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SUMARIO 

Este trabalho descreve as características de projeto das 

Peças de Transição entre galerias de concreto e válvulas do 

Sistema de Água de Resfriamento do Prédio da Turbina da Central 

Nuclear de Angra-Unid. I. Detalhes do projeto concernentes ãs 

estruturas e procedimentos referentes ã análise serão descritos. 

£ evidenciado que não se pode usar os conceitos usuais de cálculo 

de flanges e de parafusos de conexão do flange, no caso de não 

haver simetria polar para a geometria da estrutura e para as 

caigas atuantes. Nestes casos uma análise mais sofisticada, 

baseada em modelos de elementDS finitos, é necessária. 

SUMMARY 

This work describes the design characteristics of the 

Transition Pieces between concrete galleries and valves of the 

Cooling Water System of the Turbine Building of the Angra NPP-

Unit I. Design details concerning the structure and procedures for 

the structural analysis are presented. It is emphasized that the 

usual simplified design rules for the flange and bolts can not be 

used in the case of non existent polar symmetry for the structure 

and applied loads. A more sophisticated design based on finite 

elements models is required in these cases. 
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1.Introduction 

The formation of animal incrustation over the internal walls 

of the condenser pipes cf the Turbine Building has occurred in 

the operation of the Angra Power Station- Unit 1. This 

inscrustation has caused a turbulent flow in the pipes, which has 

induced cavitation problems. Due to these reasons tube 

perfurations have occurred in a few condenser tubes. 

Furnas Centrais Elétricas has decided to improve the 

protection against animal incrustation in the sea water loop, 

installing a new cleaning system based on the injection of 

flexible spheres in the cooling water system at the condenser 

inlet. At the condenser outlet the flexible spheres are removed 

from the water flow for further use. The cleaning system was 

designed by Nuclen. Promon was in charge of the structural 

analysis' and detailing of the steel transition pieces, which were 

installed between the concrete galleries of the cooling water 

system and the butterfly valves. The injection and retrieval 

system of the flexible spheres and the pertinent equipment were 

designed and fabricated by Amertap Corp. 

The structural design of the transition pieces presented 

some problems due to the lack of space, since the insertion of 

additional devices for injection and retrieval of the spheres in 

the system have diminished the available space for the 

installation of the transition pieces. Some parts of the 

structural foundation -.at of the Turbine auiidmg have to be 

removed in order to make space for the additional equipment. 

The connection pieces have the following functions: 

a-to serve as a structural connection between the concreue 

galleries, existent in the foundation mat of the Turbine Building 

and the piping devices, 

b-to hinder the passage of water between the concrete and the 

steel lining of the connection pieces, 

c-to rev.~:t- the suctî ;; pressures applied over the steel lining, 

d-to resist the water overpressure and underpressure effects, 

e-to serve as stiff support for the butterfly valves instiillr..-d at 

the upper flange of the connection pieces. 
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2. Definition, of the structure components 

Two types of connection pieces have been designed. One was 

used for the discharge section and the other for the admission 

section. Only the pieces pertaining to the admission part will be 

discussed herein. 

The steel structure was fabricated using steel plates 

according to Brazilian Specification NBR 6642, grace CG-24. The 

structure was entirely welded. The welding details were designed 

to avoid large disturbances in the water flow. 

Ore of the main requirements of the desian is to avoid the 

passage of water between the steel lining and the concrete. Since 

the available concrete height was not sufficient for the proper 

embedment length of the structure, the steel lining of the 

concrete gallery had to be extended to the its interior , beyond 

the entrance gallery bend, in the horizontal branch of the 

gallery. 

The gallery section at the horizontal branch has a 

rectangular section. This caused certain difficulties for the 

design of the lining, since the lining had to be anchored to the 

concrete structure to resist the acting suction pressures. 

A special anchor device was used, which is capable to 

transfer the tensile forces, caused by the suction, to the 

concrete walls. The anchors were installed in holes bored in 

the concrete wall and the connection between the holes and steel 

anchors was obtained through mortar injection. 

A flange for the connection with the butterfly valve was 

weldeu at the upper part of the piece. The vertical forces acting 

on the flange on the far side of the horizontal gallery branch was 

transfered to the concrete without difficulty, due to the 

available lining height in this part. On the other side of the 

concrete opening a stiff steel box girder was placed transversally 

to the concrete horizontal gallery, in order to resist the 

vertical flange forces. In the mechanical model of the structure, 

shown in Figure 1, this girder is recognized at the le':t side of 

the figure. 

The internal diameter of the tube at the upper flange is 

2438 mm. A cast iron butterfly valve is connected to that flange. 
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The cast iron valve was specified due to its higher corrosion 

resistance against sea water. The valve diaphragm is supported by 

two axes, which transmit the forces acting over the diaphragm to 

the valve casing at only two points. The valve casing at these 

points is strengthened. The gasket at the flange connection 

consists of a steel plate covered by neoprene. The flanges are 

connected by means of 68 0 64mm diameter bolts. The bolts vare 

fabricated following the DIN/ISO specification no. 898, grade 5.6. 

A expansion joint is installed above the butterfly valve, 

which introduces a structural separation in the piping system. 

Steel anchors are provided at adequate points to transfer 

the reaction forces of the valves, as well as, the reaction forces 

of the box girders, to the concrete structure. 

3. The finite element model 

Only a complete finite element model, representing all the 

structural elements of the connection piece, could furnish all the 

necessary data for the structural design. 

Since the support of the butterfly valve could not be 

considered as a stiff structure, it was also necessary to take 

into account the interaction effects between the connection piece 

and the cast iron valve. Therefore the valve casing was entirely 

modelled, together with the cast iron flanges. In this way the 

stresses in the valve casing could be determined automatically 

with neip or the global model. 

Another problem dealt with the determination1 of the bolt 

forces. Since the forces . acting over the diaphragm were 

transmitted to the valve casing only at two points, it was 

necessary to evaluate*the real distribution of the bolt forces 

with help of the model. Therefore the bolts were also modelled 

together with the elastic neoprene gasket. The stiffnesses of the 

neoprene gasket was evaluated with help of the available 3D 

elasticity theory tor neoprene bridge pads, which are structurally 

similar to the utilized neoprene gasket. They consist of laminar 

neoprene layers reinforced by steel plates 

The finite element model is depicted in Figure 1. Only one 

half of the structure was modelled due to the structure and 
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Figure 1. FE model for the structural analysis of the transition piece 
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loadind symmetry. 

It can be seen, that all the main ccr.por.ents of the 

structure have been represented, including: 

a- the steel lining 

b- the stiffening box girder 

c- the upper steel plates of the connection piece 

b- the flanges of the steel connection piece 

c- the bolts 

d- the gasket 

e- the valve flanges 

f- the valve casing. 

4. Loads applied over the structure 

The structure was designed according to the ANSI- Power 

Piping Code ar.d the ASHE Boiler adn Pressure Vessel Code, Section 

VIII, Division 1. 

Four leading cases have been considered: 

Loading 1- Dead weight of the structure 

Loading 2- Tightening of the flange bolts 

Loading 3- Operational internal gauge'pressure of 350 kPa 

Loading 4- Accident pressure, consisting in a gauge pressure of 89 

kPa over the upper surface of the valve diaphragm and over the 

valve surfaces existent above, as well as, a gauge pressure of 

-103 kPa (suction) over the lower surface of the valve diaphragm 

and over the surfaces of the piping system placed below. 

The Leading 2, correspondent to the application of the 

initial forces in the bolts, was obtained through a imposed strain 

deformation in the elements representing the bolts. This loading 

case was considered under the assumption of a maximum and a 

minimum value. 

The internal pressure of 350 kPa, as well as, the water 

pressures correspondent to the accident load were applied over 

the model surfaces of the finite plate elements. 

The forces acting over the valve diaphragm were represented 

by the reaction forces transmitted by the diaphragm axes. These 

forces were applied directly over the valve casing in two single 

points. The consideration of the actual reaction forces over the 

http://ccr.por.ents
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valve was of utmost importance. In this way the stress 

distribution could be correctly determined. No provision was made 

in relation to earthquak loads, according to the design criteria, 

since the Turbine Building is not a Class 1 structure. 

Two main loading combinations were considered: 

Combination 1 = Loading 1 + Loading 2 + Loading 3 

Combination 2 = Loading 1 + Loading 2 + Loading 4. 

5. Results of the structural analysis and stress check 

As it was expected, the analysis shewed that exists a stress 

concentration in the region, at which the concentrated forces of 

the valve diaphragm are applied over the valve casing. 

Other critical points are related to the regions of the 

steel lining, where the transversal box girder is supported. 

The transversal box girder was designed taking into 

consideration a bending st.i..,ds that would result in an 

adequate stress distributior among the bolts. 

It was verified that the bolt forces are higher in the 

vicinity of the support points of the diaphragm. This bolt force 

distribution induces in the flange a stress field, which could 

only be analysed with h'jlp of a FE model. It is necessary to 

emphasize that in this case the flange is subjected to radial and 

to tangential bending. In most of the cases the flanges are 

subjected mainly to tangential bending, due to the radial symmetry 

of forces and geometry. 

Another critical point dealt with the minimum compr ssion 

stresses, which must be existent in the gasket, in order to 

guarantee the watertichtness. The model analysis provided the 

necessary data for this investigation, without any additional 

computation. 

The steel lining had to be strengthened at the support 

region of the transversal box girder due to the induced high 

membrane stresses. 

Based on the available data concerning the valve casing 

stresses, a check of the valve casing was performed. It is 

important to point out that an adequate support for the cast iron 

valve can only be designed, if an overall analysis is performed. 
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Therefore it is important that the equipment manufacturer should 

make an independent check of the support conditions provided by 

the designer of the attached steel piece. The problem can be very 

critical if the equipment device is fabricated in cast iron, which 

is a fragile material. 

6. Special details 

Two special details, which have been utilized in the 

design, should be described herein. One deals with the steel 

anchors used to resist the suction forces and the other deals with 

the transition of the rubber layer from the steel structure to the 

concrete gallery walls. 

The steel anchors had to be installed after the erection of 

the steel lining on the concrete gallery walls. Figure 2 shows the 

corresponding detail. The two lower stud heads have been 

provided with rubber rings, in order to allow the transfer of the 

anchor force to the inner region of the hole. 
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Figure 2. "etail of the steel anchor 

Steel lining 

The execution was peiformed in the following way: 

a- three studs were welded, linearly to a 30mm x 80mm plate 

b- after erection of the steel lining and mortar filling of th-i 

space between lining and concrete, a 530mm long hole was bored 

through an wall opening left in the ] ;.nir.g 
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c - the anchor was i n s t a l l e d and t h e end p l a t e welded t o the s t e e l 

l i n i n g 
d- the hole was injected with mortar. 

The transition of the rubber layer, utilized for the 

corrosion protection of the steel lining, to the concrete walls 

was designed as shown in Figure 3. Epoxy nortar was used for the 

final connection between rubber layer and the cavity lei"-. in the 

gallery wall. 

rubber layer-? 

Figure 3. Detail of the connection of the rubber layer to the 
concrete wall 

7. Conclusions 

For the proper design of steel pieces, which support large 

equipment devices, it is necessary to perform an overall analysis, 

with all intervening structural elements, in a way that the 

stresses in all the structural elements can be accurately 

determined. 

As an example for this requirement, the design of the 

connection pieces, installed between the concrete galleries and 

the piping devices in the Turbine Building of the Angra Nuclear 

Power Plant- Unit 1, has been described. 

The performed analysis allowed the determination of: 

a- the bolt forces 

b- the gasket residual stresses 

c- the flange stresses of the steel piece 

c- the stresses in the steel supporting piece 

d- the stresses in the steel lining 

e- the the valve casing stresses 



226 

f- the stresses in the valve flanges. 

The consideration of the valve casing structure in the FE 

model was important to determine the induced stresses in the 

valve casing and flanges. 

It is important to emphasize that simple formulae for 

analysis of flar.ges or bolts can not be applied in the cases that 

the force distribution is not radially symmetric. In these cases a 

FB analysis must be performed. 

The owner of the enterprise must also understand the 

necessity of these sophisticated analyses. And this was the case 

of the company Furnas Centrais E1êtricas S.A. 


