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KWUROHR is a general purpose piping program using linear elastic theory. 
The qualification process underwent several steps:
1. Benchmark comparison with a variety of other piping -programs showed very 

good agreement
2. The accuracy of the problem modelling can be demonstrated by the post­

calculation of different experiments. The test samples have been chosen 
so that the complexity of the problems is increasing stepwise.

Taking a simple system with very stiff supports an excellent agreement of 
the eigenfrequencies could be found. In the next step a complex main steam 
line has been examined for a snapback. Finally the main steam line has been 
examined for the load case turbine trip including the problems of the thermo- 
hydraulic load. Even in the last case good agreement' for the snubber loads 
could be found.



1. The Benchmark comparison against other codes
KWUROHR /1/ is a general purpose piping program using linear elastic theory.

The qualification process of KWUROHR started with benchmark comparisons 
against a variety of other well known piping programs among which ANSYS /2/, 
PIPESD /3/, PIPEDYN A/, SAP-IV A/, ADLPIPE /6/, STARDYNE /7 / and ROHR 2 
/8/ can he mentioned. The comparison consisted of 8 test samples with / 
several options each /9, 10/. The following load cases have been tested:

1. Static loads (dead weight, pressure, temperature, external forces and 
moments, nodal displacement)

2. Dynamic loads (eigenfrequencies, eigenmodes, enveloped response spectrum, 
multiple support excitation, time history analysis)

The procedure is similar to the piping benchmark problems posed by NRC /12/ 
which is limited to enveloped spectra.
The result of this comparison showed good agreement between KWUROHR and the 
other programs mentioned above for the specific options which have been 
tested. Therefore it can be concluded that the mathematical formulation of 
the solution process of KWUROHR is equivalent to that of the other programs 
mentioned above.

2. Comparison against experimental data
Any realistic large piping system with many branches, supports and 
snubbers has some nonlinearities, such as gaps and friction . Thus the 
second question is: How can you model such system and what is the accu­
racy of the calculation?

Overall comparisions between tests and calculations have been performed 
since 1977 for several start-up experiments. The first comparisons showed 
rather poor agreement. This can be explained by the fact that not all of 
the boundary conditions of the experimental data were recorded and taken 
into account. Sometimes the complex system had to be analysed without the 
possibility of tracing down the sources of deviations.

2.1 Simple piping system

In the next step a rather simple piping system has been measured. The iso­
metric drawing is shown in Fig. 1. The anchors are very stiff. This is also 
indicated by the fact that the piping system only has about 0.5 % damping. 
In the KWUROHR calculation 107 N/mm has been assumed for the lateral stiff- 

2 nesses and 10 Nmm/rad for the rotational stiffnesses of the supports.
The system has been excited by an impulsehammer at different locations and 
the acceleration has been measured in position 5 in the Z-direction to 
analyse the mode shapes.
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The evaluation of the eigenfrequencies and the maximum displacements 
shows excellent agreement between the measured data and KWUROHR and 
STARDYNE results (Table 1).
The 4th eigenmode is missing in the experiment since it has very little 
contribution in the Z-direction at position 5. Similar experiments done 
within the HDR-project are reported elsewhere in the conference and show 
larger discrepancies between measured and calculated data. These larger 
discrepancies may be attributed to the boundary conditions and especially 
the support stiffnesses. The assumption that some deviations in the stiff­
ness of the elbows may account for the discrepancies registered in the 
HDR-project can be disapproved by the evidence above.

2.2 Snapback-experiment for a main steam line

A main steam line of the Philippsburg (KKP 1) BWR plant has been tested 
with a snapback (Fig. 2). The acceleration has been measured at the location 
of the snapback. The displacements have been recorded for 7 positions and 
all 3 directions. The piping system including the relief lines is rather 
complex and amounts to about 400 nodes.

The evaluation of the displacement time function is done using Fourier- 
transformation. A set of measured eigenfrequencies for each detector po­
sition and each direction is generated. The comparison with the calcu­
lation (Fig. 3) shows larger deviation than in case 2.1 which was per­
formed under well defined laboratory conditions. The reason for this is 
of course the more complex structure of the system and the less defined 
boundary conditions, such as supports hangers, snubbers, etc.

In the next step the time functions of the experiment and the calculation 
are converted to response spectra. From this the frequency content of the 
systems answers due to the snap back excitation can be analysed. The 
acceleration spectrum for the point of excitation (Fig. 4) shows rather 
good agreement in the range of the lowest eigenfrequency at 3.2 Hz.

The harmonic content of the measured data is much lower than the cal­
culated data between 8 and 23 Hz. The 3rd peak between 24 and 28 Hz is 
again quite well matched. The relatively high values of the measured 
spectrum is probably caused by rattling effects in the gaps of the supports. 
The calculation has been performed for the damping values of 5 % and 10 %.

As the direct intergration method had to be applied due to the size of 
the problem, the Rayleigh damping coefficients have been adjusted for the 
frequency range between 2 and 40 Hz. For the fundamental modes below 20 Hz, 
which contribute most to the system response, the measured damping is well 
above 10 %. This can also be derived from the response time history 
(Fig. 5). The measured acceleration quickly decays to 0 whereas the cal­
culated accelleration shows significant values up to 2 sec. This clearly 
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indicates that the friction in the supports strongly contributes to the 
damping of the system.

The evaluation and the comparison of the displacement spectra partly 
show excellent agreement and partly large discrepancies. The agree­
ment is best near the position of the snap-back and gets worse leaving 
the neighbourhood of the excitation.

This also indicates that the nonlinearities play an important role 
which cannot be reproduced using linear methods. Inspite of all in­
accuracies, however, the conservatism of the calculational approach 
can be demonstrated.

2.3 Dynamic behaviour of a main steam line for load case turbine trip 
The main steam line, shown in Fig. 2, is excited with time dependent 
pressure forces caused by fluid dynamic events during the load case 
turbine trip. Accompanying the stepwise elevation of power steps of 
the plant displacement measurements have been made at the same po­
sitions used in the snapback tests and some further positions (snubbers). 
These measurements have been simulated by calculations.

The calculations have been made using the Direct-Integration method 
(KWUROHR) to solve the equations of motion. Time dependent forcing 
functions resulting from a fluid-dynamic calculation (/1/) were used 
as loading for the system. Fourier-Transformations of these forcing 
functions were used to determine parameters of the calculation in the 
range of frequencies of loading. Maximum forces were found in the fre­
quency range of 3.5 Hz - 60 Hz depending upon the loading position, so 
that a time step of t = 0.001 sec was determined with regard to the 
necessities of the Wilson Theta-Method (KWUROHR). Using this time step, 
frequencies up to 100 Hz can be taken into account. The mass or stiff­
ness-dependent coefficients have been chosen in such a way that the 
damping corresponds to 4 % of the critical damping at the frequency 
points of 2 Hz and 80 Hz. At 4 Hz and 60 Hz the damping values are 
still 5 % of the critical damping and a minimum of 1.8’% occurs at 
25 Hz. During a second calculation damping was doubled over the whole 
range of frequencies.
Comparing the Fourier-transformed displacement results from the measure­
ment and the calculation at check point WA 4 (see Fig. 2 for location) 
for example, good agreement for all the 3 directions is evident (Fig. 6-8). 
Markable divergence of the calculation results and the measurements 
appear in displacement values near supports and snubbers. This together 
with very good agreement in maximum values of snubber forces at measuring 
points DMS1-DMS3 (Tab. 2) indicates significant friction effects at sup­
ports, gaps and snubbers.
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The damping of the system proved to be higher than assumed. Maximum 
values did not appear before the 2nd - 4th oscillation in the cal­
culation and at the end of the calculated time (1.5 sec), displace­
ment and force values were not below 30 - 40 % of maximum values 
whereas oscillating behaviour of the measured data show much stronger 
influence of damping. After about 2 - 3 oscillations the movement at 
measuring locations fade away. This effect is also due to the damping 
of the fluid-dynamic forcing functions.
Calculation of complex piping systems is a good tool to predict forces 
at any point of the system, whereas the accuracy of displacements often 
depend on uncertain boundary conditions and nonlinear effects (fric­
tions, clearance, etc.).
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Tab. 1

node Experiment with impulshameer KMUROIR - clculation____________________ STAROYNE - calculation
frequency ■ax. rel . diwl scoment 1. diol acement _ t frequency tax. rel. Gispiacenent

(Hz) position?5 x y X (Hz) position X y z
1 (Hi) position X y -

1
2 
3
4
5 
6
7

3,6
4.9
6,6 
1)
9,1
13,2
16,9

5 
5

1)
7
6
4

0,60 
1
0,21 
1)
1 
1

-0,36

-0,26 
0,25 
0,26 
1) 
0,14 
0,13 
1

1
-0,68

1) 
0,97

-0,99
0,00

3,5
4.8
6,5
7.8
8,9

13,0
16,8

32
30
20
20
52
45
22

1
0,20
0,34
1
1

-0,36

-0,12 
0,25 
0,30 
0,34

-0,03 
0,04 
1

-0,78 
1
1
0,82

-0,93
-0,04

3,5
4,9
6,5
7,8
9.0

13,1
17.0

32 
30
20
20
52
45
22

0,46 
1 
0,20
0,34 
1 .
1 

-0,36

-0,12 
0,25 
0,30 
0,34
-0,03 
0,04 
1

-0,78

0,82
-0,93
-0,04

1) the 4. eigenmode his been not measured by the experiment due to the bed 
position of the accelerometer for that mode

2) see fig. 1

Tab, 1: Experiment on a 50 • pipe
Comparison of the measured and calculated frequencies and eigermodes

Tab. 2

Measuring 
Location

Calculated 
Snubber Force 

(kN)

Measured
Snubber Force

(kN)

DMS 1 , 42 33
DNS 2 95 94

DMS 5 66 78
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Fig 1 Isometric Drawing of Test Sample
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Fig 3 Comparison of Frequencies 
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