72
74
12
65
62
93
31
56
10
37
82
60
95
50
96
45
09
12
74

91

84
09
43
60
86
54

69
95
35
90
00
Q0
90
23
93
g3
98
94
35
34
95
10
45
06
49
85
36
15
78
09
38
17
02
01
81
17
10

86

37
05
72
81
61
34
79
88

69.
23.
52.
34.
67.
25.
55.
31.
65.
21.
52.
39.
63.
.27
.28
37.
66.
20.
53.
38.
.27
.20

24
55

64
23

56.
36.
53.
.28
38.
50.
50.
37.
.27

35

41

47 .
59.
.35
4R /
59.
»08
45,
708
58.
46.
16.
35.
.21
45,
17.
37.
25.
37.
24 .
26.
34.
36.
26.
28.
33.
51.
17.
38.
21.
50.
17.
40.
.24

42
38

%

27

20

52.
15.
39.
20.
51.
16.
41.

48
86
90
44
00
99
35
90
89
73
81
88
44

61
72
66
84
42

30
13
14

78
12
70
78

69
52

g8

04
14
74
43

91
69
79
65
66
53
84
59
79
06
45
73
34
01
83
05
47
81
57

38
72
59
03
50
52
31

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
w0
.00
JOR
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

N

4V

N

. J

Q0

.00

N

. J

N

. J

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

cloNoNoloNoloNoNolololoNoNoloNoloNololoNoloNololoNoloNoNoloNoloNololoNoloNololoNoloNololoNoloNololoNoloNololoNoloNoNoloNoloNoNoloNoNoNoNoNeNo]

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

cleoNololoNoloNoNolololoNoholoNoloNololoNoloNololoNoloNoNoloNololololoNololololoNoloNololoNololNololoNololololoNoloNoNoloNoloNoNoloNoNoNoNoNeNo]
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p026-3LLSMN
pb027-NCRSMX
b027-NCRSMX
p027-NCRSMX
pb027-NCRSMX
b028-NCRSMN
pb028-NCRSMN
b028-NCRSMN
b028-NCRSMN
b029-PKRSMX
b029-PKRSMX
b029-PKRSMX
b029-PKRSMX
b030-PKRSMN
b030-PKRSMN
b030-PKRSMN
b030-PKRSMN
pb031-1RRSMX
pb031-1RRSMX
b031-1RRSMX
pb031-1RRSMX
b032-1RRSMN
b032-1RRSMN
b032-1RRSMN
b032-1RRSMN
b033-2RRSMX
b033-2RRSMX
b033-2RRSMX
b033-2RRSMX
p034-2RRSMN
b034-2RRSMN
pb034-2RRSMN
b034-2RRSMN
b035-3RRSMX
b035-3RRSMX
b035-3RRSMX
b035-3RRSMX
b036-3RRSMN
b036-3RRSMN
b036-3RRSMN
b036-3RRSMN

X3y 13
X3S -37
X3X 25
X3XY -25
X3y 37
X3S -35
X3X 25
X3XY -25
X3Y 35
X3S -29
X3X 9.
X3XY -21
X3Y 16
X3S =27
X3X 9.
X3XY -22
X3Y 15
X3S -24
X3X 14
X3XY -15
X3y 21
X3S -22
X3X 14
X3XY -16
X3Y 19
X3S -37
X3X 8.
X3XY -21
X3Y 8.
X3S -35
X3X 9.
X3XY -21
X3Y 6.
X3S
X3X
X3XY
X3Y
X3S
X3X
X3XY
X3Y

.72 -13.49
.87 -48.83
.48 -36.39 -
.48 -36.39 -
.87 -48.83
.16 -47.28
.86 -37.93 -
.86 -37.93 -
.16 -47.28
.53 -37.32
29 -15.26
.85 -29.61 -
.97 =22.97
.86 -36.38
50 -16.20
.06 -30.55 -
.30 -22.03
.49 -30.02
.67 -20.64 -
.97 -23.48 -
.24 -29.25
.94 -29.13
.90 -21.54 -
.20 -24.37 -
.69 -28.36
.50 -34.78
85 -7.98
.61 -36.14 -
06 -24.50
.94 -33.89
08 -8.88
.84 -37.03 -
51 -23.61
6] BA
37.32 -
AL
.18
700
3.21 -
.32

Summary of Joint Support Reactions

Load Case Support Origin

Total

Vert.

Joint

Joint Member

70.
291.
198.
198.
291.
270.
201.
201.
270.
234.
-65.
176.
123.
221.
-67.
178.
110.
182.
112.
126.
169.
170.86
114.15
128.23
157.08
249.01
-43.80
193.72
101.64
236.95
-45.53
195.44

89.58
257.67
s331134
202.78

911183
245.61
~380Y
204.50

79.51

89
49
60
60
49
57
52
52
57
43
85
84
44
53
50
49
54
88
39
47
10

For All Load Cases in Direction of Leg:

19

29

43

28

50:,
S
44 .
.26

i

23

Leg Dir.

.24
61.
44,
44,
61.
58.
45.
45.
58.
47.
17.
36.
28.
45.
18.
37.
26.
38.
25.
28.
36.
37.
26.
.26
34.
51.
11.
42.
25.
49.
12.
42.
24.
51.
18/
.15
88

79
42
42
79
93
91
91
93
59
86
80
56
82
78
68
82
75
33
39
15
08
19

53
14
92
11
79
40
70
99
49
86

99

k3

03

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
w0
.00
JOR
.00
.00
.00
.00

Perpendicular

To Leg

(kN)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

n

4 U

.00
10
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

cloNoNoloNoNoNoNolololoNololoNoloNoNoloNoloNololoNoloNoNoloNoloNololoNoloNoNoNoNe]

Leg Force In Residual Shear Residual Shear

Horizontal
To Leg

(kN)

b001-NCMX
386.39
b001-NCMX
-277.79
b001-NCMX
-282.38
b001-NCMX
390.99
b002-NCMN
380.54
b002-NCMN
-297.59
b002-NCMN
-297.59
b002-NCMN
380.54

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

Dulhunty Industries -

X2S M12P

X2X M12X
X2XY M12XY

X2Y M12Y

X2S M12P

X2X M12X
X2XY M12XY

X2Y M12Y
tlds9

394.

-283.

-288.

399.

388.

-304

-304

388.

443

973

803

273

709

.278

.278

709

12.

12

13.

14.

14

13.

13.

14

617

.350

862

125

.338

916

916

.338

12.725

12.451
13.972
14.241
14.458
14.027
14.027

14.458

.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
.00 0.00
Total Total
Long. Tran.
Force Force
(kN) (kN)
-50.20 -62.66
35.93 -48.35
-36.25 -50.46
50.52 -64.77
-49.38 -63.64
38.28 -52.48
-38.28 -52.48
49.38 -63.64
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b003-PKMX X3S X2S

308.10

b003-PKMX X3X X2X
-109.71

b003-PKMX X3XY X2XY
-228.32

b003-PKMX X3Y X2Y
189.49

b004PKMN X3S X2S
290.26

b004PKMN X3X X2X
-127.54

b004PKMN X3XY X2XY
-238.53

b004PKMN X3Y X2Y
179.27

p005-1LMX X3S X2S
318.90

p005-1LMX X3X X2X
-98.17

p005-1LMX X3XY X2XY
-238.67

p005-1LMX X3Y X2Y
175.44

p006-1LMN X3S X2S
304.76

b006-1LMN X3X X2X
-111.31

p006-1LMN X3XY X2XY
-251.81

b006-1LMN X3Y X2Y
161.31

p007-2LMX X3S X2S
328.72

pb007-2LMX X3X
-86.74

b007-2LMX X3XY
-248.57

p007-2LMX X3Y
164.10

b008-2LMN X3S X2S
314.62

b008-2LMN X3X X2X
-99.92

p008-2LMN X3XY X2XY
-261.75

b008-2LMN X3Y X2Y
150.00

p009-3LMX X3S X2S
338.72

p009-3LMX X3X X2X
-75.74

p009-3LMX X3XY X2XY
-258.12

p009-3LMX X3Y X2Y
152.65

p010-3LMN X3S X2S
324.62

p010-3LMN X3X X2X
-88.93

p010-3LMN X3XY X2XY
-271.31

p010-3LMN X3Y X2Y
138.56

b011-1RMX X3S X2S
316.10

p011-1RMX X3X X2X
-95.37

p011-1RMX X3XY X2XY
-238.82

b011-1RMX X3Y X2Y

Dulhunty Industries - tlds9

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

Ma 2

MUZKH

MR

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

314

-112.

-233.

193.

296.

-130.

-243.

183.

325.

-100.

-243.

179.

311

-113.

-257.

164.

335.

o Biks

O10¢g.

ot

321.

-102.

-267

153.

345.

-78.

-263.

156.

331.

-91.

-276.

142.

322.

-97.

-244.

179.

.256

751

086

921

131

877

479

528

632

569

984

164

.270

939

354

801

458

A8

a8

SHLt

131

554

.285

485

467

151

428

357

150

568

845

040

783

719

188

368

14.

15.

14.

15.

14.

.

o

14.

14.

14.

14.

14

14.

14.

15.

.063

.767

.825

.054

.057

.762

.817

.048

099

613

.973

.496

161

669

.999

.546

088

s@blg

.44

145

658

.689

.490

464

071

.633

.449

.519

126

.673

.486

.369

.279

050

885

14.

15.

14

15.

14.

14.

14

14.

14.

14.

14.

14.

14.

15.

.124

.852

.880

.146

.118

.847

.873

.139

173

632

.089

.569

.236

688

.116

.620

148

636

.762

.537

.205

690

.797

.581

509

118

.726

.555

564

174

.767

.592

.493

.348

120

908

-38.

15.

-28.

25.

-36.

17

-29.

24.

-38.

-38

25.

-36.

-39.

23.

-38.

-37.

24.

-37.

-39.

23.

-39.

-37.

24.

-37

-39.

22.

-48.

14.

-28.

15

99 -48.90
02 -22.99
44 -38.32
56 -33.57
75 -46.60
.26 -25.30
83 -39.64
18 -32.25
69 -55.16
.11 -26.36
.20 -34.21
45 -26.30
86 -53.40
.81 -28.12
90 -35.97
62 -24.54
98 -56.19
.39 -24.64
71 -35.93
96 -25.27
15 -54.42
.10 -26.40
42 -37.69
14 -23.51
03 -57.49
.45 -23.22
47 -37.34
72 -23.98
.21 -55.72
.16 -24.99
18 -39.11
90 -22.21
44 -44.66
86 -15.86
10 -44.71
.35 -36.81
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175.60
b012-1RMN
302.95
b012-1RMN
-109.50
b012-1RMN
-252.96
b012-1RMN
162.45
b013-2RMX
326.09
b013-2RMX
-84.12
b013-2RMX
-248.74
b013-2RMX
164.27
b014-2R MN
312.91
p014-2R MN
-98.22
p014-2R MN
-262.84
p014-2R MN
151.09
b015-3RMX
253.43
b015-3RMX
-156.60
b015-3RMX
-174.86
b015-3RMX
235.54
b016-3RMN
240.24
b016-3RMN
-170.69
b016-3RMN
-188.95
b016-3RMN
222.35
b017-NCLSMX
261.90
pb017-NCLSMX
-169.00
b017-NCLSMX
-169.00
pb017-NCLSMX
261.90
p018-NCLSMN
258.98
pb018-NCLSMN
-189.93
p018-NCLSMN
-189.93
p018-NCLSMN
258.98
pb019-PKLSMX
215.94
b019-PKLSMX
-47.35
b019-PKLSMX
-158.34
b019-PKLSMX
104.95
p020-PKLSMN
218.10
p020-PKLSMN
-56.45
p020-PKLSMN
-175.06

Dulhunty Industries -

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

t1ds9

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

3009.

-112.

-258.

165.

332.

-86.

-254.

168.

319.

-100.

-268.

154.

258.

-160.

-178.

240.

r393.

2277

268.

-173.

-173.

268.

265.

-194.

-194.

265.

220.

-49.

-162.

108.

222.

-58.

-178.

412

082

550

997

772

462

108

042

366

789

435

635

800

312

866

622

.384

.629

183

.205

165

625

625

165

047

751

751

047

612

398

001

009

708

557

892

13.

15.

14.

14.

13.

14.

14.

14.

14.

14.

13.

13

13

13.

.341

.229

987

828

.089

.209

045

903

.054

.166

989

848

.609

.335

.282

.530

857

435

435

857

703

.281

.281

703

.381

.086

.141

.371

.668

.372

.432

14.

15.

14.

14.

14.

14.

14.

14.

14.

14.

13.

13.

13.

13.

.464

.297

057

851

.203

.295

101

940

.168

.251

044

885

.689

.409

.348

.604

.630

.351

.291

.545

982

550

550

982

818

387

387

818

.445

.173

.199

.464

.726

.454

.484

-46.

16.

-29.

13.

-47.

14

-28.

15.

-46.

16.

-30

13.

-33

20.

-22.

30.

-31.

22.

-23.

28.

-34.

21.

-21.

34.

-33.

24

-24

33.

-27.

-19.

14

=27

-21.

74 -42.89
69 -17.62
93 -46.47
65 -35.04
97 -46.37
.39 -14.83
40 -45.74
65 -35.09
27 -44.61
21 -16.59
.22 -47.50
95 -33.33
.29 -41.42
60 -28.64
01 -31.93
15 -40.04
59 -39.66
43 -30.40
83 -33.69
45 -38.28
04 -48.83
66 -36.39
66 -36.39
04 -48.83
66 —-47.29
.36 -37.93
.36 -37.93
66 —-47.29
14 -37.32
.89 -15.26
46 -29.61
.57 =22.97
.36 -36.87
.13 -15.71
56 -31.04
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p020-PKLSMN
99.49
p021-1LLSMX
165.85
p021-1LLSMX
-95.36
p021-1LLSMX
-109.15
p021-1LLSMX
151.78
p022-1LLSMN
164.09
p022-1LLSMN
-107.38
p022-1LLSMN
-121.17
p022-1LLSMN
150.02
p023-2LLSMX
233.01
p023-2LLSMX
-27.81
p023-2LLSMX
-175.17
p023-2LLSMX
83.10
p024-2LLSMN
231.28
p024-2LLSMN
-39.86
p024-2LLSMN
-187.23
p024-2LLSMN
81.37
p025-3LLSMX
242.05
p025-3LLSMX
-17.72
p025-3LLSMX
-183.81
p025-3LLSMX
72.61
p026-3LLSMN
240.34
p026-3LLSMN
-29.79
p026-3LLSMN
-195.88
p026-3LLSMN
70.89
b027-NCRSMX
291.49
b027-NCRSMX
-198.60
pb027-NCRSMX
-198.60
pb027-NCRSMX
291.49
p028-NCRSMN
270.57
p028-NCRSMN
-201.52
p028-NCRSMN
-201.52
p028-NCRSMN
270.57
b029-PKRSMX
234.43
b029-PKRSMX
-65.85
b029-PKRSMX

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X3Y

X3S

X3X

X3XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

X2Y

X2S

X2X

X2XY

Dulhunty Industries - tlds9

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

Ma 2P

MTEX

M2y

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

M12Y

M12P

M12X

M12XY

102.

169.

-98.

-112.

155.

167.

-110.

-124

153.

238.

-29.

-179.

85.

236.

-41.

-191.

83.

2414

<.

o

75.

245.

-31.

-200.

73.

297.

-203.

-203.

297.

276.

-206.

-206.

276.

239.

-67.

-180.

373

805

021

092

435

932

158

.229

562

192

286

301

522

354

458

473

684

< A2

026

414

389

116

198

766

225

225

766

639

344

344

639

113

899

501

13.

14

13

13.

A

18§

o

13.

13

11.

10.

10.

11.

12

11.

11.

12

.660

.547

.328

.285

.542

.889

.673

.630

.885

908

.310

.716

.826

.264

697

.298

.302

R34

gble

.932

.652

602

.231

.429

.181

063

641

641

063

.217

796

796

.217

.019

.726

.788

13.

14.

13.

13.

14

13.

13.

13.

11.

10.

10.

11.

12.

11.

11.

12.

.748

.623

.390

.363

.618

.960

.730

.702

.956

971

347

.827

.920

322

728

.400

.389

.283

917

.029

.762

646

2717

.519

.283

157

725

725

157

320

889

889

320

.064

.793

.827

13.

-21

11.

-14.

20.

-21.

13.

-16.

19.

-26.

-27.

14.

-26.

-29.

13.

-26.

-27.

13.

-26.

-29.

13.

-37.

25.

-25.

37.

-35.

25.

-25.

35.

-29.

-21.

93 -21.54
.30 -31.06
48 -21.68
72 -22.45
00 -28.22
07 -30.16
03 -22.57
28 -23.34
77 =-27.33
93 -43.72
.71 -16.92
72 =27.20
17 -15.56
70 -42.82
.16 -17.81
28 -28.09
95 -14.67
97 -44.90
.67 -15.63
49 -28.49
94 -14.38
75 -44.01
.11 -16.52
05 -29.38
72 -13.49
87 -48.83
48 -36.39
48 -36.39
87 -48.83
16 -47.28
86 -37.93
86 -37.93
16 -47.28
53 -37.32
.29 -15.26
85 -29.61
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-176.84

b029-PKRSMX X3Y X2Y M12Y 126.510 7.017 7.091 16.97 -22.97
ligéngKRSMN X3S X2S M12P 226.088 7.737 7.788 -27.86 -36.38
ZiééngKRSMN X3X X2X M12X -69.669 7.443 7.517 9.50 -16.20
_EgéggPKRSMN X3XY X2XY MI12XY -182.271 7.502 7.547 -22.06 -30.55
_éggéngRSMN X3Y X2Y M12Y 113.485 7.732 7.812 15.30 -22.03
légéiflRRSMX X3S X2S M12P 186.834 6.381 6.447 -24.49 -30.02
ligéiélRRSMX X3X X2X M12X -115.050 6.070 6.122 14.67 -20.64
_éééifiRRSMX X3XY X2XY M12XY -129.420 7.090 7.142 -15.97 -23.48
_éggiszRSMX X3Y X2Y M12Y 172.763 7.376 7.426 21.24 -29.25
lﬁgééglRRSMN X3S X2S M12P 174.697 7.033 7.105 -22.94 -29.13
lggégflRRSMN X3X X2X M12X -116.923 6.727 6.785 14.90 -21.54
_éégéEiRRSMN X3XY X2XY MI12XY -131.294 7.747 7.804 -16.20 -24.37
_éggé%fRRSMN X3Y X2Y M12Y 160.626 8.032 8.087 19.69 -28.36
ligég§2RRSMX X3S X2S M12P 254.138 5.832 5.918 -37.50 -34.78
ZégégEZRRSMX X3X X2X M12X -45.231 3.886 3.949 8.85 -7.98
_égé§92RRSMX X3XY X2XY M12XY -197.901 11.575 11.616 -21.61 -36.14
_égéézgRRSMX X3Y _XZY M12Y 104.122 12.420 12.44¢6 8.06 -24.50
lgééif2RRSMN X35 . M12P 241.966 6.144 6.240 -35.94 -33.89
236.95

b034-2RRSMN X3X M12X 1147.069 4.304 4.376 9.08 -8.88
_égéZ§2RRSMN X3XY MXéXY M12XY -199.739 12.210 12.256 -21.84 -37.03
_éggéngRSMN X3Y X2Y M12Y 91.950 13.028 13.058 6.51 -23.61
82622—3RRSMX X3S X2S M12P 262.797 4.763 4.840 -37.27 -36.07
22332Z3RRSMX X3X X2X M12X -34.762 4.910 4.986 8.63 -6.80
_ggégf3RRSMX X3XY X2XY M12XY -206.979 11.977 12.006 -21.66 -37.32
_igéézgRRSMX X3Y X2Y M12Y 94.070 11.930 11.969 8.11 -23.21
9&622—3RRSMN X3S X2S M12P 250.615 5.166 5.251 -35.71 -35.18
ZégégE3RRSMN X3X X2X M12X -36.590 5.267 5.352 8.85 -7.69
_2832§3RRSMN X3XY X2XY M12XY -208.806 12.594 12.628 -21.88 -38.21
_gggéngRSMN X3Y X2Y M12Y 81.888 12.562 12.607 6.55 -22.32
79.51

Overturning Moment Summary For All Load Cases:

Load Case Transverse Longitudinal Resultant

Moment Moment Moment
(kN-m) (kN-m) (kN-m)
b001-NCMX 6431.576 -0.000 6431.576
b002-NCMN 6521.575 -0.000 6521.575
b003-PKMX 4018.067 1140.682 4176.843
b004PKMN 4018.067 1067.386 4157.424
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b005-1LMX 3996.709 1365.390
b006-1LMN 3987.170 1365.390
b007-2LMX 3982.034 1569.690
b008-2LMN 3973.177 1569.690
b009-3LMX 3968.125 1771.669
b010-3LMN 3959.4064 1771.669
b011-1RMX 3971.272 1365.390
b012-1RMN 3980.811 1365.390
b013-2RMX 3958.416 1569.690
b014-2R MN 3967.273 1569.690
b015-3RMX 3945.029 173.825
b016-3RMN 3953.690 173.825
b017-NCLSMX 4143.928 -0.000
b018-NCLSMN 4317.087 -0.000
b019-PKLSMX 2532.047 1067.386
b020-PKLSMN 2640.272 1140.683
b021-1LLSMX 2510.689 133.963
b022-1LLSMN 2609.375 133.963
b023-2LLSMX 2496.014 1429.470
b024-2LLSMN 2595.382 1429.470
b025-3LLSMX 2482.105 1613.406
b026-3LLSMN 2581.669 1613.406
b027-NCRSMX 4713.189 -0.000
b028-NCRSMN 4540.030 -0.000
b029-PKRSMX 2887.842 1067.386
b030-PKRSMN 2779.617 1067.386
b031-1RRSMX 2841.047 133.963
b032-1RRSMN 2742 .361 133.963
b033-2RRSMX 2828.190 1429.470
b034-2RRSMN 2728.822 1429.470
b035-3RRSMX 2814.804 1613.406
b036-3RRSMN 2715.240 1613.406
*** Overall summary for all load cases

4223.502
4214.477
4280.247
4272.009
4345.667
4337.760
4199.440
4208.461
4258.284
4266.518
3948.857
3957.509
4143.928
4317.087
2747.831
2876.142
2514.260
2612.811
2876.364
2963.003
2960.393
3044.354
4713.189
4540.030
3078.789
2977.513
2844.203
2745.631
3168.918
3080.561
3244.410
3158.419

- Usage = Maximum Stress /

Allowable Stress

Printed capacities do #dgt incltde she strenginfactorn elpedtednfior each loadcase.

Angle

Comp.
Control

Load Case

p001-NCMX
b001-NCMX
p001-NCMX
b001-NCMX
p009-3LMX
p009-3LMX
b003-PKMX
p012-1RMN
p009-3LMX
p005-1LMX

p012-1RMN

L/R

Capacity

396.599

384.104
376.600
349.724
300.091
289.275
160.780
29.179
29.179
30.796

30.796

Group Group Angle Steel Max Max Comp. Comp.
Comp. Conn. Comp. Conn. RLX RLY RLZ L/R Length Curve No. Of
Label Desc. Type Size Strength Usage Use In Control Force

Shear Bearing Comp. No. Bolts
Comp. Member
Capacity Capacity Member Comp.
(MPa) % % (kN)

(kN) (kN) (m)

M1 M1 SAE 100*100%*7 355.0 83.12 83.12 M1P -329.636
720.000 514.080 0.250 0.250 0.250 54.31 4.280 1 6

M2 M2 SAE 90*90*7 355.0 89.45 89.45 M2P -322.034
360.000 514.080 0.250 0.250 0.250 49.10 3.456 1 6

M3 M3 SAE 90*90*7 355.0 78.84 78.84 M3P -296.929
720.000 514.080 0.330 0.330 0.330 52.89 2.821 1 6

M4 M4 SAE 90*90*7 355.0 81.95 81.95 M4Y -286.610
720.000 514.080 0.500 0.500 0.500 ©64.69 2.277 1 6

M5 M5 SAE 90*90*6 355.0 83.46 83.46 M5P -250.469
720.000 440.640 0.500 0.500 0.500 52.98 1.876 1 6

M6 M6 SAE 75*75%6 355.0 93.26 93.26 M6P -223.827
240.000 293.760 0.500 0.500 0.500 36.18 1.064 1 4

M7 M7 SAE 60*60*6 355.0 73.39 73.39 M7P -118.000
240.000 293.760 1.000 1.000 1.000 86.72 1.015 1 4

D1 D1 SAE 50*50*5 275.0 69.43 69.43 D1P -20.258
120.000 98.400 0.450 0.450 0.276 198.64 6.710 5 2

D2 D2 SAE 50*50*5 275.0 65.98 65.98 D2Y -19.252
120.000 98.400 0.450 0.450 0.276 198.64 6.710 5 2

D5 D5 SAE 45*%45%5 275.0 80.47 80.47 D5X -24.782
120.000 98.400 0.450 0.450 0.276 179.71 5.431 5 2

D6 D6 SAE 45*%45%5 275.0 71.68 71.68 DepP -22.075
Dulhunty Industries - tlds9
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120.000
D9
120.000
D10
120.000
D11
120.000
D12
120.000
D13
120.000
D14
120.000
D15
120.000
D16
120.000
D17
120.000
D18
120.000
D19
120.000
D20
120.000
D21
120.000
D22
120.000
D23
120.000
D24
120.000
D25
120.000
D26
60.000
D27
60.000
D28
120.000
D30
120.000
D31
120.000
D38
120.000
D39
120.000
D42
120.000
D43
120.000
H1
120.000
H2
120.000
H3
120.000
H4
120.000
H5
120.000
H6
120.000
H7
120.000
H8
120.000
H9
120.000

D9

D10

D11

D12

D13

D14

D15

D16

D17

D18

D19

D20

D21

D22

D23

D24

D25

D26

D27

D28

D30

D31

D38

D39

D42

D43

H1

H2

H3

H4

H5

H6

H7

H8

HO

98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE

SAE

0.450 0.450 0.276
50%50%5 275.0
0.550 0.550 0.220
50%50%5 275.0
0.550 0.550 0.220
45%45%5 275.0
0.550 0.550 0.220
45%45%5 275.0
0.550 0.550 0.220
45%45%5 275.0
0.550 0.550 0.220
45%45%5 275.0
0.550 0.550 0.220
45%45%5 275.0
0.500 0.500 0.500
45%45%5 275.0
1.000 1.000 0.500
45%45%5 275.0
1.000 1.000 0.500
50%50%5 275.0
0.500 0.500 0.250
50%50%5 275.0
0.500 0.500 0.250
45%45%5 275.0
0.500 0.500 0.500
45%45%5 275.0
1.000 1.000 0.500
45%45%5 275.0
1.000 1.000 0.500
50%50%5 275.0
0.500 0.500 0.250
50%50%5 275.0
0.500 0.500 0.250
45%45%5 275.0
0.%80 0.5DDiPwape
(D * 5 275.0

45 27514

179.71
73.54
159.73
69.87
159.73
85.90
144.43
76.50
144.43
78.90
117.71
74.96
117.71
60.21
160.71
72.72
101.68
82.75
101.68
75.13
97.85
85.47
97.85
47.18
142.72
75.48
94.58
75.69
94.58
86.43
94.36
81.45
94.36
30.77
12 4H4OR
36.26

49.200 O.S}Q}D.bOO CCIT01MTe 130

90l O

49.200 0.588=) . 508" O ¥oblO.dELg

SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400

Dulhunty Industries

45*45*5 275.0
0.500 0.500 0.500
50*50*5 275.0
0.450 0.450 0.280
50*50*5 275.0
0.450 0.450 0.280
50*50*5 275.0
0.320 0.320 0.160
45*%45%5 275.0
0.320 0.320 0.160
55*55%5 275.0
0.400 0.400 0.200
50*50*5 275.0
0.400 0.400 0.200
50*50*5 275.0
1.000 1.000 0.500
50*50*5 275.0
1.000 1.000 0.500
45*%45%5 275.0
1.000 1.000 1.000
45*%45%5 275.0
1.000 1.000 1.000
50*50*5 275.0
1.000 1.000 0.500
50*50*5 275.0
1.000 1.000 0.500
45*%45%5 275.0
1.000 1.000 1.000
45*%45%5 275.0
1.000 1.000 1.000
50*50*5 275.0
1.000 1.000 0.500

- tlds9

16.07
120.53
66.60
202.31
51.90
202.31
64.02
153.07
60.85
171.08
80.59
185.10
52.83
203.37
32.05
131.58
74.90
131.58
18.61
110.57
45.10
110.57
20.01
116.85
67.01
116.85
16.17
97.99
45.30
97.99
18.29
102.29

5.431
73.54

4.414
69.87

4.414
85.90

3.571
76.50

3.571
78.90

2.911
74.96

2.911
60.21

2.828
72.72

1.383
82.75

1.383
75.13

2.975
85.47

2.975
47.18

2.512
75.48

1.286
75.69

1.286
86.43

2.869
81.45

2.869
30.77

PURTOAS
36.26

CSa]

47 .52

F871

11.98

2.121
66.60

6.834
51.90

6.834
64.02

7.271
60.85

7.271
80.59

7.728
52.83

7.728
22.07

2.000
74.90

2.000
18.61

0.973
16.70

0.973
0.00

1.776
67.01

1.776
16.17

0.862
16.43

0.862
0.00

1.555

5
DOP
5
D10Y
5
D11X
5
D12P
5
D13P
3
D14Y
3
D15X
5
D162P
3
D172Y
3
D18X
3
D19P
3
D20P
5
D212X
3
D222Y
3
D23X
3
D24Y
3
D25X
P
D26P
C
D27Y
3
D28P
5
D30XY
5
D31X
5
D38XY
5
D39P
5
D42XY
5
D4 3P
5
H1P
5
H2Y
5
FH327X
3
H4Y
3
H5X
3
HeY
3
FH741X
3
H8Y
3
H9X
3

2
-30.755
2
-29.223
2
-37.706
2
-33.579
2
-47.121
2
-44.770
2
-22.268
2

pP012-1RMN

p009-3LMX

p005-1LMX

pP012-1RMN

p012-1RMN

p009-3LMX

p011-1RMX

-48.911b014-2R MN

2
-55.661
2
-58.045
2
-66.034
2
-21.103
2
-53.168
2
-53.312
2
-68.270
2
-64.331
2
-16.940
2

p008-2LMN

p007-2LMX

b013-2RMX

b013-2RMX

p009-3LMX

p009-3LMX

p010-3LMN

p010-3LMN

p009-3LMX

-17.842b035-3RRSM

L

-23.380b027-NCRSM

1

-6.9700036-3RRSM

2
-18.843
2
-14.684
2
-28.678
2
-20.320
2

p012-1RMN

p005-1LMX

p011-1RMX

b011-1RMX

-29.134b017-NCLSM

2
-14.816
2
-12.559
2
-42.625
2
-11.751
2
-10.544
2

0.000
2
-45.132
2
-11.147
2

b011-1RMX

p002-NCMN

b011-1RMX

p005-1LMX

pP012-1RMN

b013-2RMX

p007-2LMX

-11.326b014-2R MN

2
0.000
2

41.

41.

43.

43.

59.

59.

36.

67

67

77

77

44,

70.

70.

78.

78.

55.

65.

65.

58.

28

28

44,

33.

36.

28.

56.

56.

63.

63.

67

67

68.

68.

75.

Page

823

823

896

896

725

725

983

.264

.264

.257

.257

732

436

436

986

986

061

146

146

173

.292

.292

797

395

149

044

908

908

147

147

.347

.347

926
926

014
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42

44,

44,

62.

62.

44

44

125.

114.

109.

25.

21.

42.

86.

424 .

406.

451.

.284

803

803

595

595

.390

.390

520

925

089

993

589

852

600

527

134

029

.209

Net

Section

Capacity

(

393.
343.
343.
343.
297.
232.
168.

96.

96.

84.

kN)

528
828
828
828
135
820
405
864
864

182

H10 H10 SAE 50*%50*5 275.0 93.48 93.48 H10Y -39.528 b009-3LMX
120.000 98.400 1.000 1.000 1.000 158.66 1.555 5 2
H11 HI11 SAE 50*%50*5 275.0 36.37 36.37 H11X -16.295 b001-NCMX
120.000 98.400 1.000 1.000 1.000 153.06 1.500 5 2
H12 H12 SAE 50*%50*5 275.0 31.72 11.38 H12Y -5.097b036-3RRSM
120.000 98.400 1.000 1.000 1.000 153.06 1.500 5 2
H13 H13 SAE 60*60*5 275.0 26.55 26.55 H13P -16.616 b009-3LMX
120.000 98.400 0.500 0.500 0.500 139.22 3.258 5 2
H14 H14 SAE 60*60*5 275.0 19.80 19.80 FH1473P -12.392 b012-1RMN
120.000 98.400 0.500 0.500 0.500 139.22 3.258 5 2
H17 H17 SAE 60*60*5 275.0 39.83 39.83 H17Y -17.683b017-NCLSM
120.000 98.400 0.500 0.500 0.500 172.35 4.033 5 2
H18 H18 SAE 60*60*5 275.0 20.26 20.26 FH1875X -8.994 b006-1LMN
120.000 98.400 0.500 0.500 0.500 172.35 4.033 5 2
Bl B1 SAE 75*%75%6 275.0 74.08 74.08 B1P -87.468 b005-1LMX
120.000 118.080 0.500 0.500 0.500 115.33 3.391 2 2
B2 B2 SAE 70*%70*6 275.0 77.42 77.42 B2P -88.978 b007-2LMX
120.000 118.080 0.500 0.500 0.500 116.75 3.176 2 2
B3 B3 SAE 60*60*6 355.0 83.26 83.26 B3P -90.828 b009-3LMX
120.000 146.880 0.600 0.600 0.400 108.36 3.169 2 2
T1 Tl SAE 50*%50*5 275.0 44.73 44.73 T1X -11.628 b012-1RMN
120.000 98.400 1.000 1.000 0.500 234.91 3.571 6 2
T2 T2 SAE 45%45*5 275.0 57.74 57.74 T2X -12.465b014-2R MN
120.000 98.400 1.000 1.000 0.500 246.36 3.350 6 2
T3 T3 SAE 45%45*5 275.0 59.34 51.99 T3P -22.280 b010-3LMN
120.000 98.400 0.600 0.600 0.400 153.06 3.367 6 2
Pl P1 SAE 50*%50*6 275.0 42.38 42.38 P1P -36.705 b003-PKMX
120.000 118.080 0.500 0.500 0.330 113.08 3.324 1 2
M8 M8 SAE 100*100*7 355.0 81.75 81.75 M8P -347.057 b001-NCMX
720.000 514.080 0.250 0.250 0.250 38.70 3.050 1 6
M10 M10 SAE 100*100*7 355.0 86.85 86.85 M10P -352.709 b001-NCMX
720.000 514.080 0.160 0.160 0.160 49.54 6.099 1 6
M12 M12 SAE 100*100*8 355.0 83.01 83.01 M12Y -374.414 b001-NCMX
720.000 587.520 0.200 0.200 0.200 62.24 6.099 1 6
DUMM DUMM SAE BUMMY 2110 AJ0 Qe @y yx DU ML XY 70-477 b001-NCMX
120.000 5.904 o,%@@;._o.sco 0.500 365.64 4.607 5 2
Group Summary (Tension Bortion):
Group Group Angle Angle Steel Max Max Tension Tension Tension
Tens. Conn. Tens. Conn. Tens. Conn. Length No. Of No. Of Hole
Label Desc. Type Size Strength Usage Use In Control Force Control
Shear Bearing Rupture Tens. Bolts Holes Diameter
Tens. Member Load Case
Capacity Capacity Capacity Member Tens.
(MPa) % % (kN)
(kN) (kN) (kN) (m) (cm)
M1 M1 SAE 100*100*7 355.0 83.12 64.05 M1X 252.073 b002-NCMN
720.000 514.080 0.000 4.280 2.000 1.75
M2 M2 SAE 90*90*7 355.0 89.45 71.44 M2XY 245.629 b010-3LMN
360.000 514.080 0.000 3.456 2.000 1.75
M3 M3 SAE 90*90*7 355.0 78.84 68.03 M3XY 233.902 b010-3LMN
720.000 514.080 0.000 2.821 2.000 1.75
M4 M4 SAE 90*90*7 355.0 81.95 67.25 M4XY 231.211 b010-3LMN
720.000 514.080 0.000 2.277 2.000 1.75
M5 M5 SAE 90*90*6 355.0 83.46 71.42 M5XY 212.203 b010-3LMN
720.000 440.640 0.000 1.876 2.000 1.75
M6 M6 SAE 75*%75%6 355.0 93.26 76.65 M61XY 178.464 b010-3LMN
240.000 293.760 0.000 1.008 2.000 1.75
M7 M7 SAE 60*60*6 355.0 73.39 55.89 M71XY 94.123b029-PKRSM
240.000 293.760 0.000 0.977 2.000 1.75
D1 D1 SAE 50*%50*5 275.0 69.43 20.57 D1XY 19.923 b005-1LMX
120.000 98.400 0.000 6.710 1.000 1.75
D2 D2 SAE 50*%50*5 275.0 65.98 18.30 D2X 17.725 b012-1RMN
120.000 98.400 0.000 6.710 1.000 1.75
D5 D5 SAE 45%45*5 275.0 80.47 29.34 D5Y 24.699 b012-1RMN
120.000 98.400 0.000 5.431 1.000 1.75
Dulhunty Industries - tlds9
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D6
120.000
D9
120.000
D10
120.000
D11
120.000
D12
120.000
D13
120.000
D14
120.000
D15
120.000
D16
120.000
D17
120.000
D18
120.000
D19
120.000
D20
120.000
D21
120.000
D22
120.000
D23
120.000
D24
120.000
D25
120.000
D26
60.000
D27
60.000
D28
120.000
D30
120.000
D31
120.000
D38
120.000
D39
120.000
D42
120.000
D43
120.000
H1
000
H2
000
H3
000
H4
000
H5
000
H6
000
H7
000
H8
000
H9

120.

120.

120.

120.

120.

120.

120.

120.

D6

D9

D10

D11

D12

D13

D14

D15

D16

D17

D18

D19

D20

D21

D22

D23

D24

D25

D26

D27

D28

D30

D31

D38

D39

D42

D43

H1

H2

H3

H4

H5

H6

H7

H8

HO9

SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE

49.200

SAE

49.200

SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE
98.400
SAE

Dulhunty Industries

45%45%5
0.000
50*50*5
0.000
50*50*5
0.000
45%45%5
0.000
45%45%5
0.000
45%45%5
0.000
45%45%5
0.000
45%45%5
0.000
45%45%5
0.000
45%45%5
0.000
50*50*5
0.000
50*50*5
0.000
45%45%5
0.000
45%45%5
0.000
45%45%5
0.000
50*50*5
0.000
50*50*5

45%45%5
0.000
50*50*5
0.000
50*50*5
0.000
50*50*5
0.000
45%45%5
0.000
55*55*5
0.000
50*50*5
0.000
50*50*5
0.000
50*50*5
0.000
45%45%5
0.000
45%45%5
0.000
50*50*5
0.000
50*50*5
0.000
45%45%5
0.000
45%45%5
0.000
50*50*5

- tlds9

275.0 71.

5.431

275.0 73.

4.414

275.0 69.

4.414

275.0 85.

3.571

275.0 76.

3.571

275.0 78.

2.911

275.0 74.

2.911
275.0 60
2.828

275.0 72.

1.383

275.0 82.

1.383

275.0 75.

2.975

275.0 85.

2.975

275.0 47.

2.512

275.0 75.

1.286

275.0 75.

1.286

275.0 86.

2.869

275.0 81.

2.869

B +E1139

2.199

ZI500118% .

1.87%

22X 5% 30N

1.871

275.0 16.

2.121

275.0 66.

6.834

275.0 51.

6.834

275.0 64.

7.271

275.0 60.

7.271

275.0 80.

7.728

275.0 52.

7.728

275.0 32.

2.000

275.0 74.

2.000

275.0 18.

0.973

275.0 45.

0.973

275.0 20.

1.776

275.0 67.

1.776

275.0 16.

0.862

275.0 45.

0.862
275.0 18

68

54

87

90

50

90

96

.21

72

75

13

47

18

48

69

43

45

1
o

1
07
60
90
02
85
59
83
05
90
61
10
01
01
17

30

.29

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

27.87
1.000
31.45
1.000
28.00
1.000
44.83
1.000
42.59
1.000
55.63
1.000
49.53
1.000
17.57
1.000
58.49
1.000
66.55
1.000
59.48
1.000
67.69
1.000
18.32
1.000
65.55
1.000
61.77
1.000
67.87
1.000
68.05
1.000
FA-r9
1,000
G4 .&1
1.000
36~ 19
1.000
16.07
1.000
20.20
1.000
15.01
1.000
28.77
1.000
23.22
1.000
27.90
1.000
14.27
1.000
32.05
1.000
15.84
1.000
3.88
1.000
45.10
1.000
20.01
1.000
23.07
1.000
3.94
1.000
45.30
1.000
18.29

D6XY

1.

DIXY

1.

D10X

1.

D11Y

1.

D12XY

1.

D13XY

1.

D14X

1.

D15X

1.

D162XY

1.

D172X

1.

D18Y

1.

D19XY

1.

D20P

1.

D212XY

1.

D222XY

1.

D23XY

1.

D24XY

1.

DR 9P

1.7

PROKIK

D30P

1.

D31Y

1.

D38Y

1.

D39XY

1.

D42Y

1.

D43XY

1.

H1X

1.

H2P

1.

H3P

1.

FH428P

1.

H5X

1.

H6P

1.

H7P

1.

FH842P

1.

H9X

23.

75

30.

75

27.

75

37.

75

35.

75

46.

75

41.

75

14.

75

49.

75

56.

75

57.

75

65.

75

15.

75

55.

75

51.

75

65.

75

65.

9

460

468

119

743

854

831

692

793

242

022

p009-3LMX

p005-1LMX

p012-1RMN

p012-1RMN

p009-3LMX

p005-1LMX

p012-1RMN

p006-1LMN

p007-2LMX

b013-2RMX

618b014-2R MN

572

426

184

999

741

918

12+ 9

11928

.526

.562

.535

.864

.546

.827

.046

.344

.262

.966

.384

.131

p008-2LMN

p008-2LMN

p010-3LMN

p010-3LMN

p009-3LMX

p009-3LMX

p010-3LMN

p010-3LMN

.694b035-3RRSM

p009-3LMX

p009-3LMX

p012-1RMN

p011-1RMX

p006-1LMN

.450pb017-NCLSM

p006-1LMN

pb001-NCMX

p006-1LMN

p012-1RMN

p005-1LMX

p001-NCMX

.342b034-2RRSM

.319p014-2R MN

p007-2LMX

.720pb017-NCLSM

84.

96.

96.

84.

84.

84.

84.

84.

84.

84.

96.

96.

84.

84.

84.

96.

96.

84.

84.

84.

84.

96.

96.

96.

84.

108.

96.

96.

96.

84.

84.

96.

96.

84.

84.

96.

Page

182
864
864
182
182
182
182
182
182
182
864
864
182
182
182
864
864
182
182
182
182
864
864
864
182
826
864
864
864
182
182
864
864
182
182

864
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120.000

H10 H10
120.000
H11 HI11
120.000
H12 H12
120.000
H13 H13
120.000
H14 H14
120.000
H17 H17
120.000
H18 H18
120.000
Bl Bl
120.000
B2 B2
120.000
B3 B3
120.000
T1 T1
120.000
T2 T2
120.000
T3 T3
120.000
Pl Pl
120.000
M8 M8
720.000
M10 M10
720.000
M12 M12
720.000
DUMM DUMM
120.000

**% Maximum Stress Summary for Each Load

98.400 0.000
SAE  50%50%*5
98.400 0.000
SAE  50%*50%*5
98.400 0.000
SAE  50%50%*5
98.400 0.000
SAE 60*60*5
98.400 0.000
SAE 60*60*5
98.400 0.000
SAE 60*60*5
98.400 0.000
SAE 60*60*5
98.400 0.000
SAE  75%75%6
118.080 0.000
SAE 70*70%6
118.080 0.000
SAE 60*60*6
146.880 0.000
SAE  50%50%*5
98.400 0.000
SAE  45%45%5
98.400 0.000
SAE  45%45%5
98.400 0.000
SAE 50*50*6
118.080 0.000
SAE 100*100%*7
514.080 0.000
SAE 100*100%*7
514.080 0.000
SAE 100%100%*8
587.520 &5 0.00D
SAE 2 VI

5.904 £ b .obd

1.555

275.0 93.

1.555

275.0 36.

1.500

275.0 31.

1.500

275.0 26.

3.258

275.0 19.

3.258

275.0 39.

4.033
275.0 20
4.033

275.0 74.

3.391

275.0 77.

3.176

355.0 83.

3.169

275.0 44.

3.571

275.0 57.

3.350

275.0 59.

3.367

275.0 42.

3.324

355.0 81.

3.050

355.0 86.

6.099
355.
698P

275.0 “0.

ATO01

Summary of Maximum Usages by Load Case:

Load Case Maximum Element Element
Usage %

b001-NCMX
b002-NCMN
b003-PKMX
b004PKMN
p005-1LMX
p006-1LMN
pb007-2LMX
p008-2LMN
p009-3LMX
p010-3LMN
b011-1RMX
b012-1RMN
b013-2RMX
b014-2R MN
b015-3RMX
b016-3RMN
b017-NCLSMX
p018-NCLSMN
b019-PKLSMX
p020-PKLSMN
p021-1LLSMX
p022-1LLSMN

89.
83.
88.
80.
85.
85.
84.
84.
93.
86.
78.
78.
85.
85.
56.
53.
80.
74.
52.
60.
51.
.23

48

45
96
83
70
90
84
71
81
48
66
85
90
47
32
83
17
59
43
75
53
74

Label

D42XY
D42XY
M61P
M61P
D42X
D42X

Dulhunty Industries - tlds9

Type

0 83.

2 1.000 1.
48 20.58 H10P
2 1.000 1.
37 1.67 H11P
2 1.000 1.
72 31.72 H12P
2 1.000 1.
55 15.90 FH1372Y
2 1.000 1.
80 12.34 H14X
2 1.000 1.
83 17.81 FH1774Y
2 1.000 1.
.26 9.01 H18P
2 1.000 1.
08 49.55 B1XY
2 1.000 1.
42 51.50 B2XY
2 1.000 1.
26 48.85 B3XY
2 1.000 1.
73 43.22 T1Y
2 1.000 1.
74 49.82 T2Y
2 1.000 1.
34 59.34 T3Y
2 1.000 1.
38 35.03 P1XY
2 2.000 1.
75 67.21 M8X
6 2.000 1.
85 68.15 M10X
6 2.000 1.
01 63.57 M12X
A 11900 17T
00 0.00 DUM1Y
SCS1IOD Q0 1%
Case

75

264.

.010

.932b036-3RRSM

.618b018-NCLSM

.721 b001-NCMX

.643 b012-1RMN

.146 b005-1LMX

.523b017-NCLSM

.869 b011-1RMX

.511 b012-1RMN

.808b014-2R MN

.617b036-3RRSM

.869 b005-1LMX

.937 b007-2LMX

.951 b009-3LMX

.470p020-PKLSM

473 b002-NCMN

.176 b002-NCMN

b002-NCMN

. 107 b001-NCMX

96.864

96.864
96.864
120.750
120.750
120.750
120.750
188.305
173.498
185.112
96.864
84.182
84.182
98.414
393.528
393.528
446.778

1.176

Page 12/13



p023-2LLSMX
p024-2LLSMN
p025-3LLSMX
p026-3LLSMN
pb027-NCRSMX
b028-NCRSMN
b029-PKRSMX
b030-PKRSMN
b031-1RRSMX
p032-1RRSMN
b033-2RRSMX
b034-2RRSMN
b035-3RRSMX
b036-3RRSMN

72.85
69.31
79.50
78.62
81.01
66.48
81.02
69.33
50.15
43.49
73.02
67.46
80.60
77.35

D42X
D42X
D23X
D23X
M6Y
D42XY
M6P
M6P
M6Y
D42XY
D171P
D19P
M6P
D23P

Summary of Insulator Usages:

Insulator Insulator Maximum

Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle
Angle

Load Case Weight

Label Type Usage % (N)
JAO0 Clamp 2.78 b003-PKMX 0.0
CAO Clamp 5.06 b005-1LMX 0.0
CBO Clamp 5.06 b011-1RMX 0.0
CCO Clamp 4.96 p007-2LMX 0.0
CDO Clamp 4.96 p013-2RMX 0.0
CEO Clamp 4.94 b009-3LMX 0.0
CFO Clamp 4.56 b035-3RRSMX 0.0
AAO Clamp 0.91 p002-NCMN 0.0
AA1 Clamp 0.91 b002-NCMN 0.0
AA2 Clamp 0.91 p002-NCMN 0.0
AA3 Clamp 0.91 b002-NCMN 0.0
XCO Clamp 0.70 b002-NCMN 0.0
XC1 Clamp E0.70 [ /h0o2eNoMN deco
XC2 Clamp & 70 _ _b002-NCMN 0.0
XC3 Clamp 70 CIp602ON0in aCh

N) :
Weight of Angles*Section DLF: 52794.0
Total: 52794.0

*** End of Report

Dulhunty Industries - tlds9
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Appendix H

Tower analys with New conductor loads

Body . Body
Serial No. Tower Extens Modification if any Serial | Tower Extens Modification if any

Type ion No. Type ion
1 TDT 3 61 TDL 3
2 TD3 6 62 TDL 0
3 TDL 6 63 TDL 3
4 TDL 9 64 TDL 0
5 TDL 3 65 TDL 0
6 TDL 6 66 TDL 0
7 TDL 6 67 D1 3
8 TDL 9 68 TDL 3
9 TDL 3 69 TDL 0
10 TD1spe| 6 | 2 membersto be changed 70 TDL 0
11 TDL 6 71 TDL 0
12 TDL 6 72 TDL 0
13 TDL 0 73 TDL 0
14 ™L | 3 74 | TOL | 3
15 TDL 6 75 D3 0 | 2 members to be changed
16 TOL | O 76 | T™OL | o ]
17 ™L [ 0 o bzl oL 0 o
18 TOL | 0O - s I o M- ]
19 TOL | @ 79S¢ FDdsus| ) 1g ]
20 | TD6 | O fAmembesstobe cheigadyit 8 [IP1sus| 9 —
21 | oL | 3| g1 | T™OL | 3 ]
22 TDL 0 82 DL 0
23 TDL 6 83 TDL 3
24 TDL 9 1 member to be changed 84 TDL 3
25 TDL 0 85 TDL 3
26 TDL 3 86 D1 3
27 TDL 0 87 TDL 3
28 TDL 6 88 DL 0
29 TD1 6 89 TDL 0
30 TDL 3 90 TDL 0
31 TDL 6 91 TDL 0
32 TDL 0 92 TDL 0
33 TDL 3 93 TDL 3
34 TDL 6 94 TDL 6 | 3 members to be changed
35 TDL 3 95 |[TD1sus| 9
36 TDL 3 96 TD1 6
37 TD1 0 97 TDL 3
38 TDL 9 98 TDL 6
39 TDL 6 99 TDL 0
20 ™L | 3 100 | ™OL | 0o
41 TDL 0 101 TDL 0
42 TDL 3 102 TDL 3




43 TDL 3 103 TDL 3
44 TDL 3 104 TDL 3
45 TDL 0 105 TD6 0
46 TDL 3 106 TDL 3
47 ™1 | o 107 | T™OL | 3
48 TDL 3 108 TDL 0
49 TDL 0 109 TDL 3
50 TDL 0 110 TDL 0
51 TDL 3 111 TDL 0
52 TDL 3 112 TDL 3
53 DL 0 113 DL 0
54 TDL 3 114 TDL 0
55 DL 0 115 DL 3
56 TDL 0 116 TDL 0
57 DL 0 117 D1 0
58 TDL 3 118 TDL 0
59 TDL 3 119 TDL 0
60 TD1 3 120 TDL 3
Serial No. Tower E?(‘t)::s Modification if any Serial | Tower E?(:::s Modification if any
Type ion No. Type ion
121 TDL 0 181 TDL 0
122 TDL 0 | — A82,| TDL 0
123 ™L | 0 18y 19 1rbUpv g
124 | TOL | 3° 1850ST8L P13
125 TDL 3 +185. 11.7DL 0
126 TDL 3 186 TDL 0
127 TDL 3 187 TD1 0
128 TDL 3 188 TDL 3
129 TD3 0 4 members to be changed |[ 189 TDL 0
130 TDL 3 190 TDL 0
131 TDL 3 191 TDL 0
132 TDL 0 192 TDL 0
133 TDL 0 193 TDL 0
134 TDL 0 194 TDL 3
135 TDL 0 195 TDL 0
136 TDL 0 196 TDL 0
137 TDL 3 197 D1 0
138 TD1 0 198 TDL 0
139 TDL 0 199 TDL 0
140 TDL 0 200 TDL 0
141 TDL 3 201 TDL 3
142 TDL 3 202 TDL 0
143 TDL 3 203 TDL 0
144 TDL 3 204 TDL 0
145 TDL 3 205 TDL 0
146 TDL 0 206 D1 0 | 2 members to be changed
147 TDL 0 207 TDL 3
148 TDL 0 208 TDL 0
149 D1 0 209 TDL 3




150 TDL 3 210 TDL 0
151 TDL 0 211 TDL 0
152 TDL 0 212 TDL 3
153 TDL 3 213 TDL 0
154 TDL 0 214 TDL 0
155 TDL 3 215 TDL 0
156 TDL 3 216 TDL 0
157 TDL 0 217 D1 0
158 TDL 0 218 TDL 0
159 TD1 0 219 TDL 3
160 TDL 0 220 TDL 3
161 DL 3 221 DL 3
162 TDL 3 222 TDL 0
163 TDL 0 223 TDL 0
164 DL 0 224 DL 3
165 TDL 0 225 TDL 6
166 TDL 0 226 TDL 3
167 TD3 0 1 member to be changed 227 TDL 0
168 TDL 0 228 TD3 0
169 TDL 0 229 TD1 0
170 TDL 3 230 TDL 3
171 TDL 0 231 (TD1spe| o0
172 TDL 0 232 TD3 0
173 TDL 0 233 TDL 6
174 ™L | 3 | 2391 IV A
175 TDL ! M33ede TRE Nikc
176 | TOL | oOn i 236 | TD6 | 3
177 TD1 0 S embet to'be changet 237 TDL 6
178 TDL 0 238 TDT 0
179 TDL 0

180 TDL 3

3 members to be changed




Appendix [

i. Angle Tower (TD3)

Angle of

Deviation Wind Span (m )

(Degree) Conductor | Earthwire
11 958.8 1003.3
12 926.9 969.0
13 895.0 934.8
14 863.2 900.6
15 831.4 866.4
16 799.6 832.3
17 767.9 798.2
18 736.2 764.2
19 704.5 730.2
20 | 5al672.9 6962
21 = 8623
22 =5609.9 623'5
23 578.4 594.7
24 547.0 561.0
25 515.7 527.3
26 484 .4 493.7
27 453.2 460.2
28 422.1 426.7
29 391.0 393.3
30 360.0 360.0
31 329.1 326.8
32 298.2 293.6
33 267.4 260.5
34 236.7 227.6
35 206.1 194.7




36 175.6 161.8
37 145.1 129.1
38 114.8 96.5
39 84.5 64.0
40 54.3 31.6
iv. Angle Tower (TD6)
Angle of
Deviation Wind Span (m )
Degree Conductor | Earthwire
40 940.4 983.6
41 910.4 951.3
42 . 8804 919.1
43 ({5505 287.6
4 BER0047 B55)
45 791.0 823.1
46 761.5 791.3
47 732.0 759.7
48 702.7 728.1
49 673.4 696.7
50 644.3 665.5
51 6153 634.3
52 586.4 603.3
53 557.7 572.4
54 529.0 541.6
55 500.5 511.0
56 472.2 480.5
57 443.9 450.2
58 415.8 420.0




59
60
61
62
63
64
65
66
67
68
69
70

387.8
360.0
3323
304.7
277.3
250.1
223.0
196.0
169.2
142.5
116.0
89.7

389.9
360.0
330.2
300.6
271.2
241.9
212.8
183.8
155.0
126.3
97.9
69.6

v. Angle Tower (TDT )

Angle of .

Deviatidgggd) FIcOUHIETHE

(Degree) e Conductor Earthwire
75 721.3 748.2
76 696.0 721.0
77 670.8 693.9
78 645.8 667.1
79 621.0 640.4
80 596.3 613.9
81 571.8 587.6
82 547.6 561.5
&3 523.5 535.6
84 499.5 509.9
85 475.8 484.4
86 4523 459.1
87 428.9 434.0




88
89
90
91
92
93
94
95
96
97
98
99
100

405.7
382.8
360.0
337.4
315.1
292.9
270.9
249.1
227.6
206.2
185.1
164.2
143.5

409.1
384.5
360.0
335.7
311.7
287.9
264.3
240.9
217.7
194.8
172.1
149.6
127.3
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