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1.0Introduction The purpose of this calculation report is to verify the
adequacy of structural design of one existing unit of 1000 tonne S.W.L.
spreader frame to load an additional of 140 tonne weight coming to a grand
total of 1140 tonne. This spreader frame is designed for lifting 2 x 500
tonne spreader beam each with distribution of water bag loads in a single
point lifting arrangement, with additional loads of 4x35 tonne load at each
trunnion of the spreader frame during load testing of crane as illustrated
in the lifting condition drawing. 2.0 Design Consideration  Loading
conditions:  This spreader frame is NOT designed and used for day-to-day
transportation or handling of goods. No dynamic or impact loads is taken
into account. Test loads by means of water bags are gradually filled up
with water to achieve the required loading. b)Lifting is done by means of 4
endless round slings on 4 nos. of designated Lifting trunnions. Additional
4 water bags are added to the trunnions of the spreader frame. The designs
for the structural members are based on Allowable Stress Design (ASD) in
accordance with AISC. 3.0 Conclusion As detailed in attached reports in the
Appendixes, the structural members meet the requirements of the design code
base on the above design consideration.  4.0 References:  1140 Tonne
Spreader Frame Lifting Arrangement Drawing no.: RT-RM-DWG-120 (Rev1)
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SHEAR STRESS DIAGRAM   LO  riS ->" LT-   Appendix B Steel design report to
ASIC ASD                                     Steel Design Report Checking
design member 1  Members: 1 Group: Custom1 Section: OD 508 x 16 WT  Load
Case: Load Case 1 Fy=248.21 MPa On gross area F1=0.6*Fy=0.6*248.21=148.93
MPa On net area Ft=0.5*Fa=0.5*399.9=199.95 MPa Fv=0.4*Fy=0.4*248.21=99.28
MPa KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*632.0/174.04,1.0*632.0/174.04)=3.63
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-3.632/(2*126.12))*248.21/1.68=147.91 MPa
Major Axis: Fb=0.66*Fy=0.66*248.21=163.82 MPa Minor Axis:
Fb=0.66*Fy=0.66*248.21=163.82 MPa Design Member 1, Load Case 1, Major
Bending Tensile Bending Stress: fb s Ft,, 0.0 5 163.82 OK 100% under
Compressive Bending Stress: fb Fb, 0.0 5 163.82 OK 100% under 



Design Member 1, Load Case 1, Major Shear Fv, 0.0 s 99.28 OK 100% under
Design Member 1, Load Case 1, Major Deflection   8 s L/250, 0.0 s 2.53 mm
OK 100% under Design Member 1, Load Case 1, Minor Bending Tensile Bending
Stress: fb Fb, 0.0 5 163.82 OK 100% under Compressive Bending Stress: fb
Fb, 0.0 5 163.82 OK 100% under Design Member 1, Load Case 1, Minor Shear f,
Fv, 0.0 s 99.28 OK 100% under Design Member 1, Load Case 1, Minor
Deflection  8 s L/250, 0.0 5 2.53 mm OK 100% under Design Member 1, Load
Case 1, Tension On gross area ft s Ft, 0.0 s 148.93 OK 100% under On net
area ft s Ft, 0.0 s 199.95 OK 100% under Design Member 1, Load Case 1,
Slenderness Kx*Lx/rx=1.0*632.0/174.04=3.63 s 200.00K 98% under
Ky*Ly/ry=1.0*632.0/174.04=3.63 5 200.0 OK 98% under Design Member 1, Load
Case 1, Compression f, Fa, 0.0 .s 147.91 OK 100% under Design Member 1,
Load Case 1, Bending + Tension
fa/FiFfbx/F6x+fg/Fby=0.0/199.95+0.0/163.82+0.0/163.82=0.0 s 1 OK 100% under
Design Member 1, Load Case 1, Bending + Compression fa/Fa=0.0/147.91=0.0 s
0.15 ...4)0
(1)a/cDa+413el>m+4)04,/(Dritv=0.0/147.91+0.0/163.82+0.0/163.82=0.0 s 1 OK
100% under Design Member 1, Load Case 1, Sway A s Y/300.0, 0.47 s
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 2 Members: 2
Group: Custom1 Section: OD 508 x 16 WT  Load Case: Load Case 1 Fy=248.21
MPa On gross area Ft=0.6*Fy=0.6*248.21=148.93 MPa On net area
Ft=0.5*Fa=0.5*399.9=199.95 MPa Fv=0.4*Fy=0.4*248.21=99.28 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*1404.01174.04,1.0*1404.0/174.04)=8.07
Fa=(1-(KUr)2/(2*Cc2))*Fy/FS=(1-8.072/(2*126.12))*248.21/1.69=146.52 MPa
Major Axis: Fb=0.66*Fy=0.66*248.21=163.82 MPa Minor Axis: 



Fb=0.66*Fy=0.66*248.21=163.82 MPa Design Member 2, Load Case 1, Major
Bending Tensile Bending Stress: fb Ft,, 0.14 5. 163.82 OK 100% under
Compressive Bending Stress: fb 5_ Fb, 0.14 5 163.82 OK 100% under Design
Member 2, Load Case 1, Major Shear fv F, 0.0 5 99.280K 100% under Design
Member 2, Load Case 1, Major Deflection 8 5 L/250, 0.0 5 5.62 mm OK 100%
under Design Member 2, Load Case 1, Minor Bending Tensile Bending Stress:
fb Fb, 0.0 5 163.82 OK 100% under Compressive Bending Stress: fb Fb, 0.0 5_
163.820K 100% under Design Member 2, Load Case 1, Minor Shear f, Fv, 0.0 .5
99.28 OK 100% under Design Member 2, Load Case 1, Minor Deflection 8 5
L/250, 0.0 5 5.62 mm OK 100% under Design Member 2, Load Case 1, Tension On
gross area ft 5 Ft, 0.0 5 148.93 OK 100% under   On net area ft 5 Ft, 0.0 5
199.95 OK 100% under Design Member 2, Load Case 1, Slenderness
Kx*Lx/rx=1.0*1404.0/174.04=8.07 5 200.00K 96% under
Ky*Ly/ry=1.0*1404.0/174.04=8.07 5 200.0 OK 96% under Design Member 2, Load
Case 1, Compression fa Fa, 10.01 5. 146.52 OK 93% under Design Member 2,
Load Case 1, Bending + Tension
fa/Fiffbx/Fbx+fbffby=0.0/199.95+0.14/163.82+0.0/163.82=0.0 5 1 OK 100%
under Design Member 2, Load Case 1, Bending + Compression
fa/Fa=10.01/146.52=0.07 .5 0.15 :.(1)0
(1)a/(1)a-kkielooe-4)04,/(1304,=10.01/146.52+0.14/163.82+0.0/163.82=0.07 5
1 OK 93% under Design Member 2, Load Case 1, Sway A 5 Y/300.0, 0.47 _5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 3  Members:
3 Group: Custom1 Section: OD 508 x 16 WT  Load Case: Load Case 1 Fy=248.21
MPa On gross area Ft=0.6*Fy=0.6*248.21=148.93 MPa 



On net area Ft=0.5*Fa=0.5*399.9=199.95 MPa Fv=0.4*Fy=0.4*248.21=99.28 MPa
KI/r=max(Kx*I/rx,Ky*I/ry)=max(1.0*632.0/174.04,1.0*632.0/174.04)=3.63
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-3.632/(2*126.12))*248.21/1.68=147.91 MPa
Major Axis: Fb=0.66*Fy=0.66*248.21=163.82 MPa Minor Axis:
Fb=0.66*Fy=0.66*248.21=163.82 MPa Design Member 3, Load Case 1, Major
Bending Tensile Bending Stress: fb Fb, 0.0 163.82 OK 100% under Compressive
Bending Stress: fb Fb, 0.0 163.82 OK 100% under Design Member 3, Load Case
1, Major Shear fv F, 0.0 5 99.28 OK 100% under Design Member 3, Load Case
1, Major Deflection   6 L/250, 0.0 5 2.53 mm OK 100% under Design Member 3,
Load Case 1, Minor Bending Tensile Bending Stress: fb Fb, 0.0 163.820K 100%
under Compressive Bending Stress: fb Fb, 0.0 163.82 OK 100% under Design
Member 3, Load Case 1, Minor Shear fv Fv, 0.0 5 99.280K 100% under Design
Member 3, Load Case 1, Minor Deflection 8 L1250, 0.0 5 2.53 mm OK 100%
under Design Member 3, Load Case 1, Tension On gross area ft 5 Ft, 0.0 5
148.93 OK 100% under   On net area ft 5 Ft, 0.0 5 199.95 OK 100% under
Design Member 3, Load Case 1, Slenderness Kx*Lx/rx=1.0*632.0/174.04=3.63 5
200.0 OK 98% under Ky*Ly/r =1 0*632 0/174 04=3 63 < 200 0 OK 98% under
Design Member 3, Load Case 1, Compression fa 5 Fa, 0.0 5 147.91 OK 100%
under Design Member 3, Load Case 1, Bending + Tension
faiFt+fbx/Fbx+fbffby=0.0/199.95+0.0/163.82+0.0/163.82=0.0 5 1 OK 100% under
Design Member 3, Load Case 1, Bending + Compression fa/Fa=0.0/147.91=0.0 5
0.15 :.4)0
(1),,/c1)..+OpeD/34+4)04/004,=0.0/147.91+0.0/163.82+0.0/163.82=0.0 5 1 OK
100% under Design Member 3, Load Case 1, Sway A 5 Y/300.0, 0.47 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 4 Members: 4



Group: Custom1 Section: OD 863.6 x 20 WT  Load Case: Load Case 1 Fy=355.0
MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*Ury)=max(1.0*704.0/298.34,1.0*704.0/298.34)=2.36
Fa=(1-(KUr)2/(2*Cc2))*Fy/FS=(1-2.362/(2*105.442))*355.0/1.68=211.88 MPa
Major Axis: Fb=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 4, Load Case 1, Major Bending
Tensile Bending Stress: fb 5. Fb, 0.0 5 234.3 OK 100% under Compressive
Bending Stress: fb Fb, 0.0 _5 234.30K 100% under Design Member 4, Load Case
1, Major Shear fv Fv, 0.0 5 142.0 OK 100% under Design Member 4, Load Case
1, Major Deflection 8 L/250, 0.01 5. 2.82 mm OK 100% under Design Member 4,
Load Case 1, Minor Bending Tensile Bending Stress: fb Fb, 0.0 5 234.30K
100% under Compressive Bending Stress: fb Fb, 0.0 5 234.3 OK 100% under
Design Member 4, Load Case 1, Minor Shear fv Fv, 0.0 5 142.00K 100% under
Design Member 4, Load Case 1, Minor Deflection 8 L1250, 0.0 5 2.82 mm OK
100% under Design Member 4, Load Case 1, Tension On gross area ft 5 Ft, 0.0
5 213.0 OK 100% under On net area ft 5 Ft, 0.0 5 245.0 OK 100% under Design
Member 4, Load Case 1, Slenderness Kx*Lx/rx=1.0*704.0/298.34=2.36 5 200.0
OK 99% under Ky*Ly/ry=1.0*704.0/298.34=2.36 5 200.0 OK 99% under Design
Member 4, Load Case 1, Compression fa 5 Fa, 0.0 5 211.880K 100% under
Design Member 4, Load Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fbY/Fby=0.0/245.0+0.0/234.3+0.0/234.3=0.0 5 1 OK 100% under
Design Member 4, Load Case 1, Bending + Compression fa/Fa=0.0/211.88=0.0 5
0.15 ...40 clia/(13a4p4/004404/1:1304,=0.0/211.88+0.0/234.3+0.0/234.3=0.0 5
1 OK 100% under 



Design Member 4, Load Case 1, Sway A 5 Y1300.0, 0.47 5 0.0/300.0=0.0 mm OK
-2147483548% under  Checking design member 5 Members: 5 Group: Custom1
Section: OD 863.6 x 20 WT  Load Case: Load Case 1 F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*7484.0/298.34,1.0*7484.0/298.34)=25.09
Far-(1-(KUr)2/(2*Cc2))*Fy/FS=(1-25.092/(2*105.442))*355.0/1.75=196.64 MPa
Major Axis: Fb=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 5, Load Case 1, Major Bending
Tensile Bending Stress: fb Ft,, 0.22 s 234.3 OK 100% under Compressive
Bending Stress: fb Fb, 0.22 5 234.3 OK 100% under Design Member 5, Load
Case 1, Major Shear fv F, 0.0 5 142.00K 100% under Design Member 5, Load
Case 1, Major Deflection  8 5. L/250, 0.02 5 29.94 mm OK 100% under Design
Member 5, Load Case 1, Minor Bending Tensile Bending Stress: fb Fb, 0.0 .5
234.3 OK 100% under Compressive Bending Stress: fb Ft,, 0.0 5 234.30K 100%
under Design Member 5, Load Case 1, Minor Shear fv F, 0.0 5 142.00K 100%
under Design Member 5, Load Case 1, Minor Deflection  8 5 L/250, 0.0 5
29.94 mm OK 100% under Design Member 5, Load Case 1, Tension On gross area
ft 5 Ft, 0.0 5 213.0 OK 100% under 



On net area ft 5 Ft, 0.0 5 245.00K 100% under Design Member 5, Load Case 1,
Slenderness Kx*Lx/rx=1.0*7484.0/298.34=25.09 5 200.00K 87% under
Ky*Ly/ry=1.0*7484.0/298.34=25.09 5 200.00K 87% under Design Member 5, Load
Case 1, Compression f, 5 Fa, 24.88 5 196.64 OK 87% under Design Member 5,
Load Case 1, Bending + Tension
faiFt+fbx/Fbx+fbffby=0.0/245.0+0.22/234.3+0.0/234.3=0.0 5 1 OK 100% under
Design Member 5, Load Case 1, Bending + Compression fa/F,=24.881196.64=0.13
5 0.15  4),/cDa+4$4/004-40,4/004,=24.88/196.64+0.22/234.3+0.0/234.3=0.13 5
1 OK 87% under Design Member 5, Load Case 1, Sway s Y1300.0, 0.47 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 6 Members: 6
Group: Custom1 Section: OD 863.6 x 20 WT  Load Case: Load Case 1 Fy=355.0
MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fi,=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*704.0/298.34,1.0*704.0/298.34)=2.36
Fa=(14KL/r)2/(2*Cc2))*Fy/FS=(1-2.362/(2*105.442))*355.0/1.68=211.88 MPa
Major Axis: Fb=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 6, Load Case 1, Major Bending
Tensile Bending Stress: fb Fb, 0.0 5 234.3 OK 100% under Compressive
Bending Stress: fb 5 Fb, 0.0 5 234.3 OK 100% under Design Member 6, Load
Case 1, Major Shear f, Fv, 0.0 5 142.0 OK 100% under Design Member 6, Load
Case 1, Major Deflection 8 5 U250, 0.01 5 2.82 mm OK 100% under Design
Member 6, Load Case 1, Minor Bending Tensile Bending Stress: fb Fr,, 0.0 .5
234.3 OK 100% under Compressive Bending Stress: fb Fb, 0.0 5 234.3 OK 100%
under Design Member 6, Load Case 1, Minor Shear fv F, 0.0 5 142.0 OK 100%
under 



Design Member 6, Load Case 1, Minor Deflection 8 5 U250, 0.0 5 2.82 mm OK
100% under Design Member 6, Load Case 1, Tension On gross area ; 5 Ft, 0.0
5 213.00K 100% under On net area ft 5 Ft, 0.0 5 245.0 OK 100% under Design
Member 6, Load Case 1, Slenderness Kx*Lx/rx=1.0*704.0/298.34=2.36 5 200.0
OK 99% under Ky*Ly/ry=1.0*704.0/298.34=2.36 5 200.0 OK 99% under Design
Member 6, Load Case 1, Compression fa 5 Fa, 0.0 5_ 211.88 OK 100% under
Design Member 6, Load Case 1, Bending + Tension
faiFt+fbx/Fbx+fbffby=0.0/245.0+0.0/234.3+0.0/234.3=0.0 5 1 OK 100% under
Design Member 6, Load Case 1, Bending + Compression fa/Fa=0.0/211.88=0.0 5
0.15 ...4)0 (1),/cDa+4)perlielipt/cDow=0.0/211.88+0.0/234.3+0.0/234.3.0.0 5
1 OK 100% under Design Member 6, Load Case 1, Sway A 5 Y/300.0, 0.47 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 7 Members: 7
Group: Custom1 Section: 00 508 x 16 WT  Load Case:- Load Case 1 Fy=248-21
MPa On gross area F1=0.6*Fy=0.6*248.21=148.93 MPa On net area
Ft=0.5*Fu=0.5*399.9=199.95 MPa Fv=0.4*Fy=0.4*248.21=99.28 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*632.0/174.04,1.0*632.0/174.04)=3.63
Fa=(1-(KUr)2/(2*Cc2))*Fy/FS=(1-3.632/(2*126.12))*248.21/1.68=147.91 MPa
Major Axis: Fb=0.66*Fy=0.66*248.21=163.82 MPa Minor Axis:
Fb=0.66*Fy=0.66*248.21=163.82 MPa Design Member 7, Load Case 1, Major
Bending Tensile Bending Stress: fb 5. Fb, 0.0 5 163.82 OK 100% under
Compressive Bending Stress: fb Fb, 0.0 5 163.82 OK 100% under- Design
Member 7, Load Case 1, Major Shear f0.0 5_ 99.280K 100% under 



Design Member 7, Load Case 1, Major Deflection 8 5 1f250, 0.0 5_ 2.53 mm OK
100% under Design Member 7, Load Case 1, Minor Bending Tensile Bending
Stress: fb 5_ Fb, 0.0 163.82 OK 100% under Compressive Bending Stress: fb
Fe,, 0.0 163.82 OK 100% under Design Member 7, Load Case 1, Minor Shear f,
5. F, 0.0 5 99.28 OK 100% under Design Member 7, Load Case 1, Minor
Deflection 8 L/250, 0.0 5 2.53 mm OK 100% under Design Member 7, Load Case
1, Tension On gross area ft 5 Ft, 0.0 5 148.93 OK 100% under   On net area
ft 5 Ft, 0.0 5 199.95 OK 100% under Design Member 7, Load Case 1,
Slenderness Kx*L1rx=1.0*632.0/174.04=3.63 5 200.0 OK 98% under Ky*Ly/r =1
0'632 0/174 04=3 63 < 200.0 OK 98% under Design Member 7, Load Case 1,
Compression fa Fa, 0.0 5 147.91 OK 100% under Design Member 7, Load Case 1,
Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.01199.95+0.0/163.82+0.0/163.82=0.0 5 1 OK 100%
under Design Member 7, Load Case 1, Bending + Compression
fa/Fa=0.0/147.91=0.0 5 0.15 :.(1)0
(1)a/(1)a-F(VDrelio4itiow=0.0/147.91+0.0/163.82+0.0/163.82=0.0 5 1 OK 100%
under Design Member 7, Load Case 1, Sway A 5_ Y/300.0, 0.47 5 0.0/300.0=0.0
mm OK -2147483548% under  Checking design member 8 Members: 8 Group:
Custom1 Section: OD 508 x 16 lArT  Load Case: Load Case 1 Fy=248.21 MPa On
gross area Ft=0.6*Fy=0.6*248.21=148.93 MPa On net area
Ft=0.5*Fu=0.5*399.9=199.95 MPa Fv=0.4*Fy=0.4*248.21=99.28 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*1404.0/174.04,1.0*1404.0/174.04)=8.07
Fa=(1-(KUr)2/(2*Co2))*Fy/FS=(1-8.072/(2*126.12))*248.21/1.69=146.52 MPa
Major Axis: Fb=0.66*Fy=0.66*248.21=163.82 MPa Minor Axis:
Fb=0.66*Fy=0.66*248.21=163.82 MPa 



Design Member 8, Load Case 1, Major Bending Tensile Bending Stress: fb Fb,
0.14 5 163.820K 100% under Compressive Bending Stress:  fb Fb, 0.14 5
163.82 OK 100% under Design Member 8, Load Case 1, Major Shear fv F, 0.0 5
99.28 OK 100% under Design Member 8, Load Case 1, Major Deflection 8 5
L/250, 0.0 5 5.62 mm OK 100% under Design Member 8, Load Case 1, Minor
Bending Tensile Bending Stress: fb Fb, 0.0 5 163.82 OK 100% under
Compressive Bending Stress: fb Ft,, 0.0 5 163.82 OK 100% under Design
Member 8, Load Case 1, Minor Shear fv Fv, 0.0 5 99.28 OK 100% under Design
Member 8, Load Case 1, Minor Deflection 8 5 L/250, 0.0 5 5.62 mm OK 100%
under Design Member 8, Load Case 1, Tension On gross area ft 5 Ft, 0.0 5
148.93 OK 100% under  On net area ft 5 Ft, 0.0 5 199.95 OK 100% under
Design Member 8, Load Case 1, Slenderness Kx*Lx/rx=1.0*1404.0/174.04=8.07 5
200.0 OK 96% under Ky*Ly/ry=1.0*1404.0/174.04=8.07 5 200.0 OK 96% under
Design Member 8, Load Case 1, Compression fa 5 Fa, 10.01 5146.52 OK 93%
under Design Member 8, Load Case 1, Bending + Tension
fa/Fiffbx/Fbx+fbffby=0.0/199.95+0.14/163.82+0.0/163.82=0.0 5 1 OK 100%
under Design Member 8, Load Case 1, Bending + Compression
fa/Fa=10.01/146.52=0.07 5_ 0.15 ;40
4)a/r13,x+clim/(13/30p,i/cD,y=10.01/146.52+0.14/163.82+0.0/163.82=0.07 5 1
OK 93% under Design Member 8, Load Case 1, Sway A 5 Y/300.0, 0.47 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 9  Members:
9 Group: Custom1 Section: OD 508 x 16 WT  Load Case: Load Case 1 Fy=248.21
MPa On gross area Ft=0.6*Fy=0.6*248.21=148.93 MPa On net area
Ft=0.5*F"=0.5*399.9=199.95 MPa Fy=0.4*Fy=0.4*248.21=99.28 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*632.0/174.04,1.0*632.0/174.04)=3.63
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-3.632/(2*126.12))*248.21/1.68=147.91 MPa
Major Axis: Fb=0.66*Fy=0.66*248.21=163.82 MPa Minor Axis: 



Fb=0.66*Fy=0.66*248.21=163.82 MPa Design Member 9, Load Case 1, Major
Bending Tensile Bending Stress: fb Ft,, 0.0 5_ 163.82 OK 100% under
Compressive Bending Stress: fb s Fb, 0.0 5 163.820K 100% under Design
Member 9, Load Case 1, Major Shear fv F, 0.0 s 99.28 OK 100% under Design
Member 9, Load Case 1, Major Deflection 5 s U250, 0.0 s 2.53 mm OK 100%
under Design Member 9, Load Case 1, Minor Bending Tensile Bending Stress:
fb Fb, 0.0 s 163.82 OK 100% under Compressive Bending Stress: fb Fb, 0.0
163.82 OK 100% under Design Member 9, Load Case 1, Minor Shear f v F, 0.0 s
99.28 OK 100% under Design Member 9, Load Case 1, Minor Deflection 5 s
L1250, 0.0 5 2.53 mm OK 100% under Design Member 9, Load Case 1, Tension On
gross area ft s Ft, 0.0 s 148.93 OK 100% under   On net area ft s Ft, 0.0 s
199.95 OK 100% under Design Member 9, Load Case 1, Slenderness
lirx=1.0*632.01174.04=3.63 s 200.00K 98% under
Ky*Ly/ry=1.0*632.0/174.04=3.63 s 200.00K 98% under Design Member 9, Load
Case 1, Compression f, s Fa, 0.0 s 147.91 OK 100% under Design Member 9,
Load Case 1, Bending + Tension
faiFt+fbfibx+fbY/Fby=0.0/199.95+0.0/163.82+0.0/163.82=0.0 s 1 OK 100% under
Design Member 9, Load Case 1, Bending + Compression fa/Fa=0.0/147.91=0.0 s
0.15 :.4)0
(1)"/c1),+(l)g/(1304+4)34,/0.0/147.91+0.0/163.82+0.0/163.82=0.0 5 1 OK 100%
under Design Member 9, Load Case 1, Sway A s Y/300.0, 0.47 s 0.0/300.0=0.0
mm OK -2147483548% under Page 19 of 24  Checking design member 10 Members:
10 Group: Custom1 Section: OD 863.6 x 20 WT  Load Case: Load Case 1 



Fy=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fu=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*704.0/298.34,1.0*704.0/298.34)=2.36
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-2.362/(2*105.442))*355.0/1.68=211.88 MPa
Major Axis: Fb=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 10, Load Case 1, Major
Bending Tensile Bending Stress: fb Fb, 0.0 5 234.3 OK 100% under
Compressive Bending Stress: fb Fb, 0.0 5 234.3 OK 100% under Design Member
10, Load Case 1, Major Shear fv Fv, 0.0 5 142.0 OK 100% under Design Member
10, Load Case 1, Major Deflection   8 5 L/250, 0.01 5 2.82 mm OK 100% under
Design Member 10, Load Case 1, Minor Bending Tensile Bending Stress: fb Fb,
0.0 5 234.3 OK 100% under Compressive Bending Stress: fb Fb, 0.0 5 234.3 OK
100% under Design Member 10, Load Case 1, Minor Shear fv Fv, 0.0 5 142.00K
100% under Design Member 10, Load Case 1, Minor Deflection  8 5 U250, 0.0 5
2.82 mm OK 100% under Design Member 10, Load Case 1, Tension On gross area
ft 5 Ft, 0.0 5 213.0 OK 100% under On net area ft 5 Ft, 0.0 5 245.0 OK 100%
under Design Member 10, Load Case 1, Slenderness
Kx*Lirx=1.0*704.0/298.34=2.36 5 200.0 OK 99% under
Ky*Ly/ry=1.0*704.0/298.34=2.36 5 200.00K 99% under Design Member 10, Load
Case 1, Compression fa Fa, 0.0 211.880K 100% under Design Member 10, Load
Case 1, Bending + Tension fby/Fby=0.0/245.0+0.0/234.3+0.0/234.3=0.0 5 1 OK
100% under fa/Ft+fbx/Fbx+ Design Member 10, Load Case 1, Bending +
Compression fa/Fa=0.0/211.88=0.0 0.15 :40
4),,/cbaSoeow4f3wicD/3,1,=0.0/211.88+0.0/234.3+0.0/234.3=0.0 s 1 OK 100%
under Design Member 10, Load Case 1, Sway 



A 5 Y/300.0, 0.47 0.0/300.0=0.0 mm OK -2147483548% under  Checking design
member 11  Members: 11 Group: Custom1 Section: OD 863.6 x 20 WT  Load Case:
Load Case 1 Fy=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net
area Ft=0.5*Fu=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*7484.0/298.34,1.0*7484.0/298.34)=25.09
Fa=(1-(KUr)2/(2*Cc2))*Fy/FS=(1-25.092/(2*105.442))*355.0/1.75=196.64 MPa
Major Axis: Fb=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 11, Load Case 1, Major
Bending Tensile Bending Stress: fb Fr,, 0.22 5 234.3 OK 100% under
Compressive Bending Stress: fb Fb, 0.22 5 234.3 OK 100% under Design Member
11, Load Case 1, Major Shear fv0.0 5 142.0 OK 100% under Design Member 11,
Load Case 1, Major Deflection  5 L1250, 0.02 5 29.94 mm OK 100% under
Design Member 11, Load Case 1, Minor Bending Tensile Bending Stress: fb Fb,
0.0 5 234.3 OK 100% under Compressive Bending Stress: fb Fb, 0.0 5 234.3 OK
100% under Design Member 11, Load Case 1, Minor Shear fv 5. Fv, 0.0 5 142.0
OK 100% under Design Member 11, Load Case 1, Minor Deflection 5 5 L/250,
0.0 5 29.94 mm OK 100% under Design Member 11, Load Case 1, Tension On
gross area ft 5 Ft, 0.0 5 213.00K 100% under On net area ft 5 Ft, 0.0 5
245.0 OK 100% under 



Design Member 11, Load Case 1, Slenderness Kx*Lx/rx=1.0*7484.0/298.34=25.09
5 200.0 OK 87% under Ky*Ly/ry=1.0*7484.0/298.34=25.09 5 200.0 OK 87% under
Design Member 11, Load Case 1, Compression f, 5 Fa, 24.88 5 196.64 OK 87%
under Design Member 11, Load Case 1, Bending + Tension
faiFt+fbx/Fbx+fbffby=0.0/245.0+0.22/234.3+0.0/234.3=0.0 5 1 OK 100% under
Design Member 11, Load Case 1, Bending + Compression
fa/Fa=24.88/196.64=0.13 5 0.15 :.(1)0
4)a/cDa+4?04/00004/cDow=24.88/196.64+0.22/234.3+0.0/234.3=0.13 5 1 OK 87%
under Design Member 11, Load Case 1, Sway A 5 Y1300.0, 0.47 5 0.0/300.0=0.0
mm OK -2147483548% under Page 21 of 24  Checking design member 12 Members:
12 Group: Custom1 Section: OD 863.6 x 20 WT  Load Case: Load Case 1
Fy=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fu=0.5*490.0=245.0 MPa Fy=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*Wry)=max(1.0*704.0/298.34,1.0*704.0/298.34)=2.36
Fa=(1-(KUr)2/(2*Cc2))*Fy/FS=(1-2.362/(2*105.442))*355.0/1.68=211.88 MPa
Major Axis: Fb=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 12, Load Case 1, Major
Bending Tensile Bending Stress: fb Ft,, 0.0 5_ 234.3 OK 100% under
Compressive Bending Stress: fb Fb, 0.0 5 234.3 OK 100% under Design Member
12, Load Case 1, Major Shear f, 5 F, 0.0 5 142.0 OK 100% under Design
Member 12, Load Case 1, Major Deflection 8 5 U250, 0.01 5 2.82 mm OK 100%
under- 



Design Member 12, Load Case 1, Minor Bending Tensile Bending Stress: fb Fb,
0.0 .5 234.3 OK 100% under Compressive Bending Stress: fb Fb, 0.0 5 234.3
OK 100% under Design Member 12, Load Case 1, Minor Shear fy Fy, 0.0 5 142.0
OK 100% under Design Member 12, Load Case 1, Minor Deflection 8 5 U250, 0.0
5 2.82 mm OK 100% under Design Member 12, Load Case 1, Tension On gross
area ft 5 Ft, 0.0 5 213.00K 100% under On net area ft 5 Ft, 0.0 5 245.0 OK
100% under Design Member 12, Load Case 1, Slenderness
Kx*Lx/rx=1.0*704.0/298.34=2.36 5 200.0 OK 99% under
Ky*Ly/ry=1.0*704.0/298.34=2.36 5 200.0 OK 99% under Design Member 12, Load
Case 1, Compression fa 5 F5 211.880K 100% under Design Member 12, Load Case
1, Bending + Tension
fdFt+fbx/Fbx+fbY/Fby=0.0/245.0+0.0/234.3+0.0/234.3=0.0 5 1 OK 100% under
Design Member 12, Load Case 1, Bending + Compression fa/Fa=0.0/211.88=0.0
50.15 ...4)0   Cx/cDa404/004+004/41:$4,=0.0/211.88+0.0/234.3+0.01234.3=0.0
5 1 OK 100% under Design Member 12, Load Case 1, Sway A 5 Y/300.0, 0.47 5
0.0/300.0=0.0 mm OK -2147483548% under End of check  Appendix C COSMOS
Finite Element Analysis  Model none. OD 34 MAJN FRAME Study mho Study 4
Flot type: Static nodal *ass gresst Deformation scale:  A)Load a Restraint:
Restraint on face of OD 508 circular structure within the main structure
frame.  Apply vertical load of - 35 tonnes (Y-direction) on OD 508 circular
structure. B)Material yield strength:  OD 508 X 16 WT circular structure -
allowable yield strength 255 MPa  Weldment - min. guarantee yield strength
480 MPa 



Conclusion:  Maximum Von Mises equivalent stress at OD 508 circular
structure is 0.04 MPa < 255 MPa.  LIJ ILI 22 qui zm(3 ou.z CALM ,ror4 cirez
u_  7.0 i In  vi    General Notes 1. ALL DIMENSION IN mm UNLESS OTHERWISE
NOTED. 2. SPREADER BEAM WEIGHT: 8250 KG 3. LIFTING FRAME WEIGHT : 10500 KG
exploring infinity REALTEC PTE LTD .13 Adm:ra.tvSZreez =03-38,59 Nf.irto
Lr.kSina:Ore Tel ,-(e.:5) 6753-8378 Fax ,(.65) 6753-628..;
E-mail:sales@realtec.corn.sg  
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DOCUMENT NO.: 9779-C-C3-010 REVISION NO.: 0    LINGKUI MUK 3753II NGAPO
1.0Introduction The purpose of this calculation report is to verify the
adequacy of structural design of one unit of 700 tonne S.W.L. lifting
frame. This lifting frame is designed for Lifting 4 x 140 tonne and 4 x 35
tonne offset at 2.7m, using lifting lugs design at a single point lifting
arrangement as illustrated in the lifting condition drawing. 2.0 Design
Consideration Loading conditions: This spreader frame is NOT designed and
used for day-to-day transportation or handling of goods. No dynamic or
impact loads is taken into account. Test Loads by means of water bags are
gradually filled up with water to achieve the required loading. b)Lifting
is done by means of lifting lugs provided. Lifting lugs are design based on
appropriate size as illustrated in the lifting condition drawing The
designs for the structural members are based on Allowable Stress Design
(ASD) in accordance with AISC. 3.0 Conclusion As detailed in attached
reports in the Appendixes, the structural members meet the requirements of
the design code base on the above design consideration. 4.0 References: 700
Tonne Spreader Frame Lifting Arrangement Drawing no.: 9779-D-D1-020  Page 3
of 106 PE-c     1 6 1.1 Ui 0 



BENDING STRESS DIAGRAM CD 0 0 CO  Appendix B MULTIFRAME Model ft Graphic
Plot Unequal Loading Condition   Starle Case: UNEQUAL LOAD Mz' (kN-m)
BENDING STRESS DIAGRAM Co 0 tD CO  Appendix C Steel design report to ASIC
ASD Equal Loading Condition  Checking design member 2 Members: 2 Group: W
Section: W12x87  Load Case: EQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Ka*1/rx,Ky*I/ry)=max(1.0*4000.0/136.65,1.0*4000.0177.98)=51.3
Fa=(1-(KL/r)2/(2*Cc2))*FIFS=(1-51.32/(2*105.442))*355.0/1.83=170.59 MPa
b/t=153.67/20.57=7.47 .5 65/4(Fy)=65/4(355.0)=9.06 :.4)0 EEXTIOV t
X01.17EUXT Ma coop Atcr: 



Ap> Axc1or-0.6*Fy=0.6*355.0=213.0 MPa
Fb=(2/3-Fy*(1/y2/(1530x103*Cb))*Fy=(2/3-355.0*(4000.0/84.78)2/(1530x103*1.0
))*355.0=210.07 MPa
Fb=12X103*Cb/O*d/Ad=12X103*1.0/(4000.0*317.5/63.23)=411.94 MPa Fb >
0.6*Fy4ip=0.6*Fy=0.6*355.0=213.0 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 2, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 17.67 5 213.00K 92% under Compressive Bending
Stress: fb Fb, 17.67 5 213.0 OK 92% under Design Member 2, EQUAL LOAD,
Major Shear fy Fv, 0.0 5 142.0 OK 100% under Design Member 2, EQUAL LOAD,
Major Deflection 8 5 L/250, 1.11 16.0 mm OK 93% under Design Member 2,
EQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 0.84 5 266.25 OK
100% under Compressive Bending Stress: fb Ft,, 0.84 5 266.25 OK 100% under
Design Member 2, EQUAL LOAD, Minor Shear fy F," 0.0 5 142.0 OK 100% under
Design Member 2, EQUAL LOAD, Minor Deflection 8 5 L1250, 0.05 5 16.0 mm OK
100% under Design Member 2, EQUAL LOAD, Tension On gross area ft 5 Ft,
14.49 5 213.0 OK 93% under  On net area ft 5 Ft, 14.49 5 245.0 OK 94% under
Design Member 2, EQUAL LOAD, Slenderness Ka*Laka=1.0*4000.0/136.65=29.27 5
300.0 OK 90% under Ky*Ly/ry=1.0*4000.0/77.98=51.3 5 300.00K 83% under
Design Member 2, EQUAL LOAD, Compression fa Fa, 0.0 170.59 OK 100% under
Design Member 2, EQUAL LOAD, Bending + Tension fitiFt+fbx/FY
bx+fb /Fby=14.49/213.0+17.67/213.0+0.84/266.25=0.15 5 1 OK 85% under Design
Member 2, EQUAL LOAD, Bending + Compression fa/Fa=0.0/170.59=0.0 5 0.15
..4)0 (0,1/013a+4)pebit4+4)04,/c134=0.0/170.59+17.67/213.0+0.84/266.25=0.09
5 1 OK 91% under Design Member 2, EQUAL LOAD, Sway Y/300.0, 0.14 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 4 Members: 4



Group: W Section: W12x87 Load Case: EQUAL LOAD F355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area F1=0.5*F.=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r--max(Ic*1/rx,Ky*1/ry)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06arctov ta Xcntroxrc Ma(oop
Aio Ar3 _5 Lc :40 00=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 4, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 0.05 5 234.3 OK 100% under Compressive Bending
Stress: fb Fb, 0.05 5 234.3 OK 100% under Design Member 4, EQUAL LOAD,
Major Shear C, F," 0.0 5 142.0 OK 100% under Design Member 4, EQUAL LOAD,
Major Deflection 5 L/250, 0.0 5 10.8 mm OK 100% under Design Member 4,
EQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 1.45 266.25 OK 99%
under Compressive Bending Stress: fb Fb, 1.45 5 266.25 OK 99% under Design
Member 4, EQUAL LOAD, Minor Shear fv Fv, 0.0 142.0 OK 100% under Design
Member 4, EQUAL LOAD, Minor Deflection 8 5 L/250, 0.04 5 10.8 mm OK 100%
under Design Member 4, EQUAL LOAD, Tension On gross area ft 5 Ft, 0.0 5
213.00K 100% under On net area C 5 Ft, 0.0 .5 245.0 OK 100% under Design
Member 4, EQUAL LOAD, Slenderness ISt*Lx/c=1.0*2700.0/136.65=19.76 5 200.0
OK 90% under Ky*Ly/ry=1.0*2700.0/77.98=34.63 5 200.00K 83% under Design
Member 4, EQUAL LOAD, Compression 



fa F., 13.875 188.12 OK 93% under Design Member 4, EQUAL LOAD, Bending +
Tension    fa/Ft+ fbiFbx+fgffby=0.0/245.0+0.05/234.3+1.45/266.25=0.01 5 1
OK 99% under Design Member 4, EQUAL LOAD, Bending + Compression
fa/Fa=13.87/188.12=0.07 0.15 :40
(1)"/(13,(+4+04/c1304-404/004,=13.87/188.12+0.05/234.3+1.45/266.25.0.08 5 1
OK 92% under Design Member 4, EQUAL LOAD, Sway A Y1300.0, 0.26 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 6  Members:
6 Group: W Section: W12x87  Load Case: EQUAL LOAD F355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fc=0.5*490.0=245.0 MPa
Fy=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(K.*I/rioKy*1/ry)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fc=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.0632.EXTION, la X01.17Car
Mcgoop Ap Lc(1)13=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 6, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 0.2 5 234.3 OK 100% under Compressive Bending
Stress: fb Fb, 0.2 5 234.3 OK 100% under Design Member 6, EQUAL LOAD, Major
Shear F," 0.0 142.0 OK 100% under Design Member 6, EQUAL LOAD, Major
Deflection 8 5 L/250, 0.01 5 10.8 mm OK 100% under Design Member 6, EQUAL
LOAD, Minor Bending Tensile Bending Stress: fb Fb, 1.25 5 266.25 OK 100%
under Compressive Bending Stress: fb Fb, 1.25 5 266.25 OK 100% under 



Design Member 6, EQUAL LOAD, Minor Shear Fv, 0.0 5 142.0 OK 100% under
Design Member 6, EQUAL LOAD, Minor Deflection 8 5 L1250, 0.04 .5 10.8 mm OK
100% under Design Member 6, EQUAL LOAD, Tension On gross area C F, 0.0 5
213.00K 100% under On net area C SF, 0.0 5 245.0 OK 100% under Design
Member 6, EQUAL LOAD, Slenderness Kx*Lx/rx=1.0*2700.0/136.65=19.76 .5
200.00K 90% under Ky*Ly/ry=1.0*2700.0/77.98=34.63 5 200.00K 83% under
Design Member 6, EQUAL LOAD, Compression fa Fa, 0.59 188.120K 100% under
Design Member 6, EQUAL LOAD, Bending + Tension
faiFt+fbigbx+fg/Fby=0.0/245.0+0.2/234.3+1.25/266.25=0.01 5 1 OK 99% under
Design Member 6, EQUAL LOAD, Bending + Compression f/Fc=0.59/188.12=0.0 5
0.15 ..410
4),,/cria+clipt/cDpelipv/cDp4,=0.59/188.12+0.2/234.3+1.25/266.25=0.01 5 1
OK 99% under Design Member 6, EQUAL LOAD, Sway A 5 Y/300.0, 0.14 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 8  Members:
8 Group: W Section: W12x87 Load Case: EQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fy=0.4*Fy=0.4*355.0=142.0 MPa
KI/r9nax(Kx*1/ra,Ky*1/ry)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=( l-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06ESXTIOV u X0IlltaXT Mcgoop
05=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F =0.754,355.0=266.25
MPa Design Member 8, EQUAL LOAD, Major Bending Tensile Bending Stress: fb
5. Fb, 41.5 5. 234.3 OK 82% under Compressive Bending Stress: f < F 41.5 5.
234.3 OK 82% under 



b - Design Member 8, EQUAL LOAD, Major Shear fy 5. Fy, 8.15 5 142.00K 94%
under Design Member 8, EQUAL LOAD, Major Deflection 5 5 L/250, 5.94 5 10.&i
OK 45% under Design Member 8, EQUAL LOAD, Minor Bending Tensile Bending
Stress: fb Fb, 3.93 5 266.25 OK 99% under Compressive Bending Stress: fb
Fe,, 3.93 5. 266.25 OK 99% under Design Member 8, EQUAL LOAD, Minor Shear
fy Fy, 0.1 5 142.0 OK 100% under Design Member 8, EQUAL LOAD, Minor
Deflection 5 5 L/250, 0.09 5 10.8 mm OK 99% under Design Member 8, EQUAL
LOAD, Tension On gross area ft 5 Ft, 7.04 5 213.0 OK 97% under On net area
C 5 Ft, 7.04 5 245.0 OK 97% under Design Member 8, EQUAL LOAD, Slenderness
Ka*Laka=1.0*2700.0/136.65=19.76 5 300.0 OK 93% under
Ky*yry=1.0*2700.0/77.98=34.63 5 300.00K 88% under Design Member 8, EQUAL
LOAD, Compression fa Fa, 0.0 188.120K 100% under Design Member 8, EQUAL
LOAD, Bending + Tension
faiFt+fbx/Fbxfby/Fby=7.04/213.0+41.5/234.3+3.93/266.25=0.22 5_ 1 OK 78%
under Design Member 8, EQUAL LOAD, Bending + Compression
fa/Fa=0.0/188.12=0.0 5 0.15 ;40
4),a/cba+4)(34/43r34+4)4/0:13k=0.0/188.12+41.5/234.3+3.93/266.25=0.19 5 1
OK 81% under Design Member 8, EQUAL LOAD, Sway A Y/300.0, 0.15 5
0.0/300.0=0.0 mm OK -2147483548% under  Checking design member 10 Members:
10 Group: W Section: W12x87 Load Case: EQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fit=0.5*490.0=245.0 MPa 



Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*Vr.,Ky*Ury)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06EErlOV i Xogruxrc Macoop Ao
Lc :40 O13=0.66*Fy--0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 10, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 41.5 5 234.3 OK 82% under Compressive Bending
Stress: fb Fb, 41.5 5 234.3 OK 82% under Design Member 10, EQUAL LOAD,
Major Shear fv Fv, 8.15 142.0 OK 94% under Design Member 10, EQUAL LOAD,
Major Deflection o 5 L/250, 5.94 5 10.8 mm OK 45% under Design Member 10,
EQUAL LOAD, Minor Bending Tensile Bending Stress: fb 5 Fb, 3.93 5 266.25 OK
99% under Compressive Bending Stress: fb Fb, 3.93 5 266.25 OK 99% under
Design Member 10, EQUAL LOAD, Minor Shear fv Fv, 0.1 142.00K 100% under
Design Member 10, EQUAL LOAD, Minor Deflection             8 5 L1250, 0.11
5 10.8 mm OK 99% under Design Member 10, EQUAL LOAD, Tension On gross area
ft 5 Ft, 7.04 5 213.0 OK 97% under On net area ft Ft, 7.04 5 245.00K 97%
under Design Member .10, EQUAL LOAD, Slenderness
1c*L./rx=1.0*2700.0/136.65=19.76 5 300.00K 93% under
Ky*Ly/ry=1.0*2700.0/77.98=34.63 5 300.0 OK 88% under Design Member 10,
EQUAL LOAD, Compression fa 5_ Fa, 0.0 188.120K 100% under Design Member 10,
EQUAL LOAD, Bending + Tension
fafFtfbx/Fbxfby/Fby=7.04/213.0+41.5/234.3+3.93/266.25=0.22 5 1 OK 78% under
Design Member 10, EQUAL LOAD, Bending + Compression fa/Fa=0.0/188.12=0.0
0.15 ..(1)0
4),,/(Da+4)pettig+4)r4/434=0.0/188.12+41.5/234.3+3.93/266.25=0.19 1 OK 81%
under Design Member 10, EQUAL LOAD, Sway Y/300.0, 0.26 5 0.0/300.0=0.0 mm
OK -2147483548% under Page 23 of 106  Checking design member 12 



Members: 12 Group: W Section: W12x87  Load Case: EQUAL LOAD Fy=355.0 MPa On
gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(ic*1Ira,Ky*1/ry)-max(1.0*800.0/136.65,1.04,800.0/77.98)=10.26
Fa=(1-(KL/r)2/(2*Cc2))*F/FS=(1-10.262/(2*105.442))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06 :40 EgxT1OV to- Xopitax-c
Macoop (N=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: F =0.75*F
=0.75*355.0=266.25 MPa Design Member 12, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb 5_ Fb, 23.68 5 234.3 OK 90% under Compressive Bending
Stress: fb Fb, 23.68 5 234.3 OK 90% under Design Member 12, EQUAL LOAD,
Major Shear Fv, 22.5 142.0 OK 84% under Design Member 12, EQUAL LOAD, Major
Deflection 5 5 L/250, 0.78 5 3.2 mm OK 76% under Design Member 12, EQUAL
LOAD, Minor Bending Tensile Bending Stress: fb Fb, 0.84 5 266.25 OK 100%
under Compressive Bending Stress: fb Fb, 0.84 5 266.25 OK 100% under Design
Member 12, EQUAL LOAD, Minor Shear fv Fv, 0.07 .5 142.0 OK 100% under
Design Member 12, EQUAL LOAD, Minor Deflection 5 5 L/250, 0.01 5 3.2 mm OK
100% under Design Member 12, EQUAL LOAD, Tension On gross area ft 5 Ft,
19.09 5 213.0 OK 91% under On net area ft 5 Ft, 19.09 5 245.0 OK 92% under
Design Member 12, EQUAL LOAD, Slenderness 1C..*L./ra=1.0*800.0/136.65=5.85
5 300.0 OK 98% under   Ky*LVry=1.0*800.0/77.98=10.26 5 300.0 OK 97% under
Design Member 12, EQUAL LOAD, Compression fa Fa, 0.0 _5. 207.46 OK 100%
under Design Member 12, EQUAL LOAD, Bending + Tension
faNi+fbx/1?bx+fb-Y/Fby=19.09/213.0+23.68/234.3+0.84/266.25=0.19 5 1 OK 81%
under Design Member 12, EQUAL LOAD, Bending + Compression 



fa/Fa=0.0/207.46=0.0 5 0.15 ..4)0
cl)a/cDa+4,54/004+4)54/054,=0.0/207.46+23.68/234.3+0.84/266.25=0.1 5 1 OK
90% under Design Member 12, EQUAL LOAD, Sway A Y/300.0, 0.63 5
800.0/300.0=2.67 mm OK 76% under  Checking design member 14 Members: 14
Group: W Section: W12x87  Load Case: EQUAL LOAD Fy=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fc=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Ka*1ira,Ky*l/ry)=max(1.0*800.0/136.65,1.0*800.0/77.98)=10.26
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-10.262/(2s105.442))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06Ecrctov to XolilccErr Mapop
Aio Ap Lc ...00=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 14, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Ft,, 23.68 5. 234.3 OK 90% under Compressive Bending
Stress: fb Fb, 23.68 .5 234.3 OK 90% under Design Member 14, EQUAL LOAD,
Major Shear fv Fv, 22.5 5 142.0 OK 84% under Design Member 14, EQUAL LOAD,
Major Deflection 8 L/250, 0.78 5 3.2 mm OK 76% under Design Member 14,
EQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 0.84 5 266.25 OK
100% under Compressive Bending Stress: fb 5. Fb, 0.84 5 266.25 OK 100%
under Design Member 14, EQUAL LOAD, Minor Shear fv Fv, 0.07 5 142.0 OK 100%
under Design Member 14, EQUAL LOAD, Minor Deflection 8 5 U250, 0.01 5 3.2
mm OK 100% under Design Member 14, EQUAL LOAD, Tension 



On gross area ft .5 Ft, 19.09 5 213.00K 91% under On net area ft F" 19.09 5
245.0 OK 92% under Design Member 14, EQUAL LOAD, Slenderness
Ka*Lx/ra=1.0*800.0/136.65=5.85 5 300.0 OK 98% under
Ky*yry=1.0*800.0/77.98=10.26 5 300.00K 97% under Design Member 14, EQUAL
LOAD, Compression fa 5. Fa, 0.0 207.46 OK 100% under Design Member 14,
EQUAL LOAD, Bending + Tension
fafFt+fbsfFbs+fg/Fby=19.09/213.0+23.68/234.3+0.84/266.25=0.19 5 1 OK 81%
under Design Member 14, EQUAL LOAD, Bending + Compression
fa/Fa=0.0/207.46=0.0 5 0.15 ;40
4),a/cDct+4,04/0:1304)4/004,=0.0/207.46+23.68/234.3+0.84/266.25=0.1 5 1 OK
90% under Design Member 14, EQUAL LOAD, Sway A 5 Y1300.0, 0.63 5
800.0/300.0=2.67 mm OK 76% under  Checking design member 16  Members: 16
Group: W Section: W12x87 Load Case: EQUAL LOAD F =355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=--142.0 MPa K1Irmax(Ks1/r,KtI/r)max(
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-25.652/(2*105.442))*355.0/1.76=196.17 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06ZEXTIov ici Xopinctx-r
Macoop Aio AD(1)/3=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 16, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 21.97 5 234.3 OK 91% under Compressive Bending
Stress: fb Fb, 21.97 5 234.3 OK 91% under Design Member 16, EQUAL LOAD,
Major Shear fv Fv, 2.81 5 142.0 OK 98% under Design Member 16, EQUAL LOAD,
Major Deflection 8 5 U250, 0.87 5 8.0 mm OK 89% under 



Design Member 16, EQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb,
7.09 5. 266.25 OK 97% under Compressive Bending Stress: fb .5 Fb, 7.09 5
266.25 OK 97% under Design Member 16, EQUAL LOAD, Minor Shear fv Fv, 0.02
5. 142.0 OK 100% under Design Member 16, EQUAL LOAD, Minor Deflection 8 5
L/250, 0.43 5 8.0 mm OK 95% under Design Member 16, EQUAL LOAD, Tension On
gross area ft Ft, 0.0 5 213.00K 100% under On net area ft 5_ Ft, 0.0 5
245.0 OK 100% under Design Member 16, EQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*2000.0/136.65=14.64 5 200.00K 93% under
Ky*Ly/ry=1.0*2000.0/77.98=25.65 5 200.00K 87% under Design Member 16, EQUAL
LOAD, Compression fa 5 Fa, 63.45 5 196.170K 68% under Design Member 16,
EQUAL LOAD, Bending + Tension
faiFt+fbx/Fbx+fg/Fby=0.0/245.0+21.97/234.3+7.09/266.25=0.12 5 1 OK 88%
under Design Member 16, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=63.45/196.17=0.32 Major
Ratio=Cmx*fbx/((l-fa/Fax)*Fbx)=0.85*21.97/( 1 -63.45/4806.82)*234.3)=0.08
Minor
Ratio=Cmy*fby/((1-fa/Fay)*Fby)=0.854,7.09/((1-63.45/1565.2)*266.25)=0.02
Axial Ratio+Major Ratio+Minor Ratio=0.32+0.08+0.02=0.43 1 OK 57% under
fa/(0.6*Fy)+fbx/Fbx+fby/Fby=63.45/(0.6*355.0)+21.97/234.3+7.09/266.25=0.42
>= 1 OK 58% under Design Member 16, EQUAL LOAD, Sway A 5 Y/300.0, 0.43 .5
800.0/300.0=2.67 mm OK 84% under  Checking design member 18  Members: 18
Group: W Section: W12x87  Load Case: EQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fti=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(K.*I/rx,Ky*I/ry)=max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.11
Fa=0 -(KL/r)2/(2*Cc2))*Fy/FS=(1-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 65/NI(Fy)=65/4(355.0)=9.06 ...4)0 army tcr Xonitaxr
Macoop Aio clro=0.66*Fy=0.66*355.0=234.3 MPa 



Minor Axis: Fb-0.75*F =0.754,355.0=266.25 MPa Design Member 18, EQUAL LOAD,
Major Bending Tensile Bending Stress: fb Fb, 36.9 5_ 234.3 OK 84% under
Compressive Bending Stress: fb Fb, 36.9 5 234.3 OK 84% under Design Member
18, EQUAL LOAD, Major Shear c 5 F,." 6.13 5 142.0 OK 96% under Design
Member 18, EQUAL LOAD, Major Deflection 5 5. L/250, 5.87 5 11.26 mm OK 48%
under Design Member 18, EQUAL LOAD, Minor Bending Tensile Bending Stress:
fb Ft,, 14.91 5 266.25 OK 94% under Compressive Bending Stress: fb Ft,,
14.91 5 266.25 OK 94% under Design Member 18, EQUAL LOAD, Minor Shear fv
Fv, 0.35 5 142.0 OK 100% under Design Member 18, EQUAL LOAD, Minor
Deflection 5 5 L/250, 0.22 5 11.26 mm OK 98% under Design Member 18, EQUAL
LOAD, Tension  On gross areaFt, 0.0 5 213.00K 100% under On net area C 5Ft,
0.0 5 245.0 OK 100% under Design Member 18, EQUAL LOAD, Slenderness
Ich*Vrx=1.0*2816.03/136.65=20.61 5 200.00K 90% under
ICy*yry=1.0*2816.03/77.98=36.11 5 200.0 OK 82% under Design Member 18,
EQUAL LOAD, Compression f. F., 58.81 .5 186.68 OK 68% under Design Member
18, EQUAL LOAD, Bending + Tension
faNt+fbx/Fbx+fby/Fby=0.0/245.0+36.9/234.3+14.91/266.25=0.21 5 1 OK 79%
under Design Member 18, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=58.81/186.68=0.32 Major
Ratio=Cmx*fb./((1-fa/F..)*Fbx)=0.85*36.94(1-58.81/2424.62)*234.3)=0.14
Minor
Ratio=Cmy*fby/((l-fa/F'ey)*Fby)=0.85*14.91/((1-58.81/789.51)*266.25)=0.05
Axial Ratio+Major Ratio+Minor Ratio=0.32+0.14+0.05=0.5 1 OK 50% under
fa/(0.6*Fr+fbx/Fbx+fbjby=58.81/(0.6,655.0)+36.9/234.3+14.91/266.25=0.49 >=
1 OK 51% under Design Member 18, EQUAL LOAD, Sway A Y/300.0, 0.63 5
800.0/300.0=2.67 mm OK 76% under  Checking design member 20  Members: 20
Group: W Section: W12x87 Load Case: EQUAL LOAD 



F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fy=0.4*Fy=0.4*355.0=142.0 MPa
KUr=max(1c*Ura,ICy*1/ry)=max(1.0*1350.0/136.65,1.0*1350.0/77.98)=17.31
Fa=0-(KL/r)2/(2*Cc2))*FVFS=(1-17.312/(2*105.442))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06ZEXTIOV la X0117Cart Mcgoop
Ap 5 Lc ...4)0 (130.0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 20, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb _5 Fb, 1.14 234.3 OK 100% under Compressive Bending
Stress: fb Fb, 1.14 234.3 OK 100% under Design Member 20, EQUAL LOAD, Major
Shear Fv, 0.78 5 142.0 OK 99% under Design Member 20, EQUAL LOAD, Major
Deflection 5 5 L/250, 0.01 5 5.4 mm OK 100% under Design Member 20, EQUAL
LOAD, Minor Bending Tensile Bending Stress: fb .5 Fb, 41.56 5 266.25 OK 84%
under Compressive Bending Stress: fb Fb, 41.56 5 266.25 OK 84% under Design
Member 20, EQUAL LOAD, Minor Shear fv Fv, 2.4 5. 142.0 OK 98% under Design
Member 20, EQUAL LOAD, Minor Deflection 5 5 L/250, 0.61 5 5.4 mm OK 89%
under Design Member 20, EQUAL LOAD, Tension On gross area ft Ft, 0.21 5
213.0 OK 100% under On net area ft 5_ Ft, 0.21 5 245.0 OK 100% under Design
Member 20, EQUAL LOAD, Slenderness 1C,(*Lx/rx=1.0*1350.0/136.65=9.88 5
300.00K 97% under Ky*Liry=1.0*1350.0/77.98=17.31 .5 300.0 OK 94% under
Design Member 20, EQUAL LOAD, Compression fa Fa, 0.0 5 202.71 OK 100% under
Design Member 20, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.21/213.0+1.14/234.3+41.56/266.25=0.16 5_ 1 OK 84%
under Design Member 20, EQUAL LOAD, Bending + Compression
fa/Fa=0.0/202.71=0.0 5_ 0.15 ...4)0
clict/Oct+4)/3e1354+1>i3w/cDow=0.0/202.71+1.14/234.3+41.56/266.25=0.16 5 1
OK 84% under Design Member 20, EQUAL LOAD, Sway S Y/300.0, 0.63 5
800.0/300.0=2.67 mm OK 76% under 



Checking design member 22 Members: 22 Group: W Section: W12x87 Load Case:
EQUAL LOAD F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net
area Ft=0.5*Fu=0.5*490.0=245.0 MPa Fy=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Kx*1/rx,Ky*I/ry)=max(1.0*1350.0/136.65,1.0*1350.0/77.98)=17.31
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-17.312/(2*105.442))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 65/g(Fy)=65/q(355.0)=9.06Y-EXT1OV tcr Xottnarr Mavop
Ag....4)0 (1313=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 22, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 1.14 234.3 OK 100% under Compressive Bending Stress:
fb Fb, 1.14 234.30K 100% under Design Member 22, EQUAL LOAD, Major Shear
Fv, 0.78 142.0 OK 99% under Design Member 22, EQUAL LOAD, Major Deflection
8 5. I1250, 0.01 5.4 mm OK 100% under Design Member 22, EQUAL LOAD, Minor
Bending Tensile Bending Stress: fb 5_ Fb, 41.56 266.25 OK 84% under
Compressive Bending Stress: fb Fb, 41.56 5. 266.25 OK 84% under Design
Member 22, EQUAL LOAD, Minor Shear Fy, 2.4 142.0 OK 98% under Design Member
22, EQUAL LOAD, Minor Deflection .8 5 11250, 0.61 5_ 5.4 mm OK 89% under
Design Member 22, EQUAL LOAD, Tension On gross area ft5 Ft, 0.21 213.0 OK
100% under On net area C Ft, 0.21 245.0 OK 100% under Design Member 22,
EQUAL LOAD, Slenderness Ic*Lx/r,t=1.0*1350.0/136.65=9.88 300.00K 97% under 



Ky*Ly/ry=1.0*1350.0/77.98=17.31 300.00K 94% under Design Member 22, EQUAL
LOAD, Compression f a5 F., 0.0 202.71 OK 100% under Design Member 22, EQUAL
LOAD, Bending + Tension   fa/Ft+
fbx/Fbx+fg/Fby=0.21/213.0+1.14/234.3+41.56/266.25=0.16 1 OK 84% under
Design Member 22, EQUAL LOAD, Bending + Compression fa/Fa=0.0/202.71=0.0
0.15 ...4>0
4)a/Coct+4)/g/cIrp4+4)04,/cDpw=0.0/202.71+1.14/234.3+41.56/266.25=0.16 5_ 1
OK 84% under Design Member 22, EQUAL LOAD, Sway A Y/300.0, 0.63
800.0/300.0=2.67 mm OK 76% under  Checking design member 24 Members: 24
Group: W Section: W12x87  Load Case: EQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
Fy=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky*I/ry)=-max(1.0*2000.0/136.65,1.0*2000.0/77.98)=25.65
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-25.652/(2*105.442))*355.0/1.76=196.17 MPa
b/t=153.67120.57=7.47 65/NI(Fy)=65/4(355.0)=9.06....TEXTIOV ta Xogrcarr
Macaw igtcr: Ap 5 Lc ...4)0 00=0.66*Fy=0.66*355.0=234.3 MPa IPMinor Axis:
Fb=0.75*F =0.75*355.0=266.25 MPa Design Member 24, EQUAL LOAD, Major
Bending Tensile Bending Stress: fb 5. Fb, 21.97 _5 234.3 OK 91% under
Compressive Bending Stress: fb Fb, 21.97 5 234.30K 91% under Design Member
24, EQUAL LOAD, Major Shear F,", 2.81 5 142.00K 98% under Design Member 24,
EQUAL LOAD, Major Deflection 5 5 L/250, 0.87 5 8.0 mm OK 89% under 



Design Member 24, EQUAL LOAD, Minor Bending Tensile Bending Stress: fb Ft,,
7.09 5 266.25 OK 97% under Compressive Bending Stress: fb Fb, 7.09 5 266.25
OK 97% under Design Member 24, EQUAL LOAD, Minor Shear fy 5 F," 0.02 5
142.0 OK 100% under Design Member 24, EQUAL LOAD, Minor Deflection  5 5
L/250, 0.43 5 8.0 mm OK 95% under Design Member 24, EQUAL LOAD, Tension On
gross area ft 5 Ft, 0.0 5 213.00K 100% under On net area ft 5 Ft, 0.0 5
245.0 OK 100% under Design Member 24, EQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*2000.0/136.65=14.64 5 200.0 OK 93% under
Ky*Ly/ry=1.0*2000.0/77.98=25.65 5 200.0 OK 87% under Design Member 24,
EQUAL LOAD, Compression fa 5 Fa, 63.45 5 196.170K 68% under Design Member
24, EQUAL LOAD, Bending + Tension
faNt+fbx/Fbx+fg/Fby=0.0/245.0+21.97/234.3+7.09/266.25=0.12 5 1 OK 88% under
Design Member 24, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=63.45/196.17=0.32 Major
Ratio=Cmx*fb./((l-fa/F'ex)*Fbx)=0.85*21.97/((1-63.45/4806.82)*234.3)=0.08
Minor
Ratio=Cmy*fby/((1-fa/F'ey)*Fby)=0.85*7.09/((1-63.45/1565.2)*266.25)=0.02
Axial Ratio+Major Ratio+Minor Ratio=0.32+0.08+0.02=0.43 5 1 OK 57% under
fa/(0.6 *F5,4- fbx/FbxfbriFby= Design Member 24, EQUAL LOAD, Sway A 5
Y/300.0, 0.43 5 800.0/300.0=2.67 mm OK 84% under  Checking design member 26
Members: 26 Group: W Section: W12x87 Load Case: EQUAL LOAD F=355.0 MPa On
gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Ka*l/ra,Ky*Wry)-max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.11
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 65/g(Fy)=65/q(355.0)=9.06 ;40 ZEXTIOV tcr Xoptart 



Macilop Aftcr: Ap 5 Lc i0cDp=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.75*F =0.754,355.0=266.25 MPa Design Member 26, EQUAL LOAD, Major
Bending Tensile Bending Stress: fb Fb, 36.9 5 234.3 OK 84% under
Compressive Bending Stress: fb Fb, 36.9 5 234.3 OK 84% under Design Member
26, EQUAL LOAD, Major Shear fv 5. Fv, 6.13 5 142.00K 96% under Design
Member 26, EQUAL LOAD, Major Deflection 6 5 L1250, 5.87 5 11.26 mm OK 48%
under Design Member 26, EQUAL LOAD, Minor Bending Tensile Bending Stress:
fb 5 Fb, 14.91 266.25 OK 94% under Compressive Bending Stress: fb Fb, 14.91
5 266.25 OK 94% under Design Member 26, EQUAL LOAD, Minor Shear fv Fv, 0.35
5 142.0 OK 100% under Design Member 26, EQUAL LOAD, Minor Deflection 6 5
L/250, 0.22 5 11.26 mm OK 98% under Design Member 26, EQUAL LOAD, Tension
On gross area C 5 Ft, 0.0 5 213.00K 100% under On net area C 5 Ft, 0.0 5
245.0 OK 100% under Design Member 26, EQUAL LOAD, Slenderness
Ic*Lx/rx=1.0*2816.03/136.65=20.61 5 200.00K 90% under
Ky*Lyky=1.0*2816.03/77.98=36.11 5 200.00K 82% under Design Member 26, EQUAL
LOAD, Compression f. F., 58.81 186.68 OK 68% under Design Member 26, EQUAL
LOAD, Bending + Tension
faiFtfbx/Fbx+fbY/Fby=0.0/245.0+36.9/234.3+14.91/266.25=0.21 5 1 OK 79%
under Design Member 26, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=58.81/186.68=0.32 Major Ratio=Cmx*fba/((l-fa/F
ex)*Fba)=0.85*36.94(1-58.81/2424.62)*234.3)=0.14 Minor
Ratio=Cmy*fby/((l-fa/F'ay)*Fby)=0.85*14.91/((1-58.81/789.51)*266.25)=0.05
Axial Ratio+Major Ratio+Minor Ratio=0.32+0.14+0.05=0.5 5_ 1 OK 50% under
fa/(0.6*Fy)+fbxbx+fby/Fby=58.81/(0.6,0355.0)+36.9/234.3+14.91/266.25=0.49
>= 1 OK 51% under Design Member 26, EQUAL LOAD, Sway A Y/300.0, 0.63 5
800.0/300.0=2.67 mm OK 76% under  



Checking design member 28 Members: 28 Group: Custom2 Section: CHS 114.3 x 6
Load Case: EQUAL LOAD F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0
MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(K.*1/rx,Ky*1Jry)=max(1.04,3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-81.432/(2*108.062))*355.0/1.9=134.08 MPa
Major Axis: Fb=0.66*F =0.66,655.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 28, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 3.82 5 234.3 OK 98% under Compressive Bending
Stress: fb 5 Fb, 3.82 5 234.3 OK 98% under Design Member 28, EQUAL LOAD,
Major Shear fv Fv, 0.02 5 142.0 OK 100% under Design Member 28, EQUAL LOAD,
Major Deflection 5 5 L1250, 5.99 5. 12.49 mm OK 52% under Design Member 28,
EQUAL LOAD, Minor Bending Tensile Bending Stress: fb _5 Fb, 0.6 5. 234.3 OK
100% under Compressive Bending Stress: fb Fb, 0.6 5 234.3 OK 100% under
Design Member 28, EQUAL LOAD, Minor Shear fy Fv, 0.01 5 142.0 OK 100% under
Design Member 28, EQUAL LOAD, Minor Deflection 5 5 L1250, 0.75 5 12.49 mm
OK 94% under Design Member 28, EQUAL LOAD, Tension On gross area ft 5 Ft,
0.0 5 213.00K 100% under On net area C 5 Ft, 0.0 5 245.0 OK 100% under
Design Member 28, EQUAL LOAD, Slenderness Kx*Lx/rx=1.0*3122.9/38.35=81.43 5
200.00K 59% under Ky*Lyky=1.0*3122.9/38.35=81.43 5 200.00K 59% under Design
Member 28, EQUAL LOAD, Compression fa _5 Fa, 17.45 5 134.08 OK 87% under 



Design Member 28, EQUAL LOAD, Bending + Tension
falFt+rbx[Fbx+fbffby=0.0/245.0+3.82/234.3+0.6/234.3=0.02 5 1 OK 98% under
Design Member 28, EQUAL LOAD, Bending + Compression fa/Fa=17.45/134.08=0.13
5 0.15 :.40
41,,t/0.1+4)/g/(Doe-clioti/cDpw=17.45/134.08+3.82/234.3+0.6/234.3=0.15 _5 1
OK 85% under Design Member 28, EQUAL LOAD, Sway 5 Y/300.0, 1.24 .5
800.0/300.0=2.67 mm OK 53% under  Checking design member 30 Members: 30
Group: Custom2 Section: CHS 114.3 x 6  Load Case: EQUAL LOAD F=355.0 MPa On
gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Ka*I/ra,Ky*I/ry)=max(1.0*1569.24/38.35,1.0*1569.24138.35)=40.92
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(140.922/(2*108.062))*355.0/1.8=182.89 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 30, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 2.13 234.3 OK 99% under Compressive Bending Stress:
fb Fb, 2.13 234.30K 99% under Design Member 30, EQUAL LOAD, Major Shear fv
5 Fv, 0.11 5 142.0 OK 100% under Design Member 30, EQUAL LOAD, Major
Deflection 8 5_ L1250, 0.08 5_ 6.28 mm OK 99% under Design Member 30, EQUAL
LOAD, Minor Bending Tensile Bending Stress: fb Fb, 8.22 234.3 OK 96% under
Compressive Bending Stress: fb Fb, 8.22 234.3 OK 96% under Design Member
30, EQUAL LOAD, Minor Shear fv Fv, 0.33 142.00K 100% under Design Member
30, EQUAL LOAD, Minor Deflection L1250, 1.39 5_ 6.28 mm OK 78% under 



Design Member 30, EQUAL LOAD, Tension On gross area ft Ft, 5.51 213.00K 97%
under On net area C Ft, 5.51 245.0 OK 98% under Design Member 30, EQUAL
LOAD, Slenderness Ic*Lx/ra=1.0*1569.24/38.35=40.92 300.00K 86% under
Ky*LVry=1:0*156924/38.35=40.92 nom- OK 86% under Design Member 30, EQUAL
LOAD, Compression fa 5 F., 0.0 5 182.89 OK 100% under Design Member 30,
EQUAL LOAD, Bending + Tension
fiFtfbx/Fbx+fg/Fby=5.51/213.0+2.13/234.3+8.22/234.3=0.07 5_ 1 OK 93% under
Design Member 30, EQUAL LOAD, Bending + Compression fa/Fa=0.0/182.89=0.0 .5
0.15 ..40
4)ct/c13a-fikm/c13/g404/cDow=0.0/182.89+2.13/234.3+8.22/234.3=0.04 1 OK 96%
under Design Member 30, EQUAL LOAD, Sway A 5 Y/300.0, 1.24 5_
800.0/300.0=2.67 mm OK 53% under  Checking design member 32 Members: 32
Group: Custom2 Section: CHS 114.3 x 6  Load Case: EQUAL LOAD F=355.0 MPa On
gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(1c*1/rx,Ky*Ury)=max(1.0*2154.07/38.35,1.0*2154.07138.35)=56.17
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-56.172/(2*108.062))*355.0/1.84=166.5 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 32, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 12.41 5 234.3 OK 95% under Compressive Bending
Stress: fb Fb, 12.41 5. 234.3 OK 95% under Design Member 32, EQUAL LOAD,
Major Shear 



1; Fy, 0.25 5 142.0 OK 100% under Design Member 32, EQUAL LOAD, Major
Deflection 8 5 L/250, 0.79 5 8.62 mm OK 91% under Design Member 32, EQUAL
LOAD, Minor Bending Tensile Bending Stress: fb Fb, 4.48 <234.3 OK 98% under
Compressive Bending Stress: fb Ft,, 4.48 5 234.3 OK 98% under Design Member
32, EQUAL LOAD, Minor Shear    <F, 0.17 5 142.0 OK 100% under Design Member
32, EQUAL LOAD, Minor Deflection 8 5 L/250, 0.44 5 8.62 mm OK 95% under
Design Member 32, EQUAL LOAD, Tension On gross area ft 5 Ft, 0.0 5 213.00K
100% under On net area ft 5 Ft, 0.0 5 245.0 OK 100% under Design Member 32,
EQUAL LOAD, Slenderness 1c*Lx/rx=1.0*2154.07/3835=56.17 5 200.00K 72% under
Ky*Ly/ry=1.0*2154.07/38.35=56.17 .5 200.00K 72% under Design Member 32,
EQUAL LOAD, Compression fa 5 Fa, 15.77 5 166.5 OK 91% under Design Member
32, EQUAL LOAD, Bending + Tension
fiFt+fbx/Fbx+fby/Fby=0.0/245.0+12.41/234.3+4.48/234.3=0.07 5. 1 OK 93%
under Design Member 32, EQUAL LOAD, Bending + Compression
fa/Fa=15.77/166.5=0.09 5 0.15 :.4)0
killra-r-i04/(13m4p4pDow=15.77/166.5+12.41/234.3+4.48/234.3=0.17 5 1 OK 83%
under Design Member 32, EQUAL LOAD, Sway 5 Y/300.0, 0.43 5 800.0/300.0=2.67
mm OK 84% under  Checking design member 34 Members: 34 Group: Custom2
Section: CHS 114.3 x 6  Load Case: EQUAL LOAD F355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(ly1/rx,Ky*Ury)=-Inax(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-56.172/(2*108.062))*355.0/1.84=166.5 MPa 



Major Axis: F =0.66*F =0.66*355.0=234.3 MPa Minor Axis: F =0.66*F
=0.66*355.0=234.3 MPa Design Member 34, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb 5 Fb, 12.41 5_ 234.3 OK 95% under Compressive Bending
Stress: fb .5 Fb, 12.41 5. 234.3 OK 95% under Design Member 34, EQUAL LOAD,
Major Shear fv Fv, 0.25 5 142.0 OK 100% under Design Member 34, EQUAL LOAD,
Major Deflection 5 5_ L/250, 0.79 5 8.62 mm OK 91% under Design Member 34,
EQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 4.48 5 234.3 OK
98% under Compressive Bending Stress: fb Ft,, 4.48 5 234.3 OK 98% under
Design Member 34, EQUAL LOAD, Minor Shear fv Fv, 0.17 5_ 142.00K 100% under
Design Member 34, EQUAL LOAD, Minor Deflection 8 5 L/250, 0.44 5 8.62 mm OK
95% under Design Member 34, EQUAL LOAD, Tension On gross area C 5 Fe 0.0 5_
213.0 OK 100% under On net area C 5 Fe 0.0 5 245.0 OK 100% under Design
Member 34, EQUAL LOAD, Slenderness Ic*Lx/rx=1.0*2154.07/38.35=56.17 5 200.0
OK 72% under Ky*Ly/ry=1.0*2154.07/38.35=56.17 5.. 200.00K 72% under Design
Member 34, EQUAL LOAD, Compression fa 5 F5 166.5 OK 91% under Design Member
34, EQUAL LOAD, Bending + Tension  fa/Ft+
fbx/Fbx+fbY/Fby=0.0/245.0+12.41/234.3+4.48/234.3=0.07 5 1 OK 93% under
Design Member 34, EQUAL LOAD, Bending + Compression fa/Fa=15.771'166.5=0.09
5 0.15 :.(1)0
kx/(13a4r34/43p4+4)01/00,v=15.77/166.5+12.41/234.3+4.48/234.3=0.17 5 1 OK
83% under Design Member 34, EQUAL LOAD, Sway Y/300.0, 0.43 5
800.0/300.0=2.67 mm OK 84% under  Checking design member 36 Members: 36
Group: Custom2 



Section: CHS 114.3 x 6  Load Case: EQUAL LOAD F355.0 MPa On gross area
F1=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Iy1/ry)=max(1.0*1569.24/38.35,1.0*1569.24/38.35)=40.92
Fa=(1-(KL/r)2/(2*Cc2))*FIFS=(1-40.922/(2*108.062))*355.0/1.8=182.89 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 36, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 2.13 5 234.3 OK 99% under Compressive Bending
Stress: fb Fb, 2.13 5234.3 OK 99% under Design Member 36, EQUAL LOAD, Major
Shear f5 142.0 OK 100% under Design Member 36, EQUAL LOAD, Major Deflection
5 5 L/250, 0.08 .5 6.28 mm OK 99% under Design Member 36, EQUAL LOAD, Minor
Bending Tensile Bending Stress: fb .5 Fb, 8.22 5 234.3 OK 96% under
Compressive Bending Stress: fbS Fb, 8.22 5 234.3 OK 96% under Design Member
36, EQUAL LOAD, Minor Shear C,S Fv, 0.33 5 142.0 OK 100% under Design
Member 36, EQUAL LOAD, Minor Deflection 8 5 L/250, 1.39 56.28 mm OK 78%
under Design Member 36, EQUAL LOAD, Tension On gross area C 5 Fr 5.51 5
213.0 OK 97% under On net area C 5 Fr 5.51 5245.0 OK 98% under Design
Member 36, EQUAL LOAD, Slenderness Kx*Lx/rx=1.0*1569.24/38.35=40.92 5 300.0
OK 86% under Ky*Liry=1.0*1569.24/38.35=40.92 5 300.0 OK 86% under Design
Member 36, EQUAL LOAD, Compression faS Fa, 0.05 182.89 OK 100% under Design
Member 36, EQUAL LOAD, Bending + Tension 



faNt+fbx/Fbx+fg/Fby=5.51/213.0+2.13/234.3+8.22/234.3=0.07 5 1 OK 93% under
Design Member 36, EQUAL LOAD, Bending + Compression fa/Fa=0.0/182.89=0.0
50.15 :.4)0
4)a/(1),(+4)m/cD04+4)4/0130,v=0.0/182.89+2.13/234.3+8.22/234.3=0.04 5 1 OK
96% under Design Member 36, EQUAL LOAD, Sway AS Y/300.0, 1.24 5
800.0/300.0=2.67 mm OK 53% under  Checking design member 38  Members: 38
Group: Custom2 Section: CHS 114.3 x 6  Load Case: EQUAL LOAD F355.0 MPa On
gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fy=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Kx*1/ra,Ky*1/ry)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-81.432/(2*108.062))*355.0/1.9=134.08 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 38, EQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 3.82 5 234.3 OK 98% under Compressive Bending
Stress: fb Fb, 3.82 5 234.3 OK 98% under Design Member 38, EQUAL LOAD,
Major Shear fy 5 Fy, 0.02 5 142.0 OK 100% under Design Member 38, EQUAL
LOAD, Major Deflection 8 5 L1250, 5.99 5 12.49 mm OK 52% under Design
Member 38, EQUAL LOAD, Minor Bending Tensile Bending Stress: fb 5 Fb, 0.6 5
234.3 OK 100% under Compressive Bending Stress: fb Fb, 0.6 5 234.3 OK 100%
under Design Member 38, EQUAL LOAD, Minor Shear Fy, 0.01 5 142.0 OK 100%
under Design Member 38, EQUAL LOAD, Minor Deflection 5 5 L/250, 0.75 5
12.49 mm OK 94% under Design Member 38, EQUAL LOAD, Tension On gross area
ft Ft, 0.0 5 213.00K 100% under 



On net area C 5 Ft, 0.0 5 245.0 OK 100% under Design Member 38, EQUAL LOAD,
Slenderness Kx*Lx/ra=1.0*3122.9/38.35=81.43 5 200.00K 59% under
Ky*yry=1.0*3122.9/38.35=81.43 5 200.00K 59% under Design Member 38, EQUAL
LOAD, Compression fa Fa, 17.45 134.08 OK 87% under Design Member 38, EQUAL
LOAD, Bending + Tension
fafft+fbxffbx+fg/Fby=0.0/245.0+3.82/234.3+0.6/234.3=0.02 5 1 OK 98% under
Design Member 38, EQUAL LOAD, Bending + Compression fa/Fa=17.45/134.08=0.13
0.15 .'40
4)a/0:13a+4/(1304+4)0w/t13041=17.45/134.08+3.82/234.3+0.6/234.3=0.15 5 1 OK
85% under Design Member 38, EQUAL LOAD, Sway A Y/300.0, 1.24 5
800.0/300.0=2.67 mm OK 53% under End of check
Steel Design Report Checking design member 1  Members: 1 Group: W Section:
W12x87 Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Fr0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(Kx*1/ra,Ky*Wry)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06ZEXT1OV t Xognar Ma coop
Atcr: A5:.(1)0 0:110=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 1, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 43.52 5 234.3 OK 81% under Compressive Bending
Stress: fb 5 Fb, 43.52 5 234.3 OK 81% under Design Member 1, UNEQUAL LOAD,
Major Shear Fv, 8.46 5 142.0 OK 94% under 



Design Member 1, UNEQUAL LOAD, Major Deflection 8 5 L/250, 5.16 5 10.8 mm
OK 52% under Design Member 1, UNEQUAL LOAD, Minor Bending Tensile Bending
Stress: fb Fb, 25.29 5 266.25 OK 91% under Compressive Bending Stress: fb 5
Fb, 25.29 5 266.25 OK 91% under Design Member 1, UNEQUAL LOAD, Minor Shear
f, F," 0.53 5 142.0 OK 100% under dlDesign Member 1, UNEQUAL LOAD, Minor
Deflection 8 5. L/250, 1.53 5 10.8 mm OK 86% under Design Member 1, UNEQUAL
LOAD, Tension On gross area ft 5 Ft, 12.09 5 213.0 OK 94% under On net area
ft 5. F, 12.09 5 245.0 OK 95% under Design Member 1, UNEQUAL LOAD,
Slenderness Ka*Laka=1.0*2700.0/136.65=19.76 5 300.0 OK 93% under
Ky*Ly/ry=1.0*2700.0/77.98=34.63 5 300.0 OK 88% under Design Member 1,
UNEQUAL LOAD, Compression fa 5 Fa, 0.0 5 188.120K 100% under Design Member
1, UNEQUAL LOAD, Bending + Tension  fa/Ft+
fbx/Fbx+faiFby=12.09/213.0+43.52/234.3+25.29/266.25=0.34 5 1 OK 66% under
Design Member 1, UNEQUAL LOAD, Bending + Compression fa/Fa=0.0/188.12=0.0 5
0.15
4>a/(13a4g/4:130e-4)54/0:13p4i=0.0/188.12+43.52/234.3+25.29/266.25=0.28 5 1
OK 72% under  Checking design member 3  Members: 3 Group: W Section: W12x87
Load Case: UNEQUAL LOAD F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0
MPa On net area Ft=0.5*Fti=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0
MPa
K1ir=max(K.*1/rx,Ky*1/ry)=max(1.0*2700.0/136.65,1.04,2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*F/FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67120.57=7.47 5. 65/4(Fy)=65/1(355.0)=9.06EEXTIOV tcr Xopitctxt
Mavop Azo Ao...00 00=0.66*Fy=0.66*355.0=234.3 MPa 



Minor Axis: Fb=0.75*F =0.75*355.0=266.25 MPa Design Member 3, UNEQUAL LOAD,
Major Bending Tensile Bending Stress: fb Ft,, 48.18 234.3 OK 79% under
Compressive Bending Stress: fb Fb, 48.18 234.3 OK 79% under Design Member
3, UNEQUAL LOAD, Major Shear 5 F, 9.42 5 142.0 OK 93% under Design Member
3, UNEQUAL LOAD, Major Deflection 8 5 L/250, 8.02 5 10.8 mm OK 26% under
Design Member 3, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb,
17.63 266.25 OK 93% under Compressive Bending Stress: fb Fb, 17.63 266.25
OK 93% under Design Member 3, UNEQUAL LOAD, Minor Shear ft, Fv, 0.34 142.0
OK 100% under Design Member 3, UNEQUAL LOAD, Minor Deflection 8 5 L/250,
1.39 10.8 mm OK 87% under Design Member 3, UNEQUAL LOAD, Tension On gross
area ft Ft, 19.79 213.00K 91% under On net area C Ft, 19.79 245.0 OK 92%
under Design Member 3, UNEQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*2700.0/136.65=19.76 5 300.00K 93% under
Ky*LVry=1.0*2700.0/77.98=34.63 300.00K 88% under Design Member 3, UNEQUAL
LOAD, Compression fa 5. Fa, 0.0 5 188.120K 100% under Design Member 3,
UNEQUAL LOAD, Bending + Tension
faiFt+fbxffbx+fbYffby=19.79/213.0+48.18/234.3+17.63/266.25=0.36 1 OK 64%
under Design Member 3, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/188.12=0.0 0.15 :40
4/),,t/(13a4/34/ctor3440,4/013ptv-+-0.0/188.12+48.18/234.3+17.63/266.25=0.2
7 5 1 OK 73% under  Checking design member 5 Members: 5 Group: W Section:
W12x87 Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa 



On net area F1=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Kx*Yr"Ky*I/ry)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
bit-153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06Esx-rtov tc Xottnarr Mcgoop
Ap Lc :.4)0 Op=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 5, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 2.26 5 234.3 OK 99% under Compressive Bending
Stress: fb Fb, 2.26 5 234.3 OK 99% under Design Member 5, UNEQUAL LOAD,
Major Shear f," F" 0.71 5. 142.0 OK 99% under Design Member 5, UNEQUAL
LOAD, Major Deflection 8 5 L1250, 1.52 5 10.8 mm OK 86% under Design Member
5, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 86.56 5
266.25 OK 67% under Compressive Bending Stress: fb Fb, 86.56 5 266.25 OK
67% under Design Member 5, UNEQUAL LOAD, Minor Shear f, F" 3.26 5 142.0 OK
98% under Design Member 5, UNEQUAL LOAD, Minor Deflection 8 5 L/250, 1.27 5
10.8 mm OK 88% under 411Design Member 5, UNEQUAL LOAD, Tension On gross
area ft 5 Fp 0.0 5 213.00K 100% under On net area C 5 Fp 0.0 5 245.0 OK
100% under Design Member 5, UNEQUAL LOAD, Slenderness
Ic*Lx/rx=1.0*2700.0/136.65=19.76 5200.0 OK 90% under
Ky*LVry=1.0*2700.0/77.98=34.63 5 200.00K 83% under Design Member 5, UNEQUAL
LOAD, Compression fa 5. F" 0.58 5 188.12 OK 100% under Design Member 5,
UNEQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/245.0+2.26/234.3+86.56/266.25=0.33 5 1 OK 67%
under Design Member 5, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.58/188.12=0.0 5 0.15 ..40
4),a/t13,a+4)per,pecl)p4p:Dpw=0.58/188.12+2.26/234.3+86.56/266.25=0.34 5 1
OK 66% under  Checking design member 7 Members: 7 



Group: W Section: W12x87  Load Case: UNEQUAL LOAD F355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(Ka*I/ra,Ky*Ury)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa=(1-(KL/r)2/(2*Cc2))*F/FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
bit-153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06EEXT1OV ter Xowictxt Mcgoop
...ilk Op=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 7, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb 5 Fb, 0.64 5_ 234.3 OK 100% under Compressive Bending
Stress: fb Fb, 0.64 5 234.3 OK 100% under Design Member 7, UNEQUAL LOAD,
Major Shear f, Ft,, 0.2 5 142.0 OK 100% under Design Member 7, UNEQUAL
LOAD, Major Deflection 5 5 U250, 4.39 5 10.8 mm OK 59% under Design Member
7, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb .5 Fb, 28.93 5
266.25 OK 89% under Compressive Bending Stress: fb Fb, 28.93 5 266.25 OK
89% under Design Member 7, UNEQUAL LOAD, Minor Shear f', 5. Fv, 1.04 5
142.00K 99% under Design Member 7, UNEQUAL LOAD, Minor Deflection 5 5
L/250, 1.26 5 10.8 mm OK 88% under Design Member 7, UNEQUAL LOAD, Tension
On gross area ft Ft, 0.0 5 213.00K 100% under  On net area f 5 Ft, 0.0 _5
245.0 OK 100% under Design Member 7, UNEQUAL LOAD, Slenderness
Kx*Lx/ra=1.0*2700.0/136.65=19.76 5 200.0 OK 90% under
Ky*yry=1.0*2700.0/77.98=34.63 5 200.00K 83% under Design Member 7, UNEQUAL
LOAD, Compression F., 10.97 188.12 OK 94% under Design Member 7, UNEQUAL
LOAD, Bending + Tension 



iFt+fbx/FbxfbY/Fby0.0/245.0+0.64/234.3+28.93/266.25=0.11 _5I OK 89% under
fa= Design Member 7, UNEQUAL LOAD, Bending + Compression
fa/Fa=10.97/188.12=0.06 5 0.15 :.4)0
ilia/01)a+c434/00e1)pw/I1)/34,=10.97/188.12+0.64/234.3+28.93/266.25=0.17 5
1 OK 83% under  Checking design member 9 Members: 9 Group: W Section:
W12x87 Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Ftt=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KUr=max(Kx*1/rx,Ky*l/ry)=max(1.0*4000.0/136.65,1.0*4000.0/77.98)=51.3 Fa=0
-(KL/r)2/(2*Cc2))*Fy/FS=(1-51.32/(2*105.442))*355.0/1.83=170.59 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06 :AO EETC1OV i XognExt Mapop
Ao >cDo=0.6*Fy=0.6*355.0=213.0 MPa Fb= 1 2x 103*Cb/(1*d/Af)=12x
103*1.2/(4000.0*317.5/63.23)=494.95 MPa Fb >
0.6*Fy00=0.6*Fy=0.6*355.0=213.0 MPa Minor Axis: F =0.75*F
=0.75*355.0=266.25 MPa Design Member 9, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 23.88 5 213.0 OK 89% under Compressive Bending
Stress: fb Fr,, 23.88 5_ 213.0 OK 89% under Design Member 9, UNEQUAL LOAD,
Major Shear C, F," 1.05_ 142.0 OK 99% under Design Member 9, UNEQUAL LOAD,
Major Deflection 5 5 L/250, 2.08 5 16.0 mm OK 87% under Design Member 9,
UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 84.64 5 266.25
OK 68% under Compressive Bending Stress: fb 5 Fb, 84.64 5. 266.25 OK 68%
under 



Design Member 9, UNEQUAL LOAD, Minor Shear Fv, 2.16 5 142.00K 98% under
Design Member 9, UNEQUAL LOAD, Minor Deflection  5 5 L1250, 10.53 5 16.0 mm
OK 34% under Design Member 9, UNEQUAL LOAD, Tension On gross area ft 5 Ft,
23.87 5 213.00K 89% under On net area C 5 Ft, 23.87 5 245.0 OK 90% under
Design Member 9, UNEQUAL LOAD, Slenderness Kx*Lx/rx=1.0*4000.0/136.65=29.27
5 300.0 OK 90% under Ky*yry=1.0*4000.0/77.98=51.3 5 300.00K 83% under
Design Member 9, UNEQUAL LOAD, Compression fa 5_ Fa, 0.0 170.59 OK 100%
under Design Member 9, UNEQUAL LOAD, Bending + Tension
23.87/213.0+23.88/213.0+84.64/266.25=0.54 1 OK 46% under
faiFtfbx/Fbx+fg/Fby= Design Member 9, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/170.59=0.0 0.15 :.(1)0
(1)ac/cDa+4)04/4:Dekow/(1?041=0.0/170.59+23.88/213.0+84.64/266.25=0.43 1 OK
57% under Page 61 of 106  Checking design member 11  Members: 11 Group: W
Section: W I2x87 Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fy=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Ka*I/rx,Ky*I/ry)=max(1.0*800.0/136.65,1.0*800.0177.98)=10.26
Fa=0-(1a/r)2/(2*Cc2))*FIFS=(1-10.262/(2*105.442))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65N(355.0)=9.06EEXTIOV t Xotrcarr Macoop Ap
5 Lc .-.4)0 (1)=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.75*Fy=0.75*355.0=266.25 MPa Design Member 11, UNEQUAL LOAD, Major
Bending Tensile Bending Stress: 



fb Fb, 28.01 5. 234.3 OK 88% under Compressive Bending Stress: fb Fb, 28.01
5_ 234.3 OK 88% under Design Member 11, UNEQUAL LOAD, Major Shear fv Fv,
27.95 S 142.0 OK 80% under Design Member 11, UNEQUAL LOAD, Major Deflection
5 5 L/250, 0.49 5 3.2 mm OK 85% under Design Member 11, UNEQUAL LOAD, Minor
Bending Tensile Bending Stress: fbS Fb, 6.27 5 266.25 OK 98% under
Compressive Bending Stress: fbS Fb, 6.27 5 266.25 OK 98% under Design
Member 11, UNEQUAL LOAD, Minor Shear fvS Fy, 0.72 5 142.0 OK 99% under
Design Member 11, UNEQUAL LOAD, Minor Deflection 5 5 L/250, 0.41 5 3.2 mm
OK 87% under Design Member 11, UNEQUAL LOAD, Tension On gross area ft 5 Ft,
18.81 5 213.0 OK 91% under   On net area C 5 Ft, 18.81 5 245.0 OK 92% under
Design Member 11, UNEQUAL LOAD, Slenderness Kx*Lx/ra=1.0*800.0/136.65=5.85
5 300.0 OK 98% under   Ky*Ly/ry=1.0*800.0/77.98=10.26 5300.0 OK 97% under
Design Member 11, UNEQUAL LOAD, Compression fa 5 Fa, 0.0 5 207.46 OK 100%
under Design Member 11, UNEQUAL LOAD, Bending + Tension
fafFt+fbx/Fbx+fbffby=18.81/213.0+28.01/234.3+6.27/266.25=0.23 5 1 OK 77%
under Design Member 11, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/207.46=0.0 5 0.15 :.4)0
4)a/cl3a+4)0t/Ope-4)/3,p/cDow=0.0/207.46+28.01/234.3+6.27/266.25=0.14 5 1
OK 86% under  Checking design member 13 Members: 13 Group: W Section: W
I2x87 Load Case: UNEQUAL LOAD Fy=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa 



On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KUr=max(Kx*I/rx,Ky*11ry)=max(1.0*800.0/136.65,1.0*800.0/77.98)=10.26
Fa=(1-(KL/r)2/(2 *Cc2))*Fy/FS=(1-10.262/(2*105.442))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06 ..(1)0 EEXT1OV ir Xourcarc
Ma coop Ap 5 Lc .' (1)0 Op=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis:
Fb=0.75*F =0.754,355.0=266.25 MPa Design Member 13, UNEQUAL LOAD, Major
Bending Tensile Bending Stress: fb Fb, 24.26 5 234.3 OK 90% under
Compressive Bending Stress: fb 5 Fb, 24.26 5 234.3 OK 90% under Design
Member 13, UNEQUAL LOAD, Major Shear fv Fv, 23.5 5 142.0 OK 83% under
Design Member 13, UNEQUAL LOAD, Major Deflection 8 5 L/250, 1.25 5 3.2 mm
OK 61% under Design Member 13, UNEQUAL LOAD, Minor Bending Tensile Bending
Stress: fb _5 Fb, 6.7 5 266.25 OK 97% under Compressive Bending Stress: fb
Fb, 6.7 5 266.25 OK 97% under Design Member 13, UNEQUAL LOAD, Minor Shear
fv Fv, 0.86 5 142.00K 99% under Design Member 13, UNEQUAL LOAD, Minor
Deflection 8 5 L/250, 0.4 5 3.2 mm OK 88% under Design Member 13, UNEQUAL
LOAD, Tension On gross area ft 5 Fp 18.72 5 213.00K 91% under On net area
ft 5 Fp 18.72 5 245.0 OK 92% under Design Member 13, UNEQUAL LOAD,
Slenderness Ku*Lu/rx=1.0*800.0/136.65=5.85 5 300.00K 98% under
1Cy*Ly/ry=1.0*800.0/77.98=10.26 _5 300.0 OK 97% under Design Member 13,
UNEQUAL LOAD, Compression fa 5 Fa, 0.0 5 207.46 OK 100% under Design Member
13, UNEQUAL LOAD, Bending + Tension
fafFt+fbx/Fbx+fbffby=18.72/213.0+24.26/234.3+6.7/266.25=0.22 5 1 OK 78%
under Design Member 13, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/207.46=0.0 5 0.15 :.4,0
Oct/cDct+OpecDpc4p4/43pw=0.0/207.46+24.26/234.3+6.7/266.25=0.13 5 1 OK 87%
under 



Checking design member 15 Members: 15 Group: W Section: W12x87  Load Case:
UNEQUAL LOAD F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net
area Ft=0.5*Fc=0.5*490.0=245.0 MPa Fy=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Kx*1/rx,Ky*1/ry)=max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.11
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS-(1-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06ECXT1OV t X01.17Carr Mapop
Ao Lc .-.4)0 (1)0=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 15, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb Fb, 38.51 5 234.3 OK 84% under Compressive
Bending Stress: fb 5_ Fb, 38.51 5 234.3 OK 84% under Design Member 15,
UNEQUAL LOAD, Major Shear C 5_ Fy, 6.34 5. 142.0 OK 96% under Design Member
15, UNEQUAL LOAD, Major Deflection .5 L/250, 5.06 5 11.26 mm OK 55% under
Design Member 15, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb 5_
Fb, 21.26 5 266.25 OK 92% under Compressive Bending Stress: fb .5 Fb, 21.26
5 266.25 OK 92% under Design Member 15, UNEQUAL LOAD, Minor Shear fy Fy,
0.37 5 142.0 OK 100% under Design Member 15, UNEQUAL LOAD, Minor Deflection
E 5 L/250, 1.94 5 11.26 mm OK 83% under Design Member 15, UNEQUAL LOAD,
Tension On gross area ft 5 Ft, 0.0 5 213.0 OK 100% under 



On net area C 5 Ft, 0.0 5 245.0 OK 100% under Design Member 15, UNEQUAL
LOAD, Slenderness Kx*L./r.=1.0*2816.03/136.65=20.61 5 200.0 OK 90% under
Ky*yry=1.0*2816.03/77.98=36.11 5 200.00K 82% under Design Member 15,
UNEQUAL LOAD, Compression F., 58.28 5 186.68 OK 69% under Design Member 15,
UNEQUAL LOAD, Bending + Tension
faiFt+fbx/Fbx+fby/Fby=0.0/245.0+38.51/234.3+21.26/266.25=0.24 5 1 OK 76%
under Design Member 15, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fiFd=58.28/186.68=0.31 Major
Ratio=Cmx*fb./((1-fa/Fc.)*Fbx)=0.85*38.514(1-58.28/2424.62)*234.3)=0.14
Minor
Ratio=Cmy*fby/((l-faTcy)*Fby)=0.85*21.26/((1-58.28/789.51)*266.25)=0.07
Axial Ratio+Major Ratio+Minor Ratio=0.31+0.14+0.07=0.53 1 OK 47% under
fa/(0.6y)+fbx/Fbx+fby/Fby 58.28/(0.6*355.0)+38.51/234.3+21.26/266.25=0.52
>= 1 OK 48% under *F= Page 67 of 106  Checking design member 17 Members: 17
Group: W Section: W12x87 Load Case: UNEQUAL LOAD F355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Ka*I/ra,Ky*Wry)=max(1.0*2000.0/136.65,1.0*2000.0/77.98)=25.65
Fa=0-(KL/r)2/(2*Cc2))*FVFS=(1-25.652/(2*105.442))*355.0/1.76=196.17 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06Ecrtov tcs Xogrcar Mayoop Ao
.5 Lc ...4)0 cDo=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 17, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb Ft,, 27.12 5 234.3 OK 88% under Compressive
Bending Stress: fb Fb, 27.12 5 234.3 OK 88% under Design Member 17, UNEQUAL
LOAD, Major Shear 



f," Fv, 3.27 5 142.0 OK 98% under Design Member 17, UNEQUAL LOAD Major
Deflection 5 5 L/250, 1.79 5 8.0 mm OK 78% under Design Member 17, UNEQUAL
LOAD, Minor Bending Tensile Bending Stress: fb Ft,, 80.71 5 266.25 OK 70%
under Compressive Bending Stress: fb Fb, 80.71 5 266.25 OK 70% under Design
Member 17, UNEQUAL LOAD, Minor Shear f, Fv, 1.91 5 142.00K 99% under Design
Member 17, UNEQUAL LOAD, Minor Deflection 5 5 L/250, 4.45 5 8.0 mm OK 44%
under Design Member 17, UNEQUAL LOAD, Tension On gross area ft 5 Ft, 0.0 5
213.00K 100% under  On net area ft 5 Ft, 0.0 5 245.00K 100% under Design
Member 17, UNEQUAL LOAD, Slenderness Ka*La/ra=1.0*2000.0/136.65=14.64
<200.0 OK 93% under Ky*Ly/ry=1.0*2000.0/77.98=25.65 5 200.0 OK 87% under
Design Member 17, UNEQUAL LOAD, Compression fa 5 Fa, 63.72 5 196.17 OK 68%
under Design Member 17, UNEQUAL LOAD, Bending + Tension
fafft+fbx/Fbxfg/Fby-0.0/245.0+27.12/234.3+80.71/266.25=0.42 5 1 OK 58%
under Design Member 17, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=63.72/196.17=0.32 Major Ratio=Cmx*fba/((l-fa/F Minor
Ratio=Cmy*fby/((l-fa/F'cy)*Fby)=0.85*80.71/((1-63.72/1565.2)*266.25)=0.27
Axial Ratio+Major Ratio+Minor Ratio=0.32+0.1+0.27=0.69 5 1 OK 31% under
fa/(0.6*Fy)+fbx/Fbxfby/Fby 63.72/(0.6*355.0)+27.12/234.3+80.71/266.25=0.72
>= 1 OK 28% under =  Checking design member 19 Members: 19 Group: W
Section: W12x87  Load Case: UNEQUAL LOAD 



F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Ftt=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Kx*1/rx,Ky*Ury)=max(1.0*1350.0/136.65,1.0*1350.0/77.98)=17.31
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-17.312/(2*105.442))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 65/J(Fy)=65/4(355.0)=9.06EEXT1OV la X0P-Itar Ma9op
Arcr: AoOp=0.66*Fy=0.66*355.0=234.3 MPa 1111Minor Axis: F =0.75*F
=0.75*355.0=266.25 MPa Design Member 19, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb Fb, 3.67 S 234.3 OK 98% under Compressive
Bending Stress: fb Fb, 3.67 5_ 234.3 OK 98% under Design Member 19, UNEQUAL
LOAD, Major Shear f Fv, 1.59 s 142.00K 99% under Design Member 19, UNEQUAL
LOAD, Major Deflection o S L/250, 0.77 5_ 5.4 mm OK 86% under Design Member
19, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 46.47 S
266.25 OK 83% under Compressive Bending Stress: fb Fb, 46.47 5 266.25 OK
83% under Design Member 19, UNEQUAL LOAD, Minor Shear Fv, 0.27 S 142.0 OK
100% under Design Member 19, UNEQUAL LOAD, Minor Deflection 8 S L/250, 0.54
S 5.4 mm OK 90% under 1111Design Member 19, UNEQUAL LOAD, Tension On gross
area ft Fv 2.27 S 213.00K 99% under On net area ft S Ft, 2.27 S 245.0 OK
99% under Design Member 19, UNEQUAL LOAD, Slenderness
Ic*L./rx=1.0*1350.0/136.65=9.88 300.0 OK 97% under
Ky*Ly/ry=1.0*1350.0/77.98=17.31 S 300.0 OK 94% under Design Member 19,
UNEQUAL LOAD, Compression fa 5_ F , 0.0 S 202.71 OK 100% under Design
Member 19, UNEQUAL LOAD, Bending + Tension
faiFt+fbx/Fbx+fbffby=2.27/213.0+3.67/234.3+46.47/266.25=0.2 S 1 OK 80%
under Design Member 19, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/202.71=0.0 S 0.15
4)ct/(Da+11)0t/cDp4+4)04/43p4t=0.0/202.71+3.67/234.3+46.47/266.25=0.19 5_ 1
OK 81% under 



Checking design member 21  Members: 21 Group: W Section: W12x87  Load Case:
UNEQUAL LOAD F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0 MPa On net
area Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(Ic*1/ra,Ky*1/ry)=max(1.0*1350.0/136.65,1.0*1350.0/77.98)=17.31
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-17.312/(2*105.442))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 _5 65/q(Fy)=65/4(355.0)=9.06EEXTIOV i XOPUICEXT Mapop
A05 Lc(1)(3=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 21, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb Fb, 1.49 5 234.3 OK 99% under Compressive
Bending Stress: fb 5 Fb, 1.49 234.3 OK 99% under Design Member 21, UNEQUAL
LOAD, Major Shear c 5 Fv, 0.08 5 142.0 OK 100% under Design Member 21,
UNEQUAL LOAD, Major Deflection 5 5 11250, 0.75 5_ 5.4 mm OK 86% under
Design Member 21, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb 5
Fb, 88.41 _5 266.25 OK 67% under Compressive Bending Stress: fb Fb, 88.41 5
266.25 OK 67% under Design Member 21, UNEQUAL LOAD, Minor Shear Fv, 4.94 5_
142.00K 97% under Design Member 21, UNEQUAL LOAD, Minor Deflection 5 _5
L/250, 0.78 5 5.4 mm OK 85% under Design Member 21, UNEQUAL LOAD, Tension
On gross area ft 5 Fe 0.0 5 213.00K 100% under On net area ft 5 Fe 0.0 5
245.0 OK 100% under Design Member 21, UNEQUAL LOAD, Slenderness
Kx*La/ra=1.0*1350.0/136.65=9.88 5 200.00K 95% under
Ky*Liry=1.0*1350.0/77.98=17.31 <200.0 OK 91% under Design Member 21,
UNEQUAL LOAD, Compression fa Fa, 1.88 202.71 OK 99% under Design Member 21,
UNEQUAL LOAD, Bending + Tension
faiFt+fbx/Fbx+fbffby=0.0/245.0+1.49/234.3+88.41/266.25=0.34 5 1 OK 66%
under 



Design Member 21, UNEQUAL LOAD, Bending + Compression
a1.88/202.71=-0.01 50.15 :40 fafF=
4),a/cDa+Opecl3m+4)WiTopw=1.88/202.71+1.49/234.3+88.41/266.25=0.35 5 1 OK
65% under  Checking design member 23 Members: 23 Group: W Section: W12x87
Load Case: UNEQUAL LOAD F=355.0 MPa On gross area Ft=0.6*Fy=0.6*355.0=213.0
MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Ka*I/ra,Ky*1/ry)=max(1.0*2816.03/136.65,1.0*2816.03177.98)=36.11
Fa=0-(KL/r)2/(2*Cc2))*FIFS=(1-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 65/4(Fy)=65/A355.0)=9.06EEXTIOV ICF X01.17Car Mapop
AB 5 Lc ...4)0 00=0.66*Fy=0.66*355.0=234.3 MPa Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 23, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb 5_ Fb, 43.22 5 234.3 OK 82% under Compressive
Bending Stress: fb Fb, 43.22 5 234.3 OK 82% under Design Member 23, UNEQUAL
LOAD, Major Shear Fv, 7.29 5_ 142.0 OK 95% under Design Member 23, UNEQUAL
LOAD, Major Deflection 8 L/250, 8.05 11.26 mm OK 29% under Design Member
23, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 9.72 5
266.25 OK 96% under Compressive Bending Stress: fb Fb, 9.72 5 266.25 OK 96%
under Design Member 23, UNEQUAL LOAD, Minor Shear fv Fv, 0.32 5 142.0 OK
100% under Design Member 23, UNEQUAL LOAD, Minor Deflection 5 5 L/250, 1.79
5 11.26 mm OK 84% under 



Design Member 23, UNEQUAL LOAD, Tension On gross area C 5 Ft, 0.0 5 213.00K
100% under On net area C 5_ Ft, 0.0 5 245.00K 100% under Design Member 23,
UNEQUAL LOAD, Slenderness Ka*La/ra=1.0*2816.03/136.65=20.61 5 200.00K 90%
under- Ky*yry=1.0*2816.03/77.98=36.11 5 200.0 OK 82% under Design Member
23, UNEQUAL LOAD, Compression f. Fa, 56.89 186.68 OK 70% under Design
Member 23, UNEQUAL LOAD, Bending + Tension   faff t+ fbx/Fbx+
fby/Fby=0.0/245.0+43.22/234.3+9.72/266.25=0.22 5 1 OK 78% under Design
Member 23, UNEQUAL LOAD, Bending + Compression Axial
Ratio=f1F.=56.89/186.68=0.3 Major
Ratio=Cmx*fba/((l-fa/Faa)*Fba)=0.85*43.22/((1-56.89/2424.62)*234.3)=0.16
Minor
Ratio=Cmy*fb5/((1-fa/Fey)*Fby)=0.85*9.724(1-56.89/789.51)*266.25)=0.03
Axial Ratio+Major Ratio+Minor Ratio=0.3+0.16+0.03=0.5 5 1 OK 50% under
fa/(0.6*Fy)fbx-Tbx+fby/Fby= 56.89/(0.6*355.0)+43.22/234.3+9.72/266.25=0.49
>= 1 OK 51% under  Checking design member 25 Members: 25 Group: W Section:
W12x87 Load Case: UNEQUAL LOAD F =355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Kx*l/rx,Ky*l/ry)=max(1.0*2000.0/136.65,1.0*2000.0/77.98)=25.65
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=( 1-25.652/(2*105.442))*355.0/1.76=196.17 MPa
b1t=153.67/20.57=7.47 65/4(Fy)=65/4(355.0)=9.06EEXTLOV icy Xopotarr Macoop
4zo Ap Lc :JO cDp=0.66*Fy=0.66*355.0=234.3 MPa 41,Minor Axis: Fb=0.75*F
=0.75*355.0=266.25 MPa Design Member 25, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb Fb, 18.57 5 234.3 OK 92% under Compressive
Bending Stress: fb 5. Fb, 18.57 5 234.3 OK 92% under Design Member 25,
UNEQUAL LOAD, Major Shear f, F," 1.28 5 142.0 OK 99% under Design Member
25, UNEQUAL LOAD, Major Deflection 8 5 L/250, 0.26 5 8.0 mm 01(.97% under 



Design Member 25, UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb 5_
Fb, 67.02 5 266.25 OK 75% under Compressive Bending Stress: fb Ft,, 67.02 5
266.25 OK 75% under Design Member 25, UNEQUAL LOAD, Minor Shear f," Fu,
1.88 5 142.0 OK 99% under Design Member 25, UNEQUAL LOAD, Minor Deflection
8 5 L1250, 5.28 5 8.0 mm OK 34% under Design Member 25, UNEQUAL LOAD,
Tension On gross area ft 5 Fe 0.0 5 213.00K 100% under On net area 5 Fe 0.0
_5 245.0 OK 100% under Design Member 25, UNEQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*2000.0/136.65=14.64 5.200.0 OK 93% under
Ky*yry=1.0*2000.0/77.98=2-5.65 5 200.G OK 87% under- Design Member 25,
UNEQUAL LOAD, Compression fa 5 Fa, 62.25 5 196.17 OK 68% under Design
Member 25, UNEQUAL LOAD, Bending + Tension
faiFt+fbx/Fbx+fbffby=0.0/245.0+18.57/234.3+67.02/266.25=0.33 5 1 OK 67%
under Design Member 25, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=62.25/196.17=0.32 Major
Ratio=Cmx*fbx/((14a/Fex)*Fbx)=0.85*18.57/((1-62.25/4806.82)*234.3)=0.07
Minor Ratio--Cmy*fbV(0-falF"
e),Kby)=-0.85*67.021((1-62.25/1565.2)*266.25)=0.22 Axial Ratio+Major
Ratio+Minor Ratio=0.32+0.07+0.22=0.61 1 OK 39% under *Fr+fx bx+fby/Fby=
fa/(0.6b/F  Checking design member 27 Members: 27 Group: Custom2 Section:
CHS 114.3 x 6  Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(lc*I/rx,Ky*1Iry)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-81.432/(2*108.062))*355.0/1.9=134.08 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: 



Fb=0.66*F =0.66*355.0=234.3 MPa Design Member 27, UNEQUAL LOAD, Major
Bending Tensile Bending Stress: fb Fb, 1.86 5 234.3 OK 99% under
Compressive Bending Stress: fb Fb, 1.86 234.3 OK 99% under Design Member
27, UNEQUAL LOAD, Major Shear fy Fy, 0.05 5 142.0 OK 100% under Design
Member 27, UNEQUAL LOAD, Major Deflection 5 L1250, 4.18 5. 12.49 mm OK 67%
under Design Member 27, UNEQUAL LOAD, Minor Bending Tensile Bending Stress:
fb Fb, 16.11 234.30K 93% under Compressive Bending Stress: fb Fb, 16.11
234.3 OK 93% under Design Member 27, UNEQUAL LOAD, Minor Shear ft, Fy, 0.36
142.0 OK 100% under Design Member 27, UNEQUAL LOAD, Minor Deflection  5
L/250, 2.21 5 12.49 mm OK 82% under Design Member 27, UNEQUAL LOAD, Tension
On gross area ft Ft, 0.0 213.00K 100% under On net area C Ft, 0.0 245.0 OK
100% under Design Member 27, UNEQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*3122.9/38.35=81.43 200.00K 59% under
Ky*Ly/ry=1.0*3122.9/38.35=81.43 5. 200.0 OK 59% under Design Member 27,
UNEQUAL LOAD, Compression fa 5 F., 69.58 5 134.08 OK 48% under Design
Member 27, UNEQUAL LOAD, Bending + Tension f t+fbxIF
bx+by=0.0/245.0+1.86/234.3+16.11/234.3=0.08 1 OK 92% under Design Member
27, UNEQUAL LOAD, Bending + Compression Axial Ratio=fa/Fa=69.58/134.08=0.52
Major Ratio=Cmx*fba/((l-flr ex)
*Fbx)=0.85*1.86/((1-69.58/163.06)*234.3)=0.01 Minor
Ratio=Cmy*fby/((l-fa/F'ay)*Fby)=0.85*16.11/((1-69.58/163.06)*234.3)=0.1
Axial Ratio+Major Ratio+Minor Ratio=0.52+0.01+0.1=0.63 1 OK 37% under
fa/(0.6*Fy)+fbx/Fbx+ fby/Fby=69.58/(0.6*355.0)+1.86/234.3+16.11/234.3=0.4
>= 1 OK 60% under  Checking design member 29 



Members: 29 Group: Custom2 Section: CHS 114.3 x 6  Load Case: UNEQUAL LOAD
F=355.0 MPa On gross area Fr0.6*Fy=0.6*355.0=213.0 MPa On net area
Ft=0.5*Fa=0.5*490.0=245.0 MPa Fv=0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(Kel/rx,Ky*Vry)=max(1.(3*1569.24/38.35,1.0*1569.24/38.35)=40.92
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-40.922/(2*108.062))*355.0/1.8=182.89 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis:  Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 29, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 1.61 5 234.3 OK 99% under Compressive Bending
Stress: fb Ft,, 1.61 5 234.3 OK 99% under Design Member 29, UNEQUAL LOAD,
Major Shear Fv, 0.07 .5 142.0 OK 100% under Design Member 29, UNEQUAL LOAD,
Major Deflection o 5 L/250, 0.93 5 6.28 mm OK 85% under Design Member 29,
UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 15.55 5 234.3 OK
93% under Compressive Bending Stress: fb Fb, 15.55 5 234.3 OK 93% under
Design Member 29, UNEQUAL LOAD, Minor Shear F," 0.56 5_ 142.0 OK 100% under
Design Member 29, UNEQUAL LOAD, Minor Deflection 8 <L/250, 0.88 5 6.28 mm
OK 86% under Design Member 29, UNEQUAL LOAD, Tension  On gross area ft 5 Fp
12.53 5 213.00K 94% under On net area C _5 Fp 12.53 <245.0 OK 95% under
Design Member 29, UNEQUAL LOAD, Slenderness
Ka*La/ra=1.0*1569.24/38.35=40.92 5 300.0 OK 86% under
Ky*Lyky=1.0*1569.24/38.35=40.92 5 300.00K 86% under Design Member 29,
UNEQUAL LOAD, Compression fa Fa, 0.0 5 182.89 OK 100% under Design Member
29, UNEQUAL LOAD, Bending + Tension
fa/FtfbiFbx+fg/Fby=12.53/213.0+1.61/234.3+15.55/234.3=0.13 5 1 OK 87% under



Design Member 29, UNEQUAL LOAD, Bending + Compression fa/Fa=0.0/182.89=0.0
0.15 :.4)0
4ia/(13a+clim/(1)04+4)04/(Dow=0.0/182.89+1.61/234.3+15.55/234.3=0.07 5 1 OK
93% under  Checking design member 31  Members: 31 Group: Custom2 Section:
CHS 114.3 x 6  Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(lc*1/rx,Ky*Vry)=max(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-56.172/(2*108.062))*355.0/1.84=166.5 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 31, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 11.22 234.3 OK 95% under Compressive Bending Stress:
fb Fb, 11.22 234.3 OK 95% under Design Member 31, UNEQUAL LOAD, Major Shear
Fv, 0.2 142.00K 100% under Design Member 31, UNEQUAL-LOAD, Major.
Deflection 5 5_ L/250, 0.36 8.62 mm OK 96% under Design Member 31, UNEQUAL
LOAD, Minor Bending Tensile Bending Stress: fb Fb, 31.3 234.3 OK 87% under
Compressive Bending Stress: fb 5. Fb, 31.3 234.3 OK 87% under Design Member
31, UNEQUAL LOAD, Minor Shear fv Fv, 0.78 5_ 142.0 OK 99% under Design
Member 31, UNEQUAL LOAD, Minor Deflection L/250, 5.69 8.62 mm OK 34% under
Design Member 31, UNEQUAL LOAD, Tension On gross area ft Ft, 0.0 213.00K
100% under 



On net area C Ft, 0.0 245.0 OK 100% under Design Member 31, UNEQUAL LOAD,
Slenderness Kx*Lx/r.=1.0*2154.07/38.35=56.17 200.00K 72% under
Ky*Ly/ry=1.0*2154.07/38.35=56.17 200.0 OK 72% under Design Member 31,
UNEQUAL LOAD, Compression F., 19.21 5_ 166.5 OK 88% under Design Member 31,
UNEQUAL LOAD, Bending + Tension
faiFtfbxffbx+fg/Fby=0.0/245.0+11.22/234.3+31.3/234.3=0.18 1 OK 82% under
Design Member 31, UNEQUAL LOAD, Bending + Compression Va=19.21/166.5=0.12
5_ 0.15 :40
clia/(Da4g/cDp4+4)34/0/34,=19.21/166.5+11.22/234.3+31.3/234.3=0.3 1 OK 70%
under  Checking design member 33 Members: 33 Group: Custom2 Section: CHS
114.3 x 6  Load Case: UNEQUAL LOAD F =355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
K1/r=max(Ka*1/rx,Ky*1/ry)=max(1.04,2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa=(1-(KL/r)2/(2*Cc2))*FVFS=(1-56.172/(2*108.062))*355.0/1.84=166.5 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 33, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 13.43 5 234.3 OK 94% under Compressive Bending
Stress: fb Fb, 13.43 5 234.3 OK 94% under Design Member 33, UNEQUAL LOAD,
Major Shear Fv, 0.23 5_ 142.0 OK 100% under Design Member 33, UNEQUAL LOAD,
Major Deflection 8 5 L/250, 1.82 5 8.62 mm OK 79% under Design Member 33,
UNEQUAL LOAD, Minor Bending Tensile Bending Stress: fb Fb, 22.52 5 234.3 OK
90% under 



Compressive Bending Stress: fb Fb, 22.52 5 234.3 OK 90% under Design Member
33, UNEQUAL LOAD, Minor Shear f. Fv, 0.45 5 142.0 OK 100% under Design
Member 33, UNEQUAL LOAD, Minor Deflection  8 5 L/250, 4.84 5 8.62 mm OK 44%
under Design Member 33, UNEQUAL LOAD, Tension On gross area ft .5 Ft, 0.0 5
213.00K 100% under On net area ft 5 Ft, 0.0 5 245.0 OK 100% under Design
Member 33, UNEQUAL LOAD, Slenderness Ka*Lx/rx=1.0*2154.07/38.35=56.17 5
200.0 OK 72% under Ky*Ly/ry=1.0*2154.07/38.35=56.17 5 200,0 OK 72% under
Design Member 33, UNEQUAL LOAD, Compression Fa, 6.39 5 166.5 OK 96% under
Design Member 33, UNEQUAL LOAD, Bending + Tension
fafFiffbx/Fbx+fbffby=0.0/245.0+13.43/234.3+22.52/234.3=0.15 5 1 OK 85%
under Design Member 33, UNEQUAL LOAD, Bending + Compression
fa/Fa=6.39/166.5=0.04 5 0.15 ...4)0
4),x/Coa+4)g/c1300304,=6.39/166.5+13.43/234.3+22.52/234.3=0.19 5 1 OK 81%
under  Checking design member 35 Members: 35 Group: Custom2 Section: CHS
114.3 x 6  Load Case:. UNEQUAL LOAD F =355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(c*I/rx,Ky*I/ry)=max(1.0*1569.24/38.35,1.0*1569.24/38.35)=40.92
Fa=0-(KL/r)2/(2*Cc2))*Fy/FS=(1.-40.922/(2*108.062))*355.0/1.8=182.89 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: Fb=0.66*F
=0.66*355.0=234.3 MPa Design Member 35, UNEQUAL LOAD, Major Bending Tensile
Bending Stress: fb Fb, 3.18 _5 234.30K 99% under 



Compressive Bending Stress: fb Fb, 3.18 5 234.3 OK 99% under Design Member
35, UNEQUAL LOAD, Major Shear fv Fv, 0.15 5 142.00K 100% under Design
Member 35, UNEQUAL LOAD, Major Deflection 8 5 L/250, 0.78 5 6.28 mm OK 88%
under Design Member 35, UNEQUAL LOAD, Minor Bending Tensile Bending Stress:
fb Ft,, 30.28 5 234.3 OK 87% under Compressive Bending Stress: fb Fb, 30.28
5 234.3 OK 87% under Design Member 35, UNEQUAL LOAD, Minor Shear f1.11 5
142.0 OK 99% under Design Member 35, UNEQUAL LOAD, Minor Deflection 8 5
L/250, 2.04 5 6.28 mm OK 68% under Design Member 35, UNEQUAL LOAD, Tension
On gross area ft 5 Ft, 0.0 5 213.00K 100% under On net area ft 5 Ft, 0.0 5
245.0 OK 100% under Design Member 35, UNEQUAL LOAD, Slenderness
K..*1_,./rj1.04,1569.24/38.35=40.92 5 200.00K 80% under
Ky*yry=1.0*1569.24/38.35=40.92 5 200.00K 80% under Design Member 35,
UNEQUAL LOAD, Compression fa Fa, 1.76 182.890K 99% under Design Member 35,
UNEQUAL LOAD, Bending + Tension
filFt+fbx/Fbx+fbffby=0.0/245.0+3.18/234.3+30.28/234.3=0.14 5 1 OK 86% under
Design Member 35, UNEQUAL LOAD, Bending + Compression
fa/Fa=1.76/182.89=0.01 50.15 :AK/
(1),t/Oct+4)m/04304+4)f3t/c1304,=1.76/182.89+3.18/234.3+30.28/234.3=0.15 5
1 OK 85% under  Checking design member 37 Members: 37 Group: Custom2
Section: CHS 114.3 x 6  Load Case: UNEQUAL LOAD F=355.0 MPa On gross area
Ft=0.6*Fy=0.6*355.0=213.0 MPa On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa
Fv=0.4*Fy=0.4*355.0=142.0 MPa
nax(Ka*1/ra,Ky*1/ry)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-81.432/(2*108.062))*355.0/1.9=134.08 MPa
Major Axis: Fb=0.66*F =0.66*355.0=234.3 MPa Minor Axis: 



Fb=0.66*F =0.66*355.0=234.3 MPa Design Member 37, UNEQUAL LOAD, Major
Bending Tensile Bending Stress: fb _5 Fb, 7.99 _5 234.3 OK 97% under
Compressive Bending Stress: fb Fb, 7.99 5 234.3 OK 97% under Design Member
37, UNEQUAL LOAD, Major Shear fv F," 0.02 5 142.0 OK 100% under Design
Member 37, UNEQUAL LOAD, Major Deflection 5 5. L/250, 9.14 5 12.49 mm OK
27% under Design Member 37, UNEQUAL LOAD, Minor Bending Tensile Bending
Stress: fb Fb, 14.87 _5 234.3 OK 94% under Compressive Bending Stress: fb
5_ Fb, 14.87 .5 234.3 OK 94% under Design Member 37, UNEQUAL LOAD, Minor
Shear fv Fv, 0.34 5 142.0 OK 100% under Design Member 37, UNEQUAL LOAD,
Minor Deflection  5 5 L/250, 0.77 5 12.49 mm OK 94% under Design Member 37,
UNEQUAL LOAD, Tension On gross area ft .5 Ft, 35.71 5_ 213.00K 83% under On
net area C 5 Ft, 35.71 5 245.0 OK 85% under Design Member 37, UNEQUAL LOAD,
Slenderness ICa*Lx/ra=1.0*3122.9/38.35=81.43 5 300.00K 73% under
Ky*Ly/ry=1.0*3122.9/38.35=81.43 5 300.00K 73% under Design Member 37,
UNEQUAL LOAD, Compression fa .5 Fa, 0.0 5 134.08 OK 100% under Design
Member 37, UNEQUAL LOAD, Bending + Tension
faiFt+rbx/Fbx+fbY/Fby=35.71/213.0+7.99/234.3+14.87/234.3=0.27 5 1 OK 73%
under Design Member 37, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/134.08=0.0 5 0.15 :.4)0
4),,t/(13a+4>pec1)04+4)5w/(1)04,=0.0/134.08+7.99/234.3+14.87/234.3=0.1 5 1
OK 90% under  Appendix C Lifting Lugs Design Report to ASIC ASD  LIFTING
LUG ANALYSIS 



LIFTING LUG DATA    Material used for lug: Minimum yield strength of lug
material: Minimum tensile strength of lug material: Minimum design lifting
sling angle: Maximum allowable side swing angle: Lug hole diameter used:
Height of lug hole above lug base: Radius of lug used: Radius of cheek
plate used: Width of lug at base of aftachement: Thickness of lug used:
Thickness of cheek plate used:  GL-E36 yield := 340MPa a tensile := 490MPa
01= 90deg 02 := Odeg d := 60mm Lh := 100mm   := 100mm rc := Omm L := 278mm
:= 50mm Tc := 0.mm  LIFTING LUG ANALYSIS  ALLOWABLE STRESS FOR LUG AS PER
AISC - ASD MANUAL OF STEEL CONSTRUCTION            yield as := A'ayield ab
:= 0.66.ayie1d abear := 9'ayie1d Load F:= - g z "lug Fz tan(01) Fy :=
Fz.tan(82) Fr := jFz2 + Fx2 at = 2.04 x 108 Pa as = 



1.36x 108 Pa ab = 2.244 x 108 Pa abear = 3.06 x 108 Pa Fz = 3.776 x 105 N
Fx = 2.312 x 10- 11 N FY = 0 N Fr = 3.776 x 105N   Resultant load at
shackle @ minimum sling angle Fr 4 - = 3.85 x 10 kg  Bending moment about
X-axis:Mx := Fy.LhMx = 0 J Bending moment about Y-axis:My := Fx.LbM = 2.312
x 10- 12 J Bending stress about X-axis at lug base:: M x  Sbx  Sbx = 0 Pa
TI2   Bending stress about Y-axis at lug base: MY Sby :=Sby = 3.59 x 10- 9
Pa Lw` T1 6 Tensile stress at lug base:  



LIFTING LUG ANALYSIS  DESIGN VERIFICATION - LIFTING LUG ITEM IN THIS
ANALYSIS:150 Tonne Lifting Lug for 700 Tonne Lifting Frame DESIGN DATA LOAD
DATA Expected lifting load:Wexpect := 150tonne Load contigency:fcontigency
:= 10% Dynamic Impact Factor:flift := 1.5 Design lifting load:Load :=5
Wexpecf (1 fcontigency)Load = 1.65 x 10 kg No. of lugsnlug := 1 DETAIL OF
MASTER LINK Load Cell size & type considered: 150 Tonne JCL Load Shackle
Shackle inside width at pin, ADimA:= 170mm Shackle pin diameter, BDimB:=
108mm Shackle inside height above pin, CDime := 400mm  CHECK ON LIFTING LUG
TO SHACKLE DIMENSION INTERFACE T1 + 2-Tc  -0.588<1 DimA LUG THICKNESS TO
SHACKLE INTERNAL WIDTH IS O.K. DimB - 0.9391 LUG HOLE TO SHACKLE PIN
DIMETER IS O.K. - 0.8751 DimC  LUG RADIUS TO SHACKLE INTERNAL HEIGHT IS
O.K.  LIFTING LUG ANALYSIS  



*********** BENDING STRESS AT LUG BASE IS ACCEPTABLE ******* **** Tensile
stress above pin: Ffflift  St1:-Sti = 1.191 x 108 Pa Tr(2-ri - d) +
2.Tc.(2.rc - d) Stl  Unity Check:- 0.778 A5'ayield TENSILE STRESS ABOVE PIN
IS ACCEPTABLE Shear stress above pin: Feflift Ss :- T1.(29. - d) +
2.Tc.(2rc - d)Ss= 1.191 x 108 Pa Unity Check: Ss - = 0.876 as 1
**** ****** SHEAR STRESS ABOVE PIN IS ACCEPTABLE Cross sectional area at
the thinnest section of lug: d)d) :=- -) +C.(re - -2) 2= 0.01 m2 Cross
sectional area of shackle pin used:    SECTIONAL AREA CHECK IS ACCEPTABLE
Bearing stress at pin: S  bDimg-(TI + 2.Tc) Unity Check:  



Sb = 2.247 x 108 Pa Sb --0.734<1 bear  BEARING STRESS IS ACCEPTABLE
LIFTING LUG ANALYSIS LIFTING LUG DATA    Material used for lug: Minimum
yield strength of lug material: Minimum tensile strength of lug material:
Minimum design lifting sling angle: Maximum allowable side swing angle: Lug
hole diameter used: Height of lug hole above lug base: Radius of lug used:
Radius of cheek plate used: Width of lug at base of attachement: Thickness
of lug used: Thickness of cheek plate used:  GL-E36 yield := 340 MPa a
tensile := 490MPa 01 := 60deg 02 := Odeg d := 140mm Lh := 175mm   := 225mm
rc := 150mm Lw := 450mm T1 := 76mm Tc  Page 103 of.106:..  LIFTING LUG
ANALYSIS ALLOWABLE STRESS FOR LUG AS PER AISC - ASD MANUAL OF STEEL
CONSTRUCTION  Allowable tensile stress: at := .6'ayieldat = 2.04 x 108 Pa 



Allowable shear stress: as := A.Gyieldas = 1.36 x 108 Pa Allowable bending
stress:ab := 0.66.ayieidab = 2.244 x 108 Pa Allowable bearing stress: abear
:= ."yieldabear = 3.06 x 108 Pa STRESSES IN LUG  Load Vertical design load
of Lug:Fz :=Fz= 1.955 x 106 N nlug Fz Horizontal force in X direction:Fx :=
tan(01)Fx = 1.129 x 106 N Horizontal force in Y direction: Fy :=
Fz.tan(82)F = 0 N Resultant Force at lug:Fr := jFz2 Fx2 Fy2 Fr = 2.258 x
106 N Resultant load at shackle @ minimum sling angle Bending moment about
X-axis:Mx := Fy-Lh Fr 5 - = 2.302 x 10 kg MX = 0 J  Bending moment about
Y-axis:My := Fx.11.1M = 1.975 x 105 J Bending stress about X-axis at lug
base:: Sbx = Bending stress about Y-axis at lug base: Mx T12 L w 6 Sbx = 0
Pa  



SbySby = 7.702 x 107 Pa Lw2 6 Tensile stress at lug base: Fz 7 SSi -- 5.717
x 10 Pa Lw.Ti         






