	
	 
	 

	
	STRUCTURAL DESIGN OF CHIMNEY
	Page 32 of 32



STRUCTURAL  DESIGN  OF  

CHIMNEY
ON TOP OF FGTR
CONTENTS:
· Design  Basis






 

· Load  Calculation  for  components





· Ladder



 

· Platforms


 

· Static  Wind  Load  Calculation



 

· Dead  Load   Calculation




 

· Live  Load  Calculation




 

· Geometrical  Properties  Calculation



 

· STAAD  Output  for  Free  Vibration



 

· Table  For  Total  Wind Load




 

· Seismic  Load  Calculation




 

· STAAD  Output  All  Loads  Combined


 

· Check  For  Deflection




 

· Check  For  Stresses





 

· Check  For  Resonance  




 

· Check  For  Ovalling  Oscillation



 

· Design  Of  H.D. Bolts




 

· Design  Of  Base  Plate




 

· Design  of  Platform  Members



 

DESIGN   BASIS  FOR  CHIMNEY
Design Data :




· Top level of  chimney  : 





+56.750m

· Bottom level of chimney :





+46.362m

· Chimney inside  dia at top : 





2.800 m   



· Chimney inside dia at bottom : 




4.800m

· Lining : 







3mm glass coating inner side

· Outside painting  : 





Anticorrosive & acid  resistance pain

· Temperature : 






Ambient 

· Wind Loads : 






IS-875 PART – 3

· Basic wind speed : 





39 m/s, 

· Factor  K1   :






1.06

· Factor  K3 :






1.0 

· Terrain Category : 





3

· Factor  K4 :






1.15

· Imposed load on platforms : 




2.50 kN/m2

 

· Limiting  Horizontal Deflection




L/200

LOADS    FROM   LADDER

[image: image9.emf]
Wt of ladder   = 
11.78     +   2.364  +   4.5   +  3.7 



          (7510)        (506)     (506)   (20)



     =     29.42 say 30 kg/m

Wind area      = (752+503/1000  +  0.80.5/1.41000) m2/m

    =0.39 m2/m

Assuming  wind drag co-efficient  = 2.0 average

Area  drag co-efficient = 0.80 m2/m height.

LOADS   FROM   PLATFORMS
[image: image1.wmf]
PLATFORM AT  +55.8M
Out to out dia of platform = 3217+2*250+2*1000=5717

Area of platform =  /4(5.7172 – 3.7172) = 14.81 m2
Wt. of  platform & hand rail 
= /4(5.7172 – 3.7172)  100 kg/m2




= 1481kg 16kN

Live load on  platform 
= /4(5.7172 – 3.7172)  250 kg/m2




= 3703kg 40kN
Wind area  drag co-efficient = 5.717  [ (90+90+32x2) / 1000 ]m  2.0





=  2.8 m2
LOCAL PLATFORM AT  +51.362M
[Though the platforms are not full in plan, but for calculation purpose we consider it fully]

[image: image2.wmf]
Each panel  area = 2.5 m2  x 3 nos



Wt.  of platform = 2.5 x 3  100= 750kg  10kN
Live load on  platform 
= 2.5 x 3  250 kg/m2




= 1875kg say 20kN 
Wind area  drag co-efficient = (3.946+0.25+1.00m  x(90+90+ 322) / 1000] m  2





= 2.54m2 
STATIC  WIND  LOAD  CALCULATION
Height of Chimney

=
56750-46362=10388

No. of division in Ht.

=
7

Chimney ID at base I.e.node 1 
= 
4800 
shell thk =
16

Chimney ID node 2 

= 
4468
shell thk =
16/12

Chimney ID node 3 

= 
3970
shell thk =
12

Chimney ID node 4 

= 
3472
shell thk =
12/10

Chimney ID node 5 

= 
3217
shell thk =
10

Chimney ID node 6 

= 
3200
shell thk =
10

Chimney ID node 7 

= 
2800
shell thk =
10

Chimney ID node 8 

= 
2800
shell thk =
10

Top most platform level  = EL+55.800M

Intermediate  platform  level = EL+ 51.362M

Location  of  Ladder = From EL+ 46.362M to  EL+51.362M

Location  of  Ladder = From EL+ 51.362M to  EL+55.800M

Wind directionality factor = Kd =1.0

Area  averaging factor = Ka = 1.0 [considering less than 10 m2 area]

Combination factor  Kc = 1.00

Computation for  Wind  Intensities
Stack is  divided in 7 zones as shown in following figure.

Intensity of wind load is computed for each zone as per IS:875 Part 3

[image: image3.wmf]
	Level from Ground

(m)
	Basic  Wind Speed

(m/s)
	K1
	K2
	K3
	K4
	Vz=k1xk2xk3xk4xVb
Design  Wind Speed

m/s
	 Wind

Pressure

(kg/m2)
	Design wind Pressure

(kg/m2)

	46.362
	39
	1.06
	1.109
	1
	1.15
	52.72
	170.04
	170.04

	48.362
	39
	1.06
	1.115
	1
	1.15
	53.01
	171.88
	171.88

	51.362
	39
	1.06
	1.122
	1
	1.15
	53.34
	174.1
	174.1

	54.362
	39
	1.06
	1.127
	1
	1.15
	53.58
	175.64
	175.64

	55.800
	39
	1.06
	1.129
	1
	1.15
	53.67
	176.38
	176.38

	56.000
	39
	1.06
	1.129
	1
	1.15
	53.67
	176.48
	176.48

	56.550
	39
	1.06
	1.130
	1
	1.15
	53.72
	176.76
	176.76

	56.750
	39
	1.06
	1.131
	1
	1.15
	53.77
	176.82
	176.82


Since the variation of wind pressuure is not very high, we are considering uniform pressure of 180 kg/m2 i.e. 1.8kN/m2 for full height.

Distribution of this wind intensity is shown in above fig.
CALCULATION    OF    WIND    LOADS    FROM    LADDER  AND    PLATFORM
Ladder  @  0.8 m2/m from  EL+46.362M to EL+51.362M

Load from  ladder  to Node 3 = (0.8m2/mx180kg/m2) x 5m= 720 kg [assuming ladder up to top]







= 7.2 kN


Ladder  @  0.8 m2/m from  EL+51.362M to EL+55.8M

Load from  ladder  to Node 5 = (0.8m2/mx180kg/m2)x 4.438m= 640 kg  







= 6.4kN 

Area of obstruction for platform at EL+55.8M = 2.8 m2
       Area of obstruction for platform at EL+51.362M = 2.54 m2

      Wind load on platform at EL+55.800M = 2.8m2x180 kg/m2 = 504 kg say 5kN

      Wind load on platform at EL+51.326M = 2.54m2x180kg/m2= 457 kg say 4.6kN

Load from  +55.8M platforms  to Node 5 = 5 kN

Load from  +51.326m platforms  to Node 3 = 4.6kN

	Node no
	Zone
	Avrg OD
	Zone ht
	zone wind
	Shell wind
	Ladder
	Platform
	total shear

	
	
	(mm)
	(m)
	(kg/m)
	(kg)
	(kg)
	(kg)
	(kN)

	1
	
	
	 
	
	840
	0
	0
	8.4

	
	1
	4666
	2
	840
	
	
	
	

	2
	
	
	 
	
	840+1148
	0
	0
	19.88

	
	2
	4247
	3
	765
	
	
	
	

	3
	
	
	 
	
	1148+1013
	720
	460
	21.61

	
	3
	3745
	3
	675
	
	
	
	 

	4
	
	
	 
	
	1013+437
	0
	0
	14.5

	
	4
	3369
	1.438
	607
	 
	
	
	 

	5
	
	
	 
	
	437+59
	640
	500
	4.96

	
	5
	3233
	0.2
	582
	 
	
	
	 

	6
	
	
	 
	
	59+140
	0
	0
	1.99

	
	6
	2820
	0.55
	508
	 
	
	
	 

	7
	
	
	 
	
	140+51
	0
	0
	1.91

	
	7
	2820
	0.2
	508
	
	
	
	

	8
	
	
	
	
	51
	0
	0
	0.51


CALCULATION  OF  DEAD   LOADS   FROM  LADDER  AND   PLATFORM


Ladder  @  30 kg/m from  EL+46.362M to EL+51.362M

Load from  ladder  to Node 3 = 30kg/mx 5m=150 kg [assuming ladder being supported from top only]





= 1.5 kN


Ladder  @  30 kg/m from  EL+51.326M to EL+55.800M

Load from  ladder  to Node 5 = 30kg/mx 4.474m=135 kg [assuming ladder being supported from top only]






= 15 kN Say


Wt. of platform at EL+51.362M = 10 kN

       Wt. of platform at EL+55.80M = 16 kN

Load from  platforms  at +51.362M to Node 3 =  10kN

Load from  platforms  at +55.800M to Node 5 = 16kN


Wt. of  ring stiffener at top = 100 kg[assumed] = 1kN

 Load from  ring stiffener  to Node 8 = 1 kN


Wt. of  2 nos. base pl. and stiffener pl. = 3000kg[assumed] = 30kN

Load from  base  to Node 1 = 30kN  

CALCULATION  OF  NODAL  DEAD  LOADS
	
	
	
	
	
	
	

	ZONE
	HT.
	THK.
	ID TOP
	ID BOT
	AVRG OD
	WT.

	 
	(M)
	(mm)
	(mm)
	(mm)
	(mm)
	(kN)

	1
	2
	16
	4468
	4800
	4650
	11.730

	2
	3
	12
	3970
	4468
	4231
	12.010

	3
	3
	12
	3472
	3970
	3733
	10.590

	4
	1.438
	10
	3217
	3472
	3355
	3.810

	5
	0.200
	10
	3200
	3217
	3219
	0.051

	6
	0.550
	10
	2800
	3200
	3010
	1.220

	7
	0.200
	10
	2800
	2800
	2810
	0.045

	
	
	
	
	
	
	40.320


	
	
	
	
	
	
	
	
	

	Node no
	zone
	zone wt.
	Shell wt
	ladder
	platform.
	top ring
	base
	total

	
	
	(kN)
	(kN)
	(kg)
	(kN)
	(kN)
	(kN)
	(kN)

	1
	
	
	5.865
	0
	
	0
	30.000
	35.865

	
	1
	11.730
	
	
	
	
	
	

	2
	
	
	5.865+6.005
	0
	0
	0
	0
	11.870

	
	2
	12.010
	
	
	
	
	
	

	3
	
	
	6.005+5.295
	15.000
	10.000
	0
	0
	36.300

	
	3
	10.590
	
	
	
	
	
	 

	4
	
	
	5.295+1.905
	0
	0
	0
	0
	7.200

	
	4
	3.810
	 
	
	
	
	
	

	5
	
	
	1.905+0.026
	15.000
	16.000
	0
	0
	1.931

	
	5
	0.051
	 
	
	
	
	
	 

	6
	
	
	0.026+0.61
	0
	0
	0
	0
	0.636

	
	6
	1.220
	 
	
	
	
	
	 

	7
	
	
	0.61+0.023
	0
	0
	1.000
	0
	0.633

	
	7
	0.045
	
	
	
	
	
	

	8
	
	
	0.023
	
	
	
	
	0.023

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	82.588


CALCULATION  OF  LIVE  LOADS  FROM PLATFORM
Live load on platform at EL+51.362M = 20 kN

      
Live load on platform at EL+55.800M = 40 kN


Live Load from  platform at +51.362M  to Node 3 = 20 kN


Live Load from  platform at  +55.800M  to Node 5 = 40 kN

CALCULATION OF NODAL LIVE  LOADS
	Calculation for live load
	

	Node no
	Zone
	Platform
	total

	
	
	(kN)
	(kN)

	1
	
	0
	0

	
	1
	
	

	2
	
	0
	0

	
	2
	
	

	3
	
	20
	20

	
	3
	
	

	4
	
	0
	0

	
	4
	
	

	5
	
	40
	40

	
	5
	
	

	6
	
	0
	0

	
	6
	
	

	7
	
	0
	0

	
	7
	
	

	8
	
	0
	0


SEISMIC LOAD ANALYSIS
Zone III  

Importance factor  I = 1.75


Soil Condition
Medium


Damping Factor
2.00%

Response reduction factor R = 

Masses  are  obtained  from dead  and  live  load  analysis.

Seismic  analysis  is  done through response spectrum method.

[image: image4.wmf]
STICK MODEL WITH NODE NO. & MEMBER NO.
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LOAD COMBINATION
	Type
	L/C
	Name

	Primary
	1
	DEAD LOADS LUMPED AT NODES

	Primary
	2
	LIVE LOADS LUMPED AT NODE

	Primary
	3
	WIND LOAD

	Primary
	4
	SEISMIC LOAD

	Combination
	21
	DEAD+LIVE

	Combination
	22
	DEAD+WIND

	Combination
	23
	DEAD+LIVE+WIND

	Combination
	24
	DEAD+LIVE+SEISMIC

	Combination
	25
	DEAD+SEISMIC


                                                                   PAGE NO.    1

             ****************************************************

             *                                                  *

             *           STAAD.Pro V8i SELECTseries6            *

             *           Version  20.07.11.90                   *

             *           Proprietary Program of                 *

             *           Bentley Systems, Inc.                  *

             *           Date=    FEB 19, 2022                  *

             *           Time=     9:54:33                      *

             *                                                  *

             *      USER ID:                                    *

             ****************************************************
     1. STAAD PLANE CHIMNEY

INPUT FILE: E:\BTIT\FGTR\chimney\chimney free vibration.STD

     2. START JOB INFORMATION

     3. JOB NAME STRUCTURAL DESIGN OF CHIMNEY

     4. JOB CLIENT HINDALCO

     5. JOB PART CHIMNEY

     6. ENGINEER NAME TDC

     7. CHECKER NAME SKG

     8. APPROVED NAME DB

     9. ENGINEER DATE 12-FEB-22

    10. END JOB INFORMATION

    11. INPUT WIDTH 79

    12. UNIT METER KG

    13. JOINT COORDINATES

    14. 1 0 0 0; 2 0 2 0; 3 0 5 0; 4 0 8 0; 5 0 9.438 0; 6 0 9.638 0; 7 0 10.188 0

    15. 8 0 10.388 0

    16. MEMBER INCIDENCES

    17. 1 1 2; 2 2 3; 3 3 4; 4 4 5; 5 5 6; 6 6 7; 7 7 8

    18. MEMBER PROPERTY INDIAN

    19. 1 PRIS ROUND STA 4.666 END 4.666 THI 0.013

    20. 2 PRIS ROUND STA 4.243 END 4.243 THI 0.009

    21. 3 PRIS ROUND STA 3.745 END 3.745 THI 0.009

    22. 4 PRIS ROUND STA 3.365 END 3.365 THI 0.007

    23. 5 PRIS ROUND STA 3.229 END 3.229 THI 0.007

    24. 6 PRIS ROUND STA 3.02 END 3.02 THI 0.007

    25. 7 PRIS ROUND STA 2.82 END 2.82 THI 0.007

    26. SUPPORTS

    27. 1 FIXED

    28. UNIT METER KN

    29. DEFINE MATERIAL START

    30. ISOTROPIC MATERIAL1

    31. E 2.05E+008

    32. POISSON 0.3

    33. DENSITY 77

    34. END DEFINE MATERIAL

    35. UNIT METER KG

    36. CONSTANTS

    37. MATERIAL MATERIAL1 ALL

    38. UNIT METER KN

    CHIMNEY                                                  -- PAGE NO.    2
    39. DEFINE 1893 LOAD PART4

    40. ZONE 0.16 RF 2 I 1.75 SS 2 ST 2 DM 0.02

    41. JOINT WEIGHT

    42. 1 WEIGHT 35.865

    43. 2 WEIGHT 11.87

    44. 3 WEIGHT 36.3

    45. 4 WEIGHT 7.2

    46. 5 WEIGHT 1.931

    47. 6 WEIGHT 0.636

    48. 7 WEIGHT 0.633

    49. 8 WEIGHT 0.023

    50. 8 WEIGHT 12

    51. LOAD 4 EARTH QUAKE LOAD

    52. 1893 LOAD X 1

    53. LOAD 1 DEAD LOADS LUMPED AT NODES

    54. JOINT LOAD

    55. 1 FY 35.865

    56. 2 FY 11.87

    57. 3 FY 36.3

    58. 4 FY 7.2

    59. 5 FY 1.931

    60. 6 FY 0.636

    61. 7 FY 0.633

    62. 8 FY 0.023

    63. LOAD 2 LIVE LOADS LUMPED AT NODES

    64. JOINT LOAD

    65. 3 FY 20

    66. 5 FY 40

    67. LOAD 3 WIND LOAD

    68. JOINT LOAD

    69. 1 FX 8.4

    70. 2 FX 19.88

    71. 3 FX 21.51

    72. 4 FX 14.5

    73. 5 FX 4.96

    74. 6 FX 1.99

    75. 7 FX 1.91

    76. 8 FX 0.51

    77. LOAD 5 FREE VIBRATION WITH DL AS LUMPED MASS

    78. JOINT LOAD

    79. 1 FX 35.865

    80. 2 FX 11.87

    81. 3 FX 36.3

    82. 4 FX 7.2

    83. 5 FX 1.931

    84. 6 FX 0.636

    85. 7 FX 0.633

    86. 8 FX 0.023

    87. MODAL CALCULATION REQUESTED

    88. LOAD COMB 21 DEAD+LIVE

    89. 1 1.0 2 1.0

    90. LOAD COMB 22 DEAD+WIND

    91. 1 1.0 3 1.0

    CHIMNEY                                                  -- PAGE NO.    3
    92. LOAD COMB 23 DEAD+LIVE+WIND

    93. 1 1.0 2 1.0 3 1.0

    94. LOAD COMB 24 DEAD+LIVE+SEISMIC

    95. 1 1.0 2 1.0 4 1.0

    96. LOAD COMB 25 DEAD+SEISMIC

    97. 1 1.0 4 1.0

    98. PERFORM ANALYSIS
            P R O B L E M   S T A T I S T I C S

            -----------------------------------

     NUMBER OF JOINTS          8  NUMBER OF MEMBERS       7

     NUMBER OF PLATES          0  NUMBER OF SOLIDS        0

     NUMBER OF SURFACES        0  NUMBER OF SUPPORTS      1

           SOLVER USED IS THE OUT-OF-CORE BASIC SOLVER
     ORIGINAL/FINAL BAND-WIDTH=     1/     1/      6 DOF

   TOTAL      PRIMARY LOAD CASES =     5, TOTAL DEGREES OF FREEDOM =      21

   TOTAL LOAD COMBINATION  CASES =     5  SO FAR.

     SIZE OF STIFFNESS MATRIX =        1 DOUBLE  KILO-WORDS

     REQRD/AVAIL. DISK SPACE  =     12.0/ 305591.8 MB

   ***NOTE: MASSES DEFINED UNDER LOAD#       5 WILL FORM

            THE FINAL MASS MATRIX FOR DYNAMIC ANALYSIS.
  **WARNING: IF THIS UBC/IBC ANALYSIS HAS TENSION/COMPRESSION

  OR REPEAT LOAD OR RE-ANALYSIS OR SELECT OPTIMIZE, THEN EACH

  UBC/IBC CASE SHOULD BE FOLLOWED BY PERFORM ANALYSIS & CHANGE.
   *********************************************************

   * UNITS - KN    METE                                    *

   * TIME PERIOD FOR X 1893 LOADING =    0.02096 SEC       *

   * SA/G PER 1893=    1.840, LOAD FACTOR= 1.000           *

   * VB PER 1893=    0.1288 X      106.46=      13.71 KN   *

   *                                                       *

   *********************************************************

 EIGEN METHOD   : SUBSPACE

 -------------------------

 NUMBER OF MODES REQUESTED              =     6

 NUMBER OF EXISTING MASSES IN THE MODEL =     7

 NUMBER OF MODES THAT WILL BE USED      =     6
    CHIMNEY                                                  -- PAGE NO.    4
               CALCULATED FREQUENCIES FOR LOAD CASE       5

       MODE            FREQUENCY(CYCLES/SEC)         PERIOD(SEC)      ACCURACY

         1                      74.115                  0.01349       2.684E-16
         2                     289.204                  0.00346       7.051E-16

         3                    1130.377                  0.00088       1.477E-16

         4                    1557.157                  0.00064       1.557E-16

         5                    6135.402                  0.00016       3.209E-16

         6                   46067.377                  0.00002       1.821E-16

            MODAL WEIGHT (MODAL MASS TIMES g) IN KN           GENERALIZED

      MODE           X             Y             Z              WEIGHT

         1       3.950523E+01  0.000000E+00  0.000000E+00    8.783039E+00

         2       1.204117E+01  0.000000E+00  0.000000E+00    5.673843E+00

         3       1.584703E+00  0.000000E+00  0.000000E+00    2.103492E+00

         4       5.461519E+00  0.000000E+00  0.000000E+00    1.401632E+01

         5       3.708700E-04  0.000000E+00  0.000000E+00    5.387728E-01

         6       1.162141E-06  0.000000E+00  0.000000E+00    4.397755E-01

                     MASS  PARTICIPATION FACTORS IN PERCENT

                     --------------------------------------

           MODE    X     Y     Z     SUMM-X   SUMM-Y   SUMM-Z

             1    67.42   0.00   0.00   67.423    0.000    0.000

             2    20.55   0.00   0.00   87.974    0.000    0.000

             3     2.70   0.00   0.00   90.678    0.000    0.000

             4     9.32   0.00   0.00   99.999    0.000    0.000

             5     0.00   0.00   0.00  100.000    0.000    0.000

             6     0.00   0.00   0.00  100.000    0.000    0.000

    99. PRINT ANALYSIS RESULTS

    CHIMNEY                                                  -- PAGE NO.    5
   JOINT DISPLACEMENT (CM   RADIANS)    STRUCTURE TYPE = PLANE

   ------------------

 JOINT  LOAD   X-TRANS   Y-TRANS   Z-TRANS   X-ROTAN   Y-ROTAN   Z-ROTAN

      1    4     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

           1     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

           3     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

           5     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

          21     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

          22     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

          23     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

          24     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

          25     0.0000    0.0000    0.0000    0.0000    0.0000    0.0000

      2    4     0.0002    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0003    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0003    0.0000    0.0000    0.0000    0.0000

           3     0.0006    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0005    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0006    0.0000    0.0000    0.0000    0.0000

          22     0.0006    0.0003    0.0000    0.0000    0.0000   -0.0000

          23     0.0006    0.0006    0.0000    0.0000    0.0000   -0.0000

          24     0.0002    0.0006    0.0000    0.0000    0.0000   -0.0000

          25     0.0002    0.0003    0.0000    0.0000    0.0000   -0.0000

      3    4     0.0013    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0009    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0010    0.0000    0.0000    0.0000    0.0000

           3     0.0037    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0029    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0019    0.0000    0.0000    0.0000    0.0000

          22     0.0037    0.0009    0.0000    0.0000    0.0000   -0.0000

          23     0.0037    0.0019    0.0000    0.0000    0.0000   -0.0000

          24     0.0013    0.0019    0.0000    0.0000    0.0000   -0.0000

          25     0.0013    0.0009    0.0000    0.0000    0.0000   -0.0000

      4    4     0.0034    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0010    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0016    0.0000    0.0000    0.0000    0.0000

           3     0.0086    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0063    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0026    0.0000    0.0000    0.0000    0.0000

          22     0.0086    0.0010    0.0000    0.0000    0.0000   -0.0000

          23     0.0086    0.0026    0.0000    0.0000    0.0000   -0.0000

          24     0.0034    0.0026    0.0000    0.0000    0.0000   -0.0000

          25     0.0034    0.0010    0.0000    0.0000    0.0000   -0.0000

      5    4     0.0046    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0010    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0020    0.0000    0.0000    0.0000    0.0000

           3     0.0113    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0080    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0030    0.0000    0.0000    0.0000    0.0000
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   JOINT DISPLACEMENT (CM   RADIANS)    STRUCTURE TYPE = PLANE

   ------------------

 JOINT  LOAD   X-TRANS   Y-TRANS   Z-TRANS   X-ROTAN   Y-ROTAN   Z-ROTAN

          22     0.0113    0.0010    0.0000    0.0000    0.0000   -0.0000

          23     0.0113    0.0030    0.0000    0.0000    0.0000   -0.0000

          24     0.0046    0.0030    0.0000    0.0000    0.0000   -0.0000

          25     0.0046    0.0010    0.0000    0.0000    0.0000   -0.0000

      6    4     0.0047    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0010    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0020    0.0000    0.0000    0.0000    0.0000

           3     0.0117    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0083    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0030    0.0000    0.0000    0.0000    0.0000

          22     0.0117    0.0010    0.0000    0.0000    0.0000   -0.0000

          23     0.0117    0.0030    0.0000    0.0000    0.0000   -0.0000

          24     0.0047    0.0030    0.0000    0.0000    0.0000   -0.0000

          25     0.0047    0.0010    0.0000    0.0000    0.0000   -0.0000

      7    4     0.0052    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0011    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0020    0.0000    0.0000    0.0000    0.0000

           3     0.0127    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0089    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0030    0.0000    0.0000    0.0000    0.0000

          22     0.0127    0.0011    0.0000    0.0000    0.0000   -0.0000

          23     0.0127    0.0030    0.0000    0.0000    0.0000   -0.0000

          24     0.0052    0.0030    0.0000    0.0000    0.0000   -0.0000

          25     0.0052    0.0011    0.0000    0.0000    0.0000   -0.0000

      8    4     0.0054    0.0000    0.0000    0.0000    0.0000   -0.0000

           1     0.0000    0.0011    0.0000    0.0000    0.0000    0.0000

           2     0.0000    0.0020    0.0000    0.0000    0.0000    0.0000

           3     0.0131    0.0000    0.0000    0.0000    0.0000   -0.0000

           5     0.0092    0.0000    0.0000    0.0000    0.0000   -0.0000

          21     0.0000    0.0030    0.0000    0.0000    0.0000    0.0000

          22     0.0131    0.0011    0.0000    0.0000    0.0000   -0.0000

          23     0.0131    0.0030    0.0000    0.0000    0.0000   -0.0000

          24     0.0054    0.0030    0.0000    0.0000    0.0000   -0.0000

          25     0.0054    0.0011    0.0000    0.0000    0.0000   -0.0000
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   SUPPORT REACTIONS -UNIT KN   METE    STRUCTURE TYPE = PLANE

   -----------------

 JOINT  LOAD   FORCE-X   FORCE-Y   FORCE-Z     MOM-X     MOM-Y     MOM Z

      1    4    -13.71      0.00      0.00      0.00      0.00    112.34

           1      0.00    -94.46      0.00      0.00      0.00      0.00

           2      0.00    -60.00      0.00      0.00      0.00      0.00

           3    -73.66      0.00      0.00      0.00      0.00    354.06

           5    -94.46      0.00      0.00      0.00      0.00    293.88

          21      0.00   -154.46      0.00      0.00      0.00      0.00

          22    -73.66    -94.46      0.00      0.00      0.00    354.06

          23    -73.66   -154.46      0.00      0.00      0.00    354.06
          24    -13.71   -154.46      0.00      0.00      0.00    112.34

          25    -13.71    -94.46      0.00      0.00      0.00    112.34
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   MEMBER END FORCES    STRUCTURE TYPE = PLANE

   -----------------

   ALL UNITS ARE -- KN   METE     (LOCAL )

  MEMBER  LOAD  JT     AXIAL   SHEAR-Y  SHEAR-Z   TORSION     MOM-Y      MOM-Z

      1    4     1      0.00     13.71     0.00      0.00      0.00     112.34

                 2      0.00    -13.71     0.00      0.00      0.00     -84.91

           1     1    -58.59      0.00     0.00      0.00      0.00       0.00

                 2     58.59      0.00     0.00      0.00      0.00       0.00

           2     1    -60.00      0.00     0.00      0.00      0.00       0.00

                 2     60.00      0.00     0.00      0.00      0.00       0.00

           3     1      0.00     65.26     0.00      0.00      0.00     354.06
                 2      0.00    -65.26     0.00      0.00      0.00    -223.54

           5     1      0.00     58.59     0.00      0.00      0.00     293.88

                 2      0.00    -58.59     0.00      0.00      0.00    -176.70

          21     1   -118.59      0.00     0.00      0.00      0.00       0.00

                 2    118.59      0.00     0.00      0.00      0.00       0.00

          22     1    -58.59     65.26     0.00      0.00      0.00     354.06

                 2     58.59    -65.26     0.00      0.00      0.00    -223.54

          23     1   -118.59     65.26     0.00      0.00      0.00     354.06

                 2    118.59    -65.26     0.00      0.00      0.00    -223.54

          24     1   -118.59     13.71     0.00      0.00      0.00     112.34

                 2    118.59    -13.71     0.00      0.00      0.00     -84.91

          25     1    -58.59     13.71     0.00      0.00      0.00     112.34

                 2     58.59    -13.71     0.00      0.00      0.00     -84.91

      2    4     2      0.00     13.50     0.00      0.00      0.00      84.91

                 3      0.00    -13.50     0.00      0.00      0.00     -44.42

           1     2    -46.72      0.00     0.00      0.00      0.00       0.00

                 3     46.72      0.00     0.00      0.00      0.00       0.00

           2     2    -60.00      0.00     0.00      0.00      0.00       0.00

                 3     60.00      0.00     0.00      0.00      0.00       0.00

           3     2      0.00     45.38     0.00      0.00      0.00     223.54
                 3      0.00    -45.38     0.00      0.00      0.00     -87.40

           5     2      0.00     46.72     0.00      0.00      0.00     176.70

                 3      0.00    -46.72     0.00      0.00      0.00     -36.53

          21     2   -106.72      0.00     0.00      0.00      0.00       0.00

                 3    106.72      0.00     0.00      0.00      0.00       0.00

          22     2    -46.72     45.38     0.00      0.00      0.00     223.54

                 3     46.72    -45.38     0.00      0.00      0.00     -87.40

          23     2   -106.72     45.38     0.00      0.00      0.00     223.54
                 3    106.72    -45.38     0.00      0.00      0.00     -87.40

          24     2   -106.72     13.50     0.00      0.00      0.00      84.91

                 3    106.72    -13.50     0.00      0.00      0.00     -44.42

          25     2    -46.72     13.50     0.00      0.00      0.00      84.91

                 3     46.72    -13.50     0.00      0.00      0.00     -44.42

      3    4     3      0.00      9.36     0.00      0.00      0.00      44.42

                 4      0.00     -9.36     0.00      0.00      0.00     -16.34
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   MEMBER END FORCES    STRUCTURE TYPE = PLANE

   -----------------

   ALL UNITS ARE -- KN   METE     (LOCAL )

  MEMBER  LOAD  JT     AXIAL   SHEAR-Y  SHEAR-Z   TORSION     MOM-Y      MOM-Z

           1     3    -10.42      0.00     0.00      0.00      0.00       0.00

                 4     10.42      0.00     0.00      0.00      0.00       0.00

           2     3    -40.00      0.00     0.00      0.00      0.00       0.00

                 4     40.00      0.00     0.00      0.00      0.00       0.00

           3     3      0.00     23.87     0.00      0.00      0.00      87.40

                 4      0.00    -23.87     0.00      0.00      0.00     -15.79

           5     3      0.00     10.42     0.00      0.00      0.00      36.53

                 4      0.00    -10.42     0.00      0.00      0.00      -5.26

          21     3    -50.42      0.00     0.00      0.00      0.00       0.00

                 4     50.42      0.00     0.00      0.00      0.00       0.00

          22     3    -10.42     23.87     0.00      0.00      0.00      87.40

                 4     10.42    -23.87     0.00      0.00      0.00     -15.79

          23     3    -50.42     23.87     0.00      0.00      0.00      87.40

                 4     50.42    -23.87     0.00      0.00      0.00     -15.79

          24     3    -50.42      9.36     0.00      0.00      0.00      44.42

                 4     50.42     -9.36     0.00      0.00      0.00     -16.34

          25     3    -10.42      9.36     0.00      0.00      0.00      44.42

                 4     10.42     -9.36     0.00      0.00      0.00     -16.34

      4    4     4      0.00      7.26     0.00      0.00      0.00      16.34

                 5      0.00     -7.26     0.00      0.00      0.00      -5.89

           1     4     -3.22      0.00     0.00      0.00      0.00       0.00

                 5      3.22      0.00     0.00      0.00      0.00       0.00

           2     4    -40.00      0.00     0.00      0.00      0.00       0.00

                 5     40.00      0.00     0.00      0.00      0.00       0.00

           3     4      0.00      9.37     0.00      0.00      0.00      15.79

                 5      0.00     -9.37     0.00      0.00      0.00      -2.31

           5     4      0.00      3.22     0.00      0.00      0.00       5.26

                 5      0.00     -3.22     0.00      0.00      0.00      -0.62

          21     4    -43.22      0.00     0.00      0.00      0.00       0.00

                 5     43.22      0.00     0.00      0.00      0.00       0.00

          22     4     -3.22      9.37     0.00      0.00      0.00      15.79

                 5      3.22     -9.37     0.00      0.00      0.00      -2.31

          23     4    -43.22      9.37     0.00      0.00      0.00      15.79

                 5     43.22     -9.37     0.00      0.00      0.00      -2.31

          24     4    -43.22      7.26     0.00      0.00      0.00      16.34

                 5     43.22     -7.26     0.00      0.00      0.00      -5.89

          25     4     -3.22      7.26     0.00      0.00      0.00      16.34

                 5      3.22     -7.26     0.00      0.00      0.00      -5.89

      5    4     5      0.00      6.48     0.00      0.00      0.00       5.89

                 6      0.00     -6.48     0.00      0.00      0.00      -4.60

           1     5     -1.29      0.00     0.00      0.00      0.00       0.00

                 6      1.29      0.00     0.00      0.00      0.00       0.00

           2     5      0.00      0.00     0.00      0.00      0.00       0.00

                 6      0.00      0.00     0.00      0.00      0.00       0.00
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   MEMBER END FORCES    STRUCTURE TYPE = PLANE

   -----------------

   ALL UNITS ARE -- KN   METE     (LOCAL )

  MEMBER  LOAD  JT     AXIAL   SHEAR-Y  SHEAR-Z   TORSION     MOM-Y      MOM-Z

           3     5      0.00      4.41     0.00      0.00      0.00       2.31

                 6      0.00     -4.41     0.00      0.00      0.00      -1.43

           5     5      0.00      1.29     0.00      0.00      0.00       0.62

                 6      0.00     -1.29     0.00      0.00      0.00      -0.36

          21     5     -1.29      0.00     0.00      0.00      0.00       0.00

                 6      1.29      0.00     0.00      0.00      0.00       0.00

          22     5     -1.29      4.41     0.00      0.00      0.00       2.31

                 6      1.29     -4.41     0.00      0.00      0.00      -1.43

          23     5     -1.29      4.41     0.00      0.00      0.00       2.31

                 6      1.29     -4.41     0.00      0.00      0.00      -1.43

          24     5     -1.29      6.48     0.00      0.00      0.00       5.89

                 6      1.29     -6.48     0.00      0.00      0.00      -4.60

          25     5     -1.29      6.48     0.00      0.00      0.00       5.89

                 6      1.29     -6.48     0.00      0.00      0.00      -4.60

      6    4     6      0.00      6.21     0.00      0.00      0.00       4.60

                 7      0.00     -6.21     0.00      0.00      0.00      -1.18

           1     6     -0.66      0.00     0.00      0.00      0.00       0.00

                 7      0.66      0.00     0.00      0.00      0.00       0.00

           2     6      0.00      0.00     0.00      0.00      0.00       0.00

                 7      0.00      0.00     0.00      0.00      0.00       0.00

           3     6      0.00      2.42     0.00      0.00      0.00       1.43

                 7      0.00     -2.42     0.00      0.00      0.00      -0.10

           5     6      0.00      0.66     0.00      0.00      0.00       0.36

                 7      0.00     -0.66     0.00      0.00      0.00      -0.00

          21     6     -0.66      0.00     0.00      0.00      0.00       0.00

                 7      0.66      0.00     0.00      0.00      0.00       0.00

          22     6     -0.66      2.42     0.00      0.00      0.00       1.43

                 7      0.66     -2.42     0.00      0.00      0.00      -0.10

          23     6     -0.66      2.42     0.00      0.00      0.00       1.43

                 7      0.66     -2.42     0.00      0.00      0.00      -0.10

          24     6     -0.66      6.21     0.00      0.00      0.00       4.60

                 7      0.66     -6.21     0.00      0.00      0.00      -1.18

          25     6     -0.66      6.21     0.00      0.00      0.00       4.60

                 7      0.66     -6.21     0.00      0.00      0.00      -1.18

      7    4     7      0.00      5.91     0.00      0.00      0.00       1.18

                 8      0.00     -5.91     0.00      0.00      0.00      -0.00

           1     7     -0.02      0.00     0.00      0.00      0.00       0.00

                 8      0.02      0.00     0.00      0.00      0.00       0.00

           2     7      0.00      0.00     0.00      0.00      0.00       0.00

                 8      0.00      0.00     0.00      0.00      0.00       0.00

           3     7      0.00      0.51     0.00      0.00      0.00       0.10

                 8      0.00     -0.51     0.00      0.00      0.00       0.00

           5     7      0.00      0.02     0.00      0.00      0.00       0.00

                 8      0.00     -0.02     0.00      0.00      0.00       0.00
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   MEMBER END FORCES    STRUCTURE TYPE = PLANE

   -----------------

   ALL UNITS ARE -- KN   METE     (LOCAL )

  MEMBER  LOAD  JT     AXIAL   SHEAR-Y  SHEAR-Z   TORSION     MOM-Y      MOM-Z

          21     7     -0.02      0.00     0.00      0.00      0.00       0.00

                 8      0.02      0.00     0.00      0.00      0.00       0.00

          22     7     -0.02      0.51     0.00      0.00      0.00       0.10

                 8      0.02     -0.51     0.00      0.00      0.00       0.00

          23     7     -0.02      0.51     0.00      0.00      0.00       0.10

                 8      0.02     -0.51     0.00      0.00      0.00       0.00

          24     7     -0.02      5.91     0.00      0.00      0.00       1.18

                 8      0.02     -5.91     0.00      0.00      0.00      -0.00

          25     7     -0.02      5.91     0.00      0.00      0.00       1.18

                 8      0.02     -5.91     0.00      0.00      0.00      -0.00

   ************** END OF LATEST ANALYSIS RESULT **************

   100. FINISH

             *********** END OF THE STAAD.Pro RUN ***********

               **** DATE= FEB 19,2022   TIME=  9:54:33 ****
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From the above  free vibration analysis it is clear that period of natural 

oscillation for the 
chimney is 0.013 sec and less than 0.25sec.

Hence dynamic wind effect shall not be considered as per cl#8.2.3 of IS:6533 
Part 2.
CHECK  FOR  DEFLECTION  :
From  staad  analysis,  we  get  deflection  at  top  most  node  no.7 = 0.131mm  under  wind  load  condition.
Allowable  deflection   = height/200 

Height  of  stack = 10388

Thus  allowable  deflection =10388/200=51.94 mm  >>  0.13 mm      O.K.

CHECK  FOR  STRESS  :

· AT  BASE  LEVEL
Maximum  vertical  load at  base ( from  staad  analysis ) =  154.66 kN  say 180kN

Minimum vertical load at base (from staad analysis) = 94.46 kN say 90 kN

Maximum  horizontal  load at  base ( from  staad  analysis ) =  73.66 kN  say 80 kN

Maximum  bending moment  load at  base ( from  staad  analysis ) =  354.06 kN-m say 400 kN-m

Innner dia  at base  = 4800

Shell plate thk = 16 

Internal  corrosion = 3  mm

External  corrosion = 0

After corrosion effective pl. thk = 13

Innner dia  at base after corrosion  = 4800+6=4806

Outer dia after corrosion = 4800+32=4832

Thus  shell  plate  area  = 3.14(4.8322-4.8062)/4=0.1967 m2
M.I. = 3.14(4.8324-4.8064)/64=0.571 m4
Section  modulus = 0.571/(4.832/2)=0.2363 m3
Axial  stress  developed = 180/0.1967=915 kN/m2 = 0.915 N/mm2
Bending  stress  developed = 400/0.2363=1693 kN/m2 = 1.693  N/mm2
Thus  total  comp. stress developed = 0.915+1.693 =2.61 N/mm2
Now  Effective  height  he = 10.388m

Mean  Diameter D = (4.806+4.832)/2 = 4.819 m

Thus  he/D = 10388/4819=  2.15          and   D/t=4819/13=371

Allowable stress = 90 MPa  > 2.61 N/mm2    O.K.

· AT  2000 above base  LEVEL
Maximum  vertical  load at  base ( from  staad  analysis ) =  45.38 kN say  60 kN

Maximum  bending moment  load at  base ( from  staad  analysis ) =  223.54 kN-m say  300 kN-m

Innner dia    = 4468

Shell plate thk = 12 

Internal  corrosion = 3  mm

External  corrosion = 0

After corrosion effective pl. thk = 9

Innner dia   after corrosion  = 4468+6 = 4474

Outer dia after corrosion = 4468+24=4492

Thus  shell  plate  area  = 3.14(4.4922-4.4682)/4=0.1688 m2
M.I. = 3.14(4.4924-4.4684)/64=0.4235 m4
Section  modulus = 0.4235/(4.492/2)=0.1886 m3
Axial  stress  developed = 60/0.1688 = 356 kN/m2 = 0.356 N/mm2
Bending  stress  developed = 300/0.1886=1591 kN/m2 = 1.591  N/mm2
Thus  total  comp. stress developed = 0.356+1.591 = 1.95 N/mm2
Now  Effective  height  he = 8.388m

Mean  Diameter D = (4.492+4.474)/2 = 4.483 m

Thus  he/D = 8388/4483=  1.87          and   D/t=4483/9=498

Allowable stress = 58 MPa  > 1.87 N/mm2    O.K.

CHECK  FOR  RESONANCE  :
As  per  Annexure  A-3 of IS:6533

Strouhal  critical  velocity Vcr=5 x Dt x f   m/s

Here  Dt=Dia  at  top  = 2800

f=74.115 cps  [from  staad  analysis]
Thus Vcr = 5 x 2.800 x 74.115 = 1037.6 m/s

Now range  for  resonance = 0.33 to 0.8 times  design  wind  velocity = 53.77 m/s

In  this  case  critical  velocity  = 1037.6 m/s > 0.8Vz  and  hence  no  resonance  occurs.  O.K.

Since  there  is  no  resonance,  strakes  are  not  required.

CHECK  FOR  OVALLING  OSCILLATION  :
Gross  plate  thickness  at  top = 10mm

Diameter/300 at top = 2800/300= 9.33 mm

Thus  gross  plate  thickness at  top  >  Dia/300

Hence  Stiffening  rings  at  top  is  not required.

However for putting lightning arrestor provide 1 no L 65x65x6

CALCULATION  FOR H.D. BOLT
No. of Bolt used   n = 32

Maximum  uplift per  bolt  from moment = 400 * 2.498/ 









(4*2.498^2+4*2.479^2+4*1.522^2+4*1.689^2+4*1.843^2+4*1.983^2)=10.038 kN

Compression from minimum vertical load =  90/32=2.813 kN

Maximum net tension = 10.038-2.813 = 7.225 kN 

Capacity  of  one  no. M20 bolt = 245  * 120 * 1.25=36750 N = 37.75 kN > 7.225 kN

Shear  per  bolt = 80/32=2.5 kN

Shear stress per  bolt = 2500/314=8 N/mm2 < 80 N/mm2
Provide  32  nos. M20  H.D  bolt  with  5000  PCD
[image: image6.emf]Max: 0.006 mm

Max: 0.037 mm

Max: 0.086 mm

Max: 0.113 mm

Max: 0.117 mm

Max: 0.127 mm

Max: 0.131 mm

DEFLECTED SHAPE UNDER WIND LOAD

Displacement Load 3 : 

Displacement - mm

X

Y

Z


DESIGN  OF  BASE  PL.
Maximum  vertical  load at  base ( from  staad  analysis ) =  154.66 kN  say 180kN

Minimum vertical load at base (from staad analysis) = 94.46 kN say 90 kN

Maximum  horizontal  load at  base ( from  staad  analysis ) =  73.66 kN  say 80 kN

Maximum  bending moment  load at  base ( from  staad  analysis ) =  354.06 kN-m say 400 kN-m


Bolt  p.c.d = 5000

Outer  Dia  = 5300

At each bolt location max push/pull from moment = 10.038 kN

At each bolt location maximum vertical load = 180/32=5.625 kN

So tal force at each bolt location = 10.038+5.625=15.663 kN say 16 kN

Width  of  base  pl  provided = (5300-4700)/2=300

Bearing  pressure  developed  at ecah bolt location = 16e3/(218*300)= 0.244 N/mm2   O.K.

[image: image7.wmf]
Bending moment from bolt tension in base pl. = 7.225*0.084=0.61 kN-m at outer face of shell plate.

Bending stress developed = 0.61e5/(218*25^2/6)=26.86 N/mm2   < 165 N/mm2 O.K. 






[ Considering 25thk base plate]

Provide 25thk base pl and top plate with 10 thk stiffener as shown above.

DESIGN   FOR   PLATFORM  MEMBERS
[image: image8.wmf]
Width  of  platform = 1000

Clearance  from shell  plate = 250

unit   wt  of  25thk grating = 40 k/m2
Maximum  Live load  on  platform = 250 kg/m2
Thus  total  wt = 250+40=290 kg/m2
udl on member = 290/2+s/wt=145+12=157 kg/m
Member    Mkd.  “ A ”
Maximum  Span  = 2639

Maximum  B.M. =  157x2.6392/8 = 137 kg-m
Try  L 90x90x8 
fbc  =  13700/16 = 856 kg/cm2  <<  1650 kg/m2
Deflection = (5/384)x1.57x263.94/2.047x106/104 = 0.466cm 

Permissible deflection = 263.9/325=0.812cm > 0.466 cm O.K.

Vertical reaction at each end =157 x 2.639/2=208 say 210 kg

Member    Mkd.  “ B ”  Stay
Length  = 1650

Vertical load from  Beam A =  210 kg

Maximum vertical load on stay = 210x2=420 say 550kg
Try  2Ls50x50x6
fc  =  550x1.414/11.36 = 69 kg/cm2  

L/rmin = 165/1.98 = 83  

Allowable  Pc= 994  kg/m2 >> fbc
Member    Mkd.  “ C ”
Since  loads  are  very  small, provide  same  same  as that  of  A

Provide  L 90x90x8

Member    Mkd.  “ D ”  
Conc. Load at one end 210x2=420 kg acting at extreme end

Conc. Load at one end 210x2=420 kg[although this load will be smaller] acting at 250 inside.

Maximum moment = 420x0.25=105 kg-m
Try 2s65x65x6
fbc  =  10500/12.4 = 846 kg/cm2  <<  1650 kg/m2
Deflection at centre = 420x1253/(48x2.047x106x58.2)(3x25/125-4(25/125)3 )= 0.081cm 

Permissible deflection =125.0/325=0.38cm > 0.081 cm O.K.
� EMBED  ���





� EMBED  ���





� EMBED  ���





� EMBED  ���





� EMBED  ���





� EMBED  ���









_157720176.unknown

_200219316.unknown

_200219636.unknown

_200219956.unknown

_85123896.unknown

_85123256.unknown

_85123576.unknown

