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F60 49.57
lb

ft2
=F60 v60 G⋅ F1⋅:=

F50 47.82
lb

ft2
=F50 v50 G⋅ F1⋅:=

Pressure Loads: 

Force Coefficient - Table 6-7  Hexagon or 
Octagon

F3 1.2:=

Force Coefficient - Table 6-7  Round 
Moderately smooth

F2 0.6:=

Force Coefficient - Table 6-7 squareF1 1.4:=

Gust Factor - Sec. 6.5.8.1G 0.85:=

v60 41.66
lb

ft2
=

v60 0.00256 Kz60⋅ Kzt⋅ V2⋅ I⋅:=

v50 40.18
lb

ft2
=

v50 0.00256 Kz50⋅ Kzt⋅ V2⋅ I⋅:=

Velocity Pressure:

Table 6-3Kz60 1.13:= Table 6-1I 1.0:=
Table 6-3Kz50 1.09:=

Section 6.5.5 Fig. 6-4Kzt 1.0:=

Calculated reactions are based on ASCE 7-02 data for the wind speed given above 
at a height of 50' to 60' above ground using exposure category 'C'. Refer to drawings 
for height of fiberglass structure.

V 120:=Standard Cupola CU1100 Refer to plans
 UNIT: COMPONENTS   Wind Speed 

Wind Load Calculations
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Summary of Output for Design of Structure

Maximum Plate Stress from Finite Element Analysis = 2,405 psi 

The ultimate stress for the fiberglass skin is 18,000 psi.  For this design 
the service stress was taken to be one third of ultimate, 6,000 psi.     All  
plate stresses are within the allowable limits of the service stress for the 
Steeple.  

All steel members pass the AISC code check. 

Connection to Structure and Applied Loads:

Reactions : Refer to computer output for Reactions.

The STAAD report represents a summary of the output.  Complete output will be supplied
upon request.
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Job Information
 Engineer Checked Approved

Name: PL
Date: 15-Jul-06

Structure Type SPACE FRAME

Number of Nodes 1849 Highest Node 1849
Number of Elements 100 Highest Beam 1960
Number of Plates 1856 Highest Plate 1956

Number of Basic Load Cases 2
Number of Combination Load Cases 0

Included in this printout are data for:
All The Whole Structure

Included in this printout are results for load cases:
Type L/C Name

Primary 1 WEIGHT
Primary 2 WIND
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Load 2
X

Y

Z

Whole Structure
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X = -0.543 kip
Y = -1.517 kip
Z = -0.064 kip
MX = FREE
MY = FREE
MZ = FREE

X = -0.563 kip
Y = 1.861 kip
Z = 0.122 kip
MX = FREE
MY = FREE
MZ = FREE

X = -0.543 kip
Y = -1.517 kip
Z = 0.064 kip
MX = FREE
MY = FREE
MZ = FREE

X = -0.563 kip
Y = 1.861 kip
Z = -0.122 kip
MX = FREE
MY = FREE
MZ = FREE

Load 2
XY

Z

REACTIONS
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Load 2
X

Y

Z

Max Absolute
psi

<= 0.754
151
301
452
602
752
902
1053
1203
1353
1503
1654
1804
1954
2105
2255
>= 2405

WIND STRESS CONTOURS

Section Properties
Prop Section Area

(in2)
Iyy

(in4)
Izz

(in4)
J

(in4)
Material

2 HSST2X2X0.125  0.840  0.486  0.486  0.776 STEEL
3 HSST2X2X0.125  0.840  0.486  0.486  0.776 STEEL
4 HSST1.5X1.5X0.125  0.608  0.188  0.188  0.308 STEEL

Plate Thickness
Prop Node A

(in)
Node B

(in)
Node C

(in)
Node D

(in)
Material

1  0.250  0.250  0.250  0.250 FRP
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Materials
Mat Name E

(kip/in2)
ν Density

(kip/in3)
α

(1/°K)
1 FRP  1.8E 3  0.300  0.000  0.000
2 STEEL  29E 3  0.300  0.000  3.61E -6
3 ALUMINUM  10E 3  0.330  0.000  7.11E -6
4 CONCRETE  3.15E 3  0.170  0.000  3.06E -6

Supports
Node X

(kip/in)
Y

(kip/in)
Z

(kip/in)
rX

(kip-ft/deg)
rY

(kip-ft/deg)
rZ

(kip-ft/deg)
533 Fixed Fixed Fixed - - -
543 Fixed Fixed Fixed - - -
555 Fixed Fixed Fixed - - -
565 Fixed Fixed Fixed - - -

Basic Load Cases
Number Name

1 WEIGHT
2 WIND

Node Displacement Summary
Node L/C X

(in)
Y

(in)
Z

(in)
Resultant

(in)
rX

(rad)
rY

(rad)
rZ

(rad)
Max X 1279 2:WIND  0.774  0.005  0.000  0.774 -0.000 -0.000  0.004
Min X 1338 1:WEIGHT -0.002 -0.003 -0.000  0.004 -0.000  0.000  0.000
Max Y 1201 2:WIND  0.013  0.036 -0.000  0.038  0.000  0.000  0.003
Min Y 415 2:WIND  0.033 -0.021  0.000  0.039 -0.000 -0.000 -0.000
Max Z 1689 2:WIND  0.021  0.003  0.135  0.137 -0.001 -0.002 -0.000
Min Z 844 2:WIND  0.021  0.003 -0.135  0.137  0.001  0.002 -0.000

Max rX 874 2:WIND  0.025  0.003 -0.057  0.062  0.010  0.000 -0.000
Min rX 1716 2:WIND  0.025  0.003  0.057  0.062 -0.010 -0.000 -0.000
Max rY 1275 2:WIND  0.215  0.005  0.000  0.215  0.000  0.052  0.001
Min rY 1283 2:WIND  0.215  0.005 -0.000  0.215 -0.000 -0.052  0.001
Max rZ 1309 2:WIND  0.342  0.005  0.000  0.343 -0.000 -0.000  0.053
Min rZ 1249 2:WIND  0.421  0.004  0.000  0.421 -0.000 -0.000 -0.053

Max Rst 1279 2:WIND  0.774  0.005  0.000  0.774 -0.000 -0.000  0.004
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Plate Centre Stress Summary
Shear Membrane Bending

Plate L/C Qx
(psi)

Qy
(psi)

Sx
(psi)

Sy
(psi)

Sxy
(psi)

Mx
(lb-in/in)

My
(lb-in/in)

Mxy
(lb-in/in)

Max Qx 1294 2:WIND  17.313  0.553 -4.340 -71.882  57.239  8.761  1.013 -0.712
Min Qx 1285 2:WIND -17.313  0.552 -4.339 -71.886 -57.236  8.761  1.013  0.712
Max Qy 1339 2:WIND  1.719  23.950 -0.694 -7.049  4.672  6.811  24.957 -0.450
Min Qy 1035 2:WIND  0.509 -20.575 -28.488  17.481  13.403  5.663  19.880  0.127
Max Sx 1133 2:WIND  0.188  16.998  441.985  104.963 -13.547  2.048  9.789 -0.232
Min Sx 1175 2:WIND -0.095  1.743 -581.539  11.302 -7.277 -1.717 -4.764 -0.080
Max Sy 576 2:WIND -0.492  2.844  51.146  300.408 -110.509 -0.655 -2.450 -0.150
Min Sy 567 2:WIND -0.010 -0.023 -63.701 -347.771 -141.096 -0.011 -0.016 -0.012

Max Sxy 1167 2:WIND  0.633 -0.047 -0.667 -17.824  203.049 -0.361 -0.722  0.430
Min Sxy 1156 2:WIND -0.632 -0.047 -0.671 -17.829 -203.049 -0.361 -0.722 -0.430
Max Mx 830 2:WIND  5.186  0.580 -23.135 -73.481 -54.056  13.339  4.968  0.407
Min Mx 1289 2:WIND -1.163 -1.027 -6.603  11.487 -8.477 -15.294 -17.450  0.166
Max My 1339 2:WIND  1.719  23.950 -0.694 -7.049  4.672  6.811  24.957 -0.450
Min My 1187 2:WIND -0.875  16.194  138.080  32.370 -12.461 -6.638 -21.663  0.348

Max Mxy 1256 2:WIND -3.361 -5.942  20.274 -16.710 -30.984 -1.040 -0.210  6.533
Min Mxy 1263 2:WIND  3.362 -5.944  20.274 -16.707  30.989 -1.040 -0.209 -6.533

Plate Centre Principal Stress Summary
Principal Von Mis Tresca

Plate L/C Top
(psi)

Bottom
(psi)

Top
(psi)

Bottom
(psi)

Top
(psi)

Bottom
(psi)

Max (t) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.15E 3  1.74E 3  1.75E 3
Max (b) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.15E 3  1.74E 3  1.75E 3

Max VM (t) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.15E 3  1.74E 3  1.75E 3
Max VM (b) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.15E 3  1.74E 3  1.75E 3
Tresca (t) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.15E 3  1.74E 3  1.75E 3
Tresca (b) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.15E 3  1.74E 3  1.75E 3

Reactions
Horizontal Vertical Horizontal Moment

Node L/C FX
(kip)

FY
(kip)

FZ
(kip)

MX
(kip-in)

MY
(kip-in)

MZ
(kip-in)

533 1:WEIGHT  0.007  0.172  0.016  0.000  0.000  0.000
2:WIND -0.563  1.861  0.122  0.000  0.000  0.000

543 1:WEIGHT -0.007  0.172  0.016  0.000  0.000  0.000
2:WIND -0.543 -1.517  0.064  0.000  0.000  0.000

555 1:WEIGHT -0.007  0.172 -0.016  0.000  0.000  0.000
2:WIND -0.543 -1.517 -0.064  0.000  0.000  0.000

565 1:WEIGHT  0.007  0.172 -0.016  0.000  0.000  0.000
2:WIND -0.563  1.861 -0.122  0.000  0.000  0.000
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X = -0.550 kip
Y = -1.536 kip
Z = -0.062 kip
MX = FREE
MY = FREE
MZ = FREE

X = -0.570 kip
Y = 1.872 kip
Z = -0.123 kip
MX = FREE
MY = FREE
MZ = FREE

X = -0.553 kip
Y = -1.549 kip
Z = 0.064 kip
MX = FREE
MY = FREE
MZ = FREE

X = -0.574 kip
Y = 1.885 kip
Z = 0.121 kip
MX = FREE
MY = FREE
MZ = FREE

Load 2
XY

Z

WIND REACTIONS

Section Properties
Prop Section Area

(in2)
Iyy

(in4)
Izz

(in4)
J

(in4)
Material

2 HSST2X2X0.125  0.840  0.486  0.486  0.776 STEEL
3 HSST2X2X0.125  0.840  0.486  0.486  0.776 STEEL
4 HSST1.5X1.5X0.125  0.608  0.188  0.188  0.308 STEEL

Plate Thickness
Prop Node A

(in)
Node B

(in)
Node C

(in)
Node D

(in)
Material

1  0.250  0.250  0.250  0.250 FRP

Materials
Mat Name E

(kip/in2)
ν Density

(kip/in3)
α

(1/°K)
1 FRP  1.8E 3  0.300  0.000  0.000
2 STEEL  29E 3  0.300  0.000  3.61E -6
3 ALUMINUM  10E 3  0.330  0.000  7.11E -6
4 CONCRETE  3.15E 3  0.170  0.000  3.06E -6
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Supports
Node X

(kip/in)
Y

(kip/in)
Z

(kip/in)
rX

(kip-ft/deg)
rY

(kip-ft/deg)
rZ

(kip-ft/deg)
533 Fixed Fixed Fixed - - -
543 Fixed Fixed Fixed - - -
555 Fixed Fixed Fixed - - -
565 Fixed Fixed Fixed - - -

Basic Load Cases
Number Name

1 WEIGHT
2 WIND

Node Displacement Summary
Node L/C X

(in)
Y

(in)
Z

(in)
Resultant

(in)
rX

(rad)
rY

(rad)
rZ

(rad)
Max X 1279 2:WIND  0.775  0.005  0.000  0.775  0.000 -0.000  0.004
Min X 1338 1:WEIGHT -0.002 -0.003 -0.000  0.003 -0.000  0.000  0.000
Max Y 1201 2:WIND  0.013  0.036 -0.000  0.038  0.000 -0.000  0.003
Min Y 16 2:WIND  0.032 -0.019 -0.002  0.037 -0.000  0.000 -0.001
Max Z 1689 2:WIND  0.021  0.003  0.135  0.137 -0.001 -0.002 -0.000
Min Z 844 2:WIND  0.021  0.004 -0.135  0.137  0.001  0.002 -0.000

Max rX 874 2:WIND  0.026  0.003 -0.057  0.062  0.010  0.000 -0.000
Min rX 1716 2:WIND  0.025  0.003  0.057  0.062 -0.010 -0.000 -0.000
Max rY 1275 2:WIND  0.216  0.005  0.000  0.216  0.000  0.052  0.001
Min rY 1283 2:WIND  0.216  0.005 -0.000  0.216 -0.000 -0.052  0.001
Max rZ 1309 2:WIND  0.343  0.005  0.000  0.343  0.000 -0.000  0.053
Min rZ 1249 2:WIND  0.421  0.004  0.000  0.421  0.000 -0.000 -0.053

Max Rst 1279 2:WIND  0.775  0.005  0.000  0.775  0.000 -0.000  0.004
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Plate Centre Stress Summary
Shear Membrane Bending

Plate L/C Qx
(psi)

Qy
(psi)

Sx
(psi)

Sy
(psi)

Sxy
(psi)

Mx
(lb-in/in)

My
(lb-in/in)

Mxy
(lb-in/in)

Max Qx 1294 2:WIND  17.314  0.552 -4.346 -73.368  58.449  8.763  1.014 -0.713
Min Qx 1285 2:WIND -17.313  0.548 -4.320 -73.510 -59.168  8.761  1.013  0.713
Max Qy 1340 2:WIND -1.717  23.945 -1.926 -9.348 -4.799  6.802  24.951  0.450
Min Qy 1035 2:WIND  0.508 -20.574 -28.489  17.443  13.176  5.663  19.879  0.127
Max Sx 1133 2:WIND  0.188  16.998  442.457  104.958 -13.648  2.048  9.790 -0.232
Min Sx 1175 2:WIND -0.096  1.736 -582.571  11.298 -7.482 -1.718 -4.767 -0.080
Max Sy 576 2:WIND -0.492  2.845  52.368  307.336 -113.180 -0.656 -2.451 -0.150
Min Sy 567 2:WIND -0.010 -0.025 -64.902 -354.499 -143.764 -0.010 -0.015 -0.012

Max Sxy 1167 2:WIND  0.637 -0.061 -0.661 -17.673  202.824 -0.362 -0.726  0.429
Min Sxy 1156 2:WIND -0.636 -0.060 -1.086 -17.772 -202.933 -0.361 -0.723 -0.430
Max Mx 1749 2:WIND -5.186  0.589 -23.119 -74.789  55.389  13.341  4.968 -0.409
Min Mx 1289 2:WIND -1.163 -1.028 -6.590  9.985 -8.861 -15.296 -17.450  0.166
Max My 1340 2:WIND -1.717  23.945 -1.926 -9.348 -4.799  6.802  24.951  0.450
Min My 1187 2:WIND -0.873  16.197  139.140  32.391 -12.085 -6.638 -21.665  0.348

Max Mxy 1256 2:WIND -3.360 -5.942  20.316 -17.434 -32.536 -1.040 -0.209  6.533
Min Mxy 1263 2:WIND  3.362 -5.942  20.141 -17.528  32.045 -1.040 -0.208 -6.534

Plate Centre Principal Stress Summary
Principal Von Mis Tresca

Plate L/C Top
(psi)

Bottom
(psi)

Top
(psi)

Bottom
(psi)

Top
(psi)

Bottom
(psi)

Max (t) 1340 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.16E 3  1.74E 3  1.75E 3
Max (b) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.16E 3  1.74E 3  1.75E 3

Max VM (t) 1340 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.16E 3  1.74E 3  1.75E 3
Max VM (b) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.16E 3  1.74E 3  1.75E 3
Tresca (t) 1340 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.16E 3  1.74E 3  1.75E 3
Tresca (b) 1339 2:WIND  2.39E 3  2.41E 3  2.14E 3  2.16E 3  1.74E 3  1.75E 3

Reactions
Horizontal Vertical Horizontal Moment

Node L/C FX
(kip)

FY
(kip)

FZ
(kip)

MX
(kip-in)

MY
(kip-in)

MZ
(kip-in)

533 1:WEIGHT  0.007  0.168  0.015  0.000  0.000  0.000
2:WIND -0.574  1.885  0.121  0.000  0.000  0.000

543 1:WEIGHT -0.007  0.168  0.015  0.000  0.000  0.000
2:WIND -0.553 -1.549  0.064  0.000  0.000  0.000

555 1:WEIGHT -0.007  0.168 -0.015  0.000  0.000  0.000
2:WIND -0.550 -1.536 -0.062  0.000  0.000  0.000

565 1:WEIGHT  0.007  0.168 -0.015  0.000  0.000  0.000
2:WIND -0.570  1.872 -0.123  0.000  0.000  0.000


