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ABSTRACT

RELIABILITY DESIGN OF STEEL

TRANSMISSION LINE

A reliability design method for statically determinate steel 

transmission lines towers and poles is presented. The method is in a 

Load and Resistance Factor Design (LRFD) format. The nominal load 

and resistance values for design are obtained from the mean values of 

probability distribution functions describing wind speed, radial ice 

thickness and yield stress. The load and resistance involving the 

coefficient of variation of the above variables and a target reliability 

index. Several cases demonstrate that use of the equations results in 

steel line having an actual reliability index nearly equal to the target 

reliability index.

Current design of steel transmission line was investigated through 

reviews of the International Electrical Safety Code (IESC)  and Design 

of Steel Transmission line structures. Load models and analysis 

procedures which are significantly better than current methods are 

discussed.

Probability of failure calculations by the methods of numerical 

integration and the design point method are discussed. The 

mathematical relationship between probability of failure and the 

reliability index is explained.

The analysis and design by computer program, using reliability 

method gives more safety and economical results.
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البحث ملخص
 الكهربائية القدرة نقل خطوط  إنشاءات لتصميم جديدة رؤية

 الوثوقية بطريقة
 الحديديققة الكهربققاء نقققل خطوط لتصميم طريقة الدراسة هذه تقدم

ًا سققلمةة أكققثر بصققورة الوثوقيققة بالطريقققة النقققل) خطققوط (أبققراج  وأمةانقق
ًا. واقتصاد

 لبنيققة المشققكل همقا والمقاومةققة الحمقل عامةقل يكققون الطريقققة هققذه فققي
التصميم:
 اللتقان والمقاومةقة للحمقل السمية القيمة استعمال تم التصميم في

 تصقف والقتي الحتتمقالي التوزيقع لدالقة المتوسطة القيمة مةن إيجادهما تم
النهيار. جهد ومةعامةل الثلوج وسمك الرياح سرعة

 الوثوقيقة ومةؤشقر أعله المتغيقرات فقي التغيقر مةعامةقل استخدام تم
 الحقالت مةقن عقدد فقي والمقاومةقة الحمقل فقي المحقدد الوثوقيقة) (قرينة

 نقققل خطققوط فققي تطبيقها تم التي المعادلت نتائج إن أوضحت المدروسة
ًا يقارب حتقيقي وثوقية مةؤشر ذات الحديدية الكهرباء  الوثوقيققة مةؤشققر جد
(المستهدف). المحدد

 ضقوء علقي تحقيققه تقم أيقدينا بيقن الذي الحديدي النقل خط تصميم
 دراسققة تمققت الحديديققة النقل خطوط وبناء للكهرباء العالمي السلمةة كود

 التصققميم طققرق مةققن أحتسققن وجققدت والتي التحليل وطريقة الحمل نماذج
مةلموسة. بصورة وذلك التحليل وطريقة التصميم في العادية

 تصققميم وطريقققة الوثوقيققة بطريقققة النهيققار احتتمققال دراسققة تمققت
 بيققن أوضققح بشققكل الدراسة نواتج واظهار العلقة توضيح تم كذلك النقطة
الدراسة. في لهازوفرلند الوثوقية ومةؤشر النهيار احتتمال

 التحليققل فققي الوثوقيققة طريقققة باسققتخدام الدراسققة أوصققت وقققد
 أوسققع تكققون بهققذا وهققي الطاقققة نقققل خطوط لتصميم والمتانة للحمولت
ًا  التصققميم فققي المختلفققة والققبيئة الحمققولت عوامةققل لمراعاتهققا اسققتخدامة

ًا أكثر التصميم ليكون  كل في جداول في النتائج إعطاء وتم واقتصادية أمةان
 المقارنققة وتمققت والسققادس الخامةس الفصل في الحل مةراحتل مةن مةرحتلة

 عبر ذلك تدوين وتم اخرى ونتائج اخرى كودات مةع الحل مةعقولية حتيث مةن
 مةقع ومةقارنتهقا النهيقار احتتماليقة قيقم اعطقاء وكقذلك توضقيحية رسقومةات

 وقرينقة النهيقار احتتماليققة لعطقاء للحقل مةطابققة وكققانت سقلس جقداول
الوثوقية.
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Forwarding
Importance of the study:

The transmission line structures which carry conductors of electric 

current has an important part of the overall engineering efforts to solve 

energy problems especially in distribution field.

The purpose of this research is to provide a formal mathematical 

solutions  and  beside that our country Sudan is a huge country that have far 

distances between electricity production distances and distribution area, 

cities, industrial areas, therefore, thousands kilometers of transmission lines 

will be expected to take place in Sudan over the next score of years.

A growing percentage of that net work is being constructed of steel 

towers and poles.
The  project objective 

1. Study the design parameters covering the design (loads, resistance) to 

concepts of reliability.

2. Study the mathematical of structural analysis of steel transmission line 

towers.

3. Study methods of calculations the  probability of failure including 

computer program.

4. Determination of the probability  based values for parameters 

covering the design (new proposed method).
The project objective was stated as:

“The objective of this project is to apply a probability-based approach 

to the analysis/design of steel transmission structures. This approach will be 

used to predict structural performance of the transmission line system. While 

the complete development of a probability-based design method for steel 

transmission structures is very complex, practical and useful results can be 

obtained through a reasonable level of effort which is aimed at assessing the 

‘feasibility of application of the probability-based methodology. In addition, 

the much needed quantification of certain material resistance aspects of the 

problem of design of steel transmission structures will be accomplished.
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Research methodology 

This study presents a proposed reliability design methodology for 

statically determinate and indeterminate, steel transmission structures. 

Objectives considered in developing the methodology are described below.

The first step was to identify the loads acting on a pole, or tower to 

quantify the resistance offered by the structure, and to identify the various 

load and resistance factors that might be used in the LRFD equations. Loads 

are the consequence of physical phenomena such as gravity, wind, and snow 

and it was necessary to establish the probability distributions which describe 

these variables. Likewise, the probability distributions for yield stress and 

modulus of elasticity were determined. Finally, structural geometry and 

details were examined to see how they affect the resistance. This is the 

content of Chapter 2.

The second step  was to develop an appropriate stress analysis method 

for steel transmission  tower line. The assumptions made for both linear and 

nonlinear analyses are enumerated. Results for and example pole structure 

analyzed considering both linear and nonlinear behavior are given, and the 

results are compared.

The third step  was to determine the current design methodology for 

steel poles and tower terms of the load, resistance and analysis concepts 

presented in Chapters and . This entailed reviewing recent editions of the 

National Electrical Safety.

Discussions of wind data, fluid mechanics equations for velocity and 

pressure, wind variation with height, and various wind load factors are  also 

given.
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