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1 • INTRODUCTIOR 

This report has ceen prepared for UNITED NATIONS INDUSTRIAL DEVELOP
MENT ORGANIZATION (UNIDO) by 

Lars Engsbro, H.Sc.C. & S. Eng., Manager 
- Jeppe Hastrup, H.Sc.H.E., Ph.D. 

both engaged by Danish Power Consult A-S and appointed as experts by 
UNIDO. 

l . l Scope of Work 

The scope of work was laid down in the job descriptions for the ex
perts as mentioned below. 

The two job descriptions, however, should be read in conjunction with 
each other. In brief, it could be mentioned that Hr Engsbrc is an 
expert on design of high voltage towers, and Hr Hastrup is an expert 
on the field of instrumentation and computer installation. 

Post DP/P.liY/88/032/11-63: 

(1) Appraise himself of the types of design of electric towers for 
overhead transmission lines which are produced locally or im
ported to Egypt, for overhead transmission of 66, 220 and 500 kV. 

(2) Provide recommendation on the most appropriate design and tech
nical specifications of an electrical tower testing station 
required for mechanical testir.g of various electric tower proto
types. The testing station will be utilized for appi_ying to 
electrical towers transverse, longitudinal and vertical loads 
up to destruction level and measuring of bending and torsional 
moments and shear of the electrical tower construction as well 
as tcansferal and longitudinal deflections. 

( 3) Advise on equipping the testing station with all necessary 
measuring instruments and accessories. 

Furthermore, the expert will be expected to prepare a finai re
port, setting out the finding"' of his mission and recommenda::.. ~ons 
to the Goverr.rr.ent on further action which might be taker.. 

Post DP/!GY/88/032/11-60: 

( 1) Studies o~ the existing tower design, the calculation ar . .: :::.!:iu
facturing methods normaliy used by Hetalco Company. 

( 2) Existinq level of computer technique applicai:ions in thf· ::.-· i ~ :o 
Company. I'lquiry on the policies for data processing dr::: s·:L
ities for measuring and docUJ11entation of data. 
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( 3} Inspection of the proposed site for the tower testing stat.ion and 
the available facilities for operation of the ?lant. 

(4) Examination and discussion of design and testing criteri3 for 
steel towers for the actual voltage levels 66 to 500 kV, espec
ially the criteria used by the Egyptian Electricity Authority. 
EEA. 

(5) Discussion with Hetalco on prospective number of testing to be 
carried out on ff. V. towers and the possible development in 
adjacent fields, i.e. towers for telec00111unication, public 
lighting, etc. 

(6) Base~ on the findings as above and the discussions with Hetalco 
the team of experts will make a draft rec00111e11dation and specifi
cation of the testing station. 

(7) Furthermore, the expert will be expected to prepare together ~ith 
expert 11-63 a final report including the findings of the mission 
as above indicated, and the mechanical feasibility of the testing 
station. The report will describe the recormiendations and tech
nical specifications as detailed below: 

Conceptl.:al layout of the plant with rack structures. 
foundation pad. erection space and equipment, mechanical 
equipment for testing. 

Capacity and mechanical loads of the station. 

Housing facilities for instruments and st~ff. 

Proposal for cabling, measuring and reading instruments. 

Proposal for computer hardware and software installation for 
th~ testing station. 

Proposal for the operation of the plant. 

1 • 2 Background Inf oi:mation 

The background information for the experts was sunvnarized in the job 
description as given below: 

Hetalco is a public sector company affili1ted to the Ministry of 
Industry which was established in 1968 and is responsible for :ocal 
rMnufacture of steel structures. currently the main products ar~ :>':eel 
frames for factories, buildings, tanks, and equipment, as wet: a,~ pro
duction of steel towers for transmission lines, 33, 66, 22C. ~:~kV 
for the Ministry of Electricity. 
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Metalco ls the main supplier in Egypt which manufactures such steel 
towers, and has modified the current factories using CNC M/C's {com
puterized numerical control machines) with a total investment of about 
10 million Egyptian pounJs in order to manufacture and supply such 
steel towers and provide the design office with computers enabling 
them ~o improve and increase. 

The international specification of steel towers requires the designer 
and manufacturer to undertake loading and destructive tests to ensu:e 
that the design fulfils all the actual loads. 

Such tests are carried out in a tower testing station. (Not available 
in all countries). In order to accept the steel towers according to 
international specifications, the Ministry of Electricity requests 
Metalco (as a supplier) to proceed with the said tests. Currently the 
testing operations are carried out through international testing 
stations which are capable of undertaking these tests. 

~he strategy is to design, manufacture and test the steel towers for 
transmission lines, 33, 66, 220, 500 kV, locally in order to prevent 
sending the towers abroad for testing purposes, and hence improve the 
balance of payments. 

1.3 Reading Instructions 

This report is divided into seven sections. 

Sections 1 and 3 contain somP. general information and a report on the 
appraisal mission, whereas section 4 covers the bases of design and 
the factual conditions to be considered in connection with the ex
perts' concept for layout and instrumentation of the testing station. 

Section 2 gives a brief swnmary and the experts' reconvnendations for 
the tower testing station. 

Section 5 gives a description and the specifications of the actual 
testing station. All works and a working programme for the station 
are defined. 

In sections 6 and 7 the overall budgets and the time schedule are 
outlined. 

The numbering of annexes follows the sections as mentioned above. 
Here, especially the UNDP report should be referred to. 
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1.4 Definitions 

Thro~ghout this report the terminology is defined as follo~s: 

Client The power company who asks for or requires a tower test 
and therefore also defines the testing ~pecifications. 

Consultant The designer of the testing station and the responsible 
body for the correct function of the station. 

Contractor The person whose tender has been accepted by the Er.tployer 
and therefore executes the work. The Contractor may also 
be called Supplier or Subcontractor, as appropriate. 

PJ!ployer 

Experts 

The owner of the testing station and the body who orders 
the construction of the station. 

The authors ot the present report. 

1. 5 Acknowledg-nt 

The experts wish to thank all their contacts for the help and the 
information given during the appraisal mission in Cairo, and al.so 
especially the management of Hetalco for kind hospitality and disc~s
sions about tile testing station. 
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2. CONCLUSIONS 

2.1 Sunmary 

Hetalco, being the main supplier of high voltage towers in Egypt, 
wishes to construct a tower testing station to continue the deveLop
ment over the last few years in the field of production of steel 
lattice towers. 

nigh voltage towers are requested by the clients to be subjected to 
full-scale testing before final approval of the design, and before 
production. 

For recommendation of an appropriate layout and instrumentation of a 
testing station in Egypt for high voltage towers in the range of 66 
to 500 kV two experts were appointed for the job by UNIDO, and an 
appraisal mission took place in January 1950. 

During the mission in Cairo a preliminary report on Bases of Design 
was made by the experts and agreed on with Hetalco at a meeting on 
January 15. The present report is an elat.oration and det~iling cf the 
preliminary report. 

The proposed site for the station is situated next to the Steelco 
factory at Helwan 30 km south of Cairo. The site is approximately 95 

;< 175 m. 

The primary base for the station as regards tower geometry and mechan
ical loads will be the 220 kV double circuit and the 500 kV single 
circuit designs according to the specifications of EEA. Necessary 
considerations as to designs applied abroad, however, are also to be 
considered. 

The mai~ characteristics of the station are recommended to be a ~00 
kN pull for the conductors, 16 x 16 m tower base and tower heig~ts 
up to 54 m. 

The station will be equipp~d with 32 winches. 

The measuring equipment will consist of dynamometers for me,1.;,.r::ig 
of the pulling forces, a total station for optical meaz•~r-:::-; of 
deflections, and a weather station. 

The recommended computer ,;;ystem will be a PLC for contra::;:.: · ::e 
winches during the test, and an interconnected PC for data 109 _;.: l:id 
reporting. 

A control building of lOC m" applies. 



The future works are divided into three groups: 

(1) Design and specifications by a Consultanc, 
(2) Local ~orks to be undertaken by tne Emplcyer, and 
( 3) Supplies of equipment. and compui:.ers from abroad. 

The estimated costs amount to approx. 260,000 US$, 1,870,000 EE, and 
930,000 US$, respectively. ~·rhe rate of exchange is 1 US$ to 2.6 EE). 

The overall time for completion of the station is estimated at 21 
months from the comne:1cement date of the Consultant's work. 

Finally, the training recO!llllended for the staff within th~ first year 
of operation is briefly described. 

2.2 Recoamendations 

·rhe findings of the appraisal mission and the technical considerations 
for the testing station 3re described in sections 3 and 4. 

Based on these matters the specifications .:- .1d the future works for 
an appropriate layout and instrumentation of the station are ou:iined 
in section 5 with pertaining annexes. 

When opening the final meeting during the appraisal mission the 
chairman of Metalco, Mr. Fouad Soliman, stated that Hetalco wishes to 
proceed with the testing stati~n project. 

The experts conclude that such a station will be technically feasible 
as .. ·egards structures, instrwnentatio~. and construction of the plant. 

Strategy and economic considerations are out of the scope of the 
present report, but are discussed in the UNDP Report in Annex 1. 1. 
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3 • APPRAISAL MISSION 

3.1 Report on Meetinqs and Visits 

A brief description of the appraisal mission carried out is gi~en 
below: 

Date 

Jan 8 

Jan 9 

Place 

UNDP 
Cairo (1) 

Metal co 
Cairo {2) 

Hetalco, 
Mezza lat 
Factory 

Steelco, 
Hal wan 

contacts 

Mr T. Sabry 
Senior Officer 

Mr Ahi~ed Fouad Soliman 
Chairman 

Mr Hosam El-Din Helal 
Tech. Manager 

Hr Yussef Bottros 
Planning Sector 
Manager 

Hr Yussef Bottros 

Mr Farouk Mousa 
General Manager 

Topics 

r~troduction 

Introduction, develop
ments within design -:md 
production of steel 
towers. 

Basic requirements of 
the testing station. 
Tower testing unti!. now 
(abroad). Design and 
detailing. Data pro
ces~i~g. carputer soft
ware and hardware. 

Prospectives within 
tower testing. Planning 
of '.'isits and meetings. 

Inspection of ti1e fac
tory including CNC
lines and assembly test 
of st~el tower. 

Erection crane avail
able. 

Inspection of the CNC
lines and the proposed 
site. 



Date 

Jan 10 

Jan 11 

Jan 13 

Jan 14 

Place 

UNDP 

EEA, 
Cairo (3) 

Metalco 

Metalco, 
Cairo 

Centech, 
Cairo (4) 

Research 
Centre, 
Cairo (5) 

Ministry 
of 
Industry, 
Cairo (6) 

- 11 -

Contacts 

Mr Sabry 

Mr Ibrahim Nawara 
Managing Director 
of network projects 

Dr Mohamed M. Awad 
Managing Director of 
Research & Stndies 

Mr Hosam El-Din Helal 
Mr Youssef Bottros 

Mr Youssef Bottros 

Ms Nadine Bibawi 

Dr Monir M. Kamal 
Dr Amira Abdel Rahman 
Dr Ossama Mazen 

Dr Yusef K. Mazhar 
First Under-Secretary 

Topics 

Intermediate repor~ing. 

Introduction. Tower 
types, layouts, design 
criteria, loads, con
ductors. Testing spec
ifications and require
ments. EEA's high volt
age laboratory and 
plans for a tower test
ing station. 

Working programme for 
the testing station. 

Principles of testing 
and operation. Layout 
of the testing station. 
Mechanical equipment. 
Optical measuring 
equipment. Computer 
system. Staff for 
operation. 

Maintenance of corrputer 
systems.Contractser
v.ices. 

Codes of practice for 
structural steelwork, 
concrete works, and 
foundations as well as 
power installations in 
buildings. 

Cieneral soil conditions 
along the Nile. 

Presentation of the 
experts' preliminary 
report. 
Discussion on ~hP fi
nancial basis (M~ 

Sabry, Mr Hosam ~:.-Din 
Helal and Mr ':') ;;;sef 
Eottros attenjpj the 
meeting). 



Date 

Jan 15 

Jan 16 

Jan 18 

Addresses: 

(1) UNDP 
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Place Contacts 

Metalco, Mr Fouad Soliman 
Cairo Mr Hos am El-Din Helal 

Mr Youssef Bottros 

UNDP, Mr Sabry 
Cairo 

UNIDO, Mr Koliakine 
Vienna Mr Gtirkok 

29 Taha Hussein Street 
P.O. Box 982 
Zamalek, Cairo 

Tq>ics 

The experts' pre-
liminary report or1 
Bases of Design. 

Discussion and agree-
ment, minute;, of meet-
ing. 

Debriefing 

Debriefing and contents 
of the experts' report. 

Tel: 341 5517, 340 6476, 341 2244 
Fax: 340 2638 

( 2) Metalco 26 July .Street 
Cairo 
Tel: 90 1299, 90 1026, 90 1648 
Fax: 93 6799 

(3) EEA Egyptian Electricity Authority 
Abbassia, Cairo 

( 4) Centech 6 Zakaria Rizk Street 
Zamalek, Cairo 
Tel: 342 0371 
Fax: 342 0376 

( 5) Research General Organization for Housing, Building and Planning 
Centre Recearch 

Tahrir Street 
P.O. Box 1770, Cairo 
Tel: 71 1564, 71 6722, 71 6853 

( 6) Ministry 2 Latin America Street 
of Cairo 
Industry Tel: 355 3442 
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3.2 Background for the Testinq Station 

Based on tfic meetings with the management of Metalco the background 
for construction of a testing station could be swm1arized as given 
below. 

General developments within the field of manufacturing high voltage 
towers have taken place in recent years in Egypt. The number of steel 
angles and steel grades available in Egypt has increased, production 
on CNC-lines in the factories at Hezzalat and Helwan has start-- i, and 
~tatic computer calculations of towers using the space truss ~ethod 
are now standard in the engineering office. 

Clients most often require new tower designs to be subjected to a 
full-scale test before final approval of the design, and before 
production takes place. 

Hetalco therefore wishes to continue the above-mentioned efforts by 
constructing a tower testing station. 

The testing station will allow Hetalco to plan and proceed with the 
manufacturing of the steel towers without any delays in the produc
tion schedules. Their design of the towers will also be improved in 
general as the results of the tests are compiled. Strategy and econ
omic considerations, including the pay-back period for such a plant, 
are of course of the utmost importance, but are not within the scope 
of the present report, and are referred to the UNDP Report in Annex 
1.1. 

The tower testing station will certainly strengthen the position of 
Hetalco in respect of being a competitive supplier of steel towers. 
Also the general impression of Hetalco as a competent supplier will 
be improved. 

Today, orders of about 40,000 tons of steel towers are in progress, 
about two thirds of which are for export to Iraq. The orders concern 
towers in the range of 33 to 400 kV. 

Metalco has now been approved to execute new designs for a suspension 
tower and an angle tower for a 220 kV transmission line in Egypt. This 
includes two tower tests abroad which are the first tests to be 
carried out by Hetalco. 

In the future Metalco expects 5 to 10 tower tests a year. 

The main prospectives within transmission lines are the future inter
connections to Jordan, Libya, and Africa to the south, as well as 
domestic lines in the Arab countries. 
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Other steel structures as for example antennas and lighting poles are 
not required to be tested by the clients. Testing of towers within 
other fields of application than transmission lines is therefore in 
general not to be expected. 

3.3 CClllputer Applications and Maintenance Services 

As a computer system should be an important part of a modern tower 
testing station the existing computer installations of Metalco were 
inspected. 

At the headquarters of Metalco an ICI computer installation is used 
for finite element calculations of high voltage towers. The system is 
equipped with printer and plotter. The computer system is soon to be 
renewed. 

At the Metalco factory at Hezzalat, CNC machines are used in the 
production, controlled by PLC's (Programmable Logic Controllers). The 
factory has at its disposal a computer system for editing PLC-programs 
with on-line down-load to the PLC's. 

The factory also has a computer system at its disposal to be used in 
connection with order m~nagement. This is however at an experimental 
stage. 

At the Steelco factory at Helwan, CNC machines are used in the produc
tion, controlled by Siemens PLC's. Maintenance of the PLC's is per
formed by Centech, a Siemens sole agent in Cairo. 

Centech was visited. The company deals in sale and maintenance of 
Siemens computer equipment. Actual engineering in connection with new 
PLC installations is carried out in West Germany. The company cannot 
take on maintenance of other computer makes. 

3.4 !!A's Project for a Tower Testing Station 

Some years ago EEA prepared a first-stage document with technical 
specifications for design and construction of a tower testing station. 
The testing station was to be placed at the high voltage laboratory 
situated by the Cairo-Alexandria desert road approx. 25 km north of 
Cairo. A copy of this document was handed over to the experts by UNIDO 
before the mission. 

EEA has just finished a report for the "Design and Construct ion 
Management for the Testing Station of Overhead Transmission Line 
Towers and Structures", mainly based o~ above-mentioned paper. 
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At the meeting at the Ministry of Industry the First Under-Secretary, 
Dr. Mazhar, mentioned that the efforts of the Ministries of Indu~try 
and Electricity would be combined in order to support the construction 
of one tower testing station only. 

3.5 Egyptian Codes of Practice 

Codes of practice for design and construction of steel structures, 
for reinforced concrete works as well as for soil mechanics and 
foundations are under final issuing at the moment and will be avail
able for the design of the present project. The structural steel code 
will be in English, while the two others will be in Arabic. 

The old codes date back to the sixties and will not provide a suff i
cient basis of today's engineering. Th~re will, however, be a period 
·.;hen both sets of codes can be applied. 

'J:he code of practice for electrical installations in buildings was 
issued in 1970 and is still in force. The code is in Arabic. 

3.6 Preliminary Report on Bases of Design 

During the appraisal mission the experts prepared a preliminary report 
on Bases of Design. The present report is an extension of the pre
liminary report including more details. 

The contents of the Bases of Design were as follows: 

(1) Basic Design Criteria, 13-01-90 
(2) Working Programme, 11-01-90 
(3) Time Schedule, 11-01-90 
(4) Preliminary Layouts of Testing Station, 13-01-90 
(5) Concept for Computer and Measurement Equipment 
(6) Examples of Screen Displays for Dynamometer, Resulting 

and Relative Forces 
(7) Example of Report Layout 

At the meeting at Hetalco on January 15 the Bases of Design wet"e 
agreed on with the conunents made in the minutes of meeting. When 
opening the meeting the chairman, Mr Fouad Soliman, said that Metalco 
wishes to proceed with the testing station, and that he would have a 
meeting with the Minister of Industry a.bout the project. 

Note 
For clarification it should be noted that in the above mentioned Bases 
of Design two layouts for the testing station were presented. The two 
principles have now been combined into one layout given in the present 
report. 
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BASES OF DESIGN AND FACTUAL COllDITIOMS 

Tower Testing 

Philosophy of Tower Testing 

In brief terms a tower test is a full-scale testing of mechanical 
requirements for the tower, and it gives a definite answer to the 
question \.hether the tower is capable of resisting the specified loads 
or not. 

For the Client the test therefore represents a clear statement which 
does not involve much explanation or checking of calculations, 
details, etc. 

For the tower desiqner the purpose of tower testing ~ay be put into 
the two following items: 

(1) Checking of the static model of calculations. 
(2) Spotting of weak points in the structure. 

Checking of the static model may especially be necessary for towers 
of the static indeterminate type, as for example the Y-tower, and 
tower bodies with reduntant horizontals, partly due to the slippage 
in the bolt connections. Testing is normally always reconsnended for 
these types, and procedures according to IEC 652 will aDply. 

Safe and reliable designs may, howev~r. be obtained without applica
tion of tower tests for towers with a well-known distribution of 
member forces such as conventiona~ self-supporting one-legged towers 
cf the Danube or vertical type. 

Weak points in the structure may be a result of member excentricit~es 
not taken into account during detailing. Gusset plates should also be 
calculated for the excentricity of the loads, and adequate plate 
thickness is to be chosen. 

!n addition, tower tests produce real data for the flexural and 
torsional stiffness of the structure, i.e. additional deflections due 
to bolt slippage are revealed. 

Prototype tower tests do not provide an assessment of the carrying 
capacity of the tested type in a normal statistical sense as o~ly one 
tower is tested. 

Based on comprehensive tower tests during the years, however, the 
coefficients of variation may be expected to be in the rang~ : 5-
10\, a value also adopted by the IEC for computing of strength : 1 ·•ors 
!or lattice towers. This applies to towers designed accord~~:-:; •::.i a 
'good t.ower practice', which for example ir laid down in the <.cG .. ,; of 
practice. Among others, the DIN 'JOE 0210 and the ECCS publ ica·.' ,:". no. 
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39 should be mentioned. The ECCS is actually based on the valuable 
findings of executed tower tests. These publications give buckling 
curves and detailed rules for assessment of effactive buckling lengths 
together with other structural guide lines to be followed. 

Today's modern finite elements computer software provides a very good 
tool for calculation of member forces, and is also able to take into 
account the effect of bolt slippage. calculation and necessary re
calculations of the tower ~.ay be carried out within a few days, once 
the tower geometry has been defined in the system. Application of such 
computer programs ma~ ~.:-ierefore, to a certain extent, reduce the scope 
of tower testing in ~ne future. 

Finally, it should be not~d that the cost of tower testing is not 
inexpensive, and, especially as regards light towers, it may be 
several times the cost of one tower. For construction of short lines 
tower testing would normally not be economically justifiable. Further
more, such econ0111i.c considerations may be extended if towers are 
designed and detailed by the utilities themselves, as a possible risk 
lies with the power company. 

'l'estinq Loads 

The tower must be tested for the actual design load cases as defined 
by the Client. The sequence of the individual load cases should be 
selected with L· .pect to the increasing forces in the tower members 
Guring the testing, if possible. 

Load cases may be of the following types: 

(1) Wind loads 
Wind directions perpendicular and under 45 deg. to the line. 

( 2 ) Ice loads 
If present, uniform ice as well as non-uniform ice with bending 
and torque conditions. 

(3) Wind and ice loads 
Combined wind and ice loads, if precribed. 

(4) Special loads 
Broken conductor, cascading loads and stringing condition. 

The above-mentioned load cases correspond to IEC publication no. 826 
and will generally cover the different types of loads specifiea by 
the clients. 

The loads are normally given by the Client in a loading diagram for 
each load case. 

Loads may be specified as working loads, design loads or ultimate 
loads. As testing loads are ultimate by d~finition, all loads must 
be transferred to the ultimate state. Working loads are therefore to 
be multiplied by the safety factor (most often oetween 1.5 and 2.C), 
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~hile design loads are to be multiplied by the stren~th coefficient 
on the steel (typically between l.l and 1.25). The Client will 
specify the above-mentioned factors in the specification. 

A destructive test may be carried out for worst load case after all 
other testing has taken place. The reserve strength capacity of the 
towers is most often withi~ the range of 5 to 10\. 

Testing Sp1K:ifications 

The IEC publication no. 652, l97J, will normally be applied as stan
dard specification with some additional requirements. 

The object of the IEC 652 is to codify the methods of testing towers 
and structures of overhead lines for voltages above 45 kV. These tests 
are made on the prototype prior to manufact~re (prototype tests). 
Under certain conditions these tests may also be made as acceptance 
tests on a batch of tower~. 

The publication specifies test criteria, load application, secr~ence 
of loading test cases, check of tower mechanical strength, procedure 
in the event of premature collapse, check of quality of materials 
used for protype test, and finally, presentation of test results. 

Towers could be specified to be galvanized to give the most reliable 
testing reflecting the conditions on site. 

Th~ calibration of all instruments used may be requi~ed to be tested 
by an independent authority. 

Deflection readings in vertical, transvers~l and longitudinal direc
tions will normally be recorded. 

The loads of the final 100\ step should possibly be maintained for a 
period of 5 minutes. After thir step, sufficient time for full ex
amination of the structure must also be allowed to check any permanent 
distortion or failure. 

The testing station will normally be asked to carry out neces~ary 

strengthening of the test towers during the testing in the ever.~ :if 
possible collapsE:; of tower members or of apparently weak po.:.nt:~. 

Tested towers may be used for line construction at the disc re: :·Jr. of 
the Client, preferably at positions not exposed to the maximurr .•,,ds 
(i.e. at short wind span, small line angles). Hol1ever, any · , .. ~r 
m~mber showing permanent deformations or elongation of bo i ._ · ... ':'5 

should be scrapped. Bolts including accessories should not be ~b'·: : )r 
line constru~tion. 

Finally, towers could be required to be tested until destruc'.;,,. 
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'festinq Procedure 

A comp.i..ete sequence for testing of a high voltage tower should contain 
the followi~g items: 

(1) Testing of computer system, measuri~g equipment and winches. If 
a defect should be discovered during thj_s test, there will be 
time for correction while the test tower is being erected and 
mounted. 

(2) Drawing up of a sketch for each load case, showing the high 
voltage tower with coordinates, load sizes and codes (see section 
5.7) for all the load points (including wind forces). Typing-in 
of data including control of all figures and tables. 

(3) Erection of the high voltage tower. 

(4) Visual inspection of the tower for control of the assembling and 
the fitting of the individual ~.embers. 

( 5) Mounting of steel cables for security. The steel cables are 
mounted by means of a manually activated, transportable winch. 

(6) Mounting of dynamometers and reflectors for optical measuring 
instrument (see section 4.3.2) in the loading points (including 
~ind forces) cf the high voltage tower. 

(7) Mounting of s~eel cables in the loading points (including wind 
forces) of the high voltage tower. The steel cables are mounted 
by means of a manually activated, transportable winch. 

(8) The steel cables are streched to a suitable basis tension (with 
insignificant deflections of the high voltage tower). This is 
done by manual operation of the winches on site. After that, the 
winches are switched to remote control. 

Now the high voltage tower is anounted and ready for test. The test 
for each load case proceeds as follows: 

( 9) On the unloaded high voltage tower the coordinates of the loading 
points are measured and recorded by the deflection measurement 
instrument (see section 4.3.2). 

(10) The specified load for the given load step is applied to the 
tower. 

(11) By giving a command the test operator initiates recording of 
pulling forces measurements, weather conditions, and time. 
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(12) The deflection measurement instrument is aimed at the loading 
point, and the coordinates are measured. The instrument cal
culates and stores the deflections compared with the last load 
ste;:>. 

{ 13) By giving a :r:rrmand the test operator initiates the recording of 
reflec~ions for each loading point in the computer. The measure
ments ~re transmitted as a telegram from the deflection meas~re
ment instrument to the computer system. 

{ 14) The high voltage tower is photographed and carefuliy studied for 
visible deformations to the necessary extent, especially for load 
steps near the 100\ final load. 

(15) The operator proceeds with the test by going to item 10. 

After completion of the test the operator activates the printing of 
a data report by giving a conmand. 

The tower is dismantled or tested to destruction as agreed upon with 
the Client. 

Mechanical and Physical Requira.nts 

Typical High Voltage Towers and Testing Loads 

The testing station must be able to test towers of the conventional 
self-supporting lattice type according to the specifications of EEA 
and with reasonable considerations to the designs applied abroad. 

The primary basis for loads and sizes will be as follows: 

(1) 220 kV Double Circuit Towers 

Specifications and drawings have been submitted to the e:<pP-rts 
by Metalco. 

The tower family consists of the suspension tower, thr-ee ::iif
ferent angle tower types with a maximum line angle of 30, 60 and 
9G deg. respectively, and in addition several special towe:-s. The 
weights range from about 10 to 38 tons including extens :ons. 
Tower- bases are nearly squ~re and under 13. 5 m, the ov'?rall 
heights are 53 mat a max:mum, lower and upper crossarms dprrn:-::. 
27 m and 41 m, respectively, all figures include s·,1: .. iard 
extensions up to 8 m. Maximwn width of the crossarms is : · ~-

Maximum testing loads for the conductors will be 270 kN, ~N 
and 65 kN in the transversal, longitudinal and vertica: !;r~c
tions, respectively. For the overhead earth wire the corr,·.:F .:"',d
ing figures w i 11 be 80 kN, 45 kN and 20 kN. Testing w i r;d . ,,1ds 

on the tower body will ue approx. 2.5 to 3 kN/m. 
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(2) 500 kV Single Circuit Towers 

EEA's specifications for the 500 kV single circuit transmission 
line around Cairo will soon be available via Metalco. The next 
500 kV line to be considered will be the interconnection to 
Jordan. 

Towers are of the Y-type. Phases are triple bundles with 490/65 
mm2 ACSR conductors and 108 1m12 steel wire strands as overhead 
earth wires. Spans are about 400 mat a maximum. Gust wind speed 
is 35 m/s. (Actaal figures fer pulling loads have not been 
provided during the preparatior. of the report. So, if necessary, 
the Consultant is to modify the mechanical capacity of the 
testing station in order to comply with the 500 kV towers). 

(3) 33 to 400 kV Towers Produced by Metalco 

Based on the drawings received from Metalco the overall measures 
appear to be as given below. 

132 kV double circuit towers including single and double circuit 
towe~s for 33 kV: Sizes are within the above range of the 220 kV 
tower. However, the base of the 132 kV tension tower including 
a 15 m extension is about 15.2 m. 

400 kV single circuit tower: Overall height including normal 
exter.sions is 41 m at a maximum, and the crossarms are about 33 
to 37 m above ground. Widths of crossarms are in the range of 
21.5 to 27 m. Tower bases will not exceed 12.5 m. The sizes will 
be within the range of the 500 kV towers mentioned above. 

Geanetrical Limits and Number t>f Winches 

The overall limits to the tower geometry are recommended to be: 

( 1) Tower bases 
(2) Crossarm widths 
(3) Tower heights 

16 x 16 m 
30 m 
54 m 

The number of loading points in each direction and the extent of the 
pulling forces are chosen as follows: 

Item No. Transverssl Longitudinal Vertical 

Overhead earth wires 
Conductors 

2 150 kN 
6 400 kN 

150 kN 
400 kN 

50 kN 

50 ..:N 

150 ;.;~· 

Wind loads on tower 4 50 kN 

The total number of winches is to be 32. 

The figures allow for a destructive test within 10\ of the ca~ : ... 1::.ed 
capacity of the towers at a minimum. 
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The equivalent pulling forces for the wind load on the tower body 
will usually be limited to cover 10 m each. 

Square and rectangular base towers will generally apply. The number 
of conductors on the same level will be limited to four at a maximum. 

The mechanical capacity of the station wi1l be sufficient for a wide 
range of towers i!Lout which the experts have information, including 
towers for moderate ice loads, (which could be the case for towers 
exported to e.g. Turkey). 

Guyed towers will not be taken into account in the layout of the 
testing station. 

Towers outside the range defined above are to be tested abroad, if 
possible. Minor exceedings of crossarm widths and tower heights will 
normally be acceptable to the clients as only small, if any, errors 
in the tests will be introduced. Extraordinary high towers (e.g. for 
river crossings) are to be tested without the lower part of the tower 
body. 

other Self-supportinq Structures 

The testing station •ill not be designed to cope with other kinds of 
self-supporting towers as testing of such to~ers is not required by 
the clients. Neither does Metalco plan to start a production af steel 
poles for overhead lines, which are therefore not to be taken into 
account in the design. 

Testing of standarc towers and poles for street lighting and free
standing antennas, etc. may, however, be subjected to testing from 
time to time in the future for reasons of research and optimization. 
Such tests can be carried out at the station within the mechanical 
limits as given above. 

4.2.4 Site 

The proposed site for the testing station is an approx. 95 x 175 m 
(i.e. 16,625 m2) next to the Steelco factory at Helwan, 30 km south 
of Cairo, on the east bank of the Nile. 

The existing access road appears to be sufficient, and the overall 
measures of the site will be suitable for the testing stat5.on. 

Metalco will take care of all scrapping of materials and equipme,t 
discarded there. Also a small weigh-house under construction ~·ill b~ 
scrapped. 

Photographs of the site are shown in Annex 2.1. 
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control auildinq 

Metalco expects the operating staff to include one manager, one 
testing engineer, one clerk, and one or tliO draftsmen, a total of five 
persons, maybe ten at a maximwn. 

The control building will be an approx. 100 mi one-storeyed ho~se. 
The following fioor areas appear to be suitable: 

(1) Computer and control room 
(.2) Meeting room and offices 
(3) Entrance, toilets, etc. 
(4) Storage for mechanical equip

ment and spares. 
Dynamometer test bench 

15 mi 
50 mi 

10 mi 

25 mi 

Items ( 2) to ( 4) are to be detailed by the Employer, and are not 
specified further in the report. 

Auxiliary buildings for guards, possible storage and stocks of 
materials, etc. will be defined and detaile~ by the Employer. 

4.3 Measuring Equipment, Coaplter System and Visual Documentation 

4.3.1 

This section contains the basic requirements for the measuring equip
ment and the computers. 

Measurements are specified in the IEC 652. 

Pullinq Forces 

The pulling force applied by the wires will be measured by dynamo
meters mounted between the loading points on the high voltage tower 
and the matching wires. One dynamometer will be ~~eded for each main 
force; that is three conductors and one overhead gro~~d wire for each 
circuit in the longitudinal, transversal and vertical directions. For 
the main forces, a total of 24 dynamometers. 

Further, a dynamometer will be needed for each wind force in the 
longitudinal and transversal directions. All the wind forces will be 
applied at four discrete points. These forces will be meas~red by 8 
dynamometers. 

The output of the dynamometers will be an electrical signal (·1o~t.age 

or cilrrent) to be transmitted to the control room for monitor:ng and 
recording. 
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Deflections 

Deflections of the load-points on the high voltage tower ar~ ~~asured 
by a total station {TS), an optical instrument moanted on a tripo~ 
which measures the distance in the X-Y-Z plane. 

The tota: station will be placed in or near the control room. 

A small ref lecto~ will be placed at each loading point of the high 
voltage tower, and the deflection is measured by aiming the total 
station towards the reflector, first in the unl<'aded position and 
afterwards in the loaded position. 

The aiming of the total station is carried out manually. 

One total station can measure the deflection of all the loading 
points. 

The result of the total station measurements is the relative deflec
tions (in mm) of each load point in the X-Y-Z direction together with 
the total deflection. 

The deflections will be transmitted to the computer system in the 
control room through a RS 232 C interface. 

Weather Conditions 

Weather conditions (wind speed, wind direction, ambient air tempera
ture) will be measured by a weather station placed in one of the steel 
structures. The measurements will be transmitted to the control room 
fo:- recording. 

Strain Gauges 

The strain at selected points and directions of the members can be 
measured by st.rain gauges. These measurements, however, are not 
required by the IEC 652. 

Measurements by strain gauges are therefore considered to be an option 
for this tower testing station, i.e. the station will not be equipped 
with strain-gauge measurements. However, it should be possible to 
extend the computer system for recording of such measurements. 

Computer System 

The purpose of the computer system is ~5 follow~: 

(1) Controlling of the winches. 

(2) Displaying of easily understandable tables and diagrams of ~he 
measurements during the test. 
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{3) Recording of measurements. 

{4) Printing of data for test report. 

The ccncept of the measurement and computer system is shown in Annex 
4.3. The computer system consists of a PLC {Programmable Logic Con
troller) which picks up the measurements, and, if necessary, controls 
the winches. The PLC is connected to a PC {Personal Computer) equipped 
with a colour screen, a keyboard and a printer. The PC takes care of 
measurement display and handling of operator commands {Man - Machine -
Interface). Further, the PC stores the measurements and prints t~e 
data for the test report. 

The connection from the total station and the optional strain gauge 
equipment can be either through the PLC or the PC, depending on the 
manufacture of the computer system. This is shown by dotted lines in 
Annex 4.3. 

Visual Documentation 

According to the IEC 652, the test report must include photographs 
showing the whole structure and details of the defect, if any. The 
test station must therefore nave a camera at its disposal. 

Furt~er, the entire test can be video recorded by one or more video 
cameras with r.•3tching video recorder. 

Finally, the test station should have one or anore binoculars at .its 
disposal. 

The purchase of equipment for visual documentation will be made by the 
Employer and will not be described further in this report, or in the 
detailed specifications to follow. 

Miscellaneous Equipment and Facilities 

Erection Crane 

Metalco has at. its disposal a Peiner Crane TN 85, which could be 
allocated to the testing station. With a minimum radius of 16 m the 
height of the hook will be approx. 75 m, and the lifting capactty 
4.75 t. Crane specifications as per Annex 4.4. The figures appear to 
be suitable for erection of test towers. 

Metalco will provide the rails and pertaining substructure !~:· ~he 
crane. Further specifications will therefore not be made. 
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Coalllunication Equipment 

During the test the operator in the control roon should be in radio 
contact with: 

( 1) The staff placed at the steel structure in the longitudinal 
direction. 

(2) The staff placed at the steel structure in the transverse 
direction. 

(3) The staff placed at the foundation for the winches at the test 
bed. 

(4) The operator of the total station. 

The test station should therefore have at its disposal ~ walkie-talkie 
system which is able to serve this purpose. 

The testing station should be equipped with a speaker system for one
way communication from the operator in the control room to all the 
staff on the site. 

Further, the control room is recommended to be equipped with two 
telephone lines: 

(1) A telephone line for normal communication. 

(2) A telephone line for remote maintenance of the computer system. 
The need for this line will depend on the manufacturer of the 
computer system. 

The purchase and installation of the above-mentioned communication 
equipment are undertaken by the Employer, and are therefore not 
described further in the report, or in the detailed specific~~:ons 
to follow. 

Workshops, Storage, Design Office 

Furnishings and splices for connecting the tower legs to the footing 
devices at the test bed as well as plates and angles for possible 
reinforcemer.t of the towers during the test will be provided by the 
testing station. 

Stocks of spare bolts and accessories may also be necessary. 

Finally, engineering and drafting services will be available for 
detailing and calculation of the above-mentioned steel acces,.;.,r ies 
in connection with the execution of a tower test. 

New space and buildings for workshops, storage, design offi~~. ~tc. 
will not be necessary as existing facilities at Metalco are ava:: sole. 
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Tensile Tests 

A tensile test of the tower members is generally not required by the 
IEC 652. However, it may be necessary in some cases, or it may be 
required by the Client. 

It is assumed that tensile tests can be carried out by an independent 
instit~t~, e.g. the Technical University of Cairo. The testing station 
will therefore not be specified to be able to undertake this type of 
test. 
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5. SPECIFICATIONS 

5.1 

5.1.1 

The Specifications are based on the best knowledge of the experts, 
the findings of the appraisal mission, and the requirements and 
factual conditions as discussed in sections 3 and 4 in this report. 

Before any design is to conmence the Employer will agree on the 
mechanical capacities and the instrumentation of the testing station 
as well as the contents of the Specifications in general as set out 
in the report. 

During the detailed design the Consultant may conclude that the layo:.it 
or mechanical capa~ity as well as instrumentation of the station 
should be adjusted to some extent. Any modifications for improvement 
of the testing station or limitations in capacity or instrwnentation 
shall be agreed on between the Employer and the Consultant. 

Description of the Testing Station 

Layout 

The main characteristics of the testing station can be briefly de
scribed as follows: 

(1) A site of approx. 95 x 175 m situated at Helwan 30 km south of 
Cairo. 

( 2) A heavy, 54 m tall, steel structure in the transversal and 
longitudinal directions of the test tower, respectively. 

The steel stn;ctures enable the pulling wires to be in the 
correct positions and levels for an actual test by mounting of 
movable pulleys in the structures. 

Horizontal conductor pulls will be 400 kN at a maximum. 

The foundation for the steel structure is of reinforced concrete 
and consists of a compression slab and a large anchor block for 
the bacic stay. 12 winches are anchored to the foundation at each 
steel structure. 

(3) A test bed, i.e. a large foundation of reinforced concrete for 
anchoring of the test tower. The tower legs will be anchored by 
embedded bolts or rail devices by means of movable footings or 
auxiliary beams. 

The woricing tension in the tower legs is limited to 3,000 kN, 
whereas the overturning moments are 100,000 kNm in each direction 
dt a maximum. 
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Tower bases up to 16 x 16 m apply. 

A foundation for 8 winches for the vertical pulling wires is 
placed near the test bed. 

(4) A 100 m2 control building with control room and facilities for 
staff and equipment. 

(5) An erection crane including rails. 

(6) Cable ducts and pavements interconnecting the steel structures, 
the test bed and the control building. 

Outline drawings are enclosed in Annex 5.1. 

Instrumentation 

The measuring and repcrting requirements of the testing station are 
described in section 4.3. To fulfil these requirements, the testing 
station should be equipped with the following measuring equipment: 

(1) Dynamometers for measuring of pulling forces at each of the load 
points (including wind forces on the tower body). 

(2) A total station for measuring of the deflections of the load 
points. 

(3) A weather station for measuring of temperature, wind speed and 
direction. 

(4) A computer system for :nonitoring and controlling of the test, 
and for printing of test report. 

The proposed concept of computer and measuring equipment is shown in 
Annex 4.3. 

Workinq Progr8111118 

Local Works 

A sununary of the local works is given below: 

Item 

Foundations 
and civil works. 
Control building. 

Consultant 

Basic design. 
Specification of 
control room. 

Jmployer 

Detailed design. 
Tender quutation 
and subcontracting 
of the works. 
Supervision. 
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Consultant 

Detailed design. 
Supervision. 

lllployer 

Production and 
erection. 

--------------------------------------------------------------------
Erection crane. 

Radio and tele
COlllllunication. 

Workshops. 
3torage. 
Design off ice. 

Power 
installation. 

Tensile test 
facilities. 

SUpplies 

Not applicable (N/A) 

N/A 

N/A 

N/A 

N/A 

Provision of a 
suitable crane. 

Provision of the 
necessary equipment. 

Existing facilities 
at Metalco apply 

Specifications. 
Installation. 
Supervision. 

External facilities 
apply. 

A aUll'lnary of the supplies from abroad and other services is given 
below: 

It .. 

Mechanical 
Equipment. 

Measuring 
equipment 
and computers. 

Tower testing 
at commissioning. 

Training 
within first 
year. 

consultant 

Specifications. 
Supervision. 

Specifications. 
Conditions of 
Contract. 
Supervision. 

Te.sting manual. 
Supervision. 

Programme. 
Supervision and 
reporting. 

SUpplier 

Production. 
Purchasing and 
erection by the 
Employer. 

Production. 
Installation. 
Maintenance and 
service obligation. 

N/A 

N/A 
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General Requu-&nts 

Obligations and Responsibilities 

The works comprise the full and complete design. supply and installa
tion of a tower testing station as detailed in the Specifications. 
All matters which may be necessary to ensure the efficiency. comple
tion and operation of the station shall be included herein. 

In the detailed specifications the interfaces between the dif:erent 
suppliers, and between the s~ppliers and the Employer shall be dearly 
defined by the Consultant. 

Being the designer of the testing station the Consultant will be 
responsible for the corre-.:t function of the station so as to be 
sufficient to ensure reliability, safety in operation, and satisfac
tory performance in all respects. 

Quality assurance systems shall be established and maintained during 
the execution of the works, including the design. 

The Defects Liability Period for the completed testing station shall 
be specified to one year, whereas the responsibilities of the Con
sultant and contractors should be limited to five years. 

standards and Codes 

All materials, equipment and workmanship shall generally comply with 
the require~nts and latest revision of the standard and codes spec
ified in the Specifications. Where not stated or being incomplete 
standards and codes of the following issuing authorities are prefer
able: 

BSI British Standards Institution 
DIN Deutsches Institut ftir Normung e.V. 
IEC International Electrotechnical Conmission 
ISO International Organization for Standardization 

A complete list of applied standards and codes should be included in 
any specification or tender. 

All documents shall be prepared and all work carried out u;; ::n.:; SI 
units. The language shall be English. 

All design, materials supplied, and work carried out shall comp>:· ...-:::.h 
all applicable regulations to which the Employer is subject. 
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Service Conditions 

For information the climatic conJitions at the delta region of the 
Nile may be swmnarized as follows: 

(1) Tellperatures 
Maximum air temperature in the shade 
Minimum air temperature 
Annual average 
Air temperature in the sun measured with 
black bulb thermometer 
Annual average maximum temperature in the sun 

(2) Maximum rainfall per 24 hours 
Rainfalls occur mainly during winter 
and may be scarce. 

(3) eara.etric pressure 
Maximum monthly average (winter) 
Minimum monthly average (spring/swmier) 
Annual average 

(4) Relative huaidity 
Maximum monthly aver-age at 8 a.m. 
Minimum monthly average at 2 p.m. 
Annual average 

(5) Gust wind speed at small heiynts 

47 deq. c 
0 deq. c 

20 deq. c 

80 deq. c 
50 deg. C 

65 llltl 

772 rrm Hg 
749 :mt Hg 
750 llltl Hg 

83\ 
44\ 
75\ 

120 km/h 

(6) Salty deposits 
The atmosphere in the Delta region is frequently exposed to salty 
dusts due to the proximity of some salty lands, lakes and the 
Mediterranean. The salty deposits after condensation of humidity 
are not completely washed out by rainfalls. The density of salt 
deposits is 0.5 mg/cu.cm (aggregate deposit value). 

The above-mentioned figures should be checked wherever they are of 
significant importance to the design of the testing station. 

Material• 

All materials specified shail be new and of the best quality, and of 
the class most suitable for working under the service conditi~ns at 
the site. 

Wherever possible all similar parts shall be specified to be ~nter
changeable to enable easy substitution or replacement by spare parts 
in case of wear or other failure. 

Where relevant, a list of spare parts for maintenance p~rpos~s :~~·~ng 
operation shall be required with the tenders. 
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All parts of materials and equipment shall generally be well packed 
and protected against loss or damage during transport by sea and over 
land and whilst in storage under local conditions. 

SUpervision and Testinq 

Testing of materials and equipment shall be specified to include all 
tests in accordance with the relevant standards, and in addition, any 
tests called for by the Consultant to ensure that all requirements 
have been fulfilled. 

Supervision and testing during execution of the works shall be detail
ed in the technical specifications. A sufficient number of experienced 
supervisors shall be attached to the erection site. 

Prior to c0111rtissioning a final inspection of the entire tower testing 
station shall be carried out by the Consultant. 

Drawi.nqs and Manuals 

All drawings are to be approved and shall be made in accordance with 
the instructions of the Consultant. 

The Consultant shall prepare a schedule for number of documents, 
prints, manuals, micro films, etc. to be forwarded for approval and 
for final issue including as-built drawings. 

A complete Operation and Maintenance Manual for the testing station 
shall be prepared by the suppliers and the Consultant in accordance 
with the list of contents specified by the Consultant. 

Conditions of Construction and Erection 

The Employer shall obtain all necessary pennissions from the public 
authorities and other similar authorities to establish the tower 
testing station. 

The Consultant shall define and describe the conditions of construc
tion and erection in the specifications as agreed with the Employer. 
Transport, accommodation on the site, stores, supplies of water and 
electricity should be defined. 

Foundations and Civil Works 

Scope of works 

Execution of the civil works and the foundations ~ill be undertaken 
by the Employer including the detailed design, subcontracting and 
supervision. 
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The work of the Employer will include the following: 

( 1) Preparation of the site for construction by scrapping of all 
discarded materials and ~1.1ipment. 

F'Jrthermore, a survey ana a field levelling of the site will 
take place so as to prepare a surveying plan of an appropriate 
scale for the Consultant's basic design. 

(2) Execution of soil investigations in accordance with the instruc
tions of the Consultant, and in such nwnbers as may be required 
for the assessment of the carrying capacity and the expected 
settlements of the soils. 

(3) Specifications and detailed design of drains, water and electric
ity supply, c0111nUnication lines, including trenches, as well as 
fences surrounding the site on three sides (the last side is 
towards the Nile approx. 50 m away). 

(4) Specifications and detailed design of the control building in 
accordance with the instr.!ctions of the Consultant as regards the 
control room and installations in connection with the computers 
including necessary air conditioning units and special measures 
against dust. 

(5) Specification of substructure for crane rails. 

(6) Specifications and dP.tailed design of pavements and cable ducts 
in accordance with the Consultant's layout drawing, and require
ments for sectional area of the ducts. 

The Consultant shall prepare the basic engineerin~ for the foundations 
and the civil works in compliance with the above-mentioned require
ments and the requirements below: 

(1) Drawing of a layout of the testing station complete with all 
measures and location of all foundations, cable ducts, ?avemen ts, 
the control building together with recommendation for the 
location of the crane rails. 

(2) Recommendations for levelling and compacting of the site. 

( 3) Information about the loads on the foundations and stating of the 
principles for calculation as well as reconvnendations and 
drawings in adequate r.umbers of the main geometry of the founda
tions in such a way as to provide the bases for the detailed 
design. 

(4) Detailed design of all anchor bolts and devices. 
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(5) Specifications of standards, materials, workmanship including 
curing and finishing as well as tests and supervisory work during 
the execution. 

Codes of Practice 

The design and specifications shall be-based on: 

( l) Egyptian Code of Practice for Design and Construction of Concrete 
Structures, 1989. 

(2) Egyptian Code of Practice for Soil Mechanics and Foundations, 
1989. 

The code will be in 10 chapters as follows: 

1: Site Investigatious 
2: Laboratory Tests 
3: Shallow Foundations 
4: Deep Foundations 
5: Problematic Soils 
6: Foundations Exposed to Vibrations and Dynamic Loads 
7: Retaining Walls 
1: Stability of Slopes 
9: Earthworks and Dewatering 

10: Technical E.~ressions 

The codes are under final issuing (January 1990) and will be in 
Arabic. 

soil Conditions 

The general soil conditions along the Nile may be expected to be a 
10 to 15 m •Jpper layer of alluviale silts and clays underlayed by 
sand deposits. The water table will probably be 2.5 m below ground. 
Insels of soft clay are some times encountered due to the meandering 
of the Nile, but this is normally only far~her on towards the north. 

Shallow foundations should therefore be expected in general. Allow
able soil pressures of 100 to 150 kN/m2 will normally suffice, and 
also be adequate as regards limitation of settlements. 

Proper soil investigations shall take place. 

Design Criteria for Foundations 

The foundations shall generally be made up of reinforced concrete. 
Foundation of the control building and construction of pavements and 
ducts will be carried out in accordance with local practice and the 
instructions of the Employer. 
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The test bed shall be able to withstand overall overturning moments 
of 100,000 kNm from the working loads in the pulling wires in the 
transversal and the longitudinal direction, respectively. The working 
tension in the tower legs is limited to 3,000 kN at a maximum. The 
test bed should therefore be calculated according to this criterion 
for tower bases between 16 and 2 m. 

!nteractions between moments in the transversal and the longitudinal 
directions shall be taken into account in such a way as to give a 
working tension of 3,000 kN at a maxL~um. 

The safety factor on the working loads should not be below 1.5 when 
considering the stability of the foundations. working loads ~ay also 
be called characteristics loads. 

A system of anchor bolts or embedded rails shall be designed to enable 
a safe and easy anchoring of movabl~ footings or auxiliary beams, to 
which the tower legs are connected by means of splices. Square and 
rectangular tower bases apply, the length of the bases in the trans
versal direction to be the biggest, if different. 

Foundations for winches and steel structures shall be designed accord
ing to the loads transferred thereto and as calculated during the 
detailed design and as given by the suppliers. 

Anchor blocks for safety wires shall be specified including the 
embedded anchors of suitable type and robustness. 

Anchor bolts and devices shall generally rely on the bearing stress 
and not the bondage to the concrete. 

Pavements of adequate thickness and construction shall be specified 
around and between the compression foundation and the anchor block 
for the back stays, also allowing a proper foundation of the winches 
situated there. 

Steel Structures 

Scope of Works 

The Employer will undertake all local works regarding ':he s':eel 
structures which include: 

(1) Production and erection of the steel structures ir.c:~ding 
painting, local transport and import of necessary supp i. :.e.: : :-om 
abroad. 

(2) Preparation of shop drawings, all detailing of gar.g·,;;1·:··· :rnd 
ladders as well as erection drawings as deemed necessary : :· •.he 
execution of a proper job. 
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( 3) Execution of material tests and non-destructive testing in 
accordance with the instructions of the Consultant. 

The Consultant will prepare all the technical matters for the deta1l
ed design of the steel structures so as to provide the complete basis 
for the Employer's work as mentioned above, including the following 
items: 

(1) Basis of statical calculations complete •ith full explanatory 
loading diagrams and application rules for pulling wires in the 
structures, wind loads and climbin~ loads, reactions on the 
foundations, etc. 

(2) Elevations, plans, sections and details of the steel strJctures 
including anchor bolts and devices, assembly principles, etc. 

(3) Specifications of materials, workmanship, coatinc and testing as 
well as instructions for erection. 

( 4) Description of the supervisory works during production and 
erection. 

Further, the Consultant shall undertake: 

( 5) Approval of the Employer's drawings and supervision at the 
manufacturer's works, and during erection so as to ensure 
fulfilment of all requirements. 

Code of Practice 

The Egyptian Code of Practice for Steel Structures and Bridges, 1989, 
applies. The code is in English. 

Steel Sections available in Eqypt 

The steel structures shall be made up of locally produced steel 
sections as mentioned below. Where sectional properties are inadequate 
sections are to be composed by welding at the works. 

It• DIN Designation and Size 

Angle 1028 L 40 x 40 x 4; 5 
" " L 50 x 50 x 4; 5; 6 
" " L 60 x 60 x 5· 6; 7 , 
" L 70 x 70 x 5; 6; 7. 8 , ,, 

L 75 x 75 x 8 
" L 80 x 80 x 6; 7. 8 , 
" L 90 x 90 x 7· 8; 9; 10 , 
" L lOG j( 100 x 7· 8; 9; 10 , 
" L 120 x 120 x 10; 11; 12; 13 
" L 150 x 150 x 11; 12; 13; 14; 15; l r: 
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Item DIR Designation and Size 

Channel 1026 UNP 100 
ti " UNP 120 

" " UNP 140 
ti ti UNP 160 

" ti UNP 200 
II " UNP 260 

Beam 1025-1 INP 100 
n ti ::N? 120 
ti " INP 140 .. .. INP 160 .. ti INP 200 .. " INP 260 
n 1025-3 HEA 180 
n 1025-5 IPE 400 

Plate PL 5; 6· , 8; 10; 12; 14; 16; 18; 
ti PL 20; 25; 30; 35; 40 

Rounds of standard diameters between 6 and 100 11111 also apply. Standard 
steel grade available is St 37-2 according to DIN 17.100. Angles and 
plate3 of thickness 5 to 20 11111 should be available in grade St 52-3 
as well. 

Bolts and accessories are imported goods. 

Laddet"s and gangways of -~:<panded metal are of the Employet"' s own 
design. 

Basic Design Criteria for Steel Structuras 

Load cases will be of the followi~g types: 

(1) Pulling leads and reduced wind loads 
(2) Maximum wind loads 
(3) Negative "pulling" loads and reduced wind loads 
(4) Climbing and mounting loads. 

The steel stt"uctures shall genet"ally be dimensioned for positions of 
pulling wit"es which give the maximum load in the individual membet"s. 

The reduced dynamic wind pt"P.SSUI"e shall not be taken lowet" than 0.25 
kN/m2 which equals a gust wind speed of 20 m/s. The maximum wind speed 
allowed dut"ing testing should, howevet", be limited to appt"OX. 10 to 
15 m/s in ot"det" to obtain pt"opct" test measut"ing and t"esults. 

Maximum gust wind speed will be approx. 120 km/h. Howevet", this value 
should be conf iI111ed by statistics OI" by govet"nment I"~gulations. 



Negati'le 
breakage 
thereby 

"pulling" forces in the structures may result from a (sudden) 
of the test tower, which will release the pulling wires and 
introduce accelerations opposite the pulling direction. 

Reasonable figures covering this loading case are to be calculated by 
the Consultant. 

C~ imbing forces on the members during erection of the structures, 
maintenance and mounting of wires and pulleys shall be taken into 
account. Also loads from provisional pulley booms or beams facilitat
ing the mounting shall be included. 

Gangways including railings, and ladders in adequate numbers shall 
be provided to facilitate mounting and maintenance of wires and 
pulleys. 

Easily understandable instructions •md loading diagrams shall be 
prepared showing the allowable positions of pulleys, angle of wires, 
etc. during the testing of towers. 

Maximum working or characteristic pulling loads in the wires are 
recommended to be as stated in section 4.2.2. All pulling loads should 
be considered to act simultaneously. 

Four conductors at the same elevation apply at a maximum, and the 
vertical separation may be considered to be 6 m at a minimum. Conduc
tor loads shall be effective between 12 and 48 m, whereas overhead 
ground wires are between 18 and 54 m accordingly. The equivalent 
pulling forces from wind loads on the tower body should be separated 
6 m at a minimum. These loads may be applied between 6 and 30 m above 
ground. The above limitations in attachment points of the pulleys 
apply for the maximum p~lling loads and may be exceeded for lower 
loads if not being decisive. 

The overall capacity of the steel structures, however, should not 
exceed ~he figures corresponding to the capacity of the test bed, see 
section 5.4.4. 

The accuracy of th~ pulling wire angle as measured at the attachment 
point in the tower shall be within 1%, i.e. the level and the posi
tion of the pulley shall be within 1.0 m to a 100 m wire length. 

Proposal for steel structures is shown in A~nex 5.1. 

Transversal loads and the pulling wires will be in the centre : ;ne of 
the test tower corresponding to the centre of the structure l~g and 
back stay in this direction. 12 pulling wires apply here. How~~er, 
small modifications within the above-defined wire angle accurac:'/ may 
occur due to geometrical requirements or constraints. 
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Pulling loads from conductors and overhead ground wires in the long
itudinal direction will have a small angle deviation depending on the 
width of the crossarms and the position(s) of the tower peak(s). By 
definition the tower wind loads shall be in the centre line of the 
test tower. At the corresponding leg a total of eight pulling wires 
apply, whereas the other leg supports four pulling wires. 

For calculation of pulling loads the above deviations shall be ob
served in preparation of the test load schedules. The steel structure 
shall of course be iimensioned for the sloping component of the 
pulling forces. The centre line of the steel structure is turned about 
3.5 deg.· on the vertical axis so as to minimize the above-mentioned 
effect. The maximum width of the test tower crossarm is limited to 
30 m. 

The overall safety factor should generally not be taken lower than 
1.65. 

Bolt types and sizes should be selected in respect to reducing the 
different diameters to two or three at the most. 

Different steel grades should not be specified for equal steel sec
tions. Additionally, equal angle sizes are to be selected wit:-. a 
difference in thickness of 2 mm at a minimum. 

Pulleys shall be easily mounted and fixed in the steel structures. 
Facilities for hoisting wires in adequate numbers apply. Bracings 
crossing the leg and thereby disturbing the free wire positions shall 
be kept at a minimum. Wires to the winches at the foundation shall 
run between the leg and the back stay. The level of the pulleys shall 
be able to be read on a scale appropriately fixed to the leg of the 
steel structure. 

A beam anchored to the test bed shall support eight pulleys for the 
vertical pulls. 

The extent of non-destructive testing of weldings shall be specified. 
Testing by means of ultra-sound and x-ray is available at the fac
tories as standard procedure. 

Corrosion protection of steel structures shall be specified to be by 
painting. The Employer recommends application of a two-layer oil pair:t 
with a total dry coat thickness of 60 microns at a minimum as being 
adequate in the present service conditions. The Employer will take 
care of the repair necessary during the erection and the following 
maint.enance in operation. 

Bolts should be galvanized. Also anchor bolts and embedded devices 
should be galvanized to a depth of approx. 300 mm below the concrete 
surface. 

• I 
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5 . 6 Mechanical Equipment 

As mentioned eariier the pulling forces will be applied at the loading 
points by steel wires. 

The steel wires, sheave blocks, tackle blocks, winches and all neces
sary connecting fittings are called the mechanical equipment. This 
also includes steel wires for securing the tower during the test. The 
design of the mechanical equipment will depend on the design of the 
steel structures (see section 5.5) 

The entire mechanical equipment shall be supplied by one supplier of 
all the mechanical equipment. The installation will be provided by the 
Employer under supervision of the supplier. 

The Consultant shall prepare the technical material for tender quota
tion. This material shall contain maintenance, list of spare parts and 
detailed technical specifications. Mechanical equipment will be 
purchased by the Employer. 

Design, individual parts, and fastening of mechanical equipment are 
to be specified in detail. The specifications shall take into account 
the open air conditions under which the mechanical equipment wi:l be 
operated and stored. 

Further, the procedure for mounting and demounting of steel wires to 
the high voltage tower shall be specified. If transportable winches 
are to be used in this procedure, the winches shall be specified ir. 
detail as well. 

The specifications of the mechanical equipment should contain the 
following items (the list is not necessarily complete): 

( 1) Design 
Location of sheave blocks, tackle blocks and winches. Number of 
line parts to be used. Fastening of the steel cables to the 
steel structure and the high voltage tower (through the dynamo
meters, see section 4.3) 

(2) Steel cables 
Nwrber, types, diameters, lengths e.nd maintenance. 

(3) Sheave blocks 
Number, types, loads, diameters, fastening and maintenance. 

(4) Tackle blocks 
Number, loads, number of sheaves, types, diameters, fast.e::;:.•; dnd 
maintenance. 
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(5) Winches 
Number. types, sizes, line pulls (with the m3.Ximum lengt:h of wire 
on the cable drum), wire diameters. maximum wire lengths on the 
cable drums, cable drums (sizes. grooved/not grooved. etc.), 
cable angles, cable speed. electrical !Wltors, motor controls, 
power requirements, fastening and maintenance. 

The winches shall be constructed to cope with the brief on/off 
operation necessary for adjusting the pulling forces. 

The winches shall each be equipped with weather resistant control 
panel for local operation and for switching to remote control. 
In remote control the winches can be operated from the control 
room. The winches shall be equipped with tel'l!linals for connecting 
cables for remote control. 

The terminals for tightening of steel wires s~~ll be equipped 
with a relay, which shall be activated to allow operation. The 
relay is activated by a security circuit. The security as well 
as the cabling for remote control is further described in section 
5. 7. The local/remote control switch shall be equipped with 
terminals for remote indication of the position. 

The winches can be powered by 3 x 380 Volt AC, SO Hz with earth 
connection. The power supply is provided by the Employer who w~ll 
install weather resistant plugs at the foundations of the steel 
structures in longitudinal and transversal directions (12 plugs 
each), and at the foundation of the high voltage tower (8 plugs). 
At each of the named places, the Employer will also install a 
220 Volt AC 50 Hz weather resistant plug with earth connection. 

(6) Connection fittings 
Number, types, fastening and maintenance. 

In Annex 5.6 a provisional draft for the design of mechanical equip
ment is shown. 

To ensure a well defined direction of the pulling forces the coor
dinates of the steel wire on the steel structure should be fixed 
regardless of the direction of the steel wire. 

As shown in the figure, the steel wire from the high voltage tower 
meets the steel structure in a toggle block. This block aci:;.ially 
changes the coordinates of the steel wire according to the direction 
of the s~eel cable. It can be shown, however, that this change in 
coordinates is insignificant for the determination of the d:rection 
of the pulling forces. 
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The measuring equipment and computer system (including all cabling, 
cross fields and security circuits) shall be supplied and installed 
by one contractor for measuring equipment and computer system. This 
also includes a complete control desk with instrumentation, push 
buttons, cabling, racks for PLC and PC, and cross fields. The control 
desk is described in section 5.8.5. 

The Consultant shall work out the material for tender quotation, 
including conditions of contract, technical specifications, main
tenance, list of spare parts and training. Further, the Consultant 
shall point out possible suppliers, for measuring equipment, computer 
systems and control desk. 

The conditions of contract should preferably be based on the Con
ditions of Contract for Electrical and Mechanical Works including 
Erection on Site, issued by FIDIC in 1987. 

In section 4. 3 the parts of the measuring equipment are briefly 
described. In this section the measuring equipment will be described 
further. This description should be the basis of the detailed tech
nical specifications. This specification shall take into account the 
open air conditions under which the equipment will operate. 

Dynamcmeters 

The dynamometers measure the pulling forces in the steel wires. The 
principle of dynamometers is based on either: 

(1) The force being measured by the elongation of a spring, or 

( 2) The force being measured by a strain gauge bridge on a steel bar. 

The principles to be chosen shall be decided in the detailed specif i
cations. 

The security against overload shall be specified. 

According to IEC 652 the measured force shall be within t2\ of the 
specified force. However, the precision of the dynamometers should 
be within f0.3\ of maximum load. 

The output of the dynamometers shall be a voltage signal (e.g. 0-5 
Volt, 0-10 Volt) or a current signal (0-20 mA, 4-20 mA). The 4-20 mA 
current signal is preferable beca1Jse of the active zero force signal 
(4 mA), which makes it possible to distinguish a zero-force signal (4 
mA) from a broken current circuit (0 mA). The dynamometer shall be 
equipped with a plug for connecting the signal cable after mounting 
of the dynamometer. The dynamometer shall be powered through the 
signal cable, either by the measuring conductors or by separate 
conductors. 



- 44 -

The cable from the dynamometer is led down the high voltage tower to 
a weather resistant cross field placed at the base of the high voltage 
tower. The cable is conne~ted to the cross field by the same type of 
plugs used for the dynamometers. The type of cable with plugs should 
be specified by the supplier of the dynamometers. 

The cables and the plugs in the cross field shall be clearly marked 
with a code referring to the pulling force measured. The code could 
e.g. be as follows: 

SI indicates the electrical system 1, 
S2 indicates electrical system 2, 
W indicates wind forces. 

R, Y, Band G indicate the three phases (red, yellow, blue). and the 
ground wire. 

H, MH, ML, L indicate high, medium-high, medium-low and low placed 
load points for wind forces on the tower body. 

L, T and V indicate longitudinal, transversal and vertical directions. 

The code on a cable ( in both ends) and the matching cross field 
connection could be e.g.: 

SlRL: System 1, phase R, longitudinal direction. 
S2YT: System 2, phase Y, transversal direction. 
WMHL: Wind force, medium-high load point, longitudinal direction. 

The code signs should further be in different colours for easy visual 
check of the wire arrangement. 

From the cross field to the control room, one or more multi cables 
are led in cable duct~. 

The cross field and multi cable(s) shall be supplied and installed 
by the contractor fo1 measuring equipment and computer system. 

The cable duct from the cross field and the lead-in to the control 
room shall be provided by the Employer. 

The testing station, as an option, should have at its disposal a test 
rig for control of the output from the dynamometers. The Consultant 
shall work out material for tender quotation, including detailed 
specifications, for such a test rig. The test rig shall be supplied 
by a separate supplier. The Consultant shall point out possible 
suppliers or manufacturers. Alternatively, the calibration of ttie 
dynamometers can be carried out at a laboratory in Cairo. 
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In Annex 5.7 is shown an example of design of a test rig. The tension 
is led to the dynaJllOlr.eter by means of hydraulic cylinders, and the 
applied force is measured by a calibrated dynamometer. From time to 
time, the calibrated dynamometer has to be controlled and adjusted, 
e.g. at the Technical University of Cairo. 

Weather station 

Weather conditions are measured by a weather statio~ for measuring 
temperature, wind direction and speed. The weather station shall be 
mounted on one of the steel structures. 

The output from the weather station is analog signals {voltage or 
current). Depending on the manufact:.ire, the output for the wind 
direction can be one or two signals. The wind direction is then to be 
calculated by the computer systerr Jn the basis of these two signals. 

The output from the weather station is led by a multi cable down the 
steel structure, through a cable duct to the control room. 

The type of cable shall be specified by the manufacturer of the 
weather station. 

The cable duct from the steel structure and the lead-in to the control 
room shall be provided by the Employer. 

Total Station 

The deflections of the loading points are measured by a so ca: ~ed 
Total Station. A Total Station is an optical instrument normally used 
for surveying, and it is capable of measurinq distances with high 
accuracy {within a few mm). 

The Total Station is mounted on a tripod and is set up for each test, 
e.g. on a terrace in front of the control room. The actual placing of 
the Total Station is not important as long as it is not moved during 
the test. When not used, the Total Station is stored in the control 
b·~ilding. 

The Total Station is powered by a rechargeable battery. 

The measuring is made by aiming the Total Station at small reflectors 
placed at the loading points of the high voltage tower. 

The deflection is calculated on the basis of the distance to the 
loading points before and after the load is applied. The Totai Station 
has a built-in calculator for working out this calculation and storing 
the result. For each loading point, the deflection is calculated and 
stored. 
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After measuring a set of deflections for a given load case. the 
results shall be transferred to the computer system. Therefore. the 
Total Station shall be connected to the computer system through an 
interface. e.g. RS232, depending on the manufacture of the Total 
Station. The data transfer shall be carried out upon receipt of a 
request for data from the computer system. The carmunication protocol 
shall be specified by the manufacturer of the Total Station. 

The connection between the Total Station and the computer is a cable, 
which is led from the Total Station to a cross field placed on the 
control building. The cable with plugs in each end shall be specified 
by the manufacturer of the Total Station. The cross field shall be 
equipped with matching plugs. The cross field shall be weather resist
ant. 

From the cross field, the signal cables are led to the computer 
system. The lead- in to the control room shall be provided by the 
Employer. 

Winch Control and Security Circuit 

The cabling for remote control and indication of position cf local/ 
remote control switch of winches shall be supplied and instal~ed by 
the contractor for measuring equipment and computer systems. The 
cables are mounted in the terminals in the control box of the winch 
and led to a weather resistant cross field placed at the foundations 
of the steel structures in c.he longitudinal and transversal directions 
and the winches for vertical load, respectively. The cables and cross 
fields shall be mou.1ted with matching plugs marked as described under 
dynamometers. 

From the cross fields to the control room, one or more multi cables 
are led in cable ducts. 

The cross fields and multi cable(s) shall be supplied and installed 
by the contractor for measuring equipment and computer system. 

T:te testing station shall be equipped with an emergency circu.it, which 
ir.terrupts the control circuit for tightening of the steel wires by 
means of weather resistant push buttons placed at the foundatio~s of 
t:1e high voltage tower, the steel structures in longitudina: and 
transversal directions, and in the control room. The emergency .::r::uit 
is indicated in Anne>. 4.3. The entire emergency circuit, excep· :he 
relay~ in the control boxes of the winches, shall be supp~:A~ 3nd 
installed by the main contractor for measuring equipment and c'.);;,:;. .. 7.er 
system. 

The cable ducts from the cross fields and the lead-in to the ~ ~· rol 
room shall be provided by the Employer. 
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Strain Gauges 

As mentioned in section 4.3.4, the purchase and use of strain gauges 
shall be an option for this testing station, and shall therefore not 
be described in de~ail by the Consultant. However, it shall be pos
sible to extend the computer system to registrate measurements from 
strain gauges, and therefore this e<,.,1ipment will be briefly cescribed 
in this section. This can then be the basis for specification of the 
wanted computer extension. 

The necessary number of strain gauges is estimated at approx. 20. 
There are two principles of transmitting data from the strain gauges 
to the computer system: 

(1) Each strain gauge is equipped with an amplifier which transforms 
the strain gauge signal into a voltage or current signal suitable 
for the PLC. Each amplifier shall be connected t~ a compensation 
strain gauge, mounted on an unloaded steel structure. 

(2) All the strain gauges are connected to a conmen amplifier which 
scans the strain gauges on request from the computer system. and 
transmits the measurements to the computer system via a parallel 
or serial data connection. The amplifier shall be connected to 
a compensation strain gauge, which can be co111ROn to all the 
strain gauges. 

The selection of a strain gauge system will depend on the prices. 

For the sake of an optional strain gauge system, it shall be possible 
to extend the computer system with 20 analog channels and a serial/ 
parallel communication slot. 

5. 8 Computer System 

5.8.1 

The computer system and control desk shall be supplied and installed 
by the contractor for measuring equipment and computer system as 
described in section 5.6. 

In section 4.3 the computer system is briefly described. In this 
section the computer system will be described further. This descrip
tion should be the basis for the detailed technical specifications. 
The computer system will be installed in the control room which will 
be provided with air conditioning by the Employer. 

PLC Hardware 

The PLC (Programmable Logic Controller) is a special compu~er for 
process monitoring and contr.olling. The PLC contains the ter~:nals 
for mounting of cables for winch controlling, dynamometer rr.e,J:;·1re
ments, weather statior. and Total Station (depending on the ma:,:~~·ac

ture of the PLC). 
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A PLC is normally made up of several modules which makt~ it possible 
to adapt and extend the PLC for various tasks. The modul~~ of the PLC 
are normally mounted in a rack, which again is mounted in a cabinet 
together with power supply (for PLC, measuring equipment and winch 
controlling) and power stabilizer. It is, however, possible that the 
PLC can be mounted in the control desk to be described later in this 
chapter. 

The terminals for connection to and from the process (both binary, 
analog and Total Station signals) shall be galvanicly separated from 
the PLC. 

The power supply will be 220 Volt AC 50 Hz with earth connection, 
provided by the Employer. The PLC shall further be equipped with a 
power stabilizer supplied by the manufacturer. The type of plug used 
for power supply shall be specified by the manufacturer. 

PC Hardware 

The PLC is connected to a PC (Personal Computer) or other equipment 
for monitoring and transmitting co11111ands (depending on the manufac
ture of the computer system). Depending on the manufacture the Total 
Station can be connected to the PC. 

The PC hard~are shall be specified by the manufacturer. It is normal
ly a standard PC provided with harddisk with sufficient memory for all 
the software, perhaps also for back-up software for the PLC. The PC 
shall further be provided with a floppy disk-drive to be used for 
storing test results. Back-up software for PC and PLC can also be 
stored on floppy disks. 

The PC shall be equipped with a speaker for indication of alarms by 
a sonic signal. 

The PC shall be mounted in a suitable cabinet, which may be in the 
control desk, to be described later in this section. 

The PC shall be equipped with a keyboard for key- in of data and 
transmission of corrunands. The keyboard is normally a standard type. 

The PC shall be equipped with a colour screen with a sufficient 
picture resolution to satisfy the requirements of dat~ presentation. 

The PC shall be equipped with a printer (black/white or colour) 
mounted in a soundproof box. The printer shall be used for printing 
of test results to be used in th~ test report, and also for operator 
activated dump of the screen display to the printer during the test. 

The PC can be installed in the same cabinet af the PLC. The PC can 
be powered by the same power stabi Ezer af" ~;.. t'LC. 
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Depending on the manufacture, the PC can be equipped with a modem for 
remote maintenance and fault finding via a telephone line. 

PLC Software 

The PLC shall be provided with general software for handling alarms. 
An alarm arises as an unreceipted alartil·. The operator then transmits 
a receipt from the keyboard which transforms the alarm into a receipt
ed alarm. When the cause of t~e alarm disappears, the alarm also dis
appears. The unreceipted and receipted alarms are indicated on the PC
screen by flashing and changing colour of symbols. It is possible that 
a cause for an alarm disappears before the operator transmits a 
receipt. This situation will also be indicated on the PC-screen. 

The PLC will supervise the security circuit. If the circuit is broken, 
an alarm shall be activated. 

The PLC will be provided with software for measuring the signals from 
the dynamometers. The software will include the possibility of super
vision of the measurements with alarms for too high pulling forces. 
The alarm limits will be a percentage of the load for the given 
loadcase at the given load point. The alarm limits will be keyed-in 
through the PC. 

The desirable loads measured by the dynamometers for a given load 
case, that is the forces in the directions of the steel wires, will 
be stored in the PLC. Before the test for a given load case these 
forces will be calculated on the basis of the wauted loads in the 
longitudinal, transversal and vertical directions. These loads are 
keyed-in by the operator. Whether the software for this calculation 
will be put into the PLC or the PC depends on the manufacture. 

The PLC will be provided with software for measuring the signals from 
the weather station. The extent of this software will depend on the 
type of signals from the weather station. 

Depending of the manufacture, the PLC will be provided with software 
for communication with the Total Station (depending on the manu
facture, this software can be programned in the PC). 

The PLC will be provided with software for controlling the winches, 
that is automatic tightening of the steel cables to the given load 
case. For each winch there will be a ~anual/automatic software switch 
operated from the PC-keyboard. 

When in manual position, the winch can be operated by commands from 
the keyboard (that is 'tighten' or 'loosen'). 
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When in automatic position. the winch will participate in the auto
matic tightening of the steel wires. The winch can only be put into 
automatic position when it is in remote control. If a winch is in 
automatic and is switched to local control. the winch is shifted to 
manual by the software. and an alarm is activated. 

The automatic software wil~ be provided with a software switch for 
start and stop. The program can only be started if the security 
cir:::uit is closed (see section 5.6). If the security circuit is broken 
WPile the program is working, the program is stopped. When the program 
is started, an alarm will be activated for all the winches which are 
not in ·automatic position. After the operator has receipted the 
alarms, the program starts to operate the winches automaticly after 
u specified algorittun. The algori~tun will be specified in detail by 
the Consultant. 

Ar. algorithrr, could be as follows: 

(1) The relative difference (RD) between the measured and the wanted 
pulling force is supervised continuously for all the dynamometers 
with matching winches in the automatic position. 

( 2 ) The dynamometer with the greatest numerical value of RD is 
pointed out, and the matching winch is operated according to 
the sign of RD. The operation of a winch will continue in a 
minimum space of time. The time can be a function of the numeric
al value of RD (little value - short space of time, great value -
long space of time). 

( 3) The winches may be operated at two speeds by using :tlternate 
on/off signals. The speed is determined by the lengths of the 
on/off signals. The speed can then be high when the numerical 
value of RD is great, and the speed can be low when the numerical 
value of RD is little. 

( 4) If one of the measurements from the dynamometers reaches its 
alarm-limit, the program stops. The operator will then unload 
the critical winch manually after which the automatic program 
can be re-started. 

(5) During the operation of a winch, the change of the correspond
ing pulling force, i.e. the time gradient of the dynamometer 
measurement, will be supervised. When the winch pulls, the time 
gradient will be greater than a certain value, when the winch 
loosens, the time gradient will be less than a certain (negative) 
value. The values can be a function of the measured force {low 
force - low gradient, high force - high gradient). If this 
condition is not fulfilled, the automatic program will stop, and 
an alarm will indicate which time gradient has caused the 3top. 

The PLC will further be provi6ed with software for conununicatior. with 
the PC. 

I 
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PC Software 

The PC will be provided with all the necessary software to make it 
function and conmunicate with all its auxiliary units (colour screen. 
disk drive, etc.) 

The PC will be provided with all the necessary software and screen 
displays for transmission of comnands and key-in of test data. 

The PC will be provided with software for display of measurements as 
digits, bars and curves. There will be possibilities for flashing and 
c·hanging of colours for the measurements. The design of the screen 
displays, treatments of measurements and alarm handling will be 
specified in detail by the Consultant. 

In Annex 5.8 is given an example of a possible display of the load 
point forces. 

The PC will be provided with a report generator for printing reports 
with test data and test measurements. In the IEC test standard is 
given a list of data which will be included in the test report. The 
report generator will be specified in detail by the Consultant. 

In Annex 5.8 is given an exam~le of a possible layout for a test data 
report. 

The PC will be provided with software for storing test data and 
measurements on a floppy disk. It will be possible to print a test 
data report on the basis of data sto~ed on a floppy disk. 

Depending on ~he manufacture, the PC will be provided with soft~are 
for calculating the necessary steel wire pulls to obtain the required 
loaas. This software could also be installed in the PLC (see section 
5.8.3). 

control Desk 

A control desk will be installed in the control room. The purpose of 
the control desk is to hold instrumentation and push but tons for 
supervision of dynamometer forces and man•Jal control of winches in 
case of computer break-down (back-up control system). In Annex~- 3 is 
shown how this back-up control syst'3m can be connected in re lat io!". ~o 

the computer system. 

Depending on the computer manufacture, the control desk can a L;.--, ~11 id 
the colour screen and the keyboard. 

Depending on the computer manufacture, the control desk car. r,.. ;.;ed 
for installation of the PLC and/or ~he PC. If this is not ;:;·~. · 1: ~ e, 
the supplier will install other suitable cabinets for the : ·:::; .·er 
system in the ~ontrol room. 
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In Annex 5.8 is shown a proposal for a coatrol desk design. 

5.9 Control Roan 

The control room will be detailed by the Consultant. 

As mentioned in section 4.2.5, approx. 15 m2 will be available. The 
actual shape will depend on the groundfloor plan which is to be worked 
out by the Employer. The control room should be provided with a window 
large enough to overview the whole high voltage tower from the oper
ator's seat. 

The control room will be fitted as follows: 

(1) A writing desk in front of the window. The desk is used for the 
colour screen and keyboard {and the PC) together ~ith the sketch 
of the high voltage tower and other papers. Also, one or two 
chairs are needed at this table. The walkie-talkie system and 
micr~phone for the speaker system (see section 4.4.2) should be 
placed within the reach of this seat. 

(2) A control desk in front of the window. The control desk holds 
the instruments for operating the testing station in case of 
computer break-down (see section 5.7.5). 

(3) An auxiliary table (with chairs). 

(4) If the computer system is not mounted in the control desk, there 
vi ill be a cabinet for this L .rpose {supplied by the computer 
manufacturer). 

(5) A printer mounted in a soundproof box. 

(6) One or more tables for video monitors and recorders. 

(7) One or more lockers for: 

Documentation. 
Tezt reports, recorded floppy disks, photos and recorded 
video tapes. 
Spare parts and testing equipment for measuring equ:pment 
and computer system. 
Binoculars, camera and film. 
Printer paper, printer ribbon, empty floppy disks. 
Video cameras and empty video tapes. 
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Power Installations 

The power and lighting installations are to be specified and installed 
by the Employer. The power installations will fulfil the n~ed of 
lighting, winch operation (see section 5.6), computer operation, (see 
sections 5.7.1 and 5.7.2), and crane operation. The electrical plugs 
to be used will be specified by the manufacturers of the computer 
system and the winches, respectively. 

The Employer will further install adequate lightning conductors for 
the steel structures, the control building, and the high voltage 
tower. 

Testing Manual and Tower Test 

Testing Manual 

The Consultant will prepare a complete manual for a tower testing 
procedure based on the requirements in IEC 652, and additional testing 
to destruction as an option. 

Furthermore, all preparatory engineering work such as arrangement 
drawings and calculation of wire pulls and load steps, etc. shall be 
specified. Also necessary security measures and control procedure.; 
before and during the test including checking of equipment, calibra
tion, correctness of the cabling, etc. shall be described. 

Finally, the contents and the layout of the test report shail be 
outlined. 

Tower Test 

In connection with the commissioning of the station the Consultant 
shall supervise and perform a tower test in all details following the 
above-mentioned testing manual. 

A full test report shall be prepared. 

The test is seen to be a worked example with all drawings prepared 
for necessary fittings ctnd splices, arrangement of pulling wires, 
etc., and tables filled in with the actual figures for the loads and 
geometry as well as an examination of the control procedures, etc. 

Necessary modifications of the testing manual and the test report 
shall take place after the tower test. The test report and the final 
testinq manual will be the basis of all future tests. 

The tower, inciuding all necessary fittings and spLices, shall be pro
vided and erected by the Employer. All winches and equipment wii~ be 
applied during the test, i.e. a double circuit tower is to be te~ted. 
The Employer also provides all labour and staff for the testing. 
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A destructive test will follow the standard testing procedure. 

5.12 Traininq 

5.12.1 Traininq Programne 

Training in operation of the tower testing station is suggested to be 
undertaken by the Consultant within the first year of operation. 

The Consultant will prepare a training programme for the operational 
staff of the station. The programme is suggested to include three 
complete tower tests evenly distributed over the first year. The tests 
will comply in all respects with the testing manual mentioned in 
section 5.11 above. 

The tests will be carried out by the staff and supervised by the 
Consultant. 

Visits and training at other testing stations may also be possible and 
are, if convenient, to be detailed by the Employer. 

5 . 12 . 2 Traininq Reports 

After every tower test a training report will be prepared by the 
Consultant. The report will describe the factual conditions for the 
test and recorranendations for possible actions, which might be taken 
to improve the test procedures and the progress of the training. 

A copy of each test report will be enclosed in the training report. 

After the third test a final report should be made stating the recom
mendations for additional training within the following year(s). 

5.12.3 Maintenance of Equipnent and Computers 

Training in maintenan~e of the tower testing station will be limited 
to maintenance of mechanical equipment, measuring equipment, and 
computer system. 

Training in maintenance will be described and carried through by the 
respective suppliers, and the training shall be included in the 
tenders. 



6. BUDGETS 

The budgets are detailed in the sections below. The overall amounts 
are as follows: 

(1) Design and supervision by Consultant 
(2) Local works undertaken by the Employer 
(3) Equipment and computers from abroad 
(4) Training by Consultant 

The budgets total approx. 1,950,000 US$. 

260,000 US$ 
1,870,000 EE 

930,000 US$ 
40,C~O US$ 

On completion of the Constultant's work it is recorrmended to prepare 
detailed budgets for the entire works. 

6.1 Design and supervision 

Preparation of the detailed design and the technical specifications 
are estimated to require six man months for a senior civil and struc
tural engineer, a~d five man months for a senior mechanical instru
mentation and computer engineer. 

Supervision and conunissioning including the tower test will require 
four man months, whereas three man months should be allowed for the 
project management. 

Based on the above-mentioned number of man months and pertaining 
technical assistance from draftsmen, office expenses, prints and 
documentation the estimated engineering fees amount to approximately 
230, 000 US$. Allowances for travel and acc0111110dation expenses are 
estimated at 30,000 US$. 

6. 2 Local Works 

During the appraisal mission in Cairo the experts were informed by 
Metalco about unit prices for a number of typical works as given in 
the table below. The quantities are estimated based on the proposed 
layout of the testing station. All prices are in Egyptian pounds. 

Item Unit P/U Quantity Total Price 

Levelling and compacting sq.m 25 16,000 400,000 
Fence on three sides m 180 360 65,000 
Foundations cu.m 450 1,450 652,500 
Control building sq.m 650 100 65,000 
Structural steel work ton 2,500 275 687,500 

EE l,870,000 

------------- --
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Allowances for erection crane with rail and substructure as well as 
the cost of the land are not included. 

6. 3 EquipDent and Coaputers 

The estimated prices for mechanical equipment, measuring equipment, 
and computer system are based on enquiries at Danish suppliers. In 
Annex 6.3 the prices are divided up into the different parts of the 
mechanical equipment, measuring equipment, and computer system. 

It• 

Mechanical equipment 
Measuring equipment and computers 

6. 4 'l'raininq 

Total Price 

550,000 
380,000 

US$ 930,000 

Preparation of training prograJl'llle, instruction, supervision, anJ 
reporting including allowances for travel and acconrnodation are 
estimated at 40,000 US$. 
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7 • TDIE SaumtJI.E 

The proposed time schedule is outlir.ed in Annex 7. 

The overall completion time for the testing station will be 21 months 
from the comnencement date of the Consultant's work. The main periods 
are as follows: 

(1) Detailed design 6 months 
(2) Local works 11 months 

-c 3) Call for tender of supplies 
and contract negotiations 5 months 

(4) Transport and production of supplies abroad 6 months 
( 5) Installation of supplies 3 months 
(6) Commissioning including one tower test 1 month 

Local works (2), and call for tender (3) will start after approval of 
the design. Local works ( 2), and production abroad ( 4) shall be 
finished within 11 months hereafter. 
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t!u:nber and title : 

Duration : 2 Years 

Project site : Cai=o 
ACG/ UNDP Sector and 

Sub-sector : 0350 
Government Sector and 

Sub-sector : Industry 

Government implementing 

agency : Metalco, 

Ministry of ind~stry 

Annex 
UNDP Report 

A~ab ~epubl~c of E~yp~ 

?=oi~c~ Document 

Construction of Eledt=ical 

tower test:ng station 

UNDP and cost sharin£ financin~ 

UNDP 
IPF 500,000 

other ( spec if y) -----

Govt. or third part 

cost sharing (specify) 

UNDP Cost sharing 

Total 500,000 
Executi':lg ageney : Government. 

Co- Operating Agency : UNIDO. 
Estimated starting date : March 1989. 
Covernment inputs : ( Local currency) 

( in Kind) L.E. 2.500.000 

( in cash) 

Brief description : Design stand for Testing Towers through 

1- Design the station ( Know how and blue prints) 

2- Supervision on construction and erection 

On behalf of : Signature Date Name/~ihe 

The Government: 
Executing Agency : 

UNDP -------
United Nations official exchange rate at date of ~st s:gnatU!'e 

of project document : $ 1.00 = L.E 2.37 
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A Context 

t- Descriotion of sub sector 

Metalco is a public sector comany aff: I :a"..l·d "CO the 

min stry of industry and was established in 19°a and is 
responsible for local manufacture of steel structure, cur=ently 
the main products are steel frames for factories, buildings, 
tanks, and equi?ments, as w~l 1 as production of steel towers 
for transmission lines 33, 66,220, 509, K.V.A for the ministry 
cf electricity'[ 

The annual production is approximarely 300CO ton 
expected to reach 40000 ton by the year 2000. 

Metalco's budget is L.E 35,000,000 annually. 

2- Host country strategy :-

The strategy is to design, 

manufacture and test the steel towers for transmission lines, 
33, ~~, 220, 500 K.V.A locally in order to prevent sending the 
towers abroa•' for testing purposes and hence improve balance of 
payments. 

3- Prior or ongoing assistance :-

Metalco has previously made agreement of license with 
PEINER - AG -w. Germany) for manufacturing towt-r cranes, 
since 1976. 
Currenty, Metalco is seeking technical assistance in 
1. The design and construct the tower testing station. 

. . -

2. Supply of Apparatus for tension, application and oeasu=ing 
of loads deflection. 
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Metalco has its board of directors which d~aws up ~~e 

future plans of the conpany and is suppoorted by legal ad=:n
istrati ve and financial depart~ents, the oinisty of Dla~..ning 
allocates the necessary funds for future expansion of th~ 
company. 

B Project Justification 

1- Problem to be addressed : The nresent sitvation 

The ~iinistry of elecricity and Energy ( end user) is in 
charge of the generation and supply of electricity and energy in 
various forms to all of the country • 

The present electrical gird extends alon~ the Nile 
walley and there are plans to extend it east and west to other 
parts of the country as well as reinforce and modify t~e gird 
north and south of the country. The demand for elec:rici~y has i 

increased 1~ annually. The ministy of electricity has plans 
to construct new transmission lines through a series of steel 
towers estimated at 30000 tons annually. 

Metalco is the main supplier in Egypt to manuf ac~ure 
such steel towers, and has modified the current factories 
using CNC M/C's ( computerized Numerical control mactines) 
with at tal invest"'lDent about 10 million Egyptian pou::i3 ~o 

be capable to manu:f acture and supply such steel towers 
according to the international specifications, as well as 

provided the design office with computer to improve and in~rease 

the capacity of the design office. 
The international gnecification of steel -;owers 

obliges the designer and manufacture to undertake loading 

and destructive tests to insure that the design fulfill all 

the actual loads. 
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Such tests are carried out in a tower testi~g ~~ati0~ 
(Not available at all the country) • In orcer to ?C~~~t ~~e 

steel towers according to i~terrational specifica:ions, t~e 

~inistry of electricity requests Melalco (a a supo:ies) to 

proceed -ith the said tests. Currently the testing operations 

are carried out through interna tional testing stations #tich 
are capable to under take the tests. 

The tests when accepted are according to 

international sta~dards. 

2- Expected end of oroject sitution :-

1 • A fully functioning tower testing station operated 
Metalco. 

2. Increased design copablites of Meta1co engineers. 

3. Improved specifications and tim ing in deliveries 
ministry of electricity. 

3- Target beneficiaries :-

by 

to 

A- Metal.co will be c·pable to produce steel towers and 
will cover the shortage in the local producti~n. 

B- Mintstry of electricity to realise its expansion 

programmes from local sources. 

C- Ministry of economy in view of less imports of steel 

towers. 
4- Project strategy and institutional arrangement :-

A- The Ministy of industry has allocated funds (approx. 
L.E 2 Million) for the establishment of the s~ation, 

10000 squar metres of land ha9 been specified and 

ready for the civil construction. 
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'9- In ter~s of cost benefit ~nalys:s, ~he :es: ~ta:iJ~ ~~ 2 
apey back ?e=iJ1 ~= th=ee ~ears ~alla~i~~ ~~~;~ :~~ :~~~ 

for testing ~i:l be sp~red in h~rd curre~cy. 

the technical supervi !"ion and 'backstoooin.::r as ·,:~l::'... ~s 

administrative man~eT.P.nt cf the UNDP fi~a~ce~ :~n~:~. 

5- Reasons for assistance from UUDP :-

-- ~ ......... -· - --· 

UNDP assistance exposes Metalco to a v~riety o: cOtr.?o?::.::. ·:e 

supnliers of appropriate techr .. ylogy. 

6- Suecial considerRtions:-

This is a positive contribution towards self reliance i~ 
the testing and commissi~niw; of electrical towers. 

7- Co - ordination arrangements :-

Co- ordination arrangements will be sought with otr.er 
d.e'!eloping countries through TCDC • Most of the devlo;i:-.. ~ c;)·.:.:-.:-:-ies 

~ave not testing facilities for electric transmission :o•er2. 

8- Countrnart suouQrt caoacity :-

Metalco has highly qualified prof essi ··:ial staff capa."::..e of 

providing the necessary technical inputs. The 8overme 0 t ~ill 

?rovide adequate salaries for the em~1~ees as well as physical 
fa.cilitites, office space and other types of consumable su?p::es. 

C. Development Obiective 
The project will strenghten the sapacity of Metalco s~eelco 

in testing tower stations •.rhich prevently carried out at.re.~: 

annual coF>rs approx./ 1.00 Million annually. Balance o: 

?ayment will be improved as well as th~ design capabil:~y ~~ 

local manufacturers. 

..... .., 
"'- ""-
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D. Im~ediate Obiective 
1- I:nrnediate ob~ec~ive 

Acquisi tio~ o:' kr:.ow !":o ... in the constructivr. o:' -;:--_.; 
:estinl?,' station. 

1 • 1 Cut out 1 

Comolete know how and blue prints in the cocstruc~ion 
of the testing station. 

Activities :-

1.1.1 Drafting TOR for technology transfer. 

1.1.2 Shart listing of 9otential. supp lieres of techno logy 
( April - May). 

1.1.3 Evaluation of offers ( s eptember - October). 

1.1.4 Negotiation and concludi~g agreement with selected 
subcontractor ( November 1989° 

2- Icunediate Objective 2 

Adaptation and transfer of technology. 
1.2 Output 2 

Transfer of technology under know how agreement. 

Activities 

1.2.1 Identification of methodologies cf testing and 

recruitment of a consuttant for demestration ( .1anuary 1990) 

1.2.3 Adaptation of testing rechnosbgies (F~b-March ) 
3- Ia:mediate Objective 3 

Upgrading of national ca9abilities in the testin.g 
techniques of electrical transmission Towers. 
3. 1 Out put 1 

Orga.I!ization of training programmes. 
Activities 

3.1.1 Selection of trainees ( June 1990 ) 

3.1.2 Implementation of tra. ning programmes (July Au~-uet 1990) 
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Afully operational testi~~ station fo!" P.lec':!"~~ ~c~~~ ~~~~!"s. 

0'..lt ::iut t 

The station will r.ave acapacity o: testi~~ :o~~~s 

500 K.V.A in 1990 
A.cti·.:i ties 

4.1.1 Civil work in the station accor:iin.e: to su bco::"::-:-a.c'::::r-s 

specifications. 

4.t.2 Medhanical work for the station accordiru; to the s~o

cont:ractor specitications. 

4.1.J Installation of equipments according to blue ~rin~s. 
4.1.4 Fully operatioad station 19;1. 

5- Immediate Objective 5 
Submission of technical repGrts. 

~.1 0-.itput 5 
Reports 

Activities 

5.1.1 Inc&ption report 
5. 1 • 2 Mid·· term progress Report. 
5.1.J Final. Re~ort. 

Covernment Inputs 
E. Inuts 

(inkind) 
Land 1,000,000 

Foundations, Buildings 1,000,000 

Steel structure stand 500,000 
2,500,000 

U!IDP- Inputs 

Sub contract US S 
- Fellowships/ stady Tows 
- Consultants 

Testing equi~ment 

200,000 

50,000 

30,000 

220,000 

500,000 

F. Ris~s 

~isks are not aoplicahle. 

66.2~0. 

• 'I··' 
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T~e ~ove~n~ent will Take a~ailale the necessary fun.cs :~r 

stablishing the site and cons tac ti on work , also ap?Oin• mPn• ('f 

the notional staff from Metalco will be finalized and 

start un. 

.. -....... 
->..J-

H. Project reviews reu~rtin~ and ~valut:0n 

The project will be subject to tripartite review (jo:~t 

r~view by repre sentatives of the government , Executing 

Agency and UNDP)at least onceevery twelve months of the start 
of full implementation. 

The national project co-ordinator and/or senior project 
officer of the united ~rations cooperatin~ agency shall prepare 

and submit to each trupartite review meeting a project 
peroject perfonriance evaluation report ( PPER). 

Additional PPERS may be requested, if necessary, diering the 

project. 

Aproject terminal report will be prepared for 

consideration at the terminal tripartite review meeti~g i: 

shall be prepared in draft su:fficiently in advance.to allow 
review and technical clearance by the excuting agency at 

least four months prior to the terminal tripaJ:tite review. 

The project shall be subject to evaluation nine ~o~:hs 

after the start of full implementation ( three months prior 

to the scheduled termination) (threemonths following ter::in.ation: 

the organization, terms of reference and parties to t~e 
project cl ocument, plus any associated united natic!".z a_·-e-::..cy. 

Facilities for monitor•~g the project 
The government will provide UNDP and coopar: i ng cig<'ncy 

their officials and consultants with facilities fo~ sC'rv;cin~ 

and monitoring the 09eration of the project at all s~a~<'s. 

This will include import of vehicles into the cour.·ry by 

UNDP and (executing agancy) and their resident off; cf':-s as 

authorized by the II!inistry of foreign affairs. ThC's<' vC'hiclcs 

will be e:r:e!!tpted from customs duti€s and t nxes, and can b(· 
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disposed of at the reauest of tnIDP and ( Executin.:;: a.§;e:::.·:::: 
~ith the aoprov~l of the ~i~istry of foreiRn affai~s ~y 
ei t~er local sale or r-e- exportation. In case nf lo ca:. 
sale, these ve~icles will be exempted from custons du~us 

and o~her taxes if the sale takes place five yea~s ~r ~e=~ 

~rem the date of en try int<"' the country. 

I. Legal ~ontext 

This project document shall be the instrument ,,...Q ...:- .::>T'"..,...c....: .. - ... -- - -·-
to as such in article 1 of the stand ;:.-.d basic agreement 

between the Gover.!lment of the arab republic of ~gypt and the 

United nations development programme, signed by the parties 
on 19 January 1987 • 

The country implementi~ agency shall, for the purpese 

of the standard basic agreement, refer to the Government 
co-operating agency described in that agreem~nr: 

The following types of revisions may be made to this 
~reject document with the signature of U!IDP resident 

re?resentative only, provided he or she is assured that t~e 
other signatories of the project document have no objections to 

the proi;>osed changes :-

A) Revisions in or in addition of any of theannexes of the jr:J.je: 
document; 

3) Revisions which do not involve significant c ha."1ges in .... .. ne 

i!D.Cediate objectives, out ?Uts or activities of a project, 

but are c used by the rearrangement of inputs already agreec ~o 

or by cost in creases due to i nflation and • 

C) Mandatory anct revisions which rephase the delivery o: 

agreed proje~t inputs or increased e:.:pert or other ccsts 

due to inflation or take into account agency exper.dit•.rre 

:1exibility. 
J. Budeets • 

See attached bud~et sheets. 
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',t/ork Plan 

.-.'o!:"k . .i.c ~i vi 4:ies 

- .::x-;er~ -:o comt> to Egypt 

:~r 2 ~eeks to p~epare 

dec~ent for render 

- 3ubmission of tender documents 
to :otential sub-cnn• r-ac~or 

- Receiving the offers and 
·evaluations 

Specifications of equipments 

Ten d er for perdrazin~ 

eouinments and evalution 
- Delivery of equipments 

Excution of the station 

( building, steel structure 

stand , and installation of 
the equipments. 

Train in~ Metalco personmel 
- Supe::.:-vision 

- start and tests 

Party responsib~e 
for activity 

mnno 

Metalco 

Netalco 

Sulcetracter 
Metalco 

Sub c_on• r-ac• or 

Metal co 

Sul can tractor 

, ' 
' ' 
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schedule of project re•riews7 Reporting ar.d evaluation 

Triparte 

re•riewC. 

('i'e-c:tni cal) 

evaluation 

Months after si~natu re of the lincense agreement 

12 

24 

12 

20 
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Annex III 
·rrain£ Progr:3mme 

I':'EMS Subject of training profession No Duration 

se 1ection of tension Engineer 2 4 weeks 
oosition Technician 2 

' ' 2 opera tines the test Engineer 3 ' ' 
Technician 2 ' ' 3 Recording the results Engineer 3 ' , 
Technician , , 

4 Evaluation the results Engineer 2 ' ' Final report 
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BRIEF Tmfi OF REfllIDll 

The transfer of technology for the construction of testit¥ st1tions for to test steel 

towers for tran9Tlission lines will be carried cut thl!urgh krn.J hOJ and blUC' prints frcm a c~ny 

or expert office with wide experier.ce in ::hat field. The required know haN g.hies Hetalco the rig.ht 

to construct the station to perfonn the tests of towers. and stre~th the capability of the 

c~ny to prodocc the to..\?rs the surplus prodoction of towers will be export~ after satisfyi~ 

the needs of the Ministry of Electricity. Detailed tems of reference wi 11 be elaborated by 

Hetalco for biddi~ purpose. 
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United Nations ind .s t=-ia!. ue·relo;::ne~t 

O!lGA~iI2A:':O:·'. :Jro iec~ in the AR.~.3 :..EPU~LC of SGY.P~ 

JOB DESCRI?'!.'ION 

Post title : Experlin the design for const=-uctio~ of test 
station of towers for transi~ission lines 

33· 66 , 220 , 500 K.V. 

Duration 2 Months 

Date required 2 nd quarter of 1989 

Duty station 

Puros of project To design and teview the specification 

for the building, structure and equipment 

necessary for the testing station. 

Duties : 

Qualifications 

Langriage : 

The expert will proceed ~ith the above 

mentioned and will be specifically capable 
to review the specification of building and 

Equipments. 

Engineer with wide experience in the 

field. 

Engl.ish 
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Photographs of the Site and the Factories 

\ 

The site at Helwan seen fro~ 
the entrance towards the north. 

The site seen from the north towards the south. 
The Steelco factory in the background. 



The site seen from the east towards the nile. 

.,. 

; 

~ .... - · ..... -.... -· . .,. - ,,_ ..... 
- .~ :.:. " - . ... ··- - .. 

. · .... .. 
:.·· .. 9 ... 

The site seen from the west towards the east. 
A small weigh-house in the ~ackground. 
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CNC line at the factory at Mezzalat. 

Section of a tower crane. 
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Assembly test of a high voltage tower. 

Assembly test of a tower. The bottom 
part of a Peiner crane is seen as well. 
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PEINER Crane TN 85 
with luffing jib 

s ·F 

Characteristics 

Max. load 
moment 

Max. 
radit·s 

Max. lifting 
capacity 

11 a mt I 
I 

42 m 

12 t 

TN 085.02 E 
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.. LI LI LI L• LI LI .............. 17M -· ar.- aa.n 11.- 41.JO ...... .._. ............ .......... ... ........ _..,. ... _..,. ... _..,. ... 
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14.00 12.00 I 1.10 .. 
12,15 11,10 10.00 

12.eo 10.80 11,10 •.so 10.45 

12.25 10.50 10.11 9.25 11.00 

10.55 9,05 10.20· 8.75 a.11 7.SO 112.20 

10,87 9,15 '·'' 8.50 1.51 1:10 13.00 

1,74 8.35 1.33 8.00 1.18 7.00 I.II s.• 14.20 

9,15 7.85 1.92 7.65 7,87 6,75 8.35 5.45 
~ 

15.00 

1,40 7.20 1.51 1:10 7,58 6,50 8.28 5.30 5,50 4,15 15.IO 

7,8' 6.55 1.05 6,90 7.23 6.20 a.oo 5,15 5.31 
·-

4.60 17.00 

7,17 8.15 7.75 8.85 1JXJ 6,00 5.83 5.00 5.25 4.50 4,00 3.50 17,IO 

1.00 1,00 7,8' 6,55 1.94 5.95 5.83 5,00 5.25 4.50 4.02 3.45 17.15 

7,11 6.10 ... 5.85 5,80 4.IO 5,07 4.35 3,IO 3.35 19.00 

8,85 5.70 8.24 5.35 5.38 4.60 4.IO 4.20 3.15 3.30 20,00 

e.11 5.30 5,95 5,10 5,19 4,45 4,72 4,05 3,73 3.20 21,00 

I.II 4,75 , .. 4,70 4,90 4.20 4,!S 3,90 3,11 3.10 22,40 

1.30 4,55 4,71 4,10 4.43 3.80 3.56 3.05 23,00 

C,95 •'-.25 4,80 3,95 4.25 3.15 3,f4 2.95 ~4.00 

4,18 4,00 .4,43 3.IO 4,14 3.55 3,32 2.85 25.00 

4,11 · 3.70 4.20 3.80 3.18 3.40 3.21 2.80 26.00 

a.to 3.35 3,98 3,40 3,71 3.25 3,15 2,70 27,20 

3.15 3:10 3.17 3.15 3,03 2,60 28.00 

3.11 3.10 3,50 3.00 2,97 2,55 29.00 

3.44 2.95 3.32 2.85 2.85 2.45 30.00 

3.20 2.75 3.20 2.75 2,74 2.35 31.00 

3,03 2.80 3,03 2.80 2,12 2.25 32.00 

Z.IO 2.IO 2,11 2.50 2.58 2.20 12,70 

2.74 2.35 2,45 2.10 34.00 

2.12 2.25 2.33 2.00 35.00 

2,45 2.10 2,27 1,95 36,00 

2.27 1,95 2.15 USS 37.00 

2,20 1,IO 2.10 1.80 37,50 

2.04 1,75 38.00 
.....--

1,70 3Q.OO 
1) Thia crane has been deal~ed according to 1.11 

DIN 15018- Hoist Group 1 /Load Group B 3 - 1.81 1,80 40.00 
and Incorporates the newest technical features. 

1,75 1.50 41.00 Aa long as DIN 120 remains In force the crane can 
also be classified In Crane Group I or II according 1,11 1AO 42,30 
to DIN 120. 



Technical Data 
Worlclng Speed• end Motor Power9 

"'llWIPSI .......... 

lrdgear 

lstp., 

Moletlll9 "' nwmn. 
tlwoparfbnel 

&!11 ;ear 

Jra gear 

2nd gear 

1st ;ear 

Aolitl.,. "' nwmn. 
ttnrff Dart -I 

'"';ear 

3rd gear 

2ncl9Hr 

•st ;ear 

JI 5 I0,01 

25 !OS.Qt 

"2 1<:19.51 

21 10601 

1&.7 to 7.51 

75 to 12.0 I 

-- 8t> -

Jt S toS.01 
50 to t.61 

25 10631 
40 !O 1.61 

I 11.2 10951 
! !Y~ !e !.!! 
i 
' '-: 

21 ro 7.51 
33.J to 241 

t&Jr109 I 
2ti,7 to 24 I 

7.5 to 1201 
t2.5 to 2.&t 

.HJ 

. 21Stl2l 

50 IO 2.5 I 

22.5 ro 5.61 

lt.5 '°'01 

25 1050 I 

• 112 109.51 
I 

I 

I -
I 

21 lo&.O I 

t&.7 to 7.51 

75 10:2.01 

manual contrOI ; manual contrOI . manual contrOI 

"' 
. 215tl2l 

50 10 251 
., 041 io...,... 
22.S to 561 
35.S ro O&t 

tower>ng 

J• 5 10 ,_QI 
50 10081 

IO_.ng 

25 ro50t '° 10 Q.lt 
IQ--'Q 

. •:2 to95t 

. ,,.,. ~')!! 

~ 

21 !06.0t 
JJ.J 10 121 

IOwenftll 
•6.7 to 7.51 
20 IQ 121 

IOwenng 

75IQ1201 
1'810121 

lowent19 

manual contrOI 

HS 

•JOt.at 

100 la!,, , ,., too." 

63 !'022,1 
•00 to 06! 

40 IO 3.81 
E.J "'•01 

25 ro 561 
40 10 t.61 

50 102.81 
80 to 0.1! 

Jt.5 ro ,51 
50 tot JI 

20 ro~&r 
JI 5 ro 2.2 r 

•2.5 10951 
~ !~ ~!! 

33.J I0,21 
' SJJ 10 t.21 

it 1n&nr 
n:i ro 201 

tJ.J 10 "" 
21 10 3." 

!!.J !O 12.01 
•J.J 10 361 

rel1'ote conrrQI 

Dnve !llrn ·oriaui currenll D C • trlrff-Ollae c:..r91\I llWH-OllaM current 0 c 
Contro• I ec!Oy·current Drake . ecscs1-current t1rake 1 Ward-Leonard 

Soeed 

Stewi"t t rpm 

J1ll luffin9 63 sec rotal 

Trawelhn9 

Power·· 

5kW 
168PSl 

T7t.W 
123PSI 

2 • 'OkW 
12 • 1l.6PSI 

Remar11s 

Dall llnr.ng race 1Rotne Erdel 

trom min ro maa raorus 

min cuN• racs,us ·1nne,. ~a111 "5 rn 
recOl1'mended1~'t;~ - S •9 or Preussen 8 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Electrical Power Supply 380 Vt 40 cycles 

germ•ssaDle callle le'19trt' 
deoend1n9 on callle cross·secr1on 

HO•SI '•25 mm' 

.. ' H) .. .& . is·""" •40m 

.. 6 68 k\IA !20,,, 

.. 2or.,5 79 k\IA 1 tO"' 

recommended ruse 1NHi l• 125 ... 

Weight• and Reaction Forces 
Crane weight.. - 3 7 t 
Counter werght ballast1• • 32 I 
Corner pre11ure (t)•· 

••35 ,.._..,, 

190"' 

!"Om 

160m 

3· '6UA 

,.50 ....... 
27C m 

2.a"' 

22')'" 

3. 22•,.. 

Crane out of operation Crane 1:i operation 

(Storm from the front: (Wind speed •80ilm/hl 

Corn11r 
1101111on 01 rill 1101111on or pll 

Corner 
Ill 

.. 2097 2981 119 .. 19 ~1 1907 

e JUI 29'1 21 l(i a 31,Sl 28.90 
I c 16.23 18.9' 
' ---I D ... 7 11 

c 1llil2 5.28 I 2710 I 

----l 
0 I ~I 528 119 ' 

D 

5000 
Ill 

7 JO 

18.llO 

28.71 

I 7.41 

A 

c? I 
250 

I = Horizontal force due to wind - 5,5 I 
11Tt1re,.·ot1•H11111nno motOt 
21 According 10 VOE 010014 '1 ~l ror movallre ca11re1 encl •"U 5'\ •Olt•O• droo 
JI Power control Dy PEINER Field Wn•en1n9 Control Uno! --

6 300 

250 
''Woll! 1111L5 and g,.011101nt 1te•gn1 or •em -- -51 Se• crane manual ror 11a11n1 Su1111cr ro et1ano1 wolhOul not•Cf' 

H6 

100 10 ! & I 

40 '" J8t 

2s to 561 

50 10281 

Jl5 ro &SI 

20 to •91 

'2.5 IC 951 

33.3 to &2 t 

21 to 6.72r 

tJJ 10 tt &! 

8.3 ro •201 

-· 

\ 

I 

c 

-III 

8 
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95 
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ANChOR BLOCK FOR 
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ERECTION 
SPACE 

PAVEl1ENTS 
ANO DUCTS 

28 
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'-----..J SrDRAGE 

11EASURES IN 11ETRES 

TOUER TESTING STATION 
PROPOSAL FOR LAYOUT 
I: 1000 
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Example of test-data report. 

TEST-DATA REPORT 

METALCO TOWER TEST STATION 

Type ..:>f tower tested: ........................................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ .................. . 
Name of tower manufacturer: .•.••....•...••..•.•...........•...... 

Address of tower manufacturer: ••.•••....•..••.................... 

Name of tower designer: 

................................................................. 
Address of tower designer: ........•.....•.•.......•.............. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Name of client: .................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Address of client: ................ .............................. . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Names of persons present during the test: .••....•................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • • • • • • • • • • • • to ••••••••••••••••••••••••••••••••••••••••••••••••• 
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Example of test-data report. 

DATE: ........•...•..... TIME: .............. . 

I..oad case: ..••.••..•....•...•.......•............•..•.....•...... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Load step: ......... t 

Wind speed: ........ m/s Wind direction ......•.•• deg. 

Temperature •..•••••• deg. c. 

(M: Winch in manual, **·*= Measure-error) 

SPECIFIED LOADS 

SYSl SYSl SYSl SYSl SYS2 SYS2 SYS2 SYS2 
RED YEL BLUE GND RED YEL BLUE GND 

Longitudinal 15.3 19.0 22.0 31. 3 27.2 31.0 28.3 18.2 
(kN) 

Transversal 15.3 19.0 22.0 31. 3 27.2 31. 0 28.3 18.2 
{kN) 

Vertical 15.3 19.0 22.0 31. 3 27.2 31.0 28.3 18.2 
(kN) 

WIND WIND WIND WIND 
LOW MLOW MHIG HIGH 

Longitudinal 2.0 2.0 2.0 2.0 
(kN) 

Transversal 2.0 2.0 2.0 2.0 
(kN) 

MEASURED RESULTING FORCES 

SYSl SYSl SYSl SYSl SYS2 SYS2 SYS2 SYS2 
RED YEL BLUE GND RED YEL BLUE GND 

Longitudinal 15.6 19.2 21.8 31.1 27.4 31.2 28.3 18.0 
(kN) 

Transversal 15.5 19.2 22.2 31.5 27.5 31. 2 28.1 18.0 
(kN) 

Vertical 15.lM 19.2 22.1 31. 5 27.0 **·* 28.1 18.5 
(kN) 

WIND WIND WIND WIND 
LOW MLOW MHIG HIGH 

Longitudinal 2.0 2.0 2.0 2.0 
(kN) 

Transversal 2.0 2.0 2.0 2.0 
(kN) 
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Example of test-dat.i report. 

MEASURED DYNAMOMETER FORCES 

SYSl SYSl SYSl SYSl SYS2 SYS2 SYS2 SYS2 
RED YEL BWE GND RED YEL BLUE GND 

Longitudinal 14.5 18.0 20.0 30.2 27.0 30.3 28.0 18.0 
(kN) 

Transversal 14.5 18.0 20.0 30.2 27.0 30.J 28.0 18.0 
(kN) 

Vertical 14.5M 18.0 20.0 
(kN) 

30.2 27.0 **·* 28.0 18.0 

WIND WIND WIND WIND 
LOW MLOW MHIG HIGH 

Longitudinal 2.0 2.0 2.0 2.0 
(kN) 

Transversal 2.0 2.0 2.0 2.0 
(kN) 

DEVIATION SPECIFIED LOADS - MEASURED RESULTING FORCE 

SYSl SYSl SYSl SYSl SYS2 SYS2 SYS2 SYS2 
RED YEL BLUE GND RED YEL BLUE GND 

Longitudinal -2.0 -1.1 0.9 0.6 +0.7 +0.6 0.0 1.1 
(%) 

Transversal +1.3 -1.1 -0.9 
(%) 

-1.3 27.2 -1.1 0.7 1.1 

Vertical 1.3M -1.1 -0.5 -0.6 0.7 **·* 0.7 -1. 6 
( % ) 

WIND WIND WIND WIND 
LOW MLOW MHIG HIGH 

Longitudinal 0.6 1.0 -0.5 0.2 
(%) 

Transversal 0.3 -1.2 -0.7 1.0 
(%) 

DEFLECTIONS 

SYSl SYSl SYSl SYSl SYS2 SYS2 SYS2 SYS2 
RED YEL BLUE GND RED YEL BLUE GND 

Longitudinal 154 178 201 168 170 216 135 123 
(mm) 

Transversal 154 178 201 168 170 216 135 123 
(mm) 

Vertical 154 178 201 168 170 216 135 12 3 
(mm) 

(Page 2 and 3 are repeated with test-data from other load cases 
and load steps) 



- % -

control room 

I' I 



- o; -

PRICES OF EQUIPllEM'l' AND CD1PU'1'!RS 

The budgets are based on the rate of exchange on 13 February, 1930: 
100 US$ = 645 Danish Kroner. All prices are in US Dollars. 

Mechanical equipment: 

Winches 

cable Direction 

Cond. Long. 
Transv. 
Vertical 

Gnd. Long. 
Transv. 
Vertical 

Wind Long. 
Transv. 

Load Line 
Force Parts 

400 2+4 
400 2+4 
150 2+4 

150 
150 

50 

50 
50 

2+4 
2+4 

2 

2 
2 

Line 
Pull 

50 
50 
18.8 

18.8 
18.8 
25 

25 
25 

Price 

15,000 
15,000 
5,000 

5,000 
5,000 
5,000 

5,000 
5,000 

No. 

6 
6 
6 

2 
2 
2 

4 
4 

Total 
Price 

90,000 
90,000 
30,000 

10,000 
10,000 
10,000 

20,000 
20,000 

Winches purchase 
Transport (5%) 
Assembling + test 

Annex 

280,000 
14,000 
10 ,000 

Total price winches 30~,000 

Steel wires 

cable Direction 

ConJ. Long. 
Transv. 
Vertical 

Gnd. Long. 
Transv. 
Vertical 

Wind Long. 
Transv. 

Security 

1st part 
Dia. Lenqth Price Dia. 

32 
32 
20 

20 
20 

20 

320 
270 

60 

320 
270 

100 

10 
iO 
4 

4 
4 

20 
20 
14 

14 
14 
14 

14 
14 

2nd part 
Lenqth Price No. 

220 
220 
220 

220 
220 
110 

320 
270 

4 
4 .., .. 
2 
2 
2 

2 
2 

Wires purchase 
Transport ( 5\) 

6 
6 

2 

2 

6 

Total price wires 

Total 
Price 

24,480 
.?. : , 480 

-l,080 

J,440 
3, c.JO 

.;40 

2,Sf\O 
: , 160 

? ,..;oo 

6-l ,J80 
.. :~oo 

67,280 
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Blocks 

S: Number of sheaves 

1st part 2nd part Total 
Cable Direction Load s Prict! No. Load s Price No. Price 

Cond. Long. 400 1 6,500 6 200 2 3,000 6 57,COO 
100 1,500 6 9,000 

'!'ransv. 400 1 6,500 b 200 2 3,000 6 57,GOO 
100 1 1,500 6 9,00G 

Vertical 150 1 2,500 6 75 7 1,200 6 7,200 
38 1 600 6 3,600 

Gnd. Long. 150 1 2,500 2 75 2 1,200 2 7,-100 
38 1 600 2 1,200 

Tran3v. 150 1 2,500 2 75 2 1,200 2 7,400 
38 1 600 2 i.,200 

Vertical 50 1 800 
., : ,600 -

Wind Long. 50 1 800 4 1,200 

Tran~v. 50 1 800 4 3,200 

Slacks purchase 168,000 

Transport (5\) e,~co 

Total price blocks 176,400 

Winches ]G.~, ::JOO 

Steel wires 67,~20 

Blocks :1r,,.rno 

Total price mechanical equipment. 547,680 

or approximately 550,000 



Reasurinq equipment: 

Dyruunometers 

Cable Direction Load 

Cond. Longitudinal 400 
Transversal 400 
Vertical 150 

Gnd. Longitudinal i50 
Transversal i50 
Vertical 50 

Wine Longitudinal 50 
Transversal 50 

- 40 -

No. Price 

6 7,800 
6 7,800 
6 5,500 

2 5,500 
"!. 5,500 
2 2,500 

4 2,500 
4 2,500 

Purchase dynamometers 

Purchase total station 

Purchase weather station 

Purchase measurir:g equipment 
Transport (5%) 

Total price measuring equipment 

Total 
Price 

-lt,800 
-16,800 
33,000 

11,000 
ll,000 

5,0CO 

10,GJO 
10,000 

173,600 

40,000 

216,6(,.J 
:o,s~o 

227,430 



Computer system 

Hardware: 

software: 

PLC 
PC 
Printer 
::antral desk 
Instrumentation 
in control desk 
Power stabilizer 
Cables: 
ax (2 x 20 x 0.7) x 120 m 
Cross fields 
Security circuit 

Hardware purchase 
Transport (5%) 
Assembling 

Total price computer hardware 

PLC, general 
PLC, Winch control 
PC 

Total price computer software 

~otal price computer system 

Test on site 
Mea,;uring eqvipment 
Handling of subcontractor 
for measuring equipment 
(10% of 227,430) 

Total price measuring equipment 
and computer system 

or approximately 

(The pnce of dynamometer tes~ rig i,,; not. incLuded in this budge•.) 

lC,QOO 
l~,000 

2,0JO 
4,000 

8,000 
3,JOO 

c ,... .'\I"\ 
..J 1""'-'V 

8,00C 
3,000 

58,000 
2,900 
7,000 

67,900 

7,000 
:S,800 
25,000 

47,000 

114,900 

10,CCO 
227,..;Jo 

2J ,000 

375,330 

380,000 



TOUER TESTING STAT.JN. UNIDO POSTS DP/EGY/681032/11-60 AND 63 
TIME SCHEDULE. PROPOSAL or FEBRUARY 1990. 

. . 

~::RIPT ION ·--· ~ MONTHS 11 I 2 I J 1415161 Ja I g J 10111 I 12l+J++l1TI~~,-
1 DESIGN OF STEEL UORK 
2 SPECIFICATIONS FOR SUPPLIES 
3 REVIEU BY EMPLOYER 
4 PRINTING OF TENDER DOCUMENTS 
S SPECIFICATION OF CIVIL UORK 
6 REVIEU BY EMPLOYER 
7 

B GEOTECHN[CAL [NVESTIGATJONS 
9 DETAILED DESIGN OF FOUNDATIONS 

1

10 
1 I LEVELLING OF SITE. COMPACTION 
12 FOUNDATIONS. ETC. 
13 CONTROL BU I LD I NG 
14 SUPERVISION. CIVIL UORKS CEMPLOYERl 
I 5 F ABR I CAT I 0~1 OF STRUCTURAL STEEL 
I 6 ERECT I ON OF STRUCTURAL STEEL 
17 SuPERVlSION. STEEL UORK 
18 
19 TENDER OUOTATICN. SUPPLIES 
20 AUARD OF CONTRACTS 
21 F ABR I CAT I ON. TRANSPORT 
22 I NS TALAT l ON 
23 
24 CO:'"lM [~SI ON IN'.; 
25 SUf'lR\ i Si DrJ OF SUPPL IFS 

~ 

mJ 
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