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ABSTRACT

The design review of pipe supports is discussed in this paper putting the main emphasis on the stress analysis.
Recent revisions of German nuclear safety standards and specifications are considered with respect to regulations
concerning design codes. An example of an existing pipe clamp as part of a pipe support system in the main steam
piping of a boiling water reactor is presented. The pipe clamp from the building of the nuclear power plant was
recently calculated considering loads resulting from a load case to be verified for the pipe system.

INTRODUCTION

Pipe supports and steel construction are needed for safe support of active and passive components in nuclear
power plants. Typical examples of steel constructions are platforms, operating platforms and support stays for pipes,
valves or pumps. Besides specialy designed supports, standard pipe supports like variable support spring hangers,
shock arresters, constant support hangers or pipe clamps are often to be found in pipe systems. Structural steelwork
and supports are required to be stable and fit for their intended use, for which they shall have adequate stiffness and
mechanical strength. The structural analysis shall demonstrate that the structure, its components, connections and
supports provide adequate |oad bearing capacity, serviceability and static equilibrium.

Besides the service loads resulting from the specified normal operation, different load cases have to be considered
in the design of structura steelwork and supports, like non-specified operation (e.g. turbine trip out), thermal loads
(e.g. loss-of-coolant accident), construction loads or design basis accidents (e.g. earthquake, aircraft crash). These
load cases can be specified as static or dynamic. The appropriated loads are usualy simplified in the design
calculation for structural steelwork and supports and a quasi-static calculation is performed for static load cases as
well as for dynamic load cases.

The conception of the supports of components, e.g. the conception of piping supports in a pipe system defines
essentially the mechanical behaviour of the component or system to be supported. Thisis given for static as well as
for dynamic load cases. For all service conditions like norma or abnormal operation, accidental situations and
extreme incidents, the steel construction has to ensure the safe support of the components and no-collapse
requirements have to be fulfilled by the structural steelwork and the supports.

Design codes established in nuclear safety standards for steelwork and supports in German nuclear facilities are
considered in the paper. Recent revisions of German nuclear safety standards and specifications are discussed with
respect to review procedures for pipe supports.

NUCLEAR SAFETY STANDARDS FOR PIPE SUPPORTS

In the non-nuclear area, the construction and design calculation of structural steelwork is regarded in the German
standards DIN 18800 (03/81) [1] and DIN 18800 (11/90) [2]. DIN 18800 (11/90) [2] is the up-to-date Standard and
DIN 18800 (03/81) is outdated for conventional, non-nuclear installations.

A differentiation between integral and non-integral component support structures is made in the German nuclear
safety standards for supports. Fig. 1 shows the principle of the classification. For integral supports, which can be seen
as a structural discontinuity of the component to be supported, the length |, that defines the border of the sphere of
influence of the component, is calculated considering the geometrical profiles of the support structure respectively of
the component.

This paper deals with non-integral component supports. The nuclear safety standard KTA 3205, part 1-3 [3-5]
rules the design of steel construction, non-integral component supports and standard supports for primary system
components and secondary system components of nuclear facilities. Table 1 gives an overview.
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The KTA standards refer to further standards. Dimensioning of steel construction for primary system components
isruled in KTA 3205.1 [3]. The supports of secondary system components are regarded in KTA 3205.2 [4]. KTA
3205.3 [5] deds with qudification procedures for standard supports, like variable support spring hangers, shock
arresters, constant support hangers or pipe supports. KTA 3205.1 [3], KTA 3205.2 [4] and KTA 3205.3 [5] refer
mainly to DIN 18800 (03/81) [1] concerning the dimensioning of the steel parts and their connections. KTA 3205.1
[3] refers additionally to DIN 18800 (11/90) [2] (with limitations).
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Fig. 1 Connections of component support structures and influence of the component acc. to [3]

It has to be mentioned here that the nuclear safety standard KTA 3205.3 [5] which is ill in the version from year
1989 is presently revised. Furthermore the nuclear safety standard KTA 3205.2 [4] will aso to be revised in the near
future. Therecent revision of KTA 3205.3 [5] and the coming revision of KTA 3205.2 [4] will be considered in future
publications of the authors.

Table 1. Nuclear safety standards KTA 3205, part 1-3 [3-5]

KTA Revision | Sed construction for Subj ect

3205.1 [3] | 06/02 primary system components | non-integral supports

3205.2 [4] | 06/90 secondary system non-integral supports
components

3205.3[5] | 06/89 primary and secondary standard supports
system components

SPECIFICATIONS FOR STEELWORK AND SUPPORTSIN NUCLEAR FACILITIES

Table 2 gives an overview about the KS D-specifications for dimensioning of steel components and pipe
supports. Plant-specific conventions have been established in these specificationsfor supports of components in
German nuclear facilities in the eighties. The nuclear safety standards KTA are considered and precised in the KS
D-specifications. Furthermore project-specific conventions have been made. The KS D standards are revised at
planned intervals considering the state of the art. The latest revision was made in the year 2004.

The KS D 4570/50 [6] deals with classification of components and defines the composition of the KS
D-specifications. Reasons that made a revision of the KS D-specifications necessary were a number of changes in
material codes, in the requirements to be met by manufacturers and the introduction of new DIN EN standardsin the
field of materials and manufacturing. The KS D-specifications till comply with the guidelines of the DIN 18800
(03/81) [1]. However, in the KS D-specifications as well as in the revised nuclear safety standard 3205.1 [3]
paragraphs are implemented, that are giving possibility of using new DIN 18800 (11/90) [2] in isolated caseif thereis
approva of the authorized inspection agency. In those parts of the KS D-specifications concerning calculation and
design of components, changes in the referred version of the DIN 18800 (steel construction) were made if they had
no effect on the dimensioning of steelwork respectively supports.
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In those sections ruling the dimensioning of steel components, references to DIN 18800 (03/81) [1] concerning
alowable stress, equivalent stress and so on were replaced by references to the appropriate nuclear safety standard.
When nuclear safety standard 3205.1 [3] was last revised in 2002, those chapters of DIN 18800 (03/81) [1] dealing
with the dimensioning of steel construction were included into the nuclear safety standard as appendix “E”.

References to DIN 18800 (03/81) [1] in the KS D-specification without influence on stress anaysis of steel
components (i.e. descriptive terms, proof of position permanence, buckling and constructive rules like placement of
bolts) were changed to point to the appropriate section of the new DIN 18800 (11/90) [2]. Some of these changes had
aready been made in the previous revision of the KS D-specifications. References to merely descriptive terms that
had no equivalent in the DIN 18800 (11/90) [2] were deleted in the latest revision in 2004.

In the KS D-standards paragraphs were already present in the former revisions, that are giving the possibility of
using the new DIN 18800 (11/90) [2], but only in isolated case and with the approval of the authorized inspection
agency. On this account a table with actions and resistance parameters was now introduced to the KS D 4571.1/50,
Rev. A [7] aswell asto the KS D 4572/50, Rev. B [8]. In case of applying DIN 18800 (11/90) [2] those parameters
have to be used to determine the allowable loads for the accidental load cases.

Table 2. KS D-specifications for dimensioning of steel components

KSD Subject Revision / | Refersto
Date/
Reference
4570/50 rules for composition and classification of the KS D KTA 3205.1[3] *
D-specifications 06/04 KTA 3205.2 [4]
(6]
4571.1/50 | pipe-supports S1 **** A KTA 3205.1[3] *
06/04 DIN 18800 (11/90) [2]**
[7]
4572/50 structural steelwork S2 and S3 with external / internal B KTA 3205.2 [4] ***
impacts 07/04 DIN 18800 (11/90) [2]**
(8]
4572.1/50 | pipe supports S2 and S3 with external / internal impacts | B KSD 4572/50 [8]
07/04 KTA 3205.2 [4]
[9]
4572.2/50 | component supports S2 and S3 with external / internal B KSD 4572/50 [8]
impacts 07/04
[10]
4572.3/50 | structures for safety measures and customized B KSD 4572/50 [8]
constructions S2 and S3 with external / internal impacts | 07/04
[11]

DIN 18800 (03/81) [1] partly included in [3] as appendix “E”

dimensioning according to DIN 18800 (11/90) [2] only in isolated case and only with approval of the
authorized inspection agency

refersto DIN 18800 (03/81) [1]

S = structural steelwork class

The names of the different types of steels were changed as well as the requirements for the technical surveyor of
the steel manufacturer who is signing the so-called 3.1.B —certificate according to DIN 50049 [13], now pointing to
DIN EN 10204 [14]. As anew requirement concerning the fabrication of the support, the inspector and the supervisor
of the inspection have to be certified according to DIN EN 473 [15]. The supervisor of the welding process of the
manufacturer now hasto fulfill the requirements of DIN EN 719 [16] instead of those of DIN 8563 [17]. Formerly the
welder had to be certified according to DIN 8563 [17], in the new revision the welder has to be certified according to
DIN EN 287-1 [18]. Furthermore other changes were made in the latest revisions of the KS-D-standards which are
not mentioned here.
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EXAMPLE
Static system

An example of an existing pipe clamp as part of a pipe support in the main steam piping of a boiling water
reactor is presented. The nomina diameter of the related pipeis 500 mm.
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Fig. 2 Geometry of the pipe support (pipe clamp and steel construction)

The pipe clamp and the surrounding steel construction are a special design from the construction time of the
nuclear power plant. Fig. 2 presents the geometry of the pipe clamp and of the steel construction needed for
transmitting the loads into the building. The steel construction is mainly build from profiles IPB 220, IPB 140, steel
plates (all made from low carbon steel RSt 37-2) and hangers on both sides of the pipe clamp in form of two threaded
rods with turnbuckles.

The pipe clamp is made from steel sheets. The material isalow carbon steel RSt 37-2. The thickness of the steel
sheets is between 10 mm and 20 mm. The connections of the steel sheets are fillet welds. The pipe clamp is
constructed as two identically, mirror inverted parts. The two parts of the pipe clamp are connected to each other with
four screw mounts M 30x110 mm. The material of the screws has a strength grade of 5.6. Fig. 3 shows the computer
model (half model, 90° turned) and a visualisation of the pipe clamp with respect to the thickness of the different steel
sheets. The additional steelwork isnot regarded in this paper.
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L oading

A combination of two different load casesisinvestigated in the verification analysis. Thisis the superposition of
normal and abnormal operation (permanent loads + variable loads). The permanent load is the combination of the
own weight of the pipe and its isolation with the loadings resulting from normal operation. The loads from abnormal
operation are resulting from rapid opening of main stop vave. The resulting loads are a normal force at the force
application point between the steel construction and the pipe clamp of 60,1 kN and arelated friction force (transverse
force) of 18 kN. The temperature to be considered is about 286°C.

Fig. 3 Loading and embedment conditions of the pipe clamp (half model, 90° turned)
Computer simulation

The stress analysis is made with the computer program RFEM2 [12] in alinear-elastic, three-dimensional finite
element calculation (FEM). The finite element net consists of 1848 nodes and 1837 two-dimensional elements. The
number of elementsisincreased in the vicinity of structural discontinuities like the weld joint between the horizontal
plates and the ring-shaped parts of the clamp.

The normal force and the friction force are applied as concentrated loads on the contact surface to the steelwork.
As the pipe clamp is enclosing the pipe tube, contact and friction conditions are considered in the inside surfaces of
the pipe clamp (Fig. 3). The stress limitation in the design calculation is done according to [4] in this example.

Results

The results obtained in the FEM calculation are presented in Fig. 4 and Fig. 5. Fig. 4 shows the distribution of
the equivalent stress s [KN/cm ?] according to distortion energy theory. The stress usage factor [%] based on the
equivalent stress s is presented in Fig. 5. The areas with high equivalent stresses are the force application point in
the centre of the front plate respectively the connection between the horizontal plates and the ring-shaped parts of the
clamp. The external forces were applied as concentrated loads athough these loads are surface loads for the red
structure. Therefore the modelling of the application of the external loads can be seen as conservative and the stresses
at the force application point are not of main interest. The main emphasis can be put on the connection between the
horizontal plates and the ring-shaped parts of the clamp, where the ring-shaped part of the clamp is bended up due to
the interaction of the normal force and the friction force shown in Fig. 3. The evaluation of the calculated stresses
shows, that the maximum stress usage factor (equivalent stress) is about 85% of the allowable stress and that it occurs
a the edge of the front ring-shaped part of the clamp. Summarizing the design calculation it can be said that the
maximum stresses do not exceed the allowable stresses. The design of the existing pipe clamp is still sufficient for the
investigated loads.
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Fig. 4 Stress distribution, equiv. stress s¢ [kN/cm?] acc. to distortion energy theory
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Fig. 5 Stress usage factor [%], equivalent stress acc. to distortion energy theory
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SUMMARY AND CONCLUSION

The design review of pipe supports is discussed in this paper putting the main emphasis on the stress analysis.
Recent revisions of German nuclear safety standards and specifications are considered with respect to regulations
concerning design codes.

An example of an existing pipe clamp as part of a pipe support system in the main steam piping of a boiling water
reactor is presented. The pipe clamp from the building of the nuclear power plant was recently calculated considering
loads resulting from aload case to be verified for the pipe system.

The areas with the maximum stress conditions are determined in the stress analysis of the pipe clamp. The

alowable stresses are not exceeded by the occurring stresses. The design of the existing pipe clamp is still sufficient
for theinvestigated |oads and a hardware modification of the clamp is not required.
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