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Piping Model 
 
This sample calculation is based on the VVER-440 Main Steam Line extended from the Collector 
of Steam Generator (SG) up to the Containment’s hermetic penetration. Figure 1 shows piping iso-
metric sketch with main dimensions. Piping material is carbon steel ST20, operating temperature is 
271°С, ambient temperature (cold state) is 20°С, working pressure is 4.5 MPa. 
 
Table 1 shows thermal expansions of the SG collector nozzles: 
 
Table 1. SG Nozzles. Thermal expansions:  

Nozzle node Thermal expansions, mm 
 X Y Z 

P1 68 54 6 
P2 63 57 6 
P3 56 60 6 
P4 49 64 6 
P5 44 67 6 

 
Locations of variable spring hangers are shown in Figure 1. Table 2 provides general data for spring 
hanger supports: number of rods and their lengths. 
 
Table 2. Data for spring hanger supports 

Spring hanger node Rod number  Rod length 
mm 

N1  2 2050 
N2 1 1010 
N3 2 2050 
N4 1 830 
N5 1 700 
N6 1 670 
N7 1 660 
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Table 3. Piping cross-section data  
DN Outer Diameter D, mm Wall thickness,  

s, mm 
Weight per length,  

w, N/mm 
R, mm 

450 465 16 1.88 650 
450 465 26 2.74 - 
250 273 13 0.81 - 
 

Seismic Input. 
 
Seismic excitation is defined in terms of floor response spectra assigned to two different groups of 
piping supports: SG collector nozzles (group ‘SG’) and group ‘RB’, which includes all other piping 
supports fixed to the rigid structures of Containment. Table 4 provides data for response spectra 
used. Additional information for seismic anchor movements is available for the SG support group: 
seismic displacements along global axes are X -33mm, Y-34mm, Z-2mm. It is assumed that the 
group ‘RB’ supports have zero seismic displacements. 
 
Table 4. 2% damped floor response spectra, SSE level 
 X-Direction Y-Direction Z-Direction 

Frequency, Hz Acceleration, g Frequency, Hz Acceleration, g Frequency, Hz Acceleration, g 

SG
 g

ro
up

 

0.20 0.06 0.20 0.06 0.20 0.06 
2.00 1.00 2.56 1.37 2.50 0.88 
3.08 1.30 4.17 1.38 4.00 1.11 
4.60 2.50 6.22 2.57 8.00 1.10 
6.54 2.50 8.27 2.58 10.00 1.10 
11.67 1.00 11.67 1.21 12.00 1.13 
17.00 1.00 14.36 1.21 13.00 1.21 
27.00 0.68 28.72 0.61 28.00 0.46 
40.00 0.69 39.68 0.61 40.00 0.47 

R
B

 g
ro

up
 

0.20 0.06 0.20 0.06 0.20 0.06 
2.00 1.40 2.00 1.40 2.50 0.92 
4.00 2.74 3.00 3.70 7.20 1.65 
4.20 4.00 5.40 3.70 10.50 2.25 
7.00 4.00 6.90 3.20 14.50 2.10 
12.00 1.60 9.00 3.20 17.80 1.80 
16.00 1.60 16.00 1.50 20.00 1.50 
23.00 1.00 23.00 1.00 28.00 0.78 
40.00 1.00 40.00 1.00 40.00 0.78 

 



 6 

Recommended sequence for input data entering  
 
1. Create a folder on your hard drive. Run the DDE program and save the empty model in the 

created folder with an appropriate name (for example, "RA_SAMPLE.DP5"). 
 
2. Enter the title for calculational model (menu “Tools-Options”). This text will be displayed in 

the headers of dPIPE printouts: 
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3. Define data for material: use button    and select from the database  or type the data 
in manually: 

 
 

4. Define data for piping sections and fittings (bends, tees): use button  or menu “Main Data 
– Sections”:  

 

 
 

5. Define data for working pressure, temperature and medium contents: use button  or menu 
“Main Data – Operational Modes”:  

 
 



 8 

6. Enter piping geometry, define place, type and characteristics of supports: 
 

 
 

When entering data, it is recommended to save your progress regularly! 
 
7. Enter predefined temperature movements for piping supports (data from Table 1). Menu 

“Additional Data - Anchors” or button : 
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8. Define specifications for analysis and results post processing: use button   or “Main Data 

– Analysis specification”, then use button  and select appropriate set: 

 
 

9. Run analysis (“Analysis – Batch mode” ). Subsequently, one can see results (Analysis – 

Pipe3DV ): 
 

 
Equation 8 (Design Condition) stresses. 
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10. Check results for spring design (Analysis-View Support Loads, ): 
                          Piping Flexibility and Stress Analysis, dPIPE 
 
 
Version:      5. 2. 6 (Build: 06 Aug 2017) 
Date:        18. 8.2017 
Company:     ООО "ЦКТИ-Вибросейсм" 
 
                  R E S U L T S  S U M M A R Y  T A B L E S 
                  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
 
Code:       ASME NC  (1992) 
 
Model:      VVER-440 Main Steam Line. Sample of analysis 
Analysis:   Spring Design. Stress Analysis (#1) 
 
  
  
  
 
>>>  Spring Hanger Design Data. Catalogue  ОСТ 108.764.01-80 
====================================================================================================== 
Sup N     NC   Chain        Springs Heights             Support's Loads           Movements      ALPHA 
(node)         struct. H_free  H_hot  H_cold  H_inst  P_hot   P_cold  P_seis    DX     DY    DZ 
====================================================================================================== 
N1         2   1*18     369    277    258      258     21.38   25.82              4     -1    19  0.1 
----------------------------------------------------------------------------------------------------- 
N2         1   1*18     369    297    272      263      8.35   11.33             15      5    26  0.9 
----------------------------------------------------------------------------------------------------- 
N3         2   1*06     201    160    150      133     19.22   24.02             26      8    10  0.7 
----------------------------------------------------------------------------------------------------- 
N4         1   1*06     201    154    161      144     10.87    9.38             38      4    -6  2.6 
----------------------------------------------------------------------------------------------------- 
N5         1   1*07     226    181    183      169     12.66   12.03             66     23    -2  5.7 
----------------------------------------------------------------------------------------------------- 
N6         1   1*07     226    178    173      162     13.55   14.83             90     43     5  8.5 
----------------------------------------------------------------------------------------------------- 
N7         1   1*19     414    319    305      302     13.34   15.30             78     51    14  8.1 
====================================================================================================== 
Notes: 
NC          - number of springs 
H_free      - unloaded spring height, mm 
H_hot       - spring height in hot state, mm 
H_cold      - spring height in cold state, mm 
H_inst      - spring height before installation, mm 
P_hot       - hot load, kN 
P_cold      - cold load, kN 
P_seis      - seismic load, kN 
DX, DY, DZ  - transient movements from cold to hot state,mm 
ALPHA       - angularity (swing from the vertical), deg 
 
 
>>>  Summary table for spring hangers loads 
====================================================================================== 
SUP N    spring      P_des  P_oper   FS     var     DX     DY     DZ   ALPHA  load set 
(node) 
====================================================================================== 
N1       06/Z2       21.42   21.38   1.5     0        3     -8     20    0.2   LS006 
                             25.82   1.3 !  21       -1     -6      1    0.2   LS007 
-------------------------------------------------------------------------------------- 
N2       06/Z2        8.40    8.35   2.0     1       12     -6     34    0.7   LS006 
                             11.33   1.4    35       -3    -11      9    0.7   LS007 
-------------------------------------------------------------------------------------- 
N3       06/Z1       19.32   19.22   1.7     0       23      2     27    0.6   LS006 
                             24.02   1.4    24       -2     -6     17    0.2   LS007 
-------------------------------------------------------------------------------------- 
N4       06/Z1       10.84   10.87   1.5     0       38      4     10    2.7   LS006 
                              9.38   1.7    13        1      0     17    0.1   LS007 
-------------------------------------------------------------------------------------- 
N5       07/Z1       12.64   12.66   1.6     0       65     23     12    5.6   LS006 
                             12.03   1.6     5       -1      0     15    0.1   LS007 
-------------------------------------------------------------------------------------- 
N6       07/Z1       13.76   13.55   1.5     1       89     43     16    8.4   LS006 
                             14.83   1.3     8       -2      0     12    0.2   LS007 
-------------------------------------------------------------------------------------- 
N7       07/Z2       13.40   13.34   1.5     0       76     51     17    8.0   LS006 
                             15.30   1.3 !  14       -2      0      3    0.2   LS007 
====================================================================================== 
Notes: 
P_des             - design load, kN 
P_oper            - operational load,kN 
FS                - load safety factor 
var               - variability, % 
DX, DY, DZ        - movements, mm 
ALPHA             - angularity (swing from the vertical), deg 
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11. If the results of analysis are satisfactory, one can move to seismic analysis. At the beginning, 

the Floor Response Spectra for different support groups should be entered: use button , 
or menu “Main Data – Spectra”. If spectra are in separate files, they can be imported in 

dPIPE using button : 

 
 

12. All piping supports should be assigned to their respective seismic support group. It can be 
done either through support summary tables (menu “Additional Data”), or (which is prefer-

able) interactively with the use of  button (or “Tools – Group operations with supports – 
Assign Seismic Group”): 
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13. Button  may be used to check if the previous operation has gone smoothly: 

 
 

14. In options (Tools/Options, ) define parameters for dynamic analysis: Response Spectrum 
Method, Cutoff frequency FMAX = 33 Hz, Partial frequency for automatic meshing of the 
piping FE model, FMESH = 60 Hz:  
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15. In the TAB shown above, press button “Modal Combination” and in the appeared dialogue 
window check options “Missing mass effect Static Correction” and “Seismic Anchor 
Movement”: 
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16. Repeat item 8 ( ), but this time select #1+SEISM (specification for analysis that includes 
seismic calculations): 

 
 
 

17. In order to perform analysis and view results, repeat steps 9 - 10. 
 

 


	Piping Model
	Seismic Input.

	Recommended sequence for input data entering



                          Piping Flexibility and Stress Analysis, dPIPE


Version:      5. 2. 6 (Build: 06 Aug 2017)
Date:        01.09.2017
Company:     ООО "ЦКТИ-Вибросейсм"

                        I N P U T   D A T A
                        ~~~~~~~~~~~~~~~~~~~~


Model:   VVER-440 Main Steam Line. Sample of analysis
Analysis:Spring Design. Stress Analysis (#1)


>>> CONTROL PARAMETERS:

Ambient temperature:          20 С
Number of cycles:             7000
Code:                         ASME BPVC NC  (1992)


friction scale factor                              (FRIC)         1.00
pressure for bends flexibility                     (BEND_PRES)    NO
code for bends flexibility                         (BEND_CODE)    ASME
flexibility for tee/branch connection joints       (TEE_FLEX)     CODE
reference temperature used for mech. properties    (T_REF)         20
water weight density                               (W_DEN)        9.80665E-06 N/mm^3
translational stiffness for "rigid" values         (RGD_TRN)      1.00000E+09
rotational stiffness for "rigid" values            (RGD_ROT)      1.00000E+14
pipe shear factor                                  (PSHEAR)       2.00
bend axial factor                                  (BAXIAL)       1.00
bend shear factor                                  (BSHEAR)       2.00
wall thickness factor for valves                   (V_STF)         3.00
max. number of iteration for non-linear calcs      (NL_MAXIT)      99
friction force tolerance                           (NL_FTOL)      0.010
non-linear reactions tolerance                     (NL_RTOL)      0.010
deformation threshold for slippage                 (NL_STOL)      0.100
NL_DTOL                                            (NL_DTOL)       0.01
NL_RMIN                                            (NL_RMIN)       1.00
NL_DMIN                                            (NL_DMIN)       1.00
acceleration of gravity                            (GRAV)         9806.65
eigenvectors tolerance                             (FREQ_TOL)     1.00000E-05
elastic modulus used for stiffness matrix          (E_MOD)        REF
character frequency for automatic meshing          (FMESH)          60.00  Hz
lift-off criteria for one way supports             (LIFT)         2.0      mm
minimal length of element                          (EL_LEN)       1.0      mm
stiffness used for spring design                   (RGD_SPR)      1.00E+09 N/mm
stiffness for rod hangers and Locked spr. hangers  (RH_STF)       1.00E+05 N/mm
longitudinal pressure stress Slp                   (SL_PRES)      PD/4t
minimally allowable angle for the elbows           (BEND_ANG)     5.00 deg
minimally allowable angle for the elbow's mesh     (ARC_ANG)      5.00 deg
tolerance for the inclination of branch from 90°   (TBRC_TOL)     3.00 deg
tolerance for the inclination of run from 180°     (TRUN_TOL)     3.00 deg

>>> FATIGUE:

Use of reference mechanical loads            (M_RANGE)            XXX


>>> SPRING DESIGN CONTROL PARAMETERS:

Minimal Load Safe Factor                     (SPR_SFPMIN)         1.00
Tolerance for variability                    (SPR_VARTOL)         0.05
Use "triangle" rule:                         (SPR_TRTRAV)       no


>>> SWINGING CONTROL:

Spring hangers                               (SWING_SH)         yes
Rod hangers                                  (SWING_RH)         yes
Struts                                       (SWING_ST)         accounting of geometric non-linearity


>>> PARAMETERS FOR DYNAMIC ANALYSIS:

cut-of-frequency                                   (FMAX)         33, Hz
missing mass effect                                (MCOM =    6)  yes
output for mode shapes                             (FREQ_OUT)     yes
use pendulum effect for rigid hangers              (RH_PND)       no

Response Spectrum method (DYN=1):

       rule for group supports combination       ABS
       seismic anchor movement (SAM)             yes
       SAM for stresses                          no
       rule for modal combination                SRSS




   FE Model Summary:
   ~~~~~~~~~~~~~~~~~~~~~~~~

 - number of nodes      54          - Total piping length            62.25 m
 - number of branch      6
 - number of FE         53


   Weight summary:
   ~~~~~~~~~~~~~~~~~~~~~~~~

 - piping weight:                         120213 N
 - medium weight:                              0 N
 - insulation weight:                      14939 N
 - lumped weights:                             0 N

   Total weight of pipeline:              135152 N

   Options for Result Report (POST_REP)
   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
   LOAD_HOT     LC004 (Hot Load. Stage II)
   LOAD_COLD    LC006 (Cold Load. Stage IV)
   LOAD_DES     LC001 (Spring Hangers Design Loads)
   SKIP_STR     $_NULL
   SKIP_SUP     $_NULL
   ANC_CS       global
   RSTR_CS      global
   SUP_CRD      NO
   SUP_SKIP     YES
   SKIP_OUT     NO

   Опции для формирования отчетов (POST_REP)
   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
 
 
 

>>>  Table    1. Global Coordinates, mm
-----------------------------------------------------
Node                    X          Y         Z
-----------------------------------------------------
      10                  0.0        0.0       0.0
      20                  0.0     1650.0       0.0
      30                  0.0     2300.0     650.0
      40                  0.0     2300.0    1910.0
      50                  0.0     2300.0    3820.0
      N1                  0.0     2300.0    5730.0
      70                  0.0     2300.0    7215.0
      80                  0.0     2300.0    8050.0
      90                  0.0     2950.0    8700.0
     100                  0.0     3875.0    8700.0
      N2                  0.0     5450.0    8700.0
     120                  0.0     7075.0    8700.0
     130                  0.0     8050.0    8700.0
     140                  0.0     8700.0    8050.0
     150                  0.0     8700.0    7225.0
      N3                  0.0     8700.0    5750.0
     170                  0.0     8700.0    4100.0
     180                  0.0     8700.0    2450.0
     190                  0.0     8700.0    1450.0
     200                  0.0     9350.0     800.0
     210                  0.0    10065.0     800.0
      N4                  0.0    11430.0     800.0
     230                  0.0    12930.0     800.0
     240                  0.0    14430.0     800.0
     250                  0.0    15930.0     800.0
      N5                  0.0    17430.0     800.0
     270                  0.0    18930.0     800.0
     280                  0.0    20430.0     800.0
     290                  0.0    21930.0     800.0
      N6                  0.0    23430.0     800.0
     310                  0.0    24380.0     800.0
     320               -650.0    25030.0     800.0
     330              -1325.0    25030.0     800.0
     340              -2650.0    25030.0     800.0
     350              -3975.0    25030.0     800.0
      N7              -5300.0    25030.0     800.0
     370              -6250.0    25030.0     800.0
     380              -6900.0    25030.0     150.0
     390              -6900.0    25030.0    -320.0
     400              -6900.0    25030.0    -790.0
     410              -7359.6    25489.6   -1440.0
     440              -7455.1    25585.1   -1440.0
      T1              -8010.2    26140.2   -1440.0
      T2              -9247.6    27377.6   -1440.0
     450             -10018.3    28148.3   -1440.0
      T3             -10789.1    28919.1   -1440.0
     470             -11559.8    29689.8   -1440.0
      T4             -12330.6    30460.6   -1440.0
      T5             -13568.0    31698.0   -1440.0
      P1              -8010.2    26140.2   -2240.0
      P2              -9247.6    27377.6   -2240.0
      P3             -10789.1    28919.1   -2240.0
      P4             -12330.6    30460.6   -2240.0
      P5             -13568.0    31698.0   -2240.0
-----------------------------------------------------

>>>  Table    2. Piping Cross-Section Data
-------------------------------------------------------------------------------------
Label              OD     t      w1     w2   c1   c2  fw1  fw2  fw2  Material
-------------------------------------------------------------------------------------
465x16            465.0  16.0   1.88   0.24  0.8  1.0 1.00 1.00      ST20
465x26            465.0  26.0   2.74   0.24  1.3  1.0 1.00 1.00      ST20
273x13            273.0  13.0   0.81   0.24  0.6  1.0 1.00 1.00      ST20
-------------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~
OD    -     output diameter, mm
t     -     wall thickness, mm
w1    -     material weight per length, N/mm
w2    -     insulation weight per length, N/mm
c1    -     wall thickness mill tolerance, mm
c2    -     corrosion or erosion allowance, mm
fw1   -     joint coefficient for longitudinal weld
fw2   -     joint coefficient for circumferential weld
fws   -     fatigue stress factor for welding joint (Russian PNAE only)


>>>  Table    3. Bends characteristics.
----------------------------------------------------------------------------------------
Node1    Node2     section           ANGLE     R       OD     t     Smin     A     FLEX
----------------------------------------------------------------------------------------
20       30        465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
80       90        465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
130      140       465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
190      200       465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
310      320       465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
370      380       465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
400      410       465x16             90.0    650.0   465.0   16.0   12.5    7.0   7.996 (CODE)
----------------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~

ANGLE -     bend angle, deg
R     -     bend radius, mm
OD    -     outside diameter, mm
t     -     wall thickness, mm
Smin  -     minimal wall thickness, mm
A     -     out-of-roundness, %
FLEX  -     flexibility factor (CODE - automatic calculation by programm)


>>>  Table    4. Materials (ASME)
----------------------------------------------------------------------------------------------------------
Label              T      E        T     A         T  SU  SY     T  SH(SM)  Mu   DEN    M   N  FAT
----------------------------------------------------------------------------------------------------------
ST20               20 2.000E+05    20 1.150E-05    20 402 216    20  100.5  0.30 7.800         CS
                   50 1.970E+05    50 1.150E-05    50 392 206    50  100.5
                  100 1.950E+05   100 1.190E-05   100 392 206   100  100.5
                  150 1.920E+05   150 1.220E-05   150 392 206   150  100.5
                  200 1.900E+05   200 1.250E-05   200 373 196   200  100.5
                  250 1.850E+05   250 1.280E-05   250 373 196   250  100.5
                  300 1.800E+05   300 1.310E-05   300 363 177   300   99.8
                  350 1.750E+05   350 1.340E-05   350 353 157   350   97.1
(1)                20 2.000E+05       1.150E-05       402 216        100.5
                  271 1.829E+05       1.293E-05       369 188        100.2
----------------------------------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~

T      -     temperature, °C
E      -     modulus of elasticity, N/mm**2
A      -     coefficient of linear thermal expansion, 1/°С
SU     -     tensile strength, MPa
SY     -     yield strength, MPa
SH(SM) -     allowable stress, MPa
Mu     -     Poisson's ratio
DEN    -     density ratio (comparative to water)
FAT    -     fatigue curve
M, N   -     coeficients for simplified elastic-plastic analysis (NB-3228.5(b)-1)
(1)    -     data for temperatures used in calculations


>>>  Table    5. Fatigue Curves
------------------------------------------------------
Label                  NC         SA        Em     INT
------------------------------------------------------
FAT1                   10      319.40   1.750E+05  11
                   100000       23.40
CS                     10     2100.00   1.950E+05  11
                       20     1700.00
                       50     1100.00
                      100      820.00
                      200      650.00
                      500      460.00
                      850      380.00
                     1000      365.00
                     2000      310.00
                     5000      240.00
                    10000      190.00
                    12000      180.00
                    20000      160.00
                    50000      150.00
                   100000      120.00
                   200000      105.00
                   500000       95.00
                  1000000       90.00
------------------------------------------------------
Notes:
~~~~~~~~~~~

NC    -     number of cycles
SA    -     stress amplitude, MPa
EM    -     modulus of elasticity used for fatigue tests, N/mm**2
INT   -     rule for interpolation:
            0 (LIN-LIN);1 (LOG-LIN); 10 (LIN-LOG); 11(LOG-LOG)


>>>  Table    6. Operational Modes
---------------------------------------------------------------------------------
Regime            Loading Group             T        P      CSG     INS  
---------------------------------------------------------------------------------
NOL               LG1                     271.00    4.50    0.00    1.00   Design parameters
---------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~

T     -     temperature, °C
P     -     pressure, MPa
CSG   -     density ratio (comparative to water)
INS   -     insulation (scaling factor)


>>>  Table    7. Finite - element model (layout).
-----------------------------------------------------------------------
Node1    Node2     Element          DX         DY       DZ      L/R
-----------------------------------------------------------------------
10                 FROM           0.00000   1.00000   0.00000
10       20        PIPE           0.00000   1.00000   0.00000   1650.00
20       30        BEND           0.00000   0.00000   1.00000    650.00
30       40        PIPE           0.00000   0.00000   1.00000   1260.00
40       50        PIPE           0.00000   0.00000   1.00000   1910.00
50       N1        PIPE           0.00000   0.00000   1.00000   1910.00
N1       70        PIPE           0.00000   0.00000   1.00000   1485.00
70       80        PIPE           0.00000   0.00000   1.00000    835.00
80       90        BEND           0.00000   1.00000   0.00000    650.00
90       100       PIPE           0.00000   1.00000   0.00000    925.00
100      N2        PIPE           0.00000   1.00000   0.00000   1575.00
N2       120       PIPE           0.00000   1.00000   0.00000   1625.00
120      130       PIPE           0.00000   1.00000   0.00000    975.00
130      140       BEND           0.00000   0.00000  -1.00000    650.00
140      150       PIPE           0.00000   0.00000  -1.00000    825.00
150      N3        PIPE           0.00000   0.00000  -1.00000   1475.00
N3       170       PIPE           0.00000   0.00000  -1.00000   1650.00
170      180       PIPE           0.00000   0.00000  -1.00000   1650.00
180      190       PIPE           0.00000   0.00000  -1.00000   1000.00
190      200       BEND           0.00000   1.00000   0.00000    650.00
200      210       PIPE           0.00000   1.00000   0.00000    715.00
210      N4        PIPE           0.00000   1.00000   0.00000   1365.00
N4       230       PIPE           0.00000   1.00000   0.00000   1500.00
230      240       PIPE           0.00000   1.00000   0.00000   1500.00
240      250       PIPE           0.00000   1.00000   0.00000   1500.00
250      N5        PIPE           0.00000   1.00000   0.00000   1500.00
N5       270       PIPE           0.00000   1.00000   0.00000   1500.00
270      280       PIPE           0.00000   1.00000   0.00000   1500.00
280      290       PIPE           0.00000   1.00000   0.00000   1500.00
290      N6        PIPE           0.00000   1.00000   0.00000   1500.00
N6       310       PIPE           0.00000   1.00000   0.00000    950.00
310      320       BEND          -1.00000   0.00000   0.00000    650.00
320      330       PIPE          -1.00000   0.00000   0.00000    675.00
330      340       PIPE          -1.00000   0.00000   0.00000   1325.00
340      350       PIPE          -1.00000   0.00000   0.00000   1325.00
350      N7        PIPE          -1.00000   0.00000   0.00000   1325.00
N7       370       PIPE          -1.00000   0.00000   0.00000    950.00
370      380       BEND           0.00000   0.00000  -1.00000    650.00
380      390       PIPE           0.00000   0.00000  -1.00000    470.00
390      400       PIPE           0.00000   0.00000  -1.00000    470.00
400      410       BEND          -0.70711   0.70711   0.00000    650.00
410      440       PIPE          -0.70711   0.70711   0.00000    135.00
440      T1        PIPE          -0.70711   0.70711   0.00000    785.00
T1       T2        PIPE          -0.70711   0.70711   0.00000   1750.00
T2       450       PIPE          -0.70711   0.70711   0.00000   1090.00
450      T3        PIPE          -0.70711   0.70711   0.00000   1090.00
T3       470       PIPE          -0.70711   0.70711   0.00000   1090.00
470      T4        PIPE          -0.70711   0.70711   0.00000   1090.00
T4       T5        PIPE          -0.70711   0.70711   0.00000   1750.00

T1                 FROM           0.00000   0.00000  -1.00000
T1       P1        PIPE           0.00000   0.00000  -1.00000    800.00

T2                 FROM           0.00000   0.00000  -1.00000
T2       P2        PIPE           0.00000   0.00000  -1.00000    800.00

T3                 FROM           0.00000   0.00000  -1.00000
T3       P3        PIPE           0.00000   0.00000  -1.00000    800.00

T4                 FROM           0.00000   0.00000  -1.00000
T4       P4        PIPE           0.00000   0.00000  -1.00000    800.00

T5                 FROM           0.00000   0.00000  -1.00000
T5       P5        PIPE           0.00000   0.00000  -1.00000    800.00
-----------------------------------------------------------------------
Notes:
~~~~~~~~~~~

DX, DY, DZ     -     directional cosines
L/R            -     element length/bend radius, mm
Elements:
PIPE           -     straight pipe
BEND           -     bend or elbow
CS MITER BEND  -     miter bend
REDU           -     reducer
RIGID          -     rigid link
FLEX           -     elastic element
VALV           -     valve
BELLOW         -     expansion joint (bellow)
STRUCT         -     beam
CS             -     cold spring



>>>  Table    7.a Finite - element model (elements)
------------------------------------------------------------------------------------
Node1    Node2     Element       Section           Load Group       CLS  Extra data
------------------------------------------------------------------------------------
10                 FROM                                                   A/S
10       20        PIPE          465x16            LG1                2
20       30        BEND          465x16            LG1                2
30       40        PIPE          465x16            LG1                2
40       50        PIPE          465x16            LG1                2
50       N1        PIPE          465x16            LG1                2   SH
N1       70        PIPE          465x16            LG1                2
70       80        PIPE          465x16            LG1                2
80       90        BEND          465x16            LG1                2
90       100       PIPE          465x16            LG1                2
100      N2        PIPE          465x16            LG1                2   SH
N2       120       PIPE          465x16            LG1                2
120      130       PIPE          465x16            LG1                2
130      140       BEND          465x16            LG1                2
140      150       PIPE          465x16            LG1                2
150      N3        PIPE          465x16            LG1                2   SH
N3       170       PIPE          465x16            LG1                2
170      180       PIPE          465x16            LG1                2
180      190       PIPE          465x16            LG1                2
190      200       BEND          465x16            LG1                2
200      210       PIPE          465x16            LG1                2
210      N4        PIPE          465x16            LG1                2   SH
N4       230       PIPE          465x16            LG1                2
230      240       PIPE          465x16            LG1                2
240      250       PIPE          465x16            LG1                2
250      N5        PIPE          465x16            LG1                2   SH
N5       270       PIPE          465x16            LG1                2
270      280       PIPE          465x16            LG1                2
280      290       PIPE          465x16            LG1                2
290      N6        PIPE          465x16            LG1                2   SH
N6       310       PIPE          465x16            LG1                2
310      320       BEND          465x16            LG1                2
320      330       PIPE          465x16            LG1                2
330      340       PIPE          465x16            LG1                2
340      350       PIPE          465x16            LG1                2
350      N7        PIPE          465x16            LG1                2   SH
N7       370       PIPE          465x16            LG1                2
370      380       BEND          465x16            LG1                2
380      390       PIPE          465x16            LG1                2
390      400       PIPE          465x16            LG1                2
400      410       BEND          465x16            LG1                2
410      440       PIPE          465x16            LG1                2
440      T1        PIPE          465x26            LG1                2
T1       T2        PIPE          465x26            LG1                2
T2       450       PIPE          465x26            LG1                2
450      T3        PIPE          465x26            LG1                2
T3       470       PIPE          465x26            LG1                2
470      T4        PIPE          465x26            LG1                2
T4       T5        PIPE          465x26            LG1                2

T1                 FROM
T1       P1        PIPE          273x13            LG1                2   A/S

T2                 FROM
T2       P2        PIPE          273x13            LG1                2   A/S

T3                 FROM
T3       P3        PIPE          273x13            LG1                2   A/S

T4                 FROM
T4       P4        PIPE          273x13            LG1                2   A/S

T5                 FROM
T5       P5        PIPE          273x13            LG1                2   A/S
------------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~~
W     -     lumped weight                       SH    -     spring hanger
F     -     point force/moment                  RH    -     rigid hanger
A/S   -     rigid supports (anchors)            Tee   -     tee (branch connection)
R     -     restraint                           D     -     viscous damper
Gap   -     dynamic limit stop                  U     -     snubber
Wld   -     weld                                D.F   -     transient dynamic force
Out   -     output for Time History             CLS   -     safety class
STR   -     stress discontinuity                EPG   -     elasto-plastic element



>>>  Table    8. Anchors and supports
------------------------------------------------------------------------------------------------------------
Node      CNODE     type  CS  GRP    STX(A)     STY(H)     STZ(N)     SRX(A)     SRY(H)     SRZ(N)   Release
------------------------------------------------------------------------------------------------------------
10                  anch   G   2     rigid      rigid      rigid      rigid      rigid      rigid
P1                  anch   G   1     rigid      rigid      rigid      rigid      rigid      rigid
P2                  anch   G   1     rigid      rigid      rigid      rigid      rigid      rigid
P3                  anch   G   1     rigid      rigid      rigid      rigid      rigid      rigid
P4                  anch   G   1     rigid      rigid      rigid      rigid      rigid      rigid
P5                  anch   G   1     rigid      rigid      rigid      rigid      rigid      rigid
------------------------------------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~
CNODE          - connection node
type           - support type: anch - anchor; sup - 6-component support
CS             - coordinate system for support's stiffness (G - global, L - local)
GRP            - seismic group of supports
STX, STY, STZ  - translational stiffness, N/mm (rigid - rigid support)
SRX, SRY, SRZ  - rotational stiffness, N*mm/rad
fi, theta      - rotation angles of the support with respect to the global coordinates
Release        - released degrees of freedom for selection of spring hangers loads
                 (0 - released, 1 - fixed)


>>>  Table    9. Spring supports (standard springs).
---------------------------------------------------------------------------------
Node     type   catalogue NC  spring   chain structure var   pf   ZMAX ZMIN LOCK
---------------------------------------------------------------------------------
N1         sh   OST80     2                            0.35  1.30   4    1    -
N2         sh             1                            0.35  1.30   4    1    -
N3         sh             2                            0.35  1.30   4    1    -
N4         sh             1                            0.35  1.30   4    1    -
N5         sh             1                            0.35  1.30   4    1    -
N6         sh             1                            0.35  1.30   4    1    -
N7         sh             1                            0.35  1.30   4    1    -
---------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~
type        - support type (sh - hanger, sup. - spring support)
catalogue   - manufacturer's catalogue
spring      - spring's id
NC          - number of rods
var         - spring variability
PF          - load capacity factor
ZMAX        - chain's minimal structure (for springs selection)
ZMIN        - chain's maximal structure (for springs selection)
LOCK        - lock spring during hydro test (for solv type = 'TEST_B')



>>>  Table    9.a Spring supports (characteristics).
------------------------------------------------------------------------------------
Node      CNODE    GRP    NC      STIF       LOAD     LEN     FRIC     PMAX     PMIN
------------------------------------------------------------------------------------
N1                  2     2                          2050
N2                  2     1                          1010
N3                  2     2                          2050
N4                  2     1                           830
N5                  2     1                           700
N6                  2     1                           670
N7                  2     1                           660
------------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~
CNODE       - connection node
GRP         - seismic group of supports
stif        - stiffness of one chain, N/mm
LOAD        - total load for support, N
LEN         - rod length, mm
FRIC        - friction coefficient for spring support
PMAX        - maximal spring load for one chain, N
PMIN        - minimal spring load for one chain, N



>>>  Table   11. Support's movements
--------------------------------------------------------------------------------
Regime   Node     type        DX       DY       DZ       RX       RY       RZ
--------------------------------------------------------------------------------
NOL      P1       anch        68.00    54.00     6.00     0.00     0.00     0.00
         P2       anch        63.00    57.00     6.00     0.00     0.00     0.00
         P3       anch        56.00    60.00     6.00     0.00     0.00     0.00
         P4       anch        49.00    64.00     6.00     0.00     0.00     0.00
         P5       anch        44.00    67.00     6.00     0.00     0.00     0.00
--------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~
DX, DY, DZ  - translational movements, mm
RX, RY, RZ  - rotation, rad



>>>  Table   12. Stress intensification factors (Class 2)
---------------------------------------------------------
Node1      Node2       element      B1    B2    i     B2'
---------------------------------------------------------
 10         20         PIPE        0.50  1.00  1.00
 30         40         PIPE        0.50  1.00  1.00
 40         50         PIPE        0.50  1.00  1.00
 50         N1         PIPE        0.50  1.00  1.00
 N1         70         PIPE        0.50  1.00  1.00
 70         80         PIPE        0.50  1.00  1.00
 90         100        PIPE        0.50  1.00  1.00
 100        N2         PIPE        0.50  1.00  1.00
 N2         120        PIPE        0.50  1.00  1.00
 120        130        PIPE        0.50  1.00  1.00
 140        150        PIPE        0.50  1.00  1.00
 150        N3         PIPE        0.50  1.00  1.00
 N3         170        PIPE        0.50  1.00  1.00
 170        180        PIPE        0.50  1.00  1.00
 180        190        PIPE        0.50  1.00  1.00
 200        210        PIPE        0.50  1.00  1.00
 210        N4         PIPE        0.50  1.00  1.00
 N4         230        PIPE        0.50  1.00  1.00
 230        240        PIPE        0.50  1.00  1.00
 240        250        PIPE        0.50  1.00  1.00
 250        N5         PIPE        0.50  1.00  1.00
 N5         270        PIPE        0.50  1.00  1.00
 270        280        PIPE        0.50  1.00  1.00
 280        290        PIPE        0.50  1.00  1.00
 290        N6         PIPE        0.50  1.00  1.00
 N6         310        PIPE        0.50  1.00  1.00
 320        330        PIPE        0.50  1.00  1.00
 330        340        PIPE        0.50  1.00  1.00
 340        350        PIPE        0.50  1.00  1.00
 350        N7         PIPE        0.50  1.00  1.00
 N7         370        PIPE        0.50  1.00  1.00
 380        390        PIPE        0.50  1.00  1.00
 390        400        PIPE        0.50  1.00  1.00
 410        440        PIPE        0.50  1.00  1.00
 440        T1         PIPE        0.50  1.00  1.00
 T1         T2         PIPE        0.50  1.00  1.00
 T2         450        PIPE        0.50  1.00  1.00
 450        T3         PIPE        0.50  1.00  1.00
 T3         470        PIPE        0.50  1.00  1.00
 470        T4         PIPE        0.50  1.00  1.00
 T4         T5         PIPE        0.50  1.00  1.00
 T1         P1         PIPE        0.50  1.00  1.00
 T2         P2         PIPE        0.50  1.00  1.00
 T3         P3         PIPE        0.50  1.00  1.00
 T4         P4         PIPE        0.50  1.00  1.00
 T5         P5         PIPE        0.50  1.00  1.00
 20         30         BEND              3.72  2.58
 80         90         BEND              3.72  2.58
 130        140        BEND              3.72  2.58
 190        200        BEND              3.72  2.58
 310        320        BEND              3.72  2.58
 370        380        BEND              3.72  2.58
 400        410        BEND              3.72  2.58
---------------------------------------------------------


>>>  Table   13.01 Response Spectra (Support's group N 001, 'SG', INT= 0)
------------------------------------------------------------------------------
  N         ---- X-DIR -----       ---- Y-DIR -----       ---- Z-DIR -----
 point       freq.    accel.        freq.    accel.        freq.    accel.
------------------------------------------------------------------------------
   1          0.20      0.06         0.20      0.06         0.20      0.06
   2          2.00      1.00         2.56      1.37         2.50      0.88
   3          3.08      1.30         4.17      1.38         4.00      1.11
   4          4.60      2.50         6.22      2.57         8.00      1.10
   5          6.54      2.50         8.27      2.58        10.00      1.10
   6         11.67      1.00        11.67      1.21        12.00      1.13
   7         17.00      1.00        14.36      1.21        13.00      1.21
   8         27.00      0.68        28.72      0.61        28.00      0.46
   9         40.00      0.69        39.68      0.61        40.00      0.47
------------------------------------------------------------------------------
 MULT               1.00                   1.00                   1.00
------------------------------------------------------------------------------
 DMAX              33.00                  34.00                   2.00
------------------------------------------------------------------------------

>>>  Table   13.02 Response Spectra (Support's group N 002, 'RB', INT= 0)
------------------------------------------------------------------------------
  N         ---- X-DIR -----       ---- Y-DIR -----       ---- Z-DIR -----
 point       freq.    accel.        freq.    accel.        freq.    accel.
------------------------------------------------------------------------------
   1          0.20      0.06         0.20      0.06         0.20      0.06
   2          2.00      1.40         2.00      1.40         2.50      0.92
   3          4.00      2.74         3.00      3.70         7.20      1.65
   4          4.20      4.00         5.40      3.70        10.50      2.25
   5          7.00      4.00         6.90      3.20        14.50      2.10
   6         12.00      1.60         9.00      3.20        17.80      1.80
   7         16.00      1.60        16.00      1.50        20.00      1.50
   8         23.00      1.00        23.00      1.00        28.00      0.78
   9         40.00      1.00        40.00      1.00        40.00      0.78
------------------------------------------------------------------------------
 MULT               1.00                   1.00                   1.00
------------------------------------------------------------------------------
 DMAX               0.00                   0.00                   0.00
------------------------------------------------------------------------------
Notes:
~~~~~~~~~~~

freq.     -     frequency, Hz
accel.    -     spectral acceleration, (g)
MULT      -     scale factor
DMAX      -     seismic ahchor movement, mm
INT       -     interpolation rule:
                0 (LIN-LIN);1 (LOG-LIN); 10 (LIN-LOG); 11(LOG-LOG)




>>>  Table   14. Analysis Load Cases
---------------------------------------------------------------
LC     Type   Regime     Loads            FRIC PEND NLS HANG PE
---------------------------------------------------------------
LC1    DSGN   NOL        W                  -    -  YES   -   -  Spring Hangers Design Loads
LC2    OPER_A NOL        W+P+T+D            -    -  YES   -   -  Hot Load. Selection of springs
LC3    OPER_B $COLD      W+P+T+D            -    -  YES   +   -  Cold Load. Selection of springs
LC4    OPER_B NOL        W+P+T+D            +    +  YES   +   -  Hot Load. Stage II
LC5    SUST_C NOL        W+P                -    -  REF   -   -  Sustained Loads. Stage I
LC6    OPER_B $COLD      W+P+T+D            +    +  YES   +   -  Cold Load. Stage IV
---------------------------------------------------------------
Notes:
~~~~~~~~~~~
Type      - type of analysis:                            Loads:

  DSGN   -> design analysis for spring hanger loads      W  - weight loads
  OPER_A -> whole range of operational loads (type A)    P  - pressure
  OPER_B -> whole range of operational loads (type B)    T  - thermal expansions loads
  OPER_R -> whole range of operational loads (type R)    F  - external forces
  SUST_A -> sustained loads (type A)                     D  - support's movement
  SUST_C -> sustained loads (type C)                     CS - cold springing
  MODAL  -> modal analysis                               WP - seismic wave propagation
  TEST   -> hydrotest with all springs locked (preoperational)
  TEST_B -> hydrotest with some springs locked (during the maintenance period)
  SAM    -> seismic anchor movements analysis


FRIC - friction in supports                           Regime:
PEND - pendulum effect for hangers                    $COLD   - cold state
HANG - stiffness of spring hangers
NLS  - status of non-linear supports
PE   - pressure elongation



>>>  Table   15. Load Sets (Postprocessing)
-------------------------------------------------------------------
LS     Type    reference on load cases & sets     comb. rule output
-------------------------------------------------------------------
LS1    EQ8     LC5                                SUM         +    EQ8 (Design)
LS2    EQ10    LC4-LC6                            SUM         +    EQ10
LS3    EQ11    LC5+LS2                            SUM         +    EQ11
LS4    DISP    LC5                                SUM         +    Weight deflections
LS5    DISP    LC4-LC6                            SUM         +    Thermal expansions
LS6    SUPP    LC4                                SUM         +    Hot Loads
LS7    SUPP    LC6                                SUM         +    Cold Loads
------------------------------------------------------------------
Notes:

      ASME NC-3600 stresses:

EQ8         - equation (8), design
EQ9_B       - equation (9), level B
EQ9_C       - equation (9), level C
EQ9_D       - equation (9), level D
EQ10        - equation (10), thermal expansion
EQ10a       - equation (10a), single nonrepeated anchor movement
EQ11        - equation (11), pressure + sustained loads + thermal expansion
EQ11a       - equation (11a), reversing dynamic loads Level A and B
RVRS        - reversing dynamic loads for level D

DISP        - displacements output
SUPP        - support's reactions output
FORC        - internal element's forces output




TITLE "VVER-440 Main Steam Line. Sample of analysis"

CTRL dyn = 'RSM', mcom = 6, code = 'ASME_NC', fmesh = 60

SPEC group = 'SG', int = 0, mult = 1, 1, 1, disp = 33, 34, 2
& fx = 0.2, 2, 3.08, 4.6, 6.54, 11.67, 17, 27, 40
& ax = 0.06, 1, 1.3, 2.5, 2.5, 1, 1, 0.68, 0.69
& fy = 0.2, 2.56, 4.17, 6.22, 8.27, 11.67, 14.36, 28.72, 39.68
& ay = 0.06, 1.37, 1.38, 2.57, 2.58, 1.21, 1.21, 0.61, 0.61
& fz = 0.2, 2.5, 4, 8, 10, 12, 13, 28, 40
& az = 0.06, 0.88, 1.11, 1.1, 1.1, 1.13, 1.21, 0.46, 0.47

SPEC group = 'RB', int = 0, mult = 1, 1, 1, disp = 0, 0, 0
& fx = 0.2, 2, 4, 4.2, 7, 12, 16, 23, 40
& ax = 0.06, 1.4, 2.74, 4, 4, 1.6, 1.6, 1, 1
& fy = 0.2, 2, 3, 5.4, 6.9, 9, 16, 23, 40
& ay = 0.06, 1.4, 3.7, 3.7, 3.2, 3.2, 1.5, 1, 1
& fz = 0.2, 2.5, 7.2, 10.5, 14.5, 17.8, 20, 28, 40
& az = 0.06, 0.92, 1.65, 2.25, 2.1, 1.8, 1.5, 0.78, 0.78

FAT 'FAT1' em = 175000, int = 11
& nc = 10, 100000
& sa = 319.4, 23.4

FAT 'CS' em = 195000, int = 11
& nc = 10, 20, 50, 100, 200, 500, 850, 1000, 2000, 5000, 10000, 12000, 20000, 50000, 100000, 200000, 500000, 1E+006
& sa = 2100, 1700, 1100, 820, 650, 460, 380, 365, 310, 240, 190, 180, 160, 150, 120, 105, 95, 90

MAT 'ST20' fat = 'CS', den = 7.8, mu = 0.3
& t = 20, 50, 100, 150, 200, 250, 300, 350
& e = 200000, 197000, 195000, 192000, 190000, 185000, 180000, 175000
& t = 20, 50, 100, 150, 200, 250, 300, 350
& a = 1.15E-005, 1.15E-005, 1.19E-005, 1.22E-005, 1.25E-005, 1.28E-005, 1.31E-005, 1.34E-005
& t = 20, 50, 100, 150, 200, 250, 300, 350
& su = 402, 392, 392, 392, 373, 373, 363, 353
& sy = 216, 206, 206, 206, 196, 196, 177, 157

PIPE '465x16' od = 465, t = 16, w = 1.88, c = 0.8, mat = 'ST20', fw = 1, 1, iwgt = 0.24, corr = 1
& BEND = 'R650', r = 650, oval = 7, smin = 12.5
PIPE '465x26' od = 465, t = 26, c = 1.3, mat = 'ST20', fw = 1, 1, iwgt = 0.24, corr = 1
PIPE '273x13' od = 273, t = 13, c = 0.65, mat = 'ST20', fw = 1, 1, iwgt = 0.24, corr = 1

OPVAL 'NOL'
& LG 'LG1' p = 4.5, t = 271, csg = 0

SDEF stab = 'OST80', pvar = 0.35, pfac = 1.3, zmax = 6, zmin = 1


10: F dc = 0, 1, 0, cs = '465x16', lg = 'LG1' ;        гермопроходка
20: P len = 2300
30: B id = 'R650', dc = 0, 0, 1, smin = 12.5
40: P len = 1910
50: P len = 1910
N1: P len = 1910
70: P len = 1485
80: P len = 1485
90: B id = 'R650', dc = 0, 1, 0, smin = 12.5
100: P len = 1575
N2: P len = 1575
120: P len = 1625
130: P len = 1625
140: B id = 'R650', dc = 0, 0, -1, smin = 12.5
150: P len = 1475
N3: P len = 1475
170: P len = 1650
180: P len = 1650
190: P len = 1650
200: B id = 'R650', dc = 0, 1, 0, smin = 12.5
210: P len = 1365
N4: P len = 1365
230: P len = 1500
240: P len = 1500
250: P len = 1500
N5: P len = 1500
270: P len = 1500
280: P len = 1500
290: P len = 1500
N6: P len = 1500
310: P len = 1600
320: B id = 'R650', dc = -1, 0, 0, smin = 12.5
330: P len = 1325
340: P len = 1325
350: P len = 1325
N7: P len = 1325
370: P len = 1600
380: B id = 'R650', dc = 0, 0, -1, smin = 12.5
390: P len = 1120
400: P len = 1120
410: B id = 'R650', dc = -0.707107, 0.707107, 0, smin = 12.5
440: P len = 785
T1: P len = 785, cs = '465x26'
T2: P len = 1750
450: P len = 1090
T3: P len = 1090
470: P len = 1090
T4: P len = 1090
T5: P len = 1750

T1: F dc = 0, 0, -1, cs = '273x13', lg = 'LG1'
P1: P len = 800

T2: F dc = 0, 0, -1, cs = '273x13', lg = 'LG1'
P2: P len = 800

T3: F dc = 0, 0, -1, cs = '273x13', lg = 'LG1'
P3: P len = 800

T4: F dc = 0, 0, -1, cs = '273x13', lg = 'LG1'
P4: P len = 800

T5: F dc = 0, 0, -1, cs = '273x13', lg = 'LG1'
P5: P len = 800

; Spring Hangers
	N1: SPR nc = 2, zmax = 4, len = 2050, group = 'RB'
	N2: SPR nc = 1, zmax = 4, len = 1010, group = 'RB'
	N3: SPR nc = 2, zmax = 4, len = 2050, group = 'RB'
	N4: SPR nc = 1, zmax = 4, len = 830, group = 'RB'
	N5: SPR nc = 1, zmax = 4, len = 700, group = 'RB'
	N6: SPR nc = 1, zmax = 4, len = 670, group = 'RB'
	N7: SPR nc = 1, zmax = 4, len = 660, group = 'RB'

; Anchors
	10: ANC group = 'RB'
	P1: ANC group = 'SG'
	& mode = 'NOL', dx = 68, dy = 54, dz = 6
	P2: ANC group = 'SG'
	& mode = 'NOL', dx = 63, dy = 57, dz = 6
	P3: ANC group = 'SG'
	& mode = 'NOL', dx = 56, dy = 60, dz = 6
	P4: ANC group = 'SG'
	& mode = 'NOL', dx = 49, dy = 64, dz = 6
	P5: ANC group = 'SG'
	& mode = 'NOL', dx = 44, dy = 67, dz = 6

SOLV "Spring Design. Stress Analysis (#1)"
& LC mod = '$OPER', type = 'DSGN', note = "Spring Hangers Design Loads" ; LC1
& LC mod = '$OPER', type = 'OPER_A', fric = 'No', pend = 'NO', note = "Hot Load. Selection of springs" ; LC2
& LC mod = '$COLD', type = 'OPER_B', fric = 'No', pend = 'NO', note = "Cold Load. Selection of springs" ; LC3
& LC mod = '$OPER', type = 'OPER_B', pend = 'YES', note = "Hot Load. Stage II" ; LC4
& LC mod = '$OPER', type = 'SUST_C', note = "Sustained Loads. Stage I" ; LC5
& LC mod = '$COLD', type = 'OPER_B', pend = 'YES', note = "Cold Load. Stage IV" ; LC6

POST
& res = 'EQ8', ls = "LC5", note = "EQ8 (Design)" ; LS1
& res = 'EQ10', ls = "LC4-LC6", note = "EQ10" ; LS2
& res = 'EQ11', ls = "LC5+LS2", note = "EQ11" ; LS3
& res = 'DISP', ls = "LC5", note = "Weight deflections" ; LS4
& res = 'DISP', ls = "LC4-LC6", note = "Thermal expansions" ; LS5
& res = 'SUPP', ls = "LC4", note = "Hot Loads" ; LS6
& res = 'SUPP', ls = "LC6", note = "Cold Loads" ; LS7

POST_REP load_hot = 'LC4', load_cold = 'LC6', load_des = 'LC1'
END_OF_DATA

SOLV "Spring Design. Stress Analysis (#1)"
& LC mod = '$OPER', type = 'DSGN', note = "Spring Hangers Design Loads" ; LC1
& LC mod = '$OPER', type = 'OPER_A', fric = 'No', pend = 'NO', note = "Hot Load. Selection of springs" ; LC2
& LC mod = '$COLD', type = 'OPER_B', fric = 'No', pend = 'NO', note = "Cold Load. Selection of springs" ; LC3
& LC mod = '$OPER', type = 'OPER_B', pend = 'YES', note = "Hot Load. Stage II" ; LC4
& LC mod = '$OPER', type = 'SUST_C', note = "Sustained Loads. Stage I" ; LC5
& LC mod = '$COLD', type = 'OPER_B', pend = 'YES', note = "Cold Load. Stage IV" ; LC6

POST
& res = 'EQ8', ls = "LC5", note = "EQ8 (Design)" ; LS1
& res = 'EQ10', ls = "LC4-LC6", note = "EQ10" ; LS2
& res = 'EQ11', ls = "LC5+LS2", note = "EQ11" ; LS3
& res = 'DISP', ls = "LC5", note = "Weight deflections" ; LS4
& res = 'DISP', ls = "LC4-LC6", note = "Thermal expansions" ; LS5
& res = 'SUPP', ls = "LC4", note = "Hot Loads" ; LS6
& res = 'SUPP', ls = "LC6", note = "Cold Loads" ; LS7

POST_REP load_hot = 'LC4', load_cold = 'LC6', load_des = 'LC1'
END_OF_DATA

SOLV "Spring Selection, Seismic Loads. Stress Analysis (#1)"
& LC mod = '$OPER', type = 'DSGN', note = "Spring Hangers Design Loads" ; LC1
& LC mod = '$OPER', type = 'OPER_A', fric = 'No', pend = 'NO', note = "All operational Loads" ; LC2
& LC mod = '$COLD', type = 'OPER_B', fric = 'No', pend = 'NO', note = "Cold Load. Selection of springs" ; LC3
& LC mod = '$OPER', type = 'OPER_B', pend = 'YES', note = "Hot Load. Stage II" ; LC4
& LC mod = '$OPER', type = 'SUST_C', note = "Sustained Loads. Stage I. " ; LC5
& LC mod = '$COLD', type = 'OPER_B', pend = 'YES', note = "Cold Load. Stage IV" ; LC6
& LC mod = '$OPER', type = 'MODAL', pend = 'LC4', note = "Modal Analysis" ; LC7

POST
& res = 'S2_NUE', ls = "LC5", note = "S2 Stresses (NOC)" ; LS1
& res = 'S2_MRZ', ls = "LC5+LC7", note = "S2 Stressess (SSE)" ; LS2
& res = 'S2_PZ1', ls = "LC5+0.5*LC7", note = "S2 Stressess (OBE)" ; LS3
& res = 'SRK', ls = "LC4-LC6", note = "Srk Stresses" ; LS4
& res = 'SAF', ls = "LC4-LC6", note = "Saf Stresses" ; LS5
& res = 'DISP', ls = "LC5", note = "Weight deflections" ; LS6
& res = 'DISP', ls = "LC4-LC6", note = "Thermal expansions" ; LS7
& res = 'DISP', ls = "LC7", note = "Seismic displacements" ; LS8
& res = 'SUPP', ls = "LC4", note = "Hot Loads" ; LS9
& res = 'SUPP', ls = "LC6", note = "Cold Loads" ; LS10
& res = 'SUPP', ls = "LC7", note = "Seismic Loads" ; LS11
& res = 'FORC', ls = "LC5+LC7", rule = 'SEISM', out = 'No', note = "Weight + SSE" ; LS12
& res = 'FORC', ls = "LC5+0.5*LC7", rule = 'SEISM', out = 'No', note = "Weight + OBE" ; LS13
& res = 'FORC', ls = "LC4-LC5", out = 'No', note = "T. Exp. Loads for valves" ; LS14

POST_REP load_hot = 'LC4', load_cold = 'LC6', load_des = 'LC1', ott_w = 'LC5', ott_t = 'LS14', ott_pz = 'LS13', ott_mrz = 'LS12'
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Code:       ASME NC  (1992)

Model:      VVER-440 Main Steam Line. Sample of analysis
Analysis:   Spring Design. Stress Analysis (#1)

 
 
 

>>>  Spring Hanger Design Data. Catalogue  ОСТ 108.764.01-80
======================================================================================================
Sup N     NC   Chain        Springs Heights             Support's Loads           Movements      ALPHA
(node)         struct. H_free  H_hot  H_cold  H_inst  P_hot   P_cold  P_seis    DX     DY    DZ
======================================================================================================
N1         2   1*18     369    277    258      258     21.38   25.82              4     -1    19  0.1
-----------------------------------------------------------------------------------------------------
N2         1   1*18     369    297    272      263      8.35   11.33             15      5    26  0.9
-----------------------------------------------------------------------------------------------------
N3         2   1*06     201    160    150      133     19.22   24.02             26      8    10  0.7
-----------------------------------------------------------------------------------------------------
N4         1   1*06     201    154    161      144     10.87    9.38             38      4    -6  2.6
-----------------------------------------------------------------------------------------------------
N5         1   1*07     226    181    183      169     12.66   12.03             66     23    -2  5.7
-----------------------------------------------------------------------------------------------------
N6         1   1*07     226    178    173      162     13.55   14.83             90     43     5  8.5
-----------------------------------------------------------------------------------------------------
N7         1   1*19     414    319    305      302     13.34   15.30             78     51    14  8.1
======================================================================================================
Notes:
NC          - number of springs
H_free      - unloaded spring height, mm
H_hot       - spring height in hot state, mm
H_cold      - spring height in cold state, mm
H_inst      - spring height before installation, mm
P_hot       - hot load, kN
P_cold      - cold load, kN
P_seis      - seismic load, kN
DX, DY, DZ  - transient movements from cold to hot state,mm
ALPHA       - angularity (swing from the vertical), deg


>>>  Summary table for spring hangers loads
======================================================================================
SUP N    spring      P_des  P_oper   FS     var     DX     DY     DZ   ALPHA  load set
(node)
======================================================================================
N1       06/Z2       21.42   21.38   1.5     0        3     -8     20    0.2   LS006
                             25.82   1.3 !  21       -1     -6      1    0.2   LS007
--------------------------------------------------------------------------------------
N2       06/Z2        8.40    8.35   2.0     1       12     -6     34    0.7   LS006
                             11.33   1.4    35       -3    -11      9    0.7   LS007
--------------------------------------------------------------------------------------
N3       06/Z1       19.32   19.22   1.7     0       23      2     27    0.6   LS006
                             24.02   1.4    24       -2     -6     17    0.2   LS007
--------------------------------------------------------------------------------------
N4       06/Z1       10.84   10.87   1.5     0       38      4     10    2.7   LS006
                              9.38   1.7    13        1      0     17    0.1   LS007
--------------------------------------------------------------------------------------
N5       07/Z1       12.64   12.66   1.6     0       65     23     12    5.6   LS006
                             12.03   1.6     5       -1      0     15    0.1   LS007
--------------------------------------------------------------------------------------
N6       07/Z1       13.76   13.55   1.5     1       89     43     16    8.4   LS006
                             14.83   1.3     8       -2      0     12    0.2   LS007
--------------------------------------------------------------------------------------
N7       07/Z2       13.40   13.34   1.5     0       76     51     17    8.0   LS006
                             15.30   1.3 !  14       -2      0      3    0.2   LS007
======================================================================================
Notes:
P_des             - design load, kN
P_oper            - operational load,kN
FS                - load safety factor
var               - variability, %
DX, DY, DZ        - movements, mm
ALPHA             - angularity (swing from the vertical), deg

LS006             - Hot Loads
LS007             - Cold Loads



>>>  Load Summary Table for Anchors and Fix Supports
===================================================================================
 Sup ID   Section       FX       FY       FZ        MX       MY       MZ      Mode
  (node)             -------(force, kN)-------   -----(moments, kN*m)-----
===================================================================================
10        465x16         1.0     -5.3     -2.1      29.2      1.9    -16.7   LS006
                        -0.1      0.8      6.4      27.0     -3.0      1.3   LS007
-----------------------------------------------------------------------------------
P1        273x13       -32.7     30.7      7.7     -10.9    -16.4     13.3   LS006
                         1.7     -2.0      1.1       1.9     -1.6     -0.2   LS007
-----------------------------------------------------------------------------------
P2        273x13       -62.6     15.6    -11.8      -4.3    -27.7     17.5   LS006
                        -0.5      0.6    -12.6       0.9     -1.2     -0.1   LS007
-----------------------------------------------------------------------------------
P3        273x13       -24.4     59.8    -21.0     -25.2    -10.2     19.0   LS006
                        -0.2      0.3     -7.2       0.5     -0.7     -0.1   LS007
-----------------------------------------------------------------------------------
P4        273x13        62.3    -54.0    -32.8      21.8     26.5     15.1   LS006
                        -0.3      0.3     -7.0       0.3     -0.5     -0.0   LS007
-----------------------------------------------------------------------------------
P5        273x13        51.1    -49.0     24.2      20.3     22.5     13.1   LS006
                        -0.3      0.4     -3.1       0.1     -0.4     -0.0   LS007
===================================================================================
Notes:

LS006             - Hot Loads
LS007             - Cold Loads



>>>  Node:                   10
     Support anchor

Loads:
------------------------------------------------------------------------------------
global:                        Fx       Fy       Fz          Mx       My      Mz
                                   (Newton)                    (Newton*meter)
------------------------------------------------------------------------------------
 1 Hot Loads                     998    -5298    -2083      29199     1897   -16650
 2 Cold Loads                    -91      765     6370      26967    -2954     1288
------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------------------------
global:                        Dx       Dy       Dz          Rx       Ry      Rz
                                  (millimeters)                   (degrees)
------------------------------------------------------------------------------------
 1 Hot Loads                     0        0        0         0.00      0.00    -0.00
 2 Cold Loads                    0        0        0         0.00     -0.00     0.00
------------------------------------------------------------------------------------



>>>  Node:                   P1
     Support anchor

Loads:
------------------------------------------------------------------------------------
global:                        Fx       Fy       Fz          Mx       My      Mz
                                   (Newton)                    (Newton*meter)
------------------------------------------------------------------------------------
 1 Hot Loads                  -32714    30673     7678     -10865   -16422    13256
 2 Cold Loads                   1661    -1989     1121       1936    -1569     -228
------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------------------------
global:                        Dx       Dy       Dz          Rx       Ry      Rz
                                  (millimeters)                   (degrees)
------------------------------------------------------------------------------------
 1 Hot Loads                     0        0        0        -0.00     -0.00     0.00
 2 Cold Loads                    0        0        0         0.00     -0.00    -0.00
------------------------------------------------------------------------------------



>>>  Node:                   P2
     Support anchor

Loads:
------------------------------------------------------------------------------------
global:                        Fx       Fy       Fz          Mx       My      Mz
                                   (Newton)                    (Newton*meter)
------------------------------------------------------------------------------------
 1 Hot Loads                  -62648    15563   -11815      -4298   -27709    17452
 2 Cold Loads                   -545      557   -12607        854    -1191     -127
------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------------------------
global:                        Dx       Dy       Dz          Rx       Ry      Rz
                                  (millimeters)                   (degrees)
------------------------------------------------------------------------------------
 1 Hot Loads                     0        0        0        -0.00     -0.00     0.00
 2 Cold Loads                    0        0        0         0.00     -0.00    -0.00
------------------------------------------------------------------------------------



>>>  Node:                   P3
     Support anchor

Loads:
------------------------------------------------------------------------------------
global:                        Fx       Fy       Fz          Mx       My      Mz
                                   (Newton)                    (Newton*meter)
------------------------------------------------------------------------------------
 1 Hot Loads                  -24373    59785   -21041     -25178   -10158    18955
 2 Cold Loads                   -219      284    -7213        460     -672      -61
------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------------------------
global:                        Dx       Dy       Dz          Rx       Ry      Rz
                                  (millimeters)                   (degrees)
------------------------------------------------------------------------------------
 1 Hot Loads                     0        0        0        -0.00     -0.00     0.00
 2 Cold Loads                    0        0        0         0.00     -0.00    -0.00
------------------------------------------------------------------------------------



>>>  Node:                   P4
     Support anchor

Loads:
------------------------------------------------------------------------------------
global:                        Fx       Fy       Fz          Mx       My      Mz
                                   (Newton)                    (Newton*meter)
------------------------------------------------------------------------------------
 1 Hot Loads                   62291   -54012   -32759      21829    26546    15146
 2 Cold Loads                   -285      262    -7011        255     -453      -29
------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------------------------
global:                        Dx       Dy       Dz          Rx       Ry      Rz
                                  (millimeters)                   (degrees)
------------------------------------------------------------------------------------
 1 Hot Loads                     0        0        0         0.00      0.00     0.00
 2 Cold Loads                    0        0        0         0.00     -0.00    -0.00
------------------------------------------------------------------------------------



>>>  Node:                   P5
     Support anchor

Loads:
------------------------------------------------------------------------------------
global:                        Fx       Fy       Fz          Mx       My      Mz
                                   (Newton)                    (Newton*meter)
------------------------------------------------------------------------------------
 1 Hot Loads                   51112   -48952    24237      20328    22475    13093
 2 Cold Loads                   -346      403    -3101        147     -365      -20
------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------------------------
global:                        Dx       Dy       Dz          Rx       Ry      Rz
                                  (millimeters)                   (degrees)
------------------------------------------------------------------------------------
 1 Hot Loads                     0        0        0         0.00      0.00     0.00
 2 Cold Loads                    0        0        0         0.00     -0.00    -0.00
------------------------------------------------------------------------------------



>>>  Node:                   N1
     Support spring hanger, number of springs: NC = 2, Rod Length L = 2050 mm

     Spring :                06/Z2 (OST80). Chain Structure: 1*18 (Maximal travel -  140 mm)

     Design load:                      21419 N  H_fr. = 201/369 mm
     Theoretical installation load:    25988 N  H_1e  = 145/258 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                   21383    32676           1.53   155    277     0
 2 Cold Loads                  25824    32676           1.27   146    258    21  (FS !)
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                       2.61    -7.78    19.73    0.2
 2 Cold Loads                     -1.46    -6.42     0.70    0.2
------------------------------------------------------------------



>>>  Node:                   N2
     Support spring hanger, number of springs: NC = 1, Rod Length L = 1010 mm

     Spring :                06/Z2 (OST80). Chain Structure: 1*18 (Maximal travel -  140 mm)

     Design load:                       8397 N  H_fr. = 201/369 mm
     Theoretical installation load:    12331 N  H_1e  = 148/263 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                    8349    16338           1.96   165    297     1
 2 Cold Loads                  11331    16338           1.44   152    272    35
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                      11.56    -5.75    34.12    0.7
 2 Cold Loads                     -3.45   -11.16     8.57    0.7
------------------------------------------------------------------



>>>  Node:                   N3
     Support spring hanger, number of springs: NC = 2, Rod Length L = 2050 mm

     Spring :                06/Z1 (OST80). Chain Structure: 1*06 (Maximal travel -   70 mm)

     Design load:                      19316 N  H_fr. = 201 mm
     Theoretical installation load:    31748 N  H_1e  = 133 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                   19222    32676           1.70   160            0
 2 Cold Loads                  24019    32676           1.36   150           24
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                      23.07     1.57    26.83    0.6
 2 Cold Loads                     -2.46    -6.08    16.56    0.2
------------------------------------------------------------------



>>>  Node:                   N4
     Support spring hanger, number of springs: NC = 1, Rod Length L =  830 mm

     Spring :                06/Z1 (OST80). Chain Structure: 1*06 (Maximal travel -   70 mm)

     Design load:                      10835 N  H_fr. = 201 mm
     Theoretical installation load:    13251 N  H_1e  = 144 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                   10869    16338           1.50   154            0
 2 Cold Loads                   9380    16338           1.74   161           13
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                      38.43     3.60    10.20    2.7
 2 Cold Loads                      0.76    -0.22    16.58    0.1
------------------------------------------------------------------



>>>  Node:                   N5
     Support spring hanger, number of springs: NC = 1, Rod Length L =  700 mm

     Spring :                07/Z1 (OST80). Chain Structure: 1*07 (Maximal travel -   70 mm)

     Design load:                      12635 N  H_fr. = 226 mm
     Theoretical installation load:    16107 N  H_1e  = 169 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                   12657    19662           1.55   181            0
 2 Cold Loads                  12027    19662           1.63   183            5
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                      64.80    23.06    12.28    5.6
 2 Cold Loads                     -0.71    -0.21    14.53    0.1
------------------------------------------------------------------



>>>  Node:                   N6
     Support spring hanger, number of springs: NC = 1, Rod Length L =  670 mm

     Spring :                07/Z1 (OST80). Chain Structure: 1*07 (Maximal travel -   70 mm)

     Design load:                      13755 N  H_fr. = 226 mm
     Theoretical installation load:    18093 N  H_1e  = 162 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                   13549    19662           1.45   178            1
 2 Cold Loads                  14828    19662           1.33   173            8
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                      88.53    42.52    16.18    8.4
 2 Cold Loads                     -1.79    -0.21    11.62    0.2
------------------------------------------------------------------



>>>  Node:                   N7
     Support spring hanger, number of springs: NC = 1, Rod Length L =  660 mm

     Spring :                07/Z2 (OST80). Chain Structure: 1*19 (Maximal travel -  140 mm)

     Design load:                      13402 N  H_fr. = 226/414 mm
     Theoretical installation load:    15660 N  H_1e  = 170/302 mm
----------------------------------------------------------------------------------------
                                P      Pmax     Pmin     FS   H_70  H_140   Var
                                     (Newton)               (millimeters)    %
----------------------------------------------------------------------------------------
 1 Hot Loads                   13339    19662           1.47   179    319     0
 2 Cold Loads                  15303    19662           1.28   172    305    14  (FS !)
----------------------------------------------------------------------------------------

Displacements:
------------------------------------------------------------------
                                  Dx       Dy       Dz      ALPHA
                                      (millimeters)          deg
------------------------------------------------------------------
 1 Hot Loads                      76.08    51.25    16.52    8.0
 2 Cold Loads                     -1.93     0.28     2.55    0.2
------------------------------------------------------------------




0.20  0.06
2.00  1.40
4.00  2.74
4.20  4.00
7.00  4.00
12.00 1.60
16.00 1.60
23.00 1.00
40.00 1.00


0.20  0.06
2.00  1.00
3.08  1.30
4.60  2.50
6.54  2.50
11.67 1.00
17.00 1.00
27.00 0.68
40.00 0.69


0.20  0.06
2.00  1.40
3.00  3.70
5.40  3.70
6.90  3.20
9.00  3.20
16.00 1.50
23.00 1.00
40.00 1.00


0.20  0.06
2.56  1.37
4.17  1.38
6.22  2.57
8.27  2.58
11.67 1.21
14.36 1.21
28.72 0.61
39.68 0.61


0.20  0.06
2.50  0.92
7.20  1.65
10.50 2.25
14.50 2.10
17.80 1.80
20.00 1.50
28.00 0.78
40.00 0.78


0.20  0.06
2.50  0.88
4.00  1.11
8.00  1.10
10.00 1.10
12.00 1.13
13.00 1.21
28.00 0.46
40.00 0.47

