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Explanatorv notes 

The value of the Costarrican colon during the period of 
•ission: 1 l.JS$c 73.20 to 74.20 Costarrican Col6n. 

the 

Definition of abbreviations used in the report: 

UNDP : United Nations Develop.aent Prograa, San Jos~, 
Costa Rica. 

I.C.E.: Instituto Costarricense de Electricidad 
P.C. : 
PRENAC: 
ESCOSA: 
PCI : 
FIP : 

Productos de Concreto, S.A., San Jo~, Costa Rica 
Pretensados Nacionales S.A., San Jos~, Costa Rica 
Estructuras de Concreto, S.A., Cartago, Costa Rica 
Prestressed Concrete lns·~itute, Chicago, Ill., USA 
Federation Internationale de la Pr~ontrainte, 
London, England 

BVM : Beton- es Vasbetonipari Muvek (Concrete and 
Reinforced Concrete Works, Hungary 

PFEIFFER:Pfeiffer Maschinenfabrik, Federal Republic Germany 
ETI : Epitestudomanyi Intezet (Institute for Building 

,. • c. : 

Notes 

Science), Hungary 
reinf~rced concrete 
p;-1?.:;t -esse·~ c-~'•CrEtti: 

SI system is accepted in Co$ta Rica, hot<;ttver some 

former units are frequently used, such as 

1 kg • appx. 10 N, 
1 kg/cm2• 'appx. 0.1 N/mm2 
1 psi • appx. 0.07 N/mm2 
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Abstract 

Title of project: l•provetaent and upgrading of the design, 
•anufacture and erection of reinforced 
and prestressed .. _nr:rete pylons for high 
voltage poMer traa1s . .1ission lines. 

Nwltber of project: UC/UD/COS/87;066/11-51/J 13419 

Duration of the activity: 33 days (18 days in Duty station 

Obje~tives of the activity: 

San Jos~ dnd the rest hoae-based 
work 

Survey and collection of infcrmati:>n on existing and 
potential design capabilities and produ·=tion technologies of 
p.c. poles for high voltage transmission lines in the 
country. Definition of problems and shortco•ings, 
demonstration of ways and means of the improvement of 
production. Providing information on the up to date 
technologies in prefabrication of p.c. pole~ and preparation 
r-f A pr-eliminary f)roposal of a nj lot pl.11nt. Preparc.tion ,,., 
t•.e \.rairunc; pro1:1--anw.ie and factory vi:;i ts in tlungary for lwt' 
munths for the Costarrican engineers. 

Main conclusions and recommendations: 

Prestressed concrete polr.i for tr•ns•ission or distributi~n 
lines are produced by three coepaniess · PC, PRENAC and ICE 
~•l taoether in 5 plants. I•provet11ent in d•t•ils •nd 
prefabt·icat.ion of other types; of- structurl'.l elements •re 
rec;ommended • 

Rec:ommendations were ••de to the Costarrican Governe11Htnt for 
setting . up a new project for the development of the 
industri•lized construction CR.1), for organizing a training 
prog~am for civil engineers in desiqn, manufacturing and 
er~ction of prefabricated •tructures CR.2) nd to set up • 
multipurpo~e shift•ble pilot pl•nt for the prefabric•tin of 
preat.rP.t5Sfird concrete poles arid c,ther types of pr•stressed and 
r·einforced concrete structures CR.:Z). 
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Recc . ...endations ..ere •ade to ICE to investigate the 
feasibility of Vierendeel type p.c. poles (R.4), to study a 
large series of docu•entations·Nritten or collected by the 
expert and given to ICE on site (R.5, R16 1 R.7), different 
progra•111es for the visit of ICE experts in Hungary (R.B, R.9, 
R.10 1 R.11). 

Reco .. endations ..ere .ade to prefabricating c0!9panies in 
proble9s of safety .easures (R.13, R.14 and R16), of 
i•proving the quality of the ele.ents (R.12, R.15, R.17 1 

R.18). 
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INTRODUCTION 

objective of the project is the i•provement and 
of the design, 11anufacture and erection of 

CCJ!lcrete pylons for high vol~age power 

The 11ain 
upgrading 
pres tressed 
trans.ission lines. 

The •ission reported is the first part of the project which 
is follOMed by the training progra.-e and factory visits of 
two Costarrican engin~rs in Hungary organized on site by the 
Hungarian Institute ETI. 

• 
The duration of the activity: 33 days, with 18 days in Duty 
station San Jos•, Costa Rica and the rest hotne-based work. 

"The original objectives of the activity according to the job 
description were: 

1. Undertake necessary survey and collect technical 
information on existing desiqn capabilities and 
production .technologies of concrete pylons for high 
voltage transmission lines in the country. 

2. Eva.lu.'lte the collected information and 
problems and shortcomings i~ the desiqn and 
uf concrete pylons. 

• 

define the 
production 

3. By means of visiting the production plant, lecturing and 
having consultations with lor.al technical staff, 
r!e1'or1!=tr-$t-• w~v·> a;1·:' m:>.a .• ~ t-,c • ..- tn~ ctu:.~itv ar:c.' c;;,;ant.i~y 

and of the .;iroJuc tion co•- _c; 1:1e i1t1pr~vttd taki ·1g i11to 
consideration thrt availability, quality and handling 
methods uf ~aw material and existing equipment and 
manpower. 

4. Pay a short visit to some other plants, manufacturing 
other types of concrete products in ar.d around San Jostt, 
particularly those wl•ich are capable' of manufacturing 
prestressed concrete eiements and establish a comparison 
between the technological advancements of these plants, 
and the plant which is p~oducing only concrete pylons 
for high voltaga trans•ission lines. These visits and 
accompanied assessment wou~d lead to • better evaluation 
of the technolooies and capacities available in th• 
country in precast concret• industry. 

5. Ad.,i"se and provide ir.formation for the authorities of 
JCE ~n the recent developmQnts and u~ to d~te 

tf:.tc ... nolooi•• eKi•tino in most ciev•lopeo countries in the 
c:oncr-et~ pylon manufact:uring tt1chnology par-ticular-ly the 
pr&~tresain~ technoloqiws for these pylons. 

;, 

• 
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6. Prepare a preliminary proposal/lay-out and design of a 
pilot plar.t, including all necessary equipment for 
prestressing, concrete production, curing, storing, and 
all facilities required for s.vlufacturing concrete 
pylons with high standard and quality. The draft 
proposal should take into account the capacities and 
opti•w. uti.ization of existing facilities and should 
provide a cost estimate as .-ell. 

7. In close co-operation with the Hungarian Institute 
Building Science prepare a training progra ... e 
factory visits in Hungarv ·for two 1nOnths for 
Costarrican_ engineers. 

for 
and 
the 

8. The expert is P.xpected to prepare a final technical 
report setting out-the findings of his consultation 
111ission and~ also a set of recommendations and a 
programme to the Government for further actions which 
miJht be taken in order to im~rove the technical 
cape1bilities. 
This report should be submitted to UNIDO 

The detailed programme prepared by I.C.E. before the arrival 
of tJie l".Xpert was in accordance with the original objectives 
listed dbove, but it concentrates to the manufacture· 
(pr~fabrication). 

The objectives slightly modified by I.C.E. were al:tained 
taking into account the duration of the activity. 
~n ti">~ be.se of thr=: finri.:..,r.~ ·'ur tt.c.:r r:>rcs:ros •. ~Js are r .. at.-~ in t: •. 
to I lowing n?:.0:11mE0'1'' "t tons. 

• 
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RECOMMENDATIONS 

R.1 Recomaaendation to the 6overnaent of Costa Rica 

Investigation of the possibilities of seting up a new project 
in the fra.e of the UNDP activities in Costa Rica on a cost 
sharing base for the oevelopnent. training and proeotion of 
the industrialized construction ahd syste. building based on 
prefabricated prestressed or reinforced concrete ele.ents in 
all fields of housin•; industrial, agricultural and public 
building; public works and utilities; bridge, road, railroad, 
tunnel, electrical and hydraulic construction. 
The n"'!ed of such a project is obvious at the one hand for the 
demand of a rapid and low-cost construction, on the other 
hanrl because of the substantially higher prices of imported 
srteel structures. 
Jn sonie special areas where CDfttplete building systems have 
been already introduced (such as electric poles, pipes, some 
standard single and mul~~ storey building systems) excelent 
results can be found in Costa Rica. 
In other areas the lack of training programs in design, 
prefabrication, erection, quality control, marketing, safety 
measur~s, terms of acceptance, ll!Odular co-ordination, 
standardization and of the tectviological transfer hinders the 
fur-ther develup111ent. 

R 2 RecDNmendation to the government of Costa Rica 

Delivering an extra lecture of high interest in the Colegio 
Federado de Ingenieros y Arquitectos, over t~e frame of the 
~~-oj ··:~ ~.-t vj ty -.n pr".!"a>t- ·it,.,~tt-C: st .. ,•i.; ~ff'~=- .:.nC. 'l!l£ .i.r 
fl,d;,ufacturir.g t~c:hnr,logiP.s ti.~· ~X~·~!""t r~.~0T..11P.n~.i to orgc.r1ize 
a training programme for civil and structural engineers and 
archilP-cts. This programme should be realized in the frame of 
the UNDP activities in Costa Rica on a cost sharing base in 
the following subjects: 

Design of prefabricated eletnents and complete structures with 
sp--cial enphasis 

on the r~quirement of prefabrication, 
on the analysis .and detailing of prefabricated elements, 
on the seismic requir~ments 
on the corrosion protection and durability, 
on th stability ~f structures durin9 erection and in final 
phase. 

Clual i ty control, tolerances, ter·ms of acceptance. 
Marketing in prefabrication and construction. 
Modular coordinatior and standardization in the construction. 
S~fety ~easure~ in prefabrication Bnd erection. 

Tht: optimal Lluration of that prooralflme would be bppx. thrc;rfl' 
munths with home based work~ for prepar•tion of unexp~n~ive 
i llu5tra ted technical books in Spanish l •··1Q1.1age and with 
tr .. • i .• 1.i.n'J in the 'fonn of e·1•::ninq cour~•• on site. 

e 
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R.3 Recowndation to the government and ICE 

Investigation of the feasibility and effectivity of setting 
up a .ultipurpose shiftable pilot olant for the 
prefabrication prestressed concrete poles. The sa.e plant 
can be used for the prefabrication of other type of p.~. and 
r.c. ele.ents, such as railroad sleepers, coluSls, bea.s, 
joists, lintels, floor and wall slab~ fences, s•aller bridge 
eletM!nts, driven piles, ele.ents for fc. ndation and hydraulic 
construction, etc. 
Prefabrication of that types of pols as well as of all other 
eletM!nts mentioned above can be studied during the visits of 
the Costarrican experts in Hungary. 

R.:4 Recomaendation to ICE 

Investigatit.n of the feasibility of the introduction of 
Vierendeel type p.c. poles in Costa Rica. These poles have 
rectangular cross sections and transversal holes according to 
fig. 5 and 6. The mOftlent bearing capacity in the main 
direction is appx. the double of lhat of the perpendicular 
direction. Therefore the designer can determi~e the most 
advantageous position of the poles both in portal structures 
and in case of single poles used in straight lines, angle 
points, connection (tap) points, end points, etc. 
Design, prefabrication and erection of these type of poles 
can be studied during the visit of the Costarrican experts in 
Hungary. 

R.5 Recommendation to ICE 

..; •. _ ·;,· .•r .·..,n··- . t. •• • ' ~ .·~c:, .. ,.,._, ,·; t·-f 1 , ..... r- ••. -, \.,_,,., 
technoiogi~~ 1;;,r tt.e manufactu.-e of pr-::!Stre~s.-!d concr·ete 

. poles. • 
In the frame of a direct promotion the expert gave on site 
one example of Volume I the following materials: 

2. 

4. 

Vibration technoloQy of the German Pfeiffer 
syste~ for the production of pre•tressed 
concrete poles 

Spir.ning/centrifugating/technology of the 
German Pfeiffer system for the production of 
prestressed ~pun concrete poles 

Spinning/centrifugating/technoloqy of the 
O:;:ucho-Slowakian Elecktrovod SiimP.c for the 
prod•.1c tion of spun concret,., poles 

R~.i.nforc&d concnttf! poles in Poland 

page 

2/02 

2/19 

2/26 
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5. Prestressed concrete poles in New Zealand 2/28 

6. Vibration tectvaologies of the Hungarian 2/30 
8"" systetm for the production of Vierendeel 
type prestressed concrete poles 

7. Construction of power lines for.trans•ission 2/31 
and distribution by use of spun concrete poles, 
by Erich Bacsa, Zurich, Switzerland 

B. _ Prestressed Concrete Poles: State of the Art 
by Tho.as E. Rodgers 

2/38 

Prestressed Ccincrete Institute, Journal, 
Sept-Oct 1984, pp 52-lol. 

9. · Precast concrete technologies for developing 
countries by 6.Fogarasi 

10. BVM brochures 

11. Zublin brochurP.s 

!2. Pfeiffer brochures 

The same 
slides in 
mission. 

tchnologies were introduced and illustrated 
the lectures of the expert delivered during 

lf.> 

with 
the 



R.6 RecOtlNM!ndatibri to ICE 

Study of the Hungarian electrical network system for 20 and 
35 kV Nith the ai• of t'1ei1aprovement of the distributio11 
line systeta of 34.5 kY of tCE. 
In the franae of a direc~ pro.otion the expert gave on site 
one exa•ple cf Volume· II' t.he following materia.ls: 

The vA·T-H2 Hungarian •18€\~ical network sytem for 20 and 35 
kV (Abstract with illustrations in English). 

1. 

2. 

3. 

History of development 

Standard specifications 

The VA"T-H2 hungarian electrical network 
system for 20 and 35 kV 
List of the most important illustfations 

4. Hungarian technologies for prefabrication 
of transmission poles 

4.1 BVM technologies in general 

4.2 The indoor pole technology in the BVM 
Als6zsolca Factory 

. 
4.3 Th~ op~n air t:~cfinology in t:h'!! BV!"f 

Als6,Jol~a ~actory 

R.7 Recommendation to ICE 

page 

1 

3 

4 
11 

101 

104 

11•) 

Study of the Hungarian technologies for prefabrication of 
p.c. poles. 
In the frame of a direct promotion the expert forwards in 
Annex IV the following materials: 
"Hungarian technologies for prefabrication of transmission 
poles". 

R.S Recommendation to ICE 

Study of the mowt important standards and guide lines for the 
desiqn of high voltage electrical networks and prestressed 
concrete poles. 
Jn the frame of a direct promotion the expert gave on site 
one example of Volume III the copie3 of the followinq 
mater icd s. 

1. Auid~ Speci~ication for Prestressed Concr£te Poles 
Prestressed Concrete Inslitute Journal, May-June 1982, 

I 

Chica;o, p. 19 to 29 
• I 
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2. Guide for Design of Prestressed Concrete Poles 
Prestressed Concrete Institute Journal, May-June 1983, 
Chicago, p. 23 to 87 

3. Response of spun cast Concrete Poles to Vehicle l•pact 
Prestressed Concrete Institute Journal, Jan-Feb 1986, 
Chicago, p 62 to 82 

4. "5Z 151/1-86. Overhead lines for pater trans•ission. 
Installation prescriptions for high voltage overhead 
tran~ission lines 
Hungarian St. ndard /in Hungarian/. pp. 23 

5. l"ISZ 15113-73. Overhead lines for power transmission. 
Supports /poles/. 
Hungarian Gtandard /in Hungarian/ pp. 18 

6. MSZ 15114-68. Overhead lines for power transmission. 
Support /pole/ foundation. 
Hungariar. Standard /in Hungarian; pp.8 

7. Rainforced and prestressed concrete line poles. 
Poles of low load bearing. 
MSZ 4781/2/87. Hungarian Standard/in Hungarian/ pp.6 

8. MSZ 15020-86. Design of load bearing structures of 
buildings. General requirements. 
Hungarian standard/in Hungarian/ 

9. l"ISZ 1502t.'l-R6. J>p~'t<;n cf lo.-d b!?3ril"'g 
hui ldir1gs. Df"<:.i9,·. lt1ads for b"-•·' ldi•1gs. 
Hur1gc.rian standard/in Hungarian/ 

10. HSZ 1502112-86. Design of load bearing 
buildings. Requierements for rigidity. 
Hungarian standard/in Hungarian/ 

pp. 

~truct•1;-c~ 

pp. 

~tructures 

pp. 

5 

of 

30 

of 

4 

11. MSZ 1502211-86. Design of load bearing structures of 
buildin;s. Reinforced concrete structures. 
Hung6rian standard/in Hungarian/ pp. 50 

. 
12. MSZ 1!5022/2·-86. Design of load bear"'ing str"'uctures of 

buildings. Pr"'estressed concreto str"'uctures. 

13. 

14. 

Hunoar"'ian st•ndar"'d /in Hung•r"'ian/ pp. 9 

- ~SZ 15022/3-Sb. Design of load bearing structures of 
buiidinos. Prefabr"'icated con~r"'ete, reinforced and 
prestr~ssed concrete structur"'es. 
Hu1~q,.-,..ian Standard /in Hunqar"'ian/ pp. 

C~nstr"'uction of high voltage aer"'ial networks over 
nominal v~ltage cf 1 kV, December 198~. 

1 ... • 

DIN VOE 0210. German St~ndard/in German/. pp. 46 

12 



R.9 RecQ!!!!end~tion to ICE 

Improvement of the teras of acceptance of concrete 
quality and tolerance control base. In case of 
brief training in qua!ity control is available in 
of the visit of ICE experts in Hungary. 

R.10 Recommendation to ICE 

poles on a 
demand a 

the frame 

Visiting prefabrication factories •anufacturing p.c. poles. 
In case of demand the two Hungarian factories producing p.c. 
poles can be visJ -~ec1 during the visit. of Costarrican experts 
to Hungary. 

R.11 Re~ommendation to ICE 

Study of the design-methods of prestressed concrete poles and 
supporting structures. If the Hungarian Institute ETI can 
assure the terms a consultation with Hungarian consulting 
offices EROTERV, EPINVEST, ETI, BVM, etc. is advisable in the 
problems of ultimate and crack control design. Furthermore 
d consultation in design of high voltage transmission poles 
and portal structures is also advisable {e.g. with Bacsa 
Con$ulting Zurich, who has a filiate in Vienna too). 

R 12. Recomme~dation to ICE and to the precasting plants 

The optimal lifting points of p.c. poles for stripping, 
lifting, handling an~ erection should be selected on a base 
•..>f '=''"'? opt.imal -:!'JU:\l .i.7.a"i:ion of ~oc:.i i_.~·1"? ,•nd n~'·F :_i 'el,~n·.H.ng 
•;toments. 
The forwarded PCI material£ contain valuable data for the 
calculation of the optimal handling points. 

R 13. Recommendation to the fabricating companies 

Some prefabricating companies don't use efficient safety 
caps, covers or shields which protect the workers against 
striking ste~l tendon parts if breakage occurs or against 
striking parts of anchorage chucks and grips if slippage 
ocurrs. Further safety measures can be studied in Chapter 13 
of the book Prestre5sed Concrete Technology written by the 
author. 

In same prefabricating comp~nies a lot of as5~mblinq work is 
rtonf:' over totr.il ly tensioned pn1strm;sed tendons. In those 
~a5as • two phase ten~ioninq is advisable, where thesa works 
,._,.,r, 1;t~ elem~ uver partially (30 t.u 50%) ten~ionc1d tendons. 

13 



R 15. Recowendation to prefabricating ca.panin 

At the end of !SOtM! poles longitudinal splitting cracks could 
ha found along the tendons, which are dangerous of points of 
view of slip; corrosion and durability. These splitting 
cracks can be eli•inated nor•ally by placing an independent 
small external stirrup of 591all diameter (3 to 4 .. ) in 3 to 
S rings around the tendons at the end of the pole. 
Concrete cover should be controled. 

R 16. Recommendation to prefabricating CQ!lQAOies 

Having seen an interesting self developed stirrup winding 
machine equipped with a good safety switch it has to be noted 
that the use of a wire conducting cone mounted shiftable on a 
horizontal axle and also connected to the safety switch is 
advisable for safety reasons. 

R 17. Recommendation to prefabricating companies 

In all of the Costarrican vibrating technologies the use of 
the top mould of half-circular cross section did not result 
adequate surface of pole on the upper half. Therefore the 
final shape of the upper half surface of the pole is done by 
:"land··patr:hing. This demand at the one hand tremendous man 
power, on the other hand in certain cases transversal cracks 
could be found becasuse of the differential shrinkage of the 
patch-mortar and of the real vibrated concrete. 
If the construc 1.yion of the top mould can not be improved it 
is ~dvisabl~ the investigation of the introductio~ of a 
pol.•t:'~""~ cross section (e.g. r•f 9 angles), where only 1 of 9 
r4~-~ ~h~~!~ L~ sm~~thed 0) a ~impl~ thro~~ler. 

R 18. RPcommendation to ICE 

For further information it is advisable to contact 
Prestressed Concrete Institute, USA, (Presidents Mr. David w. 
Hanson, President of FABCON Inc., 6111 West Highw~y 13, 
Savage, Minnesota, ~5378 USA, Tel: 612-890-4444). 
The prescription for PCI Journal, purchase of the metrical 
version of PCI Design Handbook, etc. is recommended. 
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TECHNICAL REPORT 

I. ACTIVITIES AND OUTPUT 
A. Duties and object:ives of t:be activity 

Dut:ies and objectives according 
description dated of 04.09.1987 Mere 

to the related 
s follatts: 

job 

The expert will be assigned to t:he •1nstitut:o Costarricense 
de Electricidad" (ICE) and will specifically be expect:ed to: 

1. Undertake necessary survey and collect tecl'Vlical 
inforination on existing design capabilities and 
production tecmologies of concrete pylons for high 
voltage transmission lines in the country. 

2. Evaluate the collected information and 
problems and shortcomings in the design and 
of concrete pylons. 

define the 
production 

3. Bv means of visiting the prcduction plant, lecturing and 
having consulcations with local technical staff, 
d~PKJnstrate ways and means how the quality and quantity 
and of the production could be improved taking into 
consideration the availability, quality and handling 
methods of raw Material and existing equipment and 
manpower. 

1, Pay a short visit to some other plants, manufacturinq 
o~~~;- ···.' ·.:: ~f '-'."'''-·I;!'.··· nr'."-4'-" t;.:;. • i Ar·· ~~ou'1d !;~,, .jor:·:;t!:. 
p~ i~-t.•.a:-· ~Y :--.. ,:,-._.:, .. ·1h ... c.::• •" :..u• .. ·~·~-~· n-r 1nanu·'ia:.i~ .. r·.n•.' 
prestresse-d concrete elements and establish a comparison 
between the technological advancements of these plants, 
and the plant which is produc~~g only concrete pylons 
for high voltage transinission l'••c.'S• These visits and 
accomp•nied assessinent would leu. to a better evaluation 
of the technolooies and capacities available in the 
country in prec•st concrete industr .• 

5. Advise and provirt~ information for the authorities of 
ICE on the recent developinents and up to date 
technologies existing in most develo~ed countries in the 
con~rete pylon 1nanufacturin9 technology particul•rly the 
prestressing technologies for these pylons. 

6. Prepare a preliminary proposal/lay-out and design of a 
pil~t plbnt, including all necessary equipment for 
pr~~tr~3fiing, concrete production, curinq, •toring, and 
~11 f&ciliti~s required for manufacturing concrete 
pylons with high standard and ouality. The draft 
prr')iJOtial should takEt into &i1c;count the capacities and 
nptimum uti Uzation of existinq f.ac:i 11ties and should 
provide a ~ost estiinat• as w•ll. 
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7. In close co operation Mith the Hungarian Institute 
Building Science prepare a training progra..e 
factory visits in Hungary for tMD .an~hs for 
Costarrican ~ngineers. 

for 
and 
the 

8. Tht! expert is expected to prepare a final technical 
report setting out the findings of his consultation 
a;~sion and also a set of recommendations and a 
P•-1r- to the &avern-nt for further actions which 
aignt be taken in t'rder to improve the technical 
capabilities. 
This report should be sua..itt:ed to UNIDO 

8. Proara. of the teclvlical activity 

The progra• of the technical activity organized by ICE 
according to the Project Docuaent of UNIDO was as follows: 

Mondoy, 22.02.ee, Central Building of ICE. 
Exposition the requireaents of ICE for design of 
prefabricated p.c. poles. 
Description of existing p.c. prefabricating plants in and 
around San Jos•. 

Tuesday, 23.02.88 
Visit to the Patarr• p.c. pole plant of Productos de Concreto 
(see N9 2 of Annex I). 

• .. J,..J-.: .... ~r-"1 .. , ~"'·'="~ ~ 

"'is.: l~ ~..... ~ .. •... Jl.11 · 

Cebadilla, Alajuela. 

Thursday, 25.02.88 
Visit to the p.c. prefabrication plant of ESCOSA in Cartago 
(see N9 3 of Annex I). 

Friday, 26.02.88, Centr•l Building of ICE 
Discussion of the results of the previous visits. 

Monday, 29.02.BS, Central Building of ICE 
Explanation •nd discussion on the existing design 
capabilities in Costa Rica, as well as the possibilities in 
assistance. 

Tut1~day, 1.03.88 
Vic.it to the plant for prefabrication of p.c. poles of PRENAC 
in San Francisco, San Jo••· 

Wednasd~y, 2.03.88, Central Building of ICE 
l..trcturo of thtt expert and discussion on the state of th• art 
,,, thtt d~~v•lopment of prefabricating technologies of p.c. 
poles delivered to the engineers of ICE. 
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Thursday, to Friday, 03. to 04.03.88, Central ~ilding of ICE 
Preparation of a preli•inary proposal for a pilot plant for 
the .anuf,!lCturing of prefabricated p.c. poles. 

Thursday, 03.03.88, 7 s- Colegio Federado de ingenieros, San 
Pedro, San Jod. 
Lecture of Ute expert on the state of the art of the 
prefabricating technologies of different p.c. structures. 

f'lunday, 07.03.88 Central Building of ICE 
Prepar9ttion of scope of the training progra..e and of the 
factory visits in Hungary for the Costarrican engineers. 

Tuesday, 08.03.88, UNDP Office, Los Voses 
Evaluation of the results and preparation of further tasks of 
the project. 
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I I. FINDINGS AND RESlL TS CF TIE ACTIVITIES 

1. Basic materials of poles and other sup~rts 

The decisive point of the selection of the proper types and 
aaterials of the supports of the elt!Ctrical syste.s is that 
Costa Rica has no iaetallurgy and no °"" steel production. 
The high costs of i•ported steel structures forced the 
introduction of prefabrication of re7~forced and prestressed 
concrete structures in all fields of construction. 
Cetment is produced in Costa Rica in good qualities and 
quantities also for export. 
Aggregates for concrete are produced by local quarries in 
different qualities. The material of aggregates is allways 
some sort of eruptive stone crushed and classified in the 
quarries. E.g. ESCOSA uses three fractions: one of river 
sand and two fractions of crushed stones of maximal diameters 
of 7 and 20 .. respectively. The superfluous fine particles, 
such as clay and silk ·•ere washed out fr0tn the river sand 
during wet classification, while those of the others seem to 
be intact. 

• No detailed information were available on a 
investigation of the aggregates. •n case 

comprehensive 
of need a 

a possible 
on random 

consultation with the experts of ETI, Hungary on 
investigation of samples of aggregates taken 
selection is advisable. 

2. State of the art of the high voltaqe trans•ission system 
of 138 kV and 230 kV 

a. High voltage transmission system of 138 kV and 230 kV, 
b. Low voltage distribution system of 34.5 kV and 13.8 kV, 

Until 1984 the supports of the high voltage transmission 
system were mad~ exclusively of steel lattice towers imported 
from diff~rent count~ies, mostly from Italy and Brasil, a f~w 
from Spain and Mexico. The elements of the towers were 
imported in form of galvanized steel angles cut to measure 
and drilled for bolt connections. Local contractors erected 
the towers according to the design of the suppliers. 
The price of the imported steel structure of one tower was 
3 000 USS Cincr•••ing now). Spans of towers were 4:50 to 
500 m. 

In l.984 e1 shof"t section o~ a 139 kV tran~mission line cal led 
"La C..-ja Alajuela" was erected on single U!m«r: JtliL'P11.2r_tJ. of a 
length of 21 and 23 meters. Th• conductors were mounted on 
th,..,o htv~ls •'lf rigid norize>ntal type insulators to 1ninimize 
the expen•~s of thP. right of way. Timber were imported from 
the lJnitad StatetJ for a price of 900 USS ••ch. Spans of 
ti•~Dr poles ~~r~ appx. 100 m. 
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With the ai• of substituting the iaport •aterials 
the design of t-he cttlerado-Saota Rita (Guanacaste 

ICE begun 
province) 

tran59ission litw of 138 kV in 1984. 
The project w.- finished in 1985. The 
the line were ff type- structures aade of 
concrete ooles, a top horizontal steel 

standard supports of 
a pair of prestressed 
lattice struc·ture and 

a diagonal bracing ~cording to fig. 1. 
Design of the structures was based on ONrl 

sa.e sort af "-eric~ literature and 
ca.bination ef US pnwisions and ca.pany 

experience having 
assistance. A 

requiretitents were 
used in the design. 

The total lenq~n of the line was 30 K• with an average span 
of 275 to 300 •· 132 p.c. poles ttere used for the erection 
of 66 H type portal structures, Mhereas 34 supports were 
constructed of steel lattice towers because of very large 
spans ur transportation difficulties. The total construction 
cost of the line was appx. 50 p.c. of that of made completely 
with steel tONers. 

The prestressed concrete poles of a total length of 18 • had 
a square section varying fro• 320 x 320 •• to 200 x 200 mm 
according to fig. 2. The poles were pretP.nsioned with 4 pcs 
of 1/2 in (12.7 mm) diameter seven wire strands. 4 pcs of 
lonoitudinal deformed bars of 3/8 in.were the supplementary 
reinforcement of the DOie in a length of 9 m. The poles were 
produced by Productos de Concreto S.A. on a self developed 
vibrating technology in self-stressed steel molds with 
ren1ovable conical steel cores. (See photos 1 to 7 in 
1'l·~ 1· . ... j. ~f --:c ... dino t., t'htso r ·-··e ts ;:.,f rr.c- . =ll" ~('\· .,~ • "' .... "' , ..... 

·:r '°·' ,.;..:o c.1 • 1 'T.L t th£. r 11Hl1Jir .:-.1-:, ''· c.-i gr~dE: "1 "r,n~ 1 t.. • ~ •.• ~·t) 
kg;cm2 (35 MPa), however terms of acceptance are not clear. 
The weight of the pole was 1920 kg. 

The ultimate moment bearing capacity of the poles was 
Mu = 8.00 m (appx. 80 kNm) measured on a level of 2 m 
the bottom. This equals to an ultimate horizontal 
tension (load bearing capacity) of 

F • 8.00 m • ~00 kg (appx. ~ KN) 
uht 16 m 

from 
top 

which corresponds to an allowed top (design) horizontal load 
bearing capacity of appx. 200 kg Cappx. 2.0 KN) calculating 
with a ~arety factor 1.67, a supercharge factor of 1.1~ and 
tak i.rt'J int.o r.onsideration the wind load on the entire pole. 

This low value of top horizontal load bearing capacity was 
compensated in transversal direction by bracing the poles 
inti> frame l\nd in longitudinal. direction by the •pplic:atior. 
or twe> pairs or inclined anchoring St<"\ys for every third 
•.mpport. Ori the other hand thn designers of ICE took very 
low t~mper,bJro diff~r•nces into consideration in th~ d~siqn 
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(10 2C difference). Ice load doesn·t exist in Costa Rica. 
Breaking of conductors was not taken into consideration. The 
decishe period of the design was that the weight of the pole 
can not be over 2 000 kg for transportation and erection 
reasons. Large.scale experi-.ents anrl a failure test on a life 
size H type portal struc·ture stayed with a pair of inclined 
anchoring cable in both direction were .ade to verify the 
analitical results. 
The Colorado-~taRita line is in service for 3 years and no 
problems ttere presented in spite of the use of the very 
slender p.c. poles .u.d the e.pirical design. 

Based on the favorable experiences the realization of further 
trans.ission lines of 230 kV are planed in a total length of 
108 l<9 until 1993. The length of the "iravalles-Arenal 
section is 32 1<9, that of the Miravalles-Liberia section is 
~ Kia, while the length of the Siquirres-GuApiles line is 40 
K• 
The typical arrange111ent of a so called HV type portal support 
is shown in fig. 3. 
The deslgn l~ads calculated of real loads are as follows: 
Vl = 115 x 1,0 x 1,67 = 200 kg (2 kN) horizontal top 
V2 = 337 x 1,0 x 1,67 = 563 kg (5,63 kN) horizontal on 3 

isolators 
Pl = 
P2 = 

102 x 1,15 x 1,67 = 200 kg (2 kN) vertical top 
40b x 1,lS x 1,67 = 780 kg (7,BO kN) vertical on 3 
isolators 

Calculating with an average span of 300 m, two poles per 
support and a construction tine of 3 years, the annual demand 
rf '"~ .. , vc.Jtag'!' "l.i.:. .,o;~£ if. :..eta Km: (',::: ~m ,; 7. P"'.C. : '.! 
year~ = 2..:'0 pc..le·..i p~r 1~ar ir• ...,. :.,::,.,mt J:rrict:!s :.tZ1) ,, 20 C(,0 = 
4 400 000 $ per year. 

3. State of the art of the low voltage di5tribution system 

The low voltage distribution system of Costa Rica consists of 
the 34.~ kV and the 13.8 kV system. The 13.8 kV system will 
b@ replaced entirely by the 34.~ kV ·system. The main 
contractor of the erection of that type of lines is the ICE, 
however soine other local electrification institutions, like 
ESPH-Heredia, CNFL-San Jos*, Coope Guanacaste, JASEC, Cartago 
and Coope San Carlos are doing the same work in smaller 
extent. 

system 
concrute 

for that 
imported 

For the supports of the low voltage distribut1on 
o.-?ithar singl-.t timbP.r po~es, ·or sinryl-. pre-stressed 
;>olets bre used recently. Steel poles art! not used 
purpo3e any more because of th• high price of the 
st~wl 5tructures. 

!n ~noJe or connecting points of the lines inclined cable 
stays .,,.,, u~ed for balancino the poles. Cablv st.1ys are 
Jn~~or~~ in the earth by r~1nforc~d concr~t~ blocks of 
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different •asses. Other solutions, like stronger single 
poles, twin poles or portals are not used for that purpose. 

Ti•ber DOles in length of 7.62, 10.67, 12.19 and 13.71 • are 
produced for ICE in Turrialba, Cartage. However in the last: 
years only 1 500 to 2 000 ti•ber poles were produced annually 
in Turrialba, because of s.all dryinq capacity. For local 
co-operatives ti•ber poles are loc.- l•, produced in s.all 
quantities. Raising ti•ber prices yi~ ds to the consequence 
that ti•ber poles are IK>re expensive than prestressed 
concrete poles recently. 

Prestressed concrete ooles are produced in the for• of hollow 
core (tapered) conical eleaenf:.s of a circular ring cross 
section. According to the "Nor.as de Con&trucci6n, ICE, 
Sept. 1983" 10 types of p.c. ooles are standardized for 
distribution lines (see fig. 4). 1~1 type poles of lengths in 
8, 9, 10, 11, 12, 13 and 15 m havu an external top diameter 
of 13 c11t. IP type poles of lengths in 11,13 and 15 111 have an 
external top diameter of 16 ca. 

4. Prefabricating technologies of the manufacture of p.c. 
poi es 

In tile frame of the progra•-.e organized by ICE 3 pole 
technology has been visited. 

Frrductos de Coocreto (PC) is the main manufactures of p.c. 
poles. In the last year (1987) PC produces in 3 plants: the 
foilowing distribution poles' 

7•.,( ";" ..... :i of e m 
6 .::i:oo p<;S of 10 m 
1 aoo pc~ of 11 IA 

1 200 pcs of 12 "' 300 pcs of 13 • length 

10 300 pcs in total 

The distribution poles are manufactur•d in 
self-stressing inoulds with removable cores by a 

short 
self 

developed vibrating tec!inology. 
Sequences of the production are shown in 
Annex II. The level of •echanization is 
spiral stirrup, patching of the whole 
surf ~ce and thff r~moval of cores are made 
C1J1np<:l~ ting is made by one sing la vibr-ator 
ir.oultj in steps. 

Photos 1 to 7 in 
low, bendino of 

top half-circular 
by hand. 
mcved alonq the top 

tn ::> plc.nts on 65 moulds the total capacity in onet shift is: 
65 x 2'0 • 16.250 pc~ per year 

Ttie productivity is 16.250 pc~s ----..,or-kors ... pc per worker 
in one ye•r. 

Thw prP.fabrication of the slender trancmiseion pol•• of 18 m 
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long in a self developed self stressed mould in a relative 
good quality was an outstanding 

ICE Prefabrication plan\ in Cebadilla 

The l:o1Uip'lleflts of the plant were bought in 1976 from unknown 
resources. The plant installed at first in the year of 1980 
in Corobici, Guanacaste and wasshifted in 1985 to Cebadilla. 
The plant consists of two lines of long bed tecfvlology for 2 
x 4 pcs of 11 • length. 4 pcs of elements are produced each 
day with an annual production of 

4 x 250 == 1000 pcs 
Having 6 wurkders the productivity of the plant is 

1000 pcs: 6 workers = 167 pcs per tltQrker 
Details of the long line tecfvlology are shown in PhotCY~ 9 to 
17. There is no stea• curing in the line, sprinkling pipes 
can assure the required release strength of =oncrete in a 2 
days period. 

Pretensados Nacionales SA, PRENAC, San Francisco, San Josi!' 

PRENAC owns a sp1n1ng (centrifugating) technology purchased 
for• the Western Ser.an PFEIFFER co•pany 23 years ago. 
In 12 moulds 6 workers manufacture poles up to 15 •· 
The ~pining equi~t is long enough for poles of 20 • or 
.even longer. The •oulrds consists of two half moulds; an-:! in 
the length they ~re bolted together of 3 • long inould units, 
but mould sections of 1 and 2 • length are also available. 
From these sections presently •oulds of a 1J1aximal length of 
17 m can be assembled, but in cas@ of a rational series ot 
200 P'-:; .,~,. ','e>Br thry ere n: i'ldy to •anufacture laf'ger •'•"l••~ 
'-. j1; .: .. ~~. '···. _.,,,~ •• hOAy h .• VF ~l.-e.>c!) e:.pOL'I f:P.-:1 &~l!•".;~ t .. 

:-;al 'tf.au.>r on a '-'' J.~l:t of 900 USi> .:,er m. 
Grade of concrete 5000 or 6000 (= 3:; and 42 MPa resp.). 
Tt-10 sets of moulds are used, on of 130 ••, the other of 160 
""" external top dia1Mtter. Change of dia111ete..- c1t the lengtlr 
is 1:; m• per • in dia..eter. 
8 to 12 pieces of wires of 6 ..,. dia•eter are used, i•ported 
fro. Japan, South Korea or Brasil on a recent price of 900 
USO/tones. Sometimes strands are used too. 
The price of pol•s is in average 1 200 C per •, which is 
3times higher than the 4 000 C rric• of a PC pole of a lenrth 
of PC. Driven piles of the same geometry are also prod~-~d 
on the technology. 

The productivity of this plant is 3000:6 = 500 poles per 1 
worker in one year, the best in Co!ltCll Ric.a. 
PRENAC ••le~ ~ts products to the other local and co-operative 
elect.ric•l companies undert•king •l~o in c••• of demand the 
entc:tion in custCJm-dug foundation hole. They er•ct by own 
trailers eq•.1ipped w.t.th 4 tone crane. 
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S. Prefabricating technologies for •anufacturinq other types 
of el~ts 

Pnxluctos de Concreto SA .anufactures p·.pes, p.c. joists, 
fences, T and TT units, solid floor slabs and an OMi 

developed 3 to 4 storey high flat wall slab with foundation 
and bracket-edges. 
PBENAC produces all types of vibrated and spun concrete pipes 
up to the dia.aeter of 2.90 •, as well as TT units and driven 
piles. 
Estructuras de Concreto SA, ESCOSA has a new prefabrication 
plant with very hi~h invest.ent and highly iaechanized 
openable stationaryk inoulds. 
The capital and the technologies are both Italian. 

In the craned hall of industrial product elements of a 
standard single storey hall structure of 12, 15, 18 and 20 m 
span are produced. The ..anufacture of the main girders, the 
gutter elements, the purlins and the foundation elements are 
shown in Photos 19 to 23 of Annex II. In the large craned 
hall p.c. beams and r.c. columns of a multi storey earthquake 
proof structure are produced on long line fixed bed 
technologies shatm in Photos 24 and 25 of Annex II. P.C. 
hollow core slabs of B, 12 and 16 cm are manufactured by a 
long line slif mould machine made in Italy, but very similar 
to the German slip mould machines. The 1 shift capacity of 
ESCOSA is fully lasted. 

The success of ne~ investigations shows the very advantageous 
position of prefabricated concrete structures against ~he 
extrei.1ely ehp~n.!Sive imported steel struct•Jres. 
Un the CltL~.- ha11d ir;>r1l·>' -tn:ctures l>elo11g•.r"J to .:c.r.tpJ~t"'ly 
standardized system can be sold because of ldCk of training 
in design and erection of precast concrete structures. 

6. Design caoabilities 

All the transmission lines and most of the distribution lines 
of Costa Rica are designed by ICE. In the frame of the 
d~sign of the lines the spans and the real loads are 
determined by the Transmission Design Office of ICE. De~i9n 
loads are calculated on the ba5e of a security factor of 1.67 
and an overload factor of 1.1S and 1.0 respectively based on 
a home stand•rd of JCE. 

The oeometry of the supporting structures of the trans,,.ission 
lines are desiqned according to minimal electrical distance~ 
required by the National Electric Safety Code CNESC) of USA 
adaptdd by ICE. Preliminary analysis of the supportino 
portal structures are made by traditional methods, while for 
tha fi.nal andlysis Ute American SAP computer proqram i~ 1.1s!ld. 
A new program for microcomputers is in the phase of 
introduction. 
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The design of the prestressed concrete transmission and 
distributi~n poles are .. de by the prefabricating companies. 
ICE gives all the loads as ttell as the .aaents, shear, 
compression and tension on the levels of the cross beaa, of 
the bracings and on the ground level. The design and 
analysis of the poles should be i•~roved according to the 
internationally accepted level. 

Teras of acceptance for .,>ales are elaborated and given 
precastors by ICE, but these need also further i•prove.ent:s. 

Both in the civil and the ..echanical area of design 
depart•ent of ICE well prepared and equipped civil and 
mechanical engineers of high level degrees ar working. The 
hoftle development of tfl.o! transmission line portal structures 
and the poles justify the high level of their education as 
well as and their innovative capabilities. 
A part of the informations the engineers of ICE asked for 
was elaborated by the expert in the frame of home-based work 
{see R.4 and R.7). Others can be supplied during th~ visit 
of two Costarrican engineers in Hungary in form of training 
programs and factory visits (see R.8 and R.10). 
Thouqh some sort of prefabrication is in the program of the 
civil engineering faculty of the local technical university, 
the subject is general and no use in practi~e. 
De$ign of p.c. poles is made by prefabricating companies 
limited only to the ultimate control of the main cross 
section. 

7. Transportation and erection 

-,·:1e 18 m lonq pole$ "'ere t.ransrorted frc..o:. t;1~ pn·-:'.Jl:.t ir.a~io,: 
plar>':. of Pcttarr.t, San Jos~ t<.• the construction ~.:.mpin 

Pdrranca, Puntarenas (130 km) by PC on his own tra_ ·ers of 
ippx. length of 15 m in groups of six. 
ICE transported groups of 3 poles on lighter trailers to the 
erection sites. Poles were erected by small cranes erected 
on track~. For this reason t~• weight of the poles can not 
than 2 tones. 

S. Pole demands of ICE 

The average demand of ICE in low voltage distribution poles 
for the years of 1988 to 1993 is appx. 11000 poles annually. 
The avercu;ie demand of ICE in high voltage trar1smist&ion noles 
for the years of 1989 to 1993 is appx. 20('. pole• annually. 

T!ie exi!')ting capacities of the prefabri::ation pl&\nts in i.lnd 
around San Jose can satisfy this dem•nd, but an upqr•ding of 
the existing capacities i• nec&ssary. 
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III UTILIZATION CF THE RESlLTS OF THE ACTIVITY 

The result:s of t:he act:ivity are su .. arized in the 
Reca.aendat:ions. 

Sa.e of these result:s like that: of list:ed in R.5, R.6 R.7 and 
R.8 are ready for utilization in the forns of •any hundred 
pages of writt:en or printed infor.ation, differP-nt: nat:ional 
standards, guide lines and exa.ples for the .anual and 
ca.puter analysis of ooles, phot:os and descript:ions of the 
1aast developed technologie3, drawings and abstracts of 
standard documentations of electrical lines, etc. 

Other results of the activity s~ch as those recaaa.endations 
summarized in R.12, R.13, R.14, R.15, R.16 and R.17 were 
directly adviced to the prefabricators during the visit of 
the expP.rt, so they already use if they wish. 

Some of them, like that of under R.14 has been already prove 
and introduced in at least one plant. 

So~e results yielding in recommendations R.2, R.3, R.4, R.8, 
R.10 and R.11 relate to the training programme of two 
Costarrican engineers in Hungary and will be utilized during 
that programme. 

M~st of the results were interpreted in the form of two 
lectures delivered to the experts of ICE and to the 
prefabricating engineers according to the programoe. 

Prestrpssed concrete poles for transmission or distribution 
lines are produced by three companies: PC, PRENAC and ICE 
all together in 5 plants. PC has 3 short bed vibrating 
technolo9ies ICE a long bed vibrating tect 'ogy while PRENAC 
a spinning technology. The level of meL ..... nizalion is very 
differe~t, the lower the mecanization -the lower the prices. 
The manufacture of the slender 18 m long p.c. pole• with 
very simple equipments was an excellent solutions for some 
quality problems and safety shortages are summarized in 
points R.11 to R.16 of the Recommendations. 

The productivity of the p.c. pole technological lines varies 
between 170 to 500 poles per worker annually, which takes 15 
to 45% of the productivity of the p.c. pole technology of 
BVM, Hungary (1100 poles per worker annually). 

Oth~r types of p.c. and r.c. elemtn• are mainly produced by 
F.~C08A and PC. ESCOSA has put high investments into the 
tb'c.:;1nologie•. Som• of its technologies are versatile C long 
bed system) the others single purpose moulds made on high 
leva-1 of mec:haniz•tion. 
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According t:o t:he request: of UNIDO and ICE design and list: of 
equipment of a -.alt:ipurpose plant: has been elaborated by t:he 
expert: (see Fig. 7 and con1.ect:ing table). 
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ANNEX I 

SENIOR COUNTERPART STAFF 

1. Instituto Costarricense rle Electricidad 
Apdo. 10032 -1000 San Jos~, Costa Rica 
(Edificio Central: Sabana Norte) 
Telex1 CR 2140 ICE 

Ing. Jorge Figuls Q. Jefe DirecciOn Ingenieria Energia 
tel. 20-72-75 

Ing. Guillermo Rivera S. Sub-jefe DirecciOn Ingenieria 
Energia 

tel. 20-71-52 

Ing. Carlos VAzquez A. Jefe Qfna. Estructuras de 
Transmisi6n 

te 1 • 20-73-87 
Ing. Manuel Enrique Cabezas M. Ofna. Estructuras de 

Transmisi6n 
te 1 • 20-73-87 

Ing. Jorge Zamora Jefe Sub-direcci6n Disenos 
Electromec~nicos 

tel. 20-72-90 
Ing. Jorge Calder6n M. Jefe Ofna. Subestaciones y Lineas 

tel. 20-71-16 
Ing. Ulises Odio O. Sub-direcci6n Disenos 

Electromec~nicos 
tel. 32-73-59 

Ing. Jorga Pal C. Jefe Ofna. Inspecci6n 

ICE plant for the manufacture of p.c. poles, Cebadilla, 
Alajuela. 

2. Productos de Concreto, S.A. 
Apartado 362-looo, San Jes~, Costa Rica 
Telex 2397 PROCRETO 
(San Francisco de Dos Rios) 
Ing. Rafael A. Mora A. Jefe Depto. de Ingenieria 

tel. 26-33-33 
Ing. Alvaro Povada v. Ingeniero Civil 

Depto. de Ingenieria 
Planta Patarr~ tel. 26-33-33 

tel • 30-65-66 

3. Counter pfrt 1taff of ESCOSA 

Estructuras de Concrete, S.A. Cartaoo 
~739 San Jo59, Costa Rica 
Tel&x 2513 RENZIN (506) 2~5063 
!ng. Jaim~ Molina u. 0er~nte 

tel. 24-33-33, 73-76-01 
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4. Counterpart staff of Sauter & Asociados S.A. 

Franz Sauter F. • Asociados S.A. 
Ingenieros Consultores 
82 Dent 
Ing. Franz Sauter F. 
Tel.: 25-67-33, 39-70-96 

5. Counterpart staff of PRENAC 

Pretens~dos Nacionales S.A. 
Apartado 78-1000, San Jos~, Costa Rica 
San Francisco de Dos Pios 
Tel.: 25-49-78 
Lie. Eloy A. 6onz4lez V. Vice Presidente 
Sr. Walter Vega z. Gerente de Ventas 

6. Counterpart staff of UNDP CPNUD> 

United Nations Development Progra....ne 
Programa de las Naciones Unidas para el Desarrollo 
Apartado 4540, 1000 San Jos~, Costa Rica 
4.a. Entrada Los Yoses, 75 m al Sur, San Jos~ 
Tel.: 25-03-65, 24-52-81, 24-53-05, 24-55-49 

Bruno Guandalini, Resident Represesntative 
Soren Aarslev, JPO 
Juerg Meichle, Oficial de Programas (53-39-20) 

28 



A 11/1 

ANflEX 11 - PHOTOS 

PATARRA Pl.ANT OF •PROWCTOS DE COllCRETO. S.A.• 

Phi>to 1. View of the line for prefabrication of p.c. poles in the 
Patarri plant of PCSA. 

Photo 2. Fixing of hole 
fonnin g dowe 1 s in to the 
steel mould. core former 
and spiral stirrups already 
placed. Lin es in the back
ground serve for prefabri
cation of so 1 id floor and 
111Jltistorey walls labs. as 
well as of colunns and beans. 



Photo 3. Self-stressing steel ... 1d 
on ccncrete footings ready to cast 
in the Patarri plint of PCSA. Core 
fo111er ind top mould already fixed. 
strinds stressed ind ill chored against 
the ... 1d. 

A 11/l 

lhoto 4. Vibrator mounted onto the top 11CJUld. 

.-· 

-;~ 
. ~-
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Photo 5. View of tap vibrator used in the Patarra plaat of PCSA 

Photo 6. The first half meter of the core is ranoved just after casting 
by a chain wrench seen in the bottom right comer. After that 
removal is made by hand. 
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Photo "'!. The cores removed frOlll the mou 1 ds are transported 
longitudinally by a truck to tht! next casting position. 

Photo 8. Longline pretensioning 
for the prefabrication of p.c. 
floor joists 
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PLAIT OF ICE FOR PREFABRICATIOI OF P.C. POLES IN 
CEBADILLA. ALAJUELA 

Photo 9. View of the long line 
fixed bed technology for pre
fabricaticn of p.c. poles in 
Cebadilla (2 lines for 2 x 4 
poles of a length of 11 •) 

Photo 10. Deta1~ of the end of the first mould after position of 
the core .,.d pulling-in the strStds. 
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Photo 11. Stressing jack in operation. strands are stressed against the 
anchor posts of the undergrmnd atllalts. 

Photo 12. Winding machines for 
the •anufacture of spiral 
sti nups of changing di a11eters 



Photo 13. Detail of the line with 
the second 11e11 ld in the pltue of 
spacing the stirrups after stressing 
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Photo 14. End of the last mould with vibrator fixed on it, in the 
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Photo 1!.'. End view of the first •culd 
with the partially n!llOVed core. 
Appx. 1 • of the core is pulled cut 
imecliately after c~ting by a chain
tightaaer. 

Photo 1~. Middle of the line with detail of top mould in foreground 
and partially removed corttS in the background. 
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Photo 17. Detai 1 of the medium part of tht? line with partially removed cores 
•d sprinkling pipes over the partially dismoulded poles. 
The only mring of the poles is a 40 to 48 hour sprinkling. 

Photo 18. Ing. '°'anuel E. Cabezas fICEl, Ing. Ulises Odio, fICE}, 
or: Ing. Gyula fogarasi fUNIOOl and plant mcr1ager. 
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PREFABRICATION OF Cl. · ·~ TYPES OF P .C. ANO 
R.C. ELEKNTS IN THE CAPTAGO PLANT OF ESCOSA 

Photo 19. Battery mould for precasting of ~pieces of p.c. roof girders 
of a standard length of 1 ~ m in the Cartago Plant of ESCOSA. 
In the background battery mould for pr!!casting of r.c. columns 
can be seen. 

Photo 20. ~oulds with removable cores for precasttng of r.c. 91tter elements. 
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Photo 21. Adjustabie battery mould for precast;ng of r.c. roof purHns. 

Photo 22. Moulds open diagonally for precasting of r.c. foundations. 



A 11/12 

.-41 
~ c 

~ 

• 1 

Photo 23. Casting in the foundation 1POUlds in the Cartago Plant of ESCOSA. 

ii.I, f • _..JI&,,{~.~ 

Photo 24. End oetdil of the long line fixed bed system for precast1ng. 
of p, c. beans of nu lti storey buildings. 
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Photo 25. End details of the moulds of p.c. beans for nlllti storey 
bu i 1 din gs. By the use of a core the ei ds of the beans 
have a U fonn hollow. These hollows and the top of the 
bean are cast on site after placing of proper reinforce
ment connecting the beans to the colunns assuring a mono
lithic effect against earthquake. 



•• 

0 
0 • . ~ 

0 

• 

0 ... • 

• • .. 

... 

• 

.A pl/I 
Amu Ill - FICUUS 

1n• C4UIE 

, • 
• , 

• • 
• • 

• • 
• • 
7 

• 

1.,7'. CGLCJllUeo. IAdA •17'tA 

-
• 

..... 
- ...,,.,.,.. ar aarwrw, 

UUD ONA •-.aw. 

nse•....,.,, 

~ - ··-. COllOt£JD, •«• ... ,,,. 
~--...... - 7 ......... 

... .,..,. -....... -IO•lfldOO 

Nl'Olllrr.a ..... • 
_..... K ICIO•IGO .. ••-... -

U«U • llC tAISl.AMlllCS K II Pl• 

..-s, ,.,.,.,,. ..... "r ef#rllfleTort. 

CO#.lfl#TO - -'•HllSIOll 

"'"' -........ . 
nrn.a • r1r-. 

6 

e••u or .ace" -· ... 

IH K~ U#l~TOll I/UM .... " AA.A.#. 

Fig. 1 H type supporting structure ccnsiSting of two 
prestressed concrete poles for the colorado· 
Santa Rita transir.hsicn line of 138 kV· 

......... I 

I 



i ... 

I 
I 

I 
I 

t , 

~ .. 
; . 
I ; 
q 
I. 
I 
I 
I 
I 
I 
I . 

: f 
I -
I ! 

: l 
I r . 
: ! I 
i .. _ I 

' I 
I 
I 
I 
I 
I 
I 

I I 
I 
I 
I 

I I 
I 

II i 
I . 
I 

I I 
I 
I 

I 

i 

eL~V/IC!ON eK:/:t:O 

A 111/2 

L .%.9 i 

J:,.:. . ·,_,·~.-J.: 

II. 

. 
NOn'>enlb ~~~'/'mire u 'c ,n o& /u 
~~· : ,o. IJ.i: ,,,,,, - t • I 

Ir----n~~----:1 
PRODUCTOS DE CON'CRETO, S. A. 

I 

F1p. 2 18 m lon9 prestress•d concrett poles used 
---------------- for the Colorado-Sarita Rita transmissiort f : ·· ; DfllflO,il/!':, line ' r --.. ··--····.-- - -· :- ... "Ht. '2' t _·: .. ..... :: ___ ·-·-·- ---- -·· .. . .. DllU~ • .: 
. ayqo. 
,·;;,;-·:·"cHA ti . ······EVISIONES- ·--I. 

II ('"'~ri 

HCHA~ .;~=-=r1~. ::;;;/ ~ .. , f'rl0Yic10'""· •-~:--rJ 
- ,, oZ!-m: ,O I 5 zr1y=" 



•• 

• 

0 
0 . • 

0 
0 
.; 

·.· 

0 ., 
.: 

A 111/3 

CEOP-"ElP.IA ESTRUCTil>.A HY 

CONDUCTOR: DP.Ar.£ 7'5 ro-! 
"/ft/7 ACSP-

HILO GUAP.DA: 
9.51 ""' 

, 

...•111=.,1 

ftg. 3 HV typt supporttn9 structure rcrisistinp of tY.o prestres~ed ccncretP 
poles for the rtravalles-Arenal and riravelles-Liberia transmissic.n 
lines of 230 kV 
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