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S~NGAPGQ~.  Page 2 of 24 1.0 Introduction 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: a) This spreader frame is NOT designed and used for
day-to-day transportation  or handling of goods. No dynamic or impact toads
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. C) 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.
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II  6 `.e o I P. E . .flT o O y  O N  O CJ Appendix B Steel design report
to ASIC ASD  Page 10 of 24 Steel Design Report  Checking design member 1
Members: 1  Group: Custom1 Section: OD 508 x 16 WT  0 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*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: S 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 <- Fb, 0.0 <_ 163.82 OK 100% under
Compressive Bending Stress: fb <- Fb, 0.0 < 163.82 OK 100% under Design
Member 1, Load Case 1, Major Shear  fv <_ F, 0.0 < 99.28 OK 100% under
Design Member 1, Load Case 1, Major Deflection  5< L/250, 0.0<_ 2.53 mm OK
100% under Design Member 1, Load Case 1, Minor 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 1, Load Case 1, Minor Shear  fl,<_ F,, 0.0 < 99.28 OK 100%
under Design Member 1, Load Case 1, Minor Deflection  6<- L/250, 0.0<_ 2.53
mm OK 100% under Design Member 1, Load Case 1, Tension On gross area ft <-
Ft, 0.0 < 148.93 OK 100% under  On net area ft <_ Ft, 0.0 <_ 199.95 OK 100%
under  Design Member 1, Load Case 1, Slenderness  Kx*Lx/rx
1.0*632.0/174.04=3.63 < 200.0 OK 98% under KY*L,/rY 1.0*632.0/174.04=3.63 <
200.0 OK 98% under  Design Member 1, Load Case 1, Compression fa < Fa, 0.0
<_ 147.91 OK 100% under Design Member 1, Load Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/199.95+0.0/163.82+0.0/163.82=0.0 < 1 OK 100%
under  Design Member 1, Load Case 1, Bending + Compression
fa/Fa=0.0/147.91=0.0 -< 0.15 .'. ~0 p 4 D p 00i
147.91+0.0/163.82+0.0/163.82=0.0 < _ 1 O K I 00% under  Design Member 1,
Load Case 1, Sway A<- Y/300.0, 0.47<- 0.0/300.0=0.0 mm OK -2147483548%
under  Page 11 of 24 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*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*I/ry)=max(1.0*
1404.0/174.04,1.0* 1404.0/174.04)=8.07
Fa=(1-(KL/r)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 <_ Fb, 0.14 s 163.82 OK 100% under
Compressive Bending Stress: fb < Fb, 0.14s 163.82 OK 100% under  Design
Member 2, Load Case 1, Major Shear  



fl,< Fv, 0.0:5 99.28 OK 100% under Design Member 2, Load Case 1, Major
Deflection  S_< 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 < 163.82 OK
100% under  Compressive Bending Stress: fb < Fb, 0.0 <_ 163.82 OK 100%
under Design Member 2, Load Case 1, Minor Shear  fv <_ F,, 0.0< 99.28 OK
100% under Design Member 2, Load Case 1, Minor Deflection  5<_ L/250. 0.0<_
5.62 mm OK 100% under Design Member 2, Load Case 1, Tension On gross area
ft < Ft, 0.0 s 148.93 OK 100% under  On net area ft < Ft, 0.0 5 199.95 OK
100% under  Design Member 2, Load Case 1, Slenderness
Kx*L)/rx=1.0*1404.0/174.04=8.07 < 200.0 OK 96% under
KY*LY/rY=1.0*1404.0/174.04=8.07 <200.0 OK 96% under  Design Member 2, Load
Case 1, Compression fa < Fa, 10.01 < 146.52 OK 93% under Design Member 2,
Load Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/199.95+0.14/163.82+0.0/163.82=0.0 1 OK 100% under
Design Member 2, Load Case 1, Bending + Compression fa/Fa=10.01
/146.52=0.07 < 0.15 .'. 40 10.01/146.52+0.14/I 63.82+0.0/163.82=0.07 < 1 OK
93% under  Design Member 2, Load Case 1, Sway A<_ Y1300.0, 0.47<
0.0/300.0=0.0 mm OK -2147483548% under  Page 12 of 24 Checking design
member 3  Members: 3 Group: Customl Section: OD 508 x 16 WT  0 Load Case:
Load Case 1  Fy=248.21 MPa On gross area Ft=0.6*Fy=0.6x248.21=148.93 MPa
On net area Ft=0.5*F,,=0.5*399.9=199.95 MPa  Fv=0.4*FY=0.4*248.21=99.28 MPa
KI/r=max(Kx* l/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: S
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 < 99.28 OK 100% under
Design Member 3, Load Case 1, Major Deflection  6<_ L/250, 0.0s 2.53 mm OK
100% under Design Member 3, Load Case 1, Minor 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, Minor
Shear  fv <_ Fv, 0.0 <_ 99.28 OK 100% under Design Member 3, Load Case 1,
Minor Deflection  S <_ L/250, 0.0!5 2.53 mm OK 100% under Design Member 3,
Load Case 1, Tension On gross area ft <_ Ft, 0.0s 148.93 OK 100% under  On
net area ft <_ Ft, 0.0<_ 199.95 OK 100% under  Design Member 3, Load Case
1, Slenderness  Kx*Lx/rz 1.0*632.0/174.04=3.63 <_ 200.0 OK 98% under
KY*Lylry1.0*632.0/174.04=3.63 < 200.0 OK 98% under  Design Member 3, Load
Case 1, Compression fa <_ Fa, 0.0 <_ 147.91 OK 100% under Design Member 3,
Load Case 1, Bending + Tension fa/Ft+fbx/Fbx+fby/Fby
0.0/199.95+0.0/163.82+0.0/163.82=0.0 <_ 1 OK 100% under  Design Member 3,
Load Case 1, Bending + Compression  fa/Fa=0.0/147.91=0.0 <_ 0.15 .-.4O
~Q/(Ua+~p,/(Dp~=~pv/opv=0.0%147.91+0.0/163.82+0.0/163.82=0.0 <_ 1 OK 100%
under  Design Member 3, Load Case 1, Sway A<_ Y/300.0, 0.47<: 0.0/300.0=0.0
mm OK -2147483548% under  Page 13 of 24 Checking design member 4  Members:
4 Group: Custom/ 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*F,,=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*I/rY)=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 4, Load Case 1, Major Bending
Tensile Bending Stress: fb < Fb, 0.0 s 234.3 OK 100%a under  Compressive
Bending Stress: fb < Fb, 0.0 < 234.3 OK 100% under Design Member 4, Load
Case 1, Major Shear  f,< F,, 0.0<_ 142.0 OK 100% under Design Member 4,
Load Case 1, Major Deflection  5 <_ L/250, 0.01 s 2.82 mm OK 100% under
Design Member 4, Load Case 1, Minor Bending  Tensile Bending Stress: fb <_
Fb, 0.0<_ 234.3 OK 100% under  Compressive Bending Stress: fb < Fb, 0.0 <_
234.3 OK 100% under Design Member 4, Load Case 1, Minor Shear  f,< FV,
0.0<_ 142.0 OK 100% under Design Member 4, Load Case 1, Minor Deflection
5s L/250, 0.05 2.82 mm OK 100% under Design Member 4, Load Case 1, Tension
On gross area ft < Ft, 0.0 s 213.0 OK 100% under On net area ft <_ Ft, 0.0
< 245.0 OK 100% under 1  Design Member 4, Load Case 1, Slenderness
Kx*L,/rx=1.0*704.0/298.34=2.36 < 200.0 OK 99% under
KY*L,,/rY=1.0*704.0/298.34=2.36 <_ 200.0 OK 99% under  Design Member 4,
Load Case 1, Compression fa<Fa, 0.0<211.88OK 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 1 OK 100% under  Design Member 4, Load
Case 1, Bending + Compression  fa/Fa=0.0/211.88=0.0 <_ 0.15 .. ~0 



~a FWD 0.0./211.88+0.0,!234.3+0.0/234.3=0.0 s 1 OK 100% under  Design
Member 4, Load Case 1, Sway A< Y/300.0, 0.47< 0.0/300.0=0.0 mm OK
-2147483548% under  Page 14 of 24 Checking design member 5  Members: 5
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*I/ry)=max(1.0*7484.0/298.34,1.0*7484.0/298.34)=25.09
Fa=(1-(KL/r)2/(2Cc2))*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 < Fb, 0.22 < 234.3 OK 100% under  Compressive Bending
Stress: fb < Fb, 0.22 < 234.3 OK 100% under Design Member 5, Load Case 1,
Major Shear  fv s F,, 0.0 s 142.0 OK 100% under Design Member 5, Load Case
1, Major Deflection  6< L/250, 0.02 s 29.94 mm OK 100% under  Design Member
5, Load Case 1, Minor Bending  Tensile Bending Stress: fb < Fb, 0.0 <_
234.3 OK 100% under  Compressive Bending Stress: fb < Fb, 0.0!-< 234.3 OK
100% under Design Member 5, Load Case 1, Minor Shear
fv<_F,,0.0_142.0OK100%under  Design Member 5, Load Case 1, Minor Deflection
8< L/250, 0.0 < 29.94 mm OK 100% under  Design Member 5, Load Case 1,
Tension , On gross area ft<Ft, 0.0 < 213.0 OK 100% under  On net area ft <
Ft, 0.0 < 245.0 OK 100% under  Design Member 5, Load Case 1, Slenderness 



Kx*Lx/rx 1.0*7484.0/298.34=25.09 <_ 200.0 OK 87% under  KY*L,Jry
1.0*7484.0/298.34=25.09 <_ 200.0 OK 87% under  Design Member 5, Load Case
1, Compression fa < Fa, 24.88 < 196.64 OK 87% under Design Member 5, Load
Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/245.0+0.22/234.3+0.0/234.3=0.0 < 1 OK 100% under
Design Member 5, Load Case 1, Bending + Compression
fa/Fa=24.88/196.64=0.13 < 0.15 .'.40
~~/tea+~py/(DV+~p14,J(Dpw=24.88/196.64+0.22/234.3+0.0/234.3=0.13 < 1 OK 87%
under  Design Member 5, Load Case 1, Sway A< Y/300.0, 0.47< 0.0/300.0=0.0
mm OK -2147483548% under  Page 15 of 24 Checking design member 6  Members:
6 Group: Custom1 Section: OD 863.6 x 20 WT  0 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*F,=0.5*490.0=245.0 MPa  F0=0.4*FY=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx, KY*I/rY)=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 6, Load Case 1, Major Bending
Tensile Bending Stress: fb s Fb, 0.0 <_ 234.3 OK 100% under  Compressive
Bending Stress: fb <_ Fb, 0.0< 234.3 OK 100% under Design Member 6, Load
Case 1, Major Shear  fll< F,, 0.0<_ 142.0 OK 100% under Design Member 6,
Load Case 1, Major Deflection  5 <_ L/250, 0.01 <_ 2.82 mm OK 100% under
Design Member 6, Load Case 1, Minor Bending  Tensile Bending Stress: fb <
Fb, 0.0 <_ 234.3 OK 100% under  Compressive Bending Stress: 



fb < Fb, 0.0 < 234.3 OK 100% under Design Member 6, Load Case 1, Minor
Shear  f"<_F,, 0.0<_142.0 OK 100% under Design Member 6, Load Case 1, Minor
Deflection  5< L/250, 0.0<_ 2.82 mm OK 100% under Design Member 6, Load
Case 1, Tension On gross area ft < Ft, 0.0 < 213.0 OK 100% under  On net
area ft < Ft, 0.0 <_ 245.0 OK 100% under  Design Member 6, Load Case 1,
Slenderness  Kx*L1rx=1.0*704.0/298.34=2.36 < 200.0 OK 99% under
KY*LY/rY=1.0*704.0/298.34=2.36 <_ 200.0 OK 99% under  Design Member 6, Load
Case 1, Compression fa <_ Fa, 0.0 <_ 211.88 OK 100% under Design Member 6,
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 1 OK 100% under  Design Member 6, Load
Case 1, Bending + Compression  fa/Fa=0.0/211.88=0.0 < 0.15 ..40
~a/~Q+~py/app +~P/Q~PW 1.88+0.0/234.3+0.0/234.3=0.0<_ 1 OK 100% under
Design Member 6, Load Case 1, Sway A< Y/300.0, 0.47< 0.0/300.0=0.0 mm OK
-2147483548% under  Page 16 of 24 Checking design member 7  Members: 7
Group: Customl Section: OD 508 x 16 WT  0 Load Case: Load Case I  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*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: F6=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 < 163.82 OK 100% under  Compressive Bending
Stress: 



fb <_ Fb, 0.0 <_ 163.82 OK 100% under Design Member 7, Load Case 1, Major
Shear  f" <_ F, 0.0 <_ 99.28 OK 100% under Design Member 7, Load Case 1,
Major Deflection  5<_ L/250, 0.0!5 2.53 mm OK 100% under Design. Member 7,
Load Case 1, Minor 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 7, Load Case 1, Minor Shear  fv <_ F,, 0.0 <_ 99.28 OK
100% under Design Member 7, Load Case 1, Minor Deflection  5<_ L/250, 0.0<_
2.53 mm OK 100% under Design Member 7, Load Case 1, Tension On gross area
ft <_ Ft, 0.0 <_ 148.93 OK 100% under  On net area ft <_ Ft, 0.0<_ 199.95
OK 100% under  Design Member 7, Load Case 1, Slenderness
Kx*L)/rx=1.0*632.0/174.04=3.63 s 200.0 OK 98% under KY*L,,/rY
1.0*632.0/174.04=3.63 <_ 200.0 OK 98%. under  Design Member.7,. Load Case
.1, Compression fa <_ Fa, 0.0 <_ 147.91 OK 100% under Design Member 7, Load
Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/199.95+0.0/163.82+0.0/163.82=0.0 <_ 1 OK 100%
under  Design Member 7, Load Case 1, Bending + Compression
fa/Fa=0.0/147.91=0.0 <_ 0.15 .-.4O ~~/(U,-~M/cDas+~p,,/Q>pw=0.0/14;
.91+0.0/163.82+0.0/163.82=0.0 <_ 1 OK 100% under  Design Member 7, Load
Case 1, Sway A<_ Y/300.0, 0.47 0.0/300.0=0.0 mm OK -2147483548% under  Page
17 of 24 Checking design member 8  Members: 8 Group: Custom1 Section: OD
508 x 16 WT  0 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* l/rx, KY*I/rY)=max(1.0*
1404.0/174.04,1.0* 1404.0/174.04)=8.07  



Fa=(1-(KL/r)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 8, Load Case 1, Major
Bending Tensile Bending Stress: fb < Fb, 0.14 < 163.82 OK 100% under
Compressive Bending Stress: fb < Fb, 0.14 < 163.82 OK 100% under  Design
Member 8, Load Case 1, Major Shear  f,s F, 0.0<_ 99.28 OK 100% under Design
Member 8, Load Case 1, Major Deflection  5 < L/250, 0.0 <_ 5.62 mm OK 100%
under Design Member 8, Load Case 1, Minor Bending  Tensile Bending Stress:
fb < Fb, 0.0 <_ 163.82 OK 100% under  Compressive Bending Stress: fb < Fb,
0.0:5 163.82 OK 100% under Design Member 8, Load Case 1, Minor Shear  f" <
Fv, 0.0 s 99.28 OK 100% under Design Member 8, Load Case 1, Minor
Deflection  6<_ L/250, 0.0s 5.62 mm OK 100% under Design Member 8, Load
Case 1, Tension On gross area ft < Ft, 0.0 s 148.93 OK 100% under  On net
area ft < Ft, 0.0< 199.95 OK 100% under  Design Member 8, Load Case 1,
Slenderness  KX*LX/rx=1.0* 1404.0/174.04=8.07 < 200.0 OK 96% under
KY*LVry=1.0* 1404.0/174.04=8.07 <_ 200.0 OK 96% under  Design Member 8,
Load Case 1, Compression fa < Fa, 10.01 < 146.52 OK 93% under Design Member
8, Load Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/199.95+0.14/163.82+0.0/163.82=0.0 s 1 OK 100%
under  Design Member 8, Load Case 1, Bending + Compression
fa/Fa=10.01/146.52=0.07 < 0.15 .. ~0 ~a'~a+~pxi~RS+~PV10
04%10.01/146.52+0.14/163.82+0.0/163.82=0.0i < 1 OK 93% under  Design Member
8, Load Case 1, Sway A:5 Y/300.0, 0.47 s 0.0/300.0=0.0 mm OK -2147483548%
under  Page 18 of 24 Checking design member 9  Members: 9 



Group: Customl Section: OD 508 x 16 WT  0 Load Case: Load Case I  FY 248.21
MPa On gross area Ft=0.6*Fy0.6*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*
l/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 9, 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 9, Load Case 1,
Major Shear  fv <_ FV, 0.0 <_ 99.28 OK 100% under Design Member 9, Load
Case 1, Major Deflection  5 <_ L/250, 0.0<_ 2.53 mm OK 100% under Design
Member 9, Load Case 1, Minor Bending  Tensile Bending Stress: fb <_ Fb, 0.0
<_ 163.82 OK 100% under  Compressive Bending Stress: fb <_ Fb, 0.0 s 163.82
OK 100% under Design Member 9, Load Case 1, Minor Shear  fv <_ Fv, 0.0 <_
99.28 OK 100% under Design Member 9, Load Case 1, Minor Deflection  8<_
L/250, 0.0 < 2.53 mm OK 100% under Design Member 9, Load Case 1, Tension On
gross area ft <_ Ft, 0.0 <_ 148.93 OK 100% under  On net area ft <_ Ft, 0.0
_< 199.95 OK 100% under  Design Member 9, Load Case 1, Slenderness
Kx*Lx/rx=1.0*632.0/174.04=3.63 s 200.0 OK 98% under
KY*Ly/ry1.0*632.0/174.04=3.63 <_ 200.0 OK 98% under  Design Member 9, Load
Case 1, Compression fa <_ Fa, 0.0 _< 147.91 OK 100% under Design Member 9,
Load Case 1, Bending + Tension  



fa/Ft+fbx/Fbx+fby/Fby=0.0/199.95+0.0/163.82+0.0/163.82=0.0 1 OK 100% under
Design Member 9, Load Case 1, Bending + Compression  fa/Fa=0.0/147.91=0.0 5
0.15 ..~0 47.91+0.0/163.82+0.0/163.82=0.0 <_ 1 OK 100% under  Design Member
9, Load Case 1, Sway A _< Y/300.0, 0.47:5 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  0 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*I/ry)=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.M Pa
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 < 234.3 OK 100% under  Compressive Bending
Stress: fb <_ Fb, 0.0<_ 234.3 OK 100% under Design Member 10, Load Case 1,
Major Shear  fv < F\,, 0.0<_ 142.0 OK 100% under Design Member 10, Load
Case 1, Major Deflection  5:5 L/250, 0.01 <_ 2.82 mm OK 100% under Design
Member 10, Load Case 1, Minor Bending  Tensile Bending Stress: fb < Fb, 0.0
< 234.3 OK 100% under  Compressive Bending Stress: fb < Fb, 0.0 < 234.3 OK
100% under Design Member 10, Load Case 1, Minor Shear  fll< Fv, 0.0!5 142.0
OK 100% under Design Member 10, Load Case 1, Minor Deflection  8!5 L/250,
0.0 5 2.82 mm OK 100% under 



Design Member 10, Load Case 1, Tension On gross area ft < Ft, 0.0 <_ 213.0
OK 100% under  On net area ft <_ Ft, 0.0<_ 245.0 OK 100% under  Design
Member 10, Load Case 1, Slenderness  Kx*Lx/rx=1.0*704.0/298.34=2.36 <_
200.0 OK 99% under KY*L,/rY 1.0*704.0/298.34=2.36 <_ 200.0 OK 99% under
Design Member 10, Load Case 1, Compression f. <Fa, 0.0 <211.88 OK 100%
under Design Member 10, 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 s 1 OK 100% under
Design Member 10, Load Case 1, Bending + Compression  fa/Fa=0.0/211.88=0.0
<_ 0.15 .-.O a/d~~+ps/~p~+p(Dpw 0.0/211.88+0.0/234.3+0.0/234.3=0.0 < 1 OK
100% under  Design Member 10, Load Case 1, Sway A<_ Y/300.0, 0.47 5
0.0/300.0=0.0 mm OK -2147483548% under  Page 20 of 24 Checking design
member 11  Members: 11 Group: Customl Section: OD 863.6 x 20 WT  0 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*F,=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* I/ry)=max(1.0 *7484.0/298.34,1.0*7484.0/298.34)=25.09
Fa=(1-(KL/r)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 <_ Fb, 0.22 <_ 234.3 OK 100% under
Compressive Bending Stress: fb <_ Fb, 0.22 < 234.3 OK 100% under Design
Member 11, Load Case 1, Major Shear  fv s F,, 0.0 <_ 142.0 OK 100% under
Design Member 11, Load Case 1, Major Deflection  6<_ L/250, 0.02s 29.94 mm
OK 100% under  



Design Member 11, Load Case 1, Minor Bending  Tensile Bending Stress: fb <_
Fb, 0.0 < 234.3 OK 100% under  Compressive Bending Stress: fb <_ Fb, 0.0 <_
234.3 OK 100% under Design Member 11, Load Case 1, Minor Shear
fvsFv,0.0<_142.0OK100%under  Design Member 11, Load Case 1, Minor
Deflection 6 <_ L/250, 0.0 <_ 29.94 mm OK 100% under  Design Member 11,
Load Case 1, Tension S On gross area ft <_ Ft, 0.0s 213.0 OK 100% under  On
net area ft _< Ft, 0.0<_ 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*L/ry=1.0*7484.0/298.34=25.09 _< 200.0 OK 87% Under  Design Member 11,
Load Case 1, Compression fa <_ Fa, 24.88 <_ 196.64 OK 87% under Design
Member 11, Load Case 1, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/245.0+0.22/234.3+0.0/234.3=0.0 <_ 1 OK 100% under
Design Member 11, Load Case 1, Bending + Compression
fa/Fa=24.88/196.64=0.13 <_ 0.15 .. ~0 ./cD
24.88/196.64+0.22/234.3+0.0%234.3=0.13 <_ I OK 87% under  Design Member 11,
Load Case 1, Sway As Y/300.0, 0.47<_ 0.0/300.0=0.0 mm OK -2147483548% under
Page 21 of 24 Checking design member 12  Members: 12 Group: Customl
Section: OD 863.6 x 20 WT  0 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*I/ry)=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 12, Load Case 1, Major Bending Tensile Bending Stress: fb <
Fb, 0.0 s 234.3 OK 100% under  Compressive Bending Stress: fb s Fb, 0.0<_
234.3 OK 100% under Design Member 12, Load Case 1, Major Shear  f,< Fv, 0.0
<_ 142.0 OK 100% under Design Member 12, Load Case 1, Major Deflection  5 <
L/250, 0.01 s 2.82 mm OK 100% under - Design Member 12, Load Case 1, Minor
Bending  Tensile Bending Stress: fb < Fb, 0.0 < 234.3 OK 100% under
Compressive Bending Stress: fb < Fb, 0.0< 234.3 OK 100% under Design Member
12, Load Case 1, Minor Shear  f'< Fv, 0.0!5 142.0 OK 100% under Design
Member 12, Load Case 1, Minor Deflection  8!5 L/250, 0.0<_ 2.82 mm OK 100%
under Design Member 12, Load Case 1, Tension On gross area ft < Ft, 0.0<_
213.0 OK 100% under  On net area ft < Ft, 0.0 < 245.0 OK 100% under  Design
Member 12, Load Case 1, Slenderness  Kx*Lx/rx=1.0*704.0/298.34=2.36 < 200.0
OK 99% under KY*Ly/rY=1.0*704.0/298.34=2.36 < 200.0 OK 99% under  Design
Member 12, Load Case 1, Compression f, 5 Fa, 0.0 <_211.88 OK 100% under
Design Member 12, 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 < 1 OK 100% under.
Design Member 12, Load Case 1, Bending + Compression  fa/Fa=0.0/211.88=0.0
5 0.15 .. ~0 0.0/211.88=0.0/234.3_0.0;234.3=0.0 5 1 OK 100% under  Design
Member 12, Load Case 1, Sway A< Y/300.0, 0.47 < 0.0/300.0=0.0 mm OK
-2147483548% under  End of check Page 22 of 24 Appendix C   COSMOS Finite
Element Analysis  it I:I Page 23 of 24 



1.0 Finite Element Analysis - Von Mises Stress plot on OD 508 x 16 WT
lifting frame  Mode{ rm no OD 34 MAN FRAME Study aura Study 4 Rat type:
Static nodal stress Stresst  DelcrmMion scat. I ym M ises (Nhmn"2 (MWe))
ON 0.03  p 0.03 4. 0.03 ..~  0.04 MPa o.D2  002  .. .. 0.02 0.02  Y o.at
001 Dnt 0.00  Z x ace  -f Y:ea stre,gth: 250.00  A) Load Et 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 C) Conclusion:  Maximum Von Mises equivalent stress at OD
508 circular structure is 0.04 MPa < 255  MPa. Page 24 of 24 w w Dcs m U
COPY o 0~~'  of W W z9 w H 0- 0  MU < 0. OLLZ 
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MECHANICAL LING KUI MUK  3753  A P Page 1 of 106 TABLE OF CONTENT  1.0
Introduction 2.0 Design Consideration  3.0 Conclusion 4.0 References
Appendix  A MULTIFRAME Model Et Graphic Plot (Equal Loading Condition): B
MULTIFRAME Model t Graphic Plot. (Unequal Loading Condition) S  C Steel
Design Report to ASIC ASD (Equal Loading Condition) D Steel Design Report
to ASIC ASD. (Unequal Loading Condition)  E Lifting Lug Design Calculation
Reports. ONAL `c,  MEC Ail fAL  3753 G ~GAPO y  Page 2 of 106 it 1.0
Introduction 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 tugs design at a  single point
lifting arrangement as illustrated in the lifting condition drawing. 2.0
Design Consideration  Loading conditions: a) 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  toads by means of
water bags are gradually filled up with water to achieve  the required
loading. b) Lifting is done by means of lifting tugs 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: a) 700 Tonne. Spreader Frame Lifting Arrangement  Drawing
no.: 9779-D-D1-020 Q' 2  MECAL  LING. CCU! A;lUK  3753 OAPOFL~  Page 3of106
Appendix A  MULTIFRAME Model Et Graphic Plot Equal Loading Condition Page 4
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Appendix C   Steel design report to ASIC ASD  Equal Loading Condition  Page
13 of 106 Steel Design Report  Checking design member 1 Members: I  Group:
W  Section: \V 12x87 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 F,=0.5*F,=0.5*490.0=245.0 MPa
F,=0.4*Fy=0.4*355.0=142.0 MPa KI/r=max(Kx* I/rt,Kv.*
I/r,)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa(I-(KL/r)2/(2*Cc2))-Fy/FS=(1-34.6322/(2* 105.442))*355.0/1.79=188.12 MPa



b/t=153.67/20.57=7.47 < 65/til(Fy,)=65/x(355.0)=9.06 .-.~0 Esyttov i6
aouaafz May.'op A5io   AR 5 L~ .-.~0 (D=0.66*F,/=0.66.355.0=234.3 MPa Minor
Axis: Fb=0.75 *Fy=0.75 * 355.0=266.25 MPa Design Member 1, EQUAL LOAD,
Major Bending  Tensile Bending Stress: fb < Fb, 41.5 < 234.3 OK 82% under
Compressive Bending Stress: fb < Fb, 41.5 < 234.3 OK 82% under Design
Member 1, EQUAL LOAD, Major Shear  fl < F. 8.15 < 142.0 OK 94% under Design
Member 1, EQUAL LOAD, Major Deflection  S < L/250, 5.94 < 10.8 mm OK 45i
under Design Member 1, EQUAL LOAD, Minor Bending  Tensile Bending Stress:
fb < Fb, 3.93 < 266.25 OK 99% under  Compressive Bending Stress: fb <_ Fb,
3.93 <_ 266.25 OK 99% under Design Member 1, EQUAL LOAD, Minor Shear  fl <
F, 0.1 < 142.0 OK 100% under Design Member 1, EQUAL LOAD, Minor Deflection
5< L/250, 0.09< 10.8 mm OK 99% under Design Member 1, EQUAL LOAD, Tension
On gross area fi < Ft, 7.04 < 213.0 OK 97% under  On net area ft <_ Ft,
7.04 <_ 245.0 OK 97% under  Design Member 1, EQUAL LOAD, Slenderness
KX*Lx/ra 1.0*2700.0/ 136.65=19.76 <_ 300.0 OK 93% under Ky,*L,Jr,,
1.0*2700.0/77.98=34.63 <_ 300.0 OK 88% under  Design Member 1, EQUAL LOAD,
Compression fa S Fa, 0.0< 188.12 OK 100% under Design Member 1, EQUAL LOAD,
Bending + Tension
fa/Ft+fbx/Fbx+fby'Fby,=7.04./213.0~41.5/234.3T3.93/266.25=0.22 <_ 1 OK 78%
under  Design Member 1, EQUAL LOAD, Bending + Compression fa/Fa 0.0/
188.12=0.0 5 0.155 .'. ~0 s+rbp4~~y =0.0/188.12+41.5/234.3+3.93/266.25=0.19
< I OK 81% under  Design Member 1, EQUAL LOAD, Sway A< Y/300.0. 0.15 5
0.0/300.0=0.0 mm OK -2147483548% under Page 14 of 106 Checking design
member 2  Members: 2 



Group: \V  Section: \V 12x87 Load Case: EQUAL LOAD  FY=355.0 MPa On gross
area F,=0.6*F`=0.6*355.0=213.0 MPa  On net area Ft=0.5*F.=0.5*490.0=245.0
MPa  F"=0.4*F,,=0.4*355.0=142.0 MPa
Kl/r--max(Kx*I/r,,,Ky,*1/r,)=max(1.0*4000.0/136.65,1.0*4000.0/77.98)=51.3
Fa (1-(KL/r)2/(2*Cc2))*F/FS=(1-51.322/(2*105.442))*355.0/1.83=170.59 MPa
b/t=153.67/20.57=7.47 < 65/v(FY)=65/vJ(355.0)=9.06 .-.QO Es;ttiov t6
Xoprta;rt  it Mayo op A ta. A~> Ax ..~0 4>p=0.6*FY=0.6*355.0=213.0 MPa
Fb=(2/3-Fv,*(1/rT)2/(1530x103*Cb))*F`.
(2/3-355.0*(4000.0/84.78)2/(1530x103*1.0))*355.0=210.07 MPa  Fb=
I2xI03*Cb/(I*d/Af)=I2x103* 1.0/(4000.0*317.5/63.23)=411.94 MPa Fb> 0.6*FY
..~0 D =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 < 213.0 OK 92% under  Compressive Bending
Stress: - fb _< Fb, 17.67 <_ 213.0 OK 92% under Design Member 2, EQUAL
LOAD, Major Shear  f1. < F, 0.0<_ 142.0 OK 100% under Design Member 2,
EQUAL LOAD, Major Deflection  S 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
<_ 266.25 OK 100% under  Compressive Bending Stress: fb < Fb, 0.84 <_
266.25 OK 100% under Design Member 2, EQUAL LOAD, Minor Shear  fl'5 F, 0.0<
142.0 OK 100% under Design Member 2, EQUAL LOAD, Minor Deflection  S <
L/250, 0.05 <_ 16.0 mm OK 100% under Design Member 2, EQUAL LOAD, Tension
On gross area ft < Ft, 14.49 < 213.0 OK 93% under  On net area ft < F,
14.49 <_ 245.0 OK 94% under  Design Member 2, EQUAL LOAD, Slenderness
Kx*Lx/ra 1.0*4000.0/136.65=29.27 <_ 300.0 OK 90% under  Kv*L,Jr,=
1.0*4000.0/77.98=51.3 5 300.0 OK 83% under  



Design Member 2, EQUAL LOAD, Compression fa <_ F, 0.0 < 170.59 OK 100%
under Design Member 2, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fb`,=14.49/213.0+17.67/213.0+0.84/266.25=0.15 1 OK 85%
under  Design Member 2, EQUAL LOAD, Bending + Compression
f,,/F',=0.0/l70.59=0.0<_ 0. l 5 .-.40 OV 0PW=0.0/170.59-17.6
7/213.0+0.84,'266.25=0.09 < I OK 91% under  Design Member 2, EQUAL LOAD,
Sway A<_ Y/300.0, 0.14 <_ 0.0/300.0=0.0 mm OK -2147483548% under Page 15 of
106 Checking design member 3  Members: 3 Group: lV  Section: W 12x87 Load
Case: EQUAL LOAD  FY 355.0 MPa On gross area Ft=0.6*F,==0.6*355.0=213.0 MPa
On net area Ft 0.5*F.=0.5*490.0=245.0 MPa  F,= 0.4*Fy=0.4*355.0=142.0MPa
Kl/r=max(K.,*I/r*,Kv*l/ry.)=max(1.0*2700.0/136.65, I.0*2700.0/7 7.98)=34.63
Fa=(l -(KL/r)2i''(2*Cc2))*F.JFS=(I-34.6322/(2*105.44'-))*355.0/1.79=188.12
MPa  bi't=153.67%20.57=7.47 <_ 65!v'(Fy,)=65/\'(355.0)=9.06 .'.Q0 Esynov 16
XoJ.1 tc t  Marpop Acic: Ap L~ .-.~0 (D R=0.66*F,=0.66*355.0=234.3 MPa
Minor Axis:   Fb=0.75*Fv=0.75*355.0=266.25 MPa Design Member 3, EQUAL LOAD,
Major Bending  Tensile Bending Stress: fb < Fb, 41.5 < 234.3 OK 82% under
Compressive Bending Stress: fb < Fb, 41.5 <_ 234.3 OK 82% under Design
Member 3, EQUAL LOAD, Major Shear  fV <_ Fv., 8.15 <_ 142.0 OK 94% under
Design Member 3, EQUAL LOAD, Major Deflection  6<_L/250,5.94 <10.8 mm OK
45% under Design Member 3, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 3.93 < 266.25 OK 99% under  Compressive Bending Stress: fb
< Fb, 3.93 < 266.25 OK 99% under Design Member 3, EQUAL LOAD, Minor Shear.



f, < F, 0.1 <_ 142.0 OK 100% under Design Member 3, EQUAL LOAD, Minor
Deflection  55 L/250, 0.11 < 10.8 mm OK 99% under Design Member 3, EQUAL
LOAD, Tension On gross area ft 5 F, 7.04< 213.0 OK 97% under  On net area
ft < Ft, 7.04< 245.0 OK 97% under  Design Member 3, EQUAL LOAD, Slenderness
K,,*L./r,,=1.0*2700.0/136.65=19.76 <_ 300.0 OK 93% under
Ky,*L,Jry=1.0*2700.0/77.98=34.63 <_ 300.0 OK 88% under  Design Member 3,
EQUAL LOAD, Compression  fa<Fa,0.0<_ 188.12 OK 100% under Design Member 3,
EQUAL LOAD, Bending + Tension
fa/Ft+fbx/FbX+fby/Fby==7.04/213.0+41.5/234.3+3.93%266.25=0.22 1 OK 78%
under  Design Member 3, EQUAL LOAD, Bending + Compression
fa/Fa-0.0/188.12=0.0<_ 0.15 .'.40 v
("Pw=0.0/188.12+41.51234.3+3.93/266.25=0.19 < I OK 81% under  Design Member
3, EQUAL LOAD, Sway A< Y/300.0, 0.26< 0.0/300.0=0.0 mm OK -2147483548%
under Page 16 of 106 Checking design member 4  Members: 4 Group: W
Section: "' 12x87 Load Case: EQUAL LOAD  F`=355.0 MPa On gross area
F,=0.6*F,=0.6*355.0=213.0 MPa  On net area Ft=0.5*F,,=0.5*490.0=245.0 MPa
F,, 0.4*Fy=0.4*355.0=142.0 MPa
Klir=max(K,,*Iirx,K`,*Iir,)=max(1.0*2700.0/136.65,1.0*2700.0%77.98)=34.63
Fa (1-(KL/r)2/(2*Cc'-))*FyJFS=(1-34.632/(2*105.44'-))*355.0/I.79=188.12 MPa
b/t=153.67/20.57=7.47 5 65/'i(Fy.)=65/'i(355.0)=9.06 .-.40 .cyTtov ICY Xo
ntcgj  Mawop Ax,a. Ap <_ L, 0 (D p=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 4, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 0.05 < 234.3 OK 100% under
Compressive Bending Stress: fb < Fb, 0.05 < 234.3 OK 100% under Design
Member 4, EQUAL LOAD, Major Shear  



fv <_ F, 0.0< 142.0 OK 100% under Design Member 4, EQUAL LOAD, Major
Deflection  S <_ L/250, 0.0 < 10.8 mm OK 100% under Design Member 4, EQUAL
LOAD, Minor Bending  Tensile Bending Stress: fb < Fb; 1.45 5 266.25 OK 99%
under  Compressive Bending Stress: fb <_ F. 1.45 5 266.25 OK 99% under
Design Member 4, EQUAL LOAD, Minor Shear  fv. <_ F, 0.0<_ 142.0 OK 100%
under Design Member 4, EQUAL LOAD, Minor Deflection  5<_ L/250. 0.04<_ 10.8
mm OK 100% under ' Design Member 4, EQUAL LOAD, Tension On gross area ft <
Ft, 0.0 <_ 213.0 OK 100% under  On net area ft < Ft, 0.0< 245.0 OK 100%
under  Design Member 4, EQUAL LOAD, Slenderness Kx*L,t/rX
1.0*2700.0/136.65=19.76 < 200.0 OK 90% under
Ky*LyJrv-1.0*2700.0/77.98=34.63 <_ 200.0 OK 83% under  Design Member 4,
EQUAL LOAD, Compression fa <_ Fa, 13.87 < 188.12 OK 93% under Design Member
4, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fbytFby=0.0/245.0+0.05/234.3+1.45/266.25=0.01 I OK 99% under
Design Member 4, EQUAL LOAD, Bending + Compression fa/Fa 13.87/ l
88.12=0.07 <_ 0.15 .'. ~0 ~a/~~+ppxk6py+~(iv1d50v; 13.87/188.12+0.05;
234.3+1.45/266.25=0.08 <_ I 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 Page 17 of 106
Checking design member 5  Members: 5 Group: W  Section: A' 12x87 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 F,=0.5*Fu 0.5*490.0=245.0 MPa  F,.=0.4*Fy 0.4*355.0=142.0 MPa
KI/r=max(K,*I/rx.K),*l/ry,)=max(1.0*2 700.0/136.65,1.0*2700.0/77.98)=34.63
Fa (1-(KL/r)2/(2*Cc2))*FyJFS=(1-34.63''-/(2* 105.442))*355.0/1.79=188.12
MPa  b/t=153.67/20.57=7.47 <65/s)(Fy,)=65/til(355.0)=9.06 .'.rp0 E8ftIOV
ICY Xou;taft  McrQop A i6: 



Ap < L ..~0 gyp=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 5, EQUAL LOAD, Major Bending  Tensile
Bending Stress: fb < Fb, 0.2 < 234.3 OK 100% under  Compressive Bending
Stress: fb < Fb, 0.2 <_ 234.3 OK 100% under Design Member 5, EQUAL LOAD,
Major Shear  1711!5; _ F, , 0.05 142.0 OK 100% under Design Member 5, EQUAL
LOAD, Major Deflection  8< L/250, 0.01 < 10.8 mm OK 100% under Design
Member 5, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb < Fb, 1.25
5 266.25 OK 100% under  Compressive Bending Stress: fb < Fb, 1.25 <_ 266.25
OK 100% under Design Member 5, EQUAL LOAD, Minor Shear  f, < F, 0.0< 142.0
OK 100% under Design Member 5, EQUAL LOAD, Minor Deflection  6<_ L/250,
0.04< 10.8 mm OK 100% under Design Member 5, EQUAL LOAD, Tension On gross
area ft 5 F. 0.0 < 213.0 OK 100% under  On net area ft < Ft, 0.0 < 245.0 OK
100% under  Design Member 5, EQUAL LOAD, Slenderness  K,,*L,/r,,
1.0*2700.0/136.65=19.76 5 200.0 OK 90% under Ky,*LA,=l.0*2700.0/77.98=34.63
< 200.0 OK 83% under  Design Member 5, EQUAL LOAD, Compression fa < Fa.
0.595 188.12 OK 100% under Design Member 5, EQUAL LOAD, Bending + Tension
fa/Ft+fbz/Fb,+fby/'Fby= 0.0,%245.0+0.2/234.3+1.25%266.25=0.01 I OK 99%
under  Design Member 5, EQUAL LOAD, Bending + Compression fa/Fa=0.59/
188.12=0.0 5 0.15 .'. ~0 ~a/(Da+~O;/Op;+~p/d'pw
0.59/188.12-0.2/234.3+1.25/266.25=0.01 < I OK 99% under  Design Member 5,
EQUAL LOAD, Sway A< Y/300.0, 0.15< 0.0/ 300.0=0.0 mm OK -2147483548% under
Page 18 of 106 Checking design member 6  Members: 6 Group: W  Section: W
12x87 



Load Case: EQUAL LOAD  Fy==355.0 MPa On gross area
F,=0.6*F,==0.6*355.0=213.0 MPa  On net area F,=0.5*F,,=0.5*490.0=245.0 MPa
F,=0.4*Fy==0.4*355.0=142.0 MPa Kl/r-max(KX* I/r,,, K`. * 1./r`.)=max(1.0*2
7 00.0/ 136.65,1.0 *2700.0/77.98)=34.63  Fa
(I-(KL/r)2/(2*Cc2))*F~/FS=(1-34.63-/(2*105.44'))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 < 65/\'(F")=65;''(355.0)=9.06 .-.4)0 Esyttov ICY XO t
tart  Mapop A; ia: Ap < Lc .-.4)O rp=0.66*F,==0.66*355.0=234.3 MPa  Minor
Axis: Fb 0.75*Fy=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<234.3OK 100% under Design Member 6,
EQUAL LOAD, Major Shear  f , < F,., 0.05 142.0 OK 100% under Design Member
6, EQUAL LOAD, Major Deflection  S <_ L/250.0.01 S 10.8 mm OK 100% under
Design Member 6, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <_
Fb, 1.25 < 266.25 OK 100% under  Compressive Bending Stress: fb < Fb, 1.25
<_ 266.25 OK 100% under Design Member 6, EQUAL LOAD, Minor Shear  f~ <_ F,
0.0<_ 142.0 OK 100% under Design Member 6, EQUAL LOAD, Minor Deflection  65
L/250, 0.04<_ 10.8 mm OK 100% under i~ Design Member 6, EQUAL LOAD, Tension
On gross area f< <_ F1, 0.0 <_ 213.0 OK 100% under  On net area f, <_ F1,
0.0 <_ 245.0 OK 100% under  Design Member 6, EQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*2700.0/136.65=19.76 <_ 200.0 OK 90% under
Ky,*L}/ry=1.0*2700.0/77.98=34.63 <_ 200.0 OK 83% under  Design Member 6,
EQUAL LOAD, Compression fa <_ Fa, 0.59<_ 188.12 OK 100% under Design Member
6, EQUAL LOAD, Bending + Tension fa/F,+fb./Fb.+fby/FbY
0.0/245.0+0.2/234.3+1.25/266.25=0.01 I OK 99% under  Design Member 6, EQUAL
LOAD, Bending + Compression 



fa/Fa 0.59/188.12=0.0 < 0.15 .-.4)O tpai~pQ+~ps/~llp~+~p ~Gp~
=0.59/188.12+0.2/234.3+1.25/266.25=0.01 5 I OK 99% under  Design Member 6,
EQUAL LOAD, Sway A< Y/300.0, 0.14< 0.0/300.0=0.0 mm OK -2147483548% under
Page 19 of 106 Checking design member 7  Members: 7 Group: W  Section: W
12x87 Load Case: EQUAL LOAD  F}=355.0 MPa On gross area
F,=0.6*F,=0.6*355.0=213.0 MPa  On net area Ft=0.5*F,=0.5*490.0=245.0 MPa
F,:=0.4*Fy==0.4*355.0=142.0 MPa KI/r max(K**I/ r,,,Ky,*l/rV,)=max(1.0*2
700.0/ 136.65,1.0*2700.0/77.98)=34.63
Fa=(l-(KL/r)'/(2*Cc2))*FyJFS=(l-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.5 7=7.47 < 65/v'(F)=65/x(355.0)=9.06 .'. rb0 EEynov ICY
Xoaayr  McxaoopAfr6: Ap <_ L~ ..~0 dyp=0.66*Fy=0.66*355.0=234.3 MPa  Alinor
Axis: Fb=0.75*FY 0.75*355.0=266.25 MPa Design Member 7, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 0.05 <_ 234.3 OK 100% under
Compressive Bending Stress: fb < Fb, 0.05 < 234.3 OK 100% under Design
Member 7, EQUAL LOAD, Major Shear  fv<_ F, 0.05 142.0 OK 100% under Design
Member 7, EQUAL LOAD, Major Deflection  6 < L/250, 0.0<_ 10.8 mm OK 100%
under Design Member 7, EQUAL LOAD, Minor Bending  Tensile Bending Stress:
fb < Fb, 1.45 5 266.25 OK 99% under  Compressive Bending Stress: fb <_ Fb,
1.45 <_ 266.25 OK 99% under Design Member 7, EQUAL LOAD, Minor Shear  f`,<
F, 0.0< 142.0 OK 100% under Design Member 7, EQUAL LOAD, Minor Deflection
S < L/250,0.04< 10.8 mm OK 100% under Design Member 7, EQUAL LOAD, Tension
On gross area f,<_ Ft, 0.0 _< 213.0 OK 100% under  



On net area ft < Ft, 0.0 < 245.0 OK 100% under  Design Member 7, EQUAL
LOAD, Slenderness KX*LX/r,, 1.0*2700.0/136.65=19.76 < 200.0 OK 90% under
Ky.*L,Jry=1.0*2700.0/77.98=34.63 < 200.0 OK 83% under  Design Member 7,
EQUAL LOAD, Compression fa < Fa, 13.87< 188.12 OK 93% under Design Member
7, EQUAL LOAD, Bending + Tension fa!F,' fbx/Fbx+fby/Fby.
0.0/245.0+0.05/234.3+1.45/266.25=0.01 I OK 99% under  Design Member 7,
EQUAL LOAD, Bending + Compression fa/Fa 13.87/188.12=0.07 _< 0.1 5 .'. ~0
~a`"Pa+~psi(Dps+~pyj"Dp~, :13.87/188.12'0.05/234.3+1.45;266.25=0.08 5 1 OK
92% under  Design Member 7, EQUAL LOAD, Sway A < Y/300.0. 0.26 <
0.0/300.0=0.0 mm OK -2147483548% under Page 20 of 106 Checking design
member 8  Members: 8 Group: W  Section: W12x87 Load Case: EQUAL LOAD  FY
355.0 MPa On gross area F,=0.6*Fv=0.6*355.0=213.0 MPa  On net area
Ft=0.5*F.=0.5*490.0=245.0 MPa  F,=0.4*FY 0.4*355.0=142.0 MPa
Kl/r-max(KX*1/rx,K,,* I/rY,)=max(1.0*2700.0/ 136.65,1.0*2700.0/77.98)=34.63
Fa (1-(KL/r)2/(2*Cc2))cF`%FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 5 65/v(F,,)=65/4(355.0)=9.06 ..4)0 e;t-nov t6 XonaXt
Afapop A; z6: Ap <_ Lc .-.4)0 di=0.66*Fy=0.66*355.0=234.3 MPa  Minor Axis:
Fb 0.75*Fv 0.75*355.0=266.25 MPa Design Member 8, EQUAL LOAD, Major Bending
Tensile Bending Stress: fb _< Fb, 41.5 < 234.3 OK 82% under  Compressive
Bending Stress: fb < IF b, 41.5 < 234.3 OK 82% under Design Member 8, EQUAL
LOAD, Major Shear  f, <_ F, 8.15 <_ 142.0 OK 94% under Design Member 8,
EQUAL LOAD, Major Deflection  S <_ L/250. 5.94 5 10.8 mm OK.45%. under
Design Member 8, 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 <_ 266.25 OK 99% under Design Member 8, EQUAL LOAD, Minor Shear  f, _<
F, 0.1 5 142.0 OK 100% under Design Member 8, EQUAL LOAD, Minor Deflection
S _< L/250,0.09<_ 10.8 mm OK 99% under Design Member 8, EQUAL LOAD, Tension
On gross area ft <_ Ft, 7.04 <_ 213.0 OK 97% under  On net area ft <_ Ft,
7.04 < 245.0 OK 97% under  Design Member 8, EQUAL LOAD, Slenderness
KX*Lx/rx 1.0*2700.0/136.65=19.76 <_ 300.0 OK 93% under K,*Ly/rY
1.0*2700.0/77.98=34.63 5 300.0 OK 88% under  Design Member 8, EQUAL LOAD,
Compression fa < Fa, 0.0 < 188.12 OK 100% under Design Member 8, EQUAL
LOAD, Bending + Tension
fa/Ft+fb./Fbx+fby/Fb}=7.04/213.0+41.5/234.3+3.93/266.25=0.22 <_ 1 OK 78%
under  Design Member 8, EQUAL LOAD, Bending + Compression fa/Fa
0.0/188.12=0.0 <_ 0.15 .'.4)0 0.0!188.12+41.5/234.3+3.93/266.25=0.19 <_ 1
OK 81% under  Design Member 8, EQUAL LOAD, Sway A 5 Y/300.0. 0.15 5
0.0/300.0=0.0 mm OK -2147483548% under Page 21 of 106 Checking design
member 9  Members: 9 Group: W  Section: W I2x87 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*F,,=0.5*490.0=245.0 MPa  F,.0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(K,*1/r,(,K%,*1/rV)=max(1.0*4000.0/ 136.65,1.0*4000.0/77.98)=51.3
Fa=(I -(KL/r)2/(2*Cc2))*FyiFS=(1-51.322/(2*105.442))*355.0/1.83=170.59 MPa
b/t=153.67/20.57=7.47 5 65/v(Fy)=65/''(355.0)=9.06 .. 0 sey ttov to Xona ft
A,Iacop Arta. AR> Ax ..i0 4yp=0.6*Fy=0.6*355.0=213.0 MPa
Fb=(213-FY*(I/rT)2/(1530x103*Cb))*Fy=(2/3-355.0*(4000.0/84.78)2/(1530x10'*I
.0))*355.0=210.07 MPa   Fb=12x l0'*Cb/(1*d/Ad=12x 103*
1.0/(4000.0*317.5/63.23)=411.94 M Pa Fb > 0.6*Fy .. ~0
4yp=0.6*Fy.0.6*355.0=213.0 MPa  Minor Axis: 



Fe 0.75*Fy=0.75*355.0=266.25 MPa Design Member 9, EQUAL LOAD, Major Bending
Tensile Bending Stress: fb < Fb, 17.67 < 213.0 OK 92% under  Compressive
Bending Stress: fb < Fb, 17.67 5 213.0 OK 92% under Design Member 9, EQUAL
LOAD, Major Shear  f . < F. 0.0 <_ 142.0 OK 100% under Design Member 9,
EQUAL LOAD, Major Deflection  6< L/250, 1.11 _< 16.0 mm OK 93% under Design
Member 9, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb < Fb, 0.84
< 266.25 OK 100% under  Compressive Bending Stress: fb <_ Fb, 0.84< 266.25
OK 100% under Design Member 9, EQUAL LOAD, Minor Shear  f, 5 Fv, 0.05 142.0
OK 100% under Design Member 9, EQUAL LOAD, Minor Deflection  6 < L/250.
0.05 5 16.0 mm OK 100% under Design Member 9, EQUAL LOAD, Tension On gross
area ft <_ Ft, 14.49 <_ 213.0 OK 93% under  On net area ft < Ft, 14.49:5
245.0 OK 94% under  Design Member 9, EQUAL LOAD, Slenderness Kx*Lx/rx
1.0*4000.0/I36.65=29.27 <_ 300.0 OK 90% under
Ky,*Ly,/ry=1.0*4000.0/77.98=51.3 < 300.0 OK 83% under  Design Member 9,
EQUAL LOAD, Compression a < Fa, 0.0 < 170.59 OK 100% under Design Member 9,
EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fb,,+fby/Fby==14.491213.0+17.67/213.0+0.84/266.25=0.15 5 I OK 85%
under  Design Member 9, EQUAL LOAD, Bending + Compression a/Fa
0.0/170.59=0.0<_ 0.15 ..$0 ~a/cba+~ax/Qy~;+~G /4DRw
0.0%170.59+1.67/213.0-0.84/266.25=0.09 <_ I OK 91% under  Design Member 9,
EQUAL LOAD, Sway A:5 Y/300.0, 0.14 5 0.0/300.0=0.0 mm OK -2147483548% under
Page 22 of 106 Checking design member 10  Members: 10 Group: \V  Section: W
12x87 Load Case: EQUAL LOAD  FY=355.0 MPa 



On gross area Ft=0.6*F,. 0.6*355.0=213.0 MPa  On net area
Ft=0.5*Fu=0.5*490.0=245.0 MPa  F,=0.4*F,=0.4*355.0=142.0 MPa
KI/r=max(Kx*Ur.,Ky*l/r,)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63  Fa
(1-(KL/r)2/(2*Cc2))*F,,JFS=(1-34.6322/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 < 65/ \I(F,)=65/\/(355.0)=9.06 .'. ~0 E. iov to
XolnraXT  Mawop A rc. Ap <_ L~ .'.~0 Np=0.66*Fy=0.66*355.0=234.3 MPa
ivuinor Axis: Fb 0.75*Fy= 0.75*355.0=266.25 MPa Design Member 10, EQUAL
LOAD, Major Bending  Tensile Bending Stress: fb <_ Fb, 41.5 <_ 234.3 OK 82%
under  Compressive Bending Stress: fb 5 Fb, 41.5 5 234.3 OK 82% under
Design Member 10, EQUAL LOAD, Major Shear  f... < F, 8.15 < 142.0 OK 94%
under Design Member 10, EQUAL LOAD, Major Deflection  6<_ L/250, 5.94< 10.8
mm OK 45% under Design Member 10, EQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 3.93 < 266.25 OK 99% under  Compressive Bending
Stress: fb < Fb, 3.93 < 266.25 OK 99% under Design Member 10, EQUAL LOAD,
Minor Shear  f, <_ F, 0.1 < 142.0 OK 100% under Design Member 10, EQUAL
LOAD, Minor Deflection  S 5 L/250, 0.11 <_ 10.8 mm OK 99% under Design
Member 10, EQUAL LOAD, Tension On gross area ft < Ft, 7.04 < 213.0 OK 97%
under  On net area ft <_ Ft, 7.04 < 245.0 OK 97% under  Design Member 10,
EQUAL LOAD, Slenderness KX*LX/rX 1.0*2700.0/136.65.=19.76 <_ 300.0 OK 93%
under  Ky*LyJr,,-1.0*2700.0/77.98=34.63 < 300.0 OK 88% under  Design Member
10, EQUAL LOAD, Compression fa < Fa, 0-0!5; 188.12 OK 100% under Design
Member 10, EQUAL LOAD, Bending + Tension fa/Ft+fb~Fb,+fby/Fby
7.04/213.0+41.5/234.3+3.93/266.25=0.22 I .OK 78% under  Design Member 10,
EQUAL LOAD, Bending + Compression fa/Fa 0.0/188.12=0.0 <_ 0.15 .'.40
~a/0a+~p4/(DV+~py/(Dp 0.0/188.12-41.5/234.3+3.93/266.25=0.19 < I OK
81%under  



Design Member 10, EQUAL LOAD, Sway A< Y/300.0, 0.26 <_ 0.0/300.0=0.0 mm OK
-2147483548% under Page 23 of 106 Checking design member 11  Members: 1 1
Group:  Section: WI2x87 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*Fu=0.5*490.0=245.0 MPa
F,=0.4*F} 0.4*355.0=142.0 %1Pa Kl/r=max(K,,*l/rx;
K`,*lir,.)=max(1.0*800.0/136.65,1.0*800.0/77.98)=10.26
Fa=(1-(KL/r)2/(2*Cc2))*FyIFS=(1-10.2622/(2* 105.442))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 <_ 65/vI(FY.)=65!')(355.0)=9.06 ..p0 IS tiov to Xoi
to YT  Marpop AJia. Ap 5 L` .. tp0 gy=0.66*F,=0.66*355.0=234.3 MPa Minor
Axis:   Fe 0.75*FY 0.75*355.0=266.25 MPa Design Member 11, EQUAL LOAD,
Major Bending  Tensile Bending Stress: fb 5 Fb, 23.68 < 234.3 OK 90% under
Compressive Bending Stress: fb <_ Fb, 23.68<_ 234.3 OK 90% under Design
Member 11, EQUAL LOAD, Major Shear  fv, <_ F, 22.5< 142.0 OK 84% under
Design Member 11, EQUAL LOAD, Major Deflection  5< L/250,0.78<_ 3.2 mm OK
76% under Design Member 11, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb 5 Fb. 0.84< 266.25 OK 100% under  Compressive Bending Stress: fb
<_ Fb, 0.84<_ 266.25 OK 100% under Design Member 11, EQUAL LOAD, Minor
Shear  fl < F, 0.07< 142.0 OK 100% under Design Member 11, EQUAL LOAD,
Minor Deflection  5< L/250, 0.01 < 3.2 mm OK 100% under Design Member 11,
EQUAL LOAD, Tension On gross area ft < Ft, 19.09 <_ 213.0 OK 91% under  On
net area ft < Ft, 19.09< 245.0 OK 92% under  Design Member 11, EQUAL LOAD,
Slenderness  



K,,*L,,/r,, I.0*800.0/136.65=5.85 _< 300.0 OK 98% under
Ky.*LYJry==1.0*800.0/77.98=10.26 5 300.0 OK 97% under  Design Member 11,
EQUAL LOAD, Compression fa 5 Fa, 0.0 <_ 207.46 OK 100% under Design Member
11, EQUAL LOAD, Bending + Tension
fa/Ft+fbX/FbXTfbv/Fby=19.09/213.0+23.68/234.3+0.84/266.25=0.19 1 OK 81%
under  Design Member 11, EQUAL LOAD, Bending + Compression fa/Fa
0.0/207.46=0.0 5 0.15 ..4)0 ~a/(Da+~ps/(DG~+~Rv/('Pa
0.0/207.46+23.68/234.3+0.84/266.25=0.1 < I OK 90% under  Design Member 11,
EQUAL LOAD, Sway A < Y/300.0, 0.63 < 800.0/300.0=2.67 mm OK 76% under Page
24 of 106 Checking design member 12  Members: 12 Group: W  Section: W12x87
Load Case: EQUAL LOAD  F,=355.0 MPa On gross area Fr 0.6*F,=0.6*355.0=213.0
MPa  On net area F,=0.5*Fa 0.5*490.0=245.0 MPa  F,,=0.4*F ; 0.4*355.0=142.0
MPa KI/r=max(Kx*I/r.,Ky*1/r,)=max(1.0* 800.0/ 136.65,1.0*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 < 65k(F,,)=65/v!(355.0)=9.06 ..rp0 E yttov t6 XotraXt
MaQop A~r6: Ap < Lc .. ~0 1 =0.66*FY=0.66*355.0=234.3 MPa  ;Elinor Axis:
Fb=0.75*FY==0.75*355.0=266.25 MPa Design Member 12, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 23.68<_ 234.3 OK 90% under
Compressive Bending Stress: fb < Fb, 23.68 < 234.3 OK 90% under Design
Member 12, EQUAL LOAD, Major Shear  fl. < F, 22.5 <_ 142.0 OK 84% under
Design Member 12, EQUAL LOAD, Major Deflection  S < L/250, 0.78<_ 3.2 mm OK
76% under Design Member 12, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 0.84 < 266.25 OK 100% under  Compressive Bending Stress: 



fb 5 Fb, 0.84 < 266.25 OK 100% under Design Member 12, EQUAL LOAD, Minor
Shear  f~ S F, 0.07< 142.0 OK 100% under Design Member 12, EQUAL LOAD,
Minor Deflection  6 <_ L/250, 0.01 < 3.2 mm OK 100% under Design Member 12,
EQUAL LOAD, Tension On gross area ft <_ Ft, 19.09 5 213.0 OK 91 % under  On
net area ft < Ft, 19.09 <_ 245.0 OK 92% under  Design Member 12, EQUAL
LOAD, Slenderness  Kx*Lx/r,, 1.0*800.0/136.65=5.85 <_ 300.0 OK 98% under
KY*L}/r`, 1.0*800.0/77.98=10.26 < 300.0 OK 97% under  Design Member 12,
EQUAL LOAD, Compression fa < Fa, 0.0 _< 207.46 OK 100% under Design Member
12, EQUAL LOAD, Bending + Tension fa/Ft+fbx/Fbx+fby/Fby
19.09/213.0+23.68/234.3+0.841266.25=0.19 1 OK 81% under  Design Member 12,
EQUAL LOAD, Bending + Compression fa/Fa00(2074600 <_ 0.15 .'. ~0 '(D
ps+W0P'v 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 Page 25 of 106 Checking design member 13  Members: 13 Group: '
Section: \V 12x87 Load Case: EQUAL LOAD  FY= 355.0 MPa On gross area
Ft=0.6*F,, 0.6*355.0=213.0 MPa  On net area Fi 0.5*Fu=0.5*490.0=245.0 MPa
F,=0.4*F`. 0.4*355.0=142.0 MPa KI/r-max(KX*I,'rX,K},*l/ry.)=max(1.0*800.0/
136.65,1.0*800.0/77.98)=10.26  Fa
(I-(KL/r)2/(2*Cc2))*F`/FS=(1-10.26`/(2*105.442))*355.0/1.7=207.46 MPa
b/t=153.67%20.57=7.47 <65/v(Fy.)=65/V(355.0)=9.06 .*.40 eytiov to KoraZt
Magop AxwQ: Ap <_ L, .*.rp0 (Dp=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 13, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 23.68 < 234.3 OK 90% under
Compressive Bending Stress: 



fb <_ F. 23.68< 234.3 OK 90% under Design Member 13, EQUAL LOAD, Major
Shear  f < F. 22.5 < 142.0 OK 84% under Design Member 13, EQUAL LOAD, Major
Deflection  5<_ U250, 0.78< 3.2 mm OK 76% under Design Member 13, EQUAL
LOAD, Minor Bending  Tensile Bending Stress: fb < Fb, 0.84 <_ 266.25 OK
100% under  Compressive Bending Stress: fb <_ Fb, 0.84 <_ 266.25 OK 100%
under Design Member 13, EQUAL LOAD, Minor Shear  fl- < F," 0.07 < 142.0 OK
100% under Design Member 13, EQUAL LOAD, Minor Deflection  6<_ L/250, 0.01
< 3.2 mm OK 100% under Design :1 lember 13, EQUAL LOAD, Tension On gross
area ft < Ft, 19.09 <_ 213.0 OK 91% under  On net area ft <_ F,, 19.09 <
245.0 OK 92% under  Design Member 13, EQUAL LOAD, Slenderness  K,,*LX/rx
1.0*800.0/136.65=5.85 <_ 300.0 OK 98% under Ky.*Ly/ry=1.0*800.0/77.98=10.26
<_ 300.0 OK 97% under  Design Member 13, EQUAL LOAD, Compression fa < Fa,
0.0 <_ 207.46 OK 100% under Design Member 13, EQUAL LOAD, Bending + Tension
fa/Ft+fbx"Fbx+fby/Fb,,=19.09/213.0+23.68/234.3-0.84/266.25=0.19 < 1 OK 81%
under  Design Member 13, EQUAL LOAD, Bending + Compression fa/Fa00'2074600
<_ 0.15 .'. ~0  Q>pF+~pQ>pw=0.01207.46+23.68;234.3+0.84;'266.25=0.1 < I OK
90% under  Design Member 13, EQUAL LOAD, Sway A <_ Y/300.0, 0.63 <
800.0/300.0=2.67 mm OK 76% under Page 26 of 106 Checking design member 14
Members: 14 Group: W  Section: W 12x87 Load Case: EQUAL LOAD  Fa 355.0 MPa
On gross area F,=0.6*Fy==0.6*355.0=213.0 MPa  On net area
Ft=0.5*Fu=0.5*490.0=245.0 MPa  F,.=0.4*F,,==0.4*355.0=142.0 MPa
KI/r-max(Kx*I/rx,K,,,*1/r`,)=max(1.0*800.0/136.65,1.0*800.0/77.98)=10.26
Fa(I-(KL/r)2 /(2*Cc2))*FJFS=(1-10.262/(2* 105.442))*355.0/1.7=207.46 MPa  



b/t=153.67/20.57=7.47 < 65/v(Fv)=65/\(355.0)=9.06 ..4)0 ZE7nov t6 XopnotXi
Mapop A i : AP 5 L~ .-.4)0 Op=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 14, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 23.68 < 234.3 OK 90% under
Compressive Bending Stress: fb 5 Fb, 23.68 < 234.3 OK 90% under Design
Member 14, EQUAL LOAD, Major Shear  f1 5 F, 22.5 5 142.0 OK 84% under
Design Member 14, EQUAL LOAD, Major Deflection  65 L/250,0.78< 3.2 mm OK
76% under Design Member 14, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb 5 Fb, 0.84 < 266.25 OK 100% under  Compressive Bending Stress:
fb 5 Fb, 0.84 < 266.25 OK 100% under Design Member 14, EQUAL LOAD, Minor
Shear  f, < F, 0.07 < 142.0 OK 100% under Design Member 14, EQUAL LOAD,
Minor Deflection  85 L/250, 0.01 < 3.2 mm OK 100% under Design Member 14,
EQUAL LOAD, Tension On gross area ft < Ft, 19.09 5 213.0 OK 91% under  On
net area ft <_ Ft. 19.09:9 245.0 OK 92% under  Design Member 14, EQUAL
LOAD, Slenderness  Kx*Lx/rj1.0*800.0/136.65=5.85 < 300.0 OK 98% under
Ky,*L,,Jry, 1.0*800.0/77.98=10.26 <_ 300.0 OK 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
faPt+fbx/Fbx+fby/Fby=19.09/213.0+23.68/234.3+0.84/266.25=0.19 I OK 81%
under  Design Member 14, EQUAL LOAD, Bending + Compression fa/Fa
0.0/207.46=0.0 -< 0.15 .-.4)0 ,QypF-p4/dyp,,,
0.0/207.46-23.68/234.3+0.84/266.25=0.1 5 I OK 90% under  Design Member 14,
EQUAL LOAD, Sway A5 Y/300.0, 0.63 5 800.0/300.0=2.67 mm OK 76% under Page
27 of 106 Checking design member 15  Members: 15 



Group: W  Section: W 12x87 Load Case: EQUAL LOAD  FY 355.0 MPa On gross
area Ft=0.6*F,=0.6*355.0=213.0 NIPa  On net area Ft=0.5*Fu=0.5*490.0=245.0
MPa  F,=0.4*Fy==0.4*355.0=142.0 MPa
KI/r-max(Kx*I/rx,KK.*I/r~)=max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.
Fa=(I-(KL/r)'-/(2*Cc2))*Fy/FS=(I-36.I 12 /(2*105.442))*355.0/1.79=186.68
MPa  b/t=153.67/20.57=7.47 5 65/ i(Fy,)=65/it(355.0)=9.06 ..4)0 Ss fttov t6
Xo;rc ft  Mwpop Axrcr: A p < L~ ..4)0 (pp=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 15, EQUAL LOAD,
Major Bending  Tensile Bending Stress: fb < Fb, 36.9 <_ 234.3 OK 84% under
Compressive Bending Stress: fb < Fb, 36.95 234.3 OK 84% under Design Member
15, EQUAL LOAD, Major Shear  fv. < F, 6.13 _< 142.0 OK 96% under Design
Member 15, EQUAL LOAD, Major Deflection  6<_ L/250. 5.87 < 11.26 mm OK 48%
under Design Member 15, EQUAL LOAD, Minor Bending  Tensile Bending Stress:
fb < Fb, 14.91 < 266.25 OK 94% under  Compressive Bending Stress: fb < Fb,
14.91 < 266.25 OK 94% under Design Member 15, EQUAL LOAD, Minor Shear  f1,
< F, 0.35 <_ 142.0 OK 100% under Design Member 15, EQUAL LOAD, Minor
Deflection  S 5 L/250, 0.13 <_ 11.26 mm OK 99% under Design Member 15,
EQUAL LOAD, Tension On gross area ft < Ft, 0.0< 213.0 OK 100% under  On net
area ft < Ft, 0.0 <_ 245.0 OK 100% under  Design Member 15, EQUAL LOAD,
Slenderness K,,*Lx/rX 1.0*2816.03/136. 65=20.61 < 200.0 OK 90% under
Ky,*L,Jr,=1.0*2816.03/77.98=36.11 < 200.0 OK 82% under  Design Member 15,
EQUAL LOAD, Compression fa < Fa, 58.81 < 186.68 OK 68% under Design Member
15, EQUAL LOAD, Bending + Tension  



fa/Ft+fbx/Fbx+fby/Fby=0.0/245.0+36.9;234.3+14.91/266.25=0.21 1 OK 79% under
Design Member 15, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=58.81/186.68=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'ex)*Fbx)=0.85*36.9/((1-58.81/2424.62)*2343)=0.14
Minor Ratio=Cmy*fbyi((l-
a/F'ey)*FbV)=0.85*14.91/((1-58.81/78951)*266.25)=0.05  Axial Ratio+Major
Ratio+Minor Ratio=0.32+0.14+0.05=0.5 < I OK 50% under
fa/(0.6*Fy,)+fbx/FbxTfb1Tby=58.81/(0.6*355.0)--36.9/234.3+14.91/266.25=0.49
>= 1 OK 51% under  Design Member 15, EQUAL LOAD, Sway A<_ Y/300.0, 0.63<_
800.0/300.0=2.67 mm OK 76% under Page 28 of 106 Checking design member 16
Members: 16 Group: V/  Section: \b' 12x87 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*F.=0.5*490.0=245.0 MPa  F,=0.4*FY= 0.4*355.0=142.0 MPa
K1/r-max(KX*I/rx,K,*I.!ry.)=max(1.0*2000.0/ 136.65;
1.0*2000.0i""77.98)=25.65  Fa (1-(KL/r)-/(2*Cc2))*Fv/FS=(1-25.65'-/(2*
105.442))*355.0/1.76=196.17 MPa  b/t=153.67/20.57=7.47 5
65/I(FY)=65/J(355.0)=9.06 .-.~0 Esyriov is Xona;yt  Ma(pop A5 ha: A5 <_ L`
~O <pp=0.66*FY 0.66*355.0=234.3 MPa   Minor Axis: Fe
0.75*FY.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<234.3OK 91%under Design Member 16, EQUAL LOAD,
Major Shear  fl, < F. 2.81 < 142.0 OK 98% under Design Member 16, EQUAL
LOAD, Major Deflection  6<_ L/250, 0.87<_ 8.0 mm OK 89% under Design Member
16, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb 5 Fb, 7.09 5
266.25 OK 97% under  Compressive Bending Stress: fb <_ Fb, 7.09 <_ 266.25
OK 97% under Design Member 16, EQUAL LOAD, Minor Shear  



f . < F,, 0.025 142.0 OK 100% under Design Member 16, EQUAL LOAD, Minor
Deflection  5<_ L/250. 0.43<_ 8.0 mm OK 95% under Design Member 16, EQUAL
LOAD, Tension On gross area f,< Ft, 0.0 < 213.0 OK 100% under  On net area
f< <_ F, 0.0 < 245.0 OK 100% under  Design Member 16, EQUAL LOAD,
Slenderness Kx*Lx/ra 1.0*2000.0/136.65=14.64 < 200.0 OK 93% under
KY*LYlrY=1.0*2000.0/77.98=25.65 <_ 200.0 OK 87% under  Design Member 16,
EQUAL LOAD, Compression fa < IF, 63.45 < 196.17 OK 68% under Design Member
16, EQUAL LOAD, Bending + Tension
fa/Fj+fbxi'Fbx+fby/Fba0.0/245.0+21.97/234.3+7.09/266.25=0.12 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/((1-fa/F'ex)*FbX)=0.85*21.97/((1-63.45/4806.82)*234.3)=0.08
Minor
Ratio=Cmy*fbl((1-fa/F'e`,)*Fbv,)=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 <_ I OK 57% under
fa/(0.6*FY)+fbX/Fbx+fb,/FbY=63.45/(0.6*355.0)+21.97/234.3+7.09/266.25=0.42
>= I OK 58% under Design Member 16, EQUAL LOAD, Sway A< Y/300.0, 0.43s
800.0/300.0=2.67 mm OK 84% under Page 29 of 106 Checking design member 17
Members: 17 Group: W  Section: W I 2x87 Load Case: EQUAL LOAD  Fy==355.0
MPa On gross area Ft=0.6*F,;=0.6*355.0=213.0 MPa  On net area
F,=0.5*Fu=0.5*490.0=245.0 MPa  F,=0.4*Fy.=0.4*355.0=142.0 MPa
Kl/r=max(K,,*l/rx,Ky*l,IrV)=max(1.0#2000.0/136.65,1.0*2000.0./ 77.98)=25.65
Fa=(1-(KL/r)2/(2*Cc2))*F,jFS=(1-25.652I(2* 105.44))*355.0/1.76=196.17 MPa
b/t=153.67/20.57=7.47 <651J(Fy.)=65h1(355.0)=9.06 .'.~0 Ee;rttov' I6 Xorayt
lvfcQop A,-"to: Ap < Le .. ~0 cD0=0.66*F,=0.66*355.0=234.3 MPa Minor .axis:
Fb=0.75*Fy 0.75*355.0=266.25 MPa Design Member 17, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 21.97 < 234.3 OK 91 % under  



Compressive Bending Stress: fb < F. 21.97!5 234.3 OK 91% under Design
Member 17, EQUAL LOAD, Major Shear  f, < F," 2.81 <_ 142.0 OK 98% under.
Design Member 17, EQUAL LOAD, Major Deflection  6< L/250, 0.87s 8.0 mm OK
89% under Design Member 17, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 7.09:5 266.25 OK 97% under  Compressive Bending Stress:
fb < Fb, 7.09!5 266.25 OK 97% under Design Member 17, EQUAL LOAD, Minor
Shear  f,, < F, 0.02< 142.0 OK 100% under Design Member 17, EQUAL LOAD,
Minor Deflection  5<_ L/250, 0.43<_ 8.0 mm OK 95% under Design Member 17,
EQUAL LOAD, Tension On gross area f,5 Ft, 0.0 <_ 213.0 OK 100% under  On
net area ft < Ft, 0.0 _< 245.0 OK 100% under  Design Member 17, EQUAL LOAD,
Slenderness Kx*Lx/r,, 1.0*2000.0/136.65=14.64 < 200.0 OK 93% under
Ky,*L`lr`=1.0*2000.0/77.98=25.65 <_ 200.0 OK 87% under  Design Member 17,
EQUAL LOAD, Compression fa < Fa, 63.45 5 196.17 OK 68% under Design Member
17, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fbv==0.0/245.0+21.97/234.3+7.09%266.25=0.12 < I OK 88%
under  Design Member 17, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa=63.45/196.17=0.32 Major
Ratio=Cmx*fbx/((I-fa/F'eX)*Fbx)=0.85*21.97/((1-63.45/4806.82)*234.3)=0.08
Minor
Ratio=Cmy*fb~l((1-fa/F'e~,)*Fb`.)=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 < I OK 57% under
fa/(0.6*F,,)+fbx/Fbx+fb,/Fbv.=63.45;
(0.6#355.0)+21.97/234.3=7.09/266.25=0.42 >= I OK 58% under Design Member
17, EQUAL LOAD, Sway A< Y/300.0, 0.63 _< 800.0/300.0=2.67 mm OK 76% under
Page 30 of 106 Checking design member 18  Members: 18 Group: W  Section: W
12x87 Load Case: EQUAL LOAD  F`=355.0 MPa On gross area
F,=0.6*F,=0.6*355.0=213.0 `IPa  



On net area Ft=0.5*Fa=0.5*490.0=245.0 MPa  F,,=0.4*FY 0.4*355.0=142.0 MPa
Kl/r--max(Kx*I/rx,K,*l/r,,)=max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.11
Fa (1-(KL/r)`/(2*Cc2))*F~FS=(1-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 _< 651\(Fy)=65/`(355.0)=9.06 ...~0 E7tlOV t6 Xojutcgt
Maroop A5 ra. A0 5 Le .-.c 0 (Dp=0.66*FY=0.66*355.0=234.3 MPa  Minor Axis:
Fe 0.75*F,=0.75*355.0=266.25 MPa Design Member 18, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 36.9 <_ 234.3 OK 84% under
Compressive Bending Stress: fb < Fb, 36.9< 234.3 OK 84% under Design Member
18, EQUAL LOAD, Major Shear  17,,< F, 6.13 < 142.0 OK 96% under Design
Member 18, EQUAL LOAD, Major Deflection  5< L/250,5.875 11.26 mm OK 48%
under Design Member 18, EQUAL LOAD, Minor Bending  Tensile Bending Stress:
fb < Fb, 14.91 < 266.25 OK 94% under  Compressive Bending Stress: fb < Fb,
14.91 < 266.25 OK 94% under Design Member 18, EQUAL LOAD, Minor Shear  ff
<_ Fv, 0.35 <_ 142.0 OK 100% under Design Member 18, EQUAL LOAD, Minor
Deflection   5<_ L/250, 0.22< 11.26 mm OK 98% under Design Member 18, EQUAL
LOAD, Tension On gross area ft <_ Ft, 0.0 <_ 213.0 OK 100% under  On net
area fi < Ft, 0.6< _ 245.0 OK 100% under  Design Member 18, EQUAL LOAD,
Slenderness Kx*Lx/rx=1.0*2816.03/136.65=20.61 <_ 200.0 OK 90% under
.KY.*Ly/ry==1.0*2816.03/77.98=36.11 < 200.0 OK 82% under  Design Member 18,
EQUAL LOAD, Compression fa <_ Fa, 58.81 < 186.68 OK 68% under Design Member
18, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fb`=0.0/245.0+36.9/234.3+14.91/266.25=0.21 I OK 79% under
Design Member 18, EQUAL LOAD, Bending + Compression Axial Ratio=fa/Fa
58.81/186.68=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'eX)*Fbx)=0.85*36.9/((1-58.81./2424.62)*234.3)=0.14
Minor Ratio=Cmy*fb`/((1-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 <_ I OK 50% under
fa/(0.6*Fv)-fbx/Fbx+fbJ'bv 58.81/(0.6*355.0)+36.9/234.3+14.91/266.25=0.49>=
I OK 51%under  Design Member 18, EQUAL LOAD, Sway A<_ Y/300.0, 0.63 <
800.0/300.0=2.67 mm OK 76% under Page 31 of 106 Checking design member 19
Members: 19 Group: W  Section: W 12x87 Load Case: EQUAL LOAD  FY.=355.0 MPa
On gross area F,=0.6*F,=0.6*355.0=213.0 MPa  On net area
Ft=0.5*F.=0.5*490.0=245.0 MPa  F,=0.4*F,=0.4*355.0=142.0 MPa
Kl/r-max(KX*l/r,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))*F,i'FS=(1-17.312/(2*105.442))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 < 65/-,l(FY:)=65/''(355.0)=9.06 .'.4)0 Se Tnov ICY
XonaXr  Maroop AcrQ: Ap <L~ .-.4)0 c1p=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 19, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb 5 Fb, 1.14 < 234.3 OK 100% under
Compressive Bending Stress: fb 5 F. 1.14 < 234.3 OK 100% under Design
Member 19, EQUAL LOAD, Major Shear  f . < F, 0.78<_ 142.0 OK 99% under
Design Member 19, EQUAL LOAD, Major Deflection  6< L/250, 0.01 < 5.4 mm OK
100% under Design Member 19, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 41.56 < 266.25 OK 84% under  Compressive Bending Stress:
fb < Fb, 41.56 <_ 266.25 OK 84% under Design Member 19, EQUAL LOAD, Minor
Shear  ff. < F, 2.4 <_ 142.0 OK 98% under Design Member 19, EQUAL LOAD,
Minor Deflection 6 <_ L/250, 0.61 < 5.4 mm OK 89% under   Design Member 19,
EQUAL LOAD, Tension On gross area ft <_ F. 0.21 5 213.0 OK 100% under  



On net area ft <_ Ft, 0.21 < 245.0 OK 100% under  Design Member 19, EQUAL
LOAD, Slenderness  Kx*Lx/rx 1.0* 1350.0/136.65=9.88<_ 300.0 OK 97% under
KY*LYJ~==l.0* 1350.0/77.98=17.31 <_ 300.0 OK 94% under  Design Member 19,
EQUAL LOAD, Compression fa <_ F. 0.0 <_ 202.71 OK 100% under Design Member
19, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/FbX+fby/FbY=0.21/213.0_1.14/234.3+41.56/266.25=0.16 1 OK 84%
under  Design Member 19, EQUAL LOAD, Bending + Compression fa/Fa
0.0/202.71=0.0<_ 0.15 .-.4)O a~ QYQ+~~~i~ps+4) /
0.0/"202.71+1.14/234.3+41.56/266 25=0.16 < I OK 84% under  Design Member
19, EQUAL LOAD, Sway A:5 Y/300.0. 1.24 <_ 800.0/300.0=2.67 mm OK 53% under
Page 32 of 106 Checking design member 20  Members: 20 Group: W  Section: W
12x87 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 F,=0.5*F,,=0.5*490.0=245.0 MPa
F,=0.4*FY==0.4*355.0=142.0 MPa KI/r=max(K,,*I/r,,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))*F,JFS=(1-17.312/(2*105.44222))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 < 65/''(F`.)=65/vi(355.0)=9.06 .-.4>0 Isyttov is
Xonoq-r  Afaaop A ra:  Ap < L~ 4>0 (D=0.66*F,=0.66*355.0=234.3 MPa  Minor
Axis: Fb=0.75*Fv=0.75*355.0=266.25 MPa Design Member 20, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 1.14 < 234.3 OK 100% under
Compressive Bending Stress: fb < Fb, 1.14 5 234.3 OK 100% under Design
Member 20, EQUAL LOAD, Major Shear  fl, 5 F, 0.78 5 142.0 OK 99% under
Design Member 20, EQUAL LOAD, Major Deflection  S 5 L/250, 0.01 <_ 5.4 mm
OK 100% under Design Member 20, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: 



fb 5 Fb, 41.56 < 266.25 OK 84% under  Compressive Bending Stress: fb <_ Fb,
41.56 <_ 266.25 OK 84% under Design Member 20, EQUAL LOAD, Minor Shear  f~
5 F,. 2.4< 142.0 OK 98% under Design Member 20, EQUAL LOAD, Minor
Deflection   55 L/250, 0.61 < 5.4 mm OK 89% under Design Member 20, EQUAL
LOAD, Tension On gross area f,:5 F>, 0.21 <_ 213.0 OK 100% under  On net
area f, <_ Ft, 0.21 5 245.0 OK 100% under  Design Member 20, EQUAL LOAD,
Slenderness  K,*L,./rX 1.0* 1350.0/136.65=9.88 300.0 OK 97% under KY*Ly/rte
1.0* 1350.0/77.98=17.31 300.0 OK 94% under  Design Member 20, EQUAL LOAD,
Compression fa <_ Fa, 0.0< 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 I OK 84%
under  Design Member 20, EQUAL LOAD, Bending + Compression fa/Fa=0.0/202.7
1=0.0 < 0.15 .-. 4>0
~a/tea+~ps/rUpS+~p~N~4,=0.0/202.71+1.14/234.3+41.56/266.25=0.16 5 l OK 84%
under  Design Member 20, EQUAL LOAD, Sway A< Y/300.0, 0.63<_
800.0/300.0=2.67 mm OK 76% under Page 33 of 106 Checking design member 21
Members: 21 Group: W  Section: W 12x87 Load Case: EQUAL LOAD  FY=355.0 MPa
On gross area Ft=0.6*Fv=0.6*355.0=213.0 MPa  On net area
Ft=0.5*F.=05*490.0=245.0 MPa  F,,=0.4*Fy=0.4*355.0=142.0 MPa Kl/r=max(K.
*l/r,,K`,*l/ry.)=max(I.0* 1350.0/136.65,1.0* 1350.0/77.98)=17.31
Fa(I-(KL/r)'i(2*Cc'))*FyJFS=(1-17.312/(2*105.44)))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 <_ 65/-,/(F )=65N(355.0)=9.06 .'.4)0 r;YTIOV is Xo
utaft  Maipop A, ia: AP <_ L, .'.4)0 (D p=0.66*Fy==0.66*355.0=234.3 MPa
Minor Axis: Fe 0.75*Fy=0.75*355.0=266.25: MPa Design Member 21, EQUAL LOAD,
Major Bending  Tensile Bending Stress: 



fb <_ Fb, 1.14 < 234.3 OK 100% under  Compressive Bending Stress: fb <_ F.
1.14 5 234.3 OK 100% under Design Member 21, EQUAL LOAD, Major Shear  fv.
<_ F, 0.78:5 142.0 OK 99% under Design Member 21, EQUAL LOAD, Major
Deflection  5< L/250, 0.01 < 5.4 mm OK 100% under Design Member 21, EQUAL
LOAD, Minor Bending  Tensile Bending Stress: fb <_ Fb, 41.56< 266.25 OK 84%
under  Compressive Bending Stress: fb < Fb, 41.56< 266.25 OK 84% under
Design Member 21, EQUAL LOAD, Minor Shear  f~<_ F, 2.4<_ 142.0 OK 98% under
Design Member 21, EQUAL LOAD, Minor Deflection S 5 L/250, 0.61 5 5.4 mm OK
89% under   Design Member 21, EQUAL LOAD, Tension On gross area ft < Ft,
0.21 <_ 213.0 OK 100% under  On net area f, < Frr 0.21 < 245.0 OK 100%
under  Design Member 21, EQUAL LOAD, Slenderness  KX*L,,/ra 1.0*
1350.0/136.65=9.88 < 300.0 OK 97% under Ky*LyjrY 1.0* 1350.0/77.98=17.31 <
300.0 OK 94% under  Design Member 21, EQUAL LOAD, Compression fa 5 Fa, 0.05
202.71 OK 100% under Design Member 21, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fbv=0.21/213.0+1.141234.3+41.56/266.25=0.16 < 1 OK 84%
under  Design Member 21, EQUAL LOAD, Bending + Compression fa/Ta
0.0/202.71=0.0 <_ 0.15 .'.4)0 rpu,'dya+~p~/~p~+~R~ (DO P
0.0/202.71+1.14/234.341.56/266.25=0.16 <_ I OK 84% under  Design Member 21,
EQUAL LOAD, Sway A < Y/300.0, 1.24 <_ 800.0/300.0=2.67 mnm OK 53% under
Page 34 of 106 Checking design member 22  Members: 22 Group: W  Section: W
12x87 Load Case: EQUAL LOAD  F,,=355.0 MPa On gross area
F,=0.6*F,,=0.6*355.0=213.0 'v1Pa  On net area Ft 0.5*F,,=0.5*490.0=245.0
MPa  F,=0.4*Fy 0.4*355.0=142.0 MPa 



KI/r=max(Ka*l/r,,,K,*I/ry)=max(1.0* 1350.0/136.65,1.0* 1350.0/77.98)=17.31
Fa (I-(KL/r)2/(2*Cc2))*F/IFS=(1-17.312/(2*105.44'-))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 5 65/v(Fy,)=65/x(355.0)=9.06 .. b0 EsyTlov t6 Xoaa;tr
Ilay~op A Ap < Lc ..rb0 Dp=0.66*Fy=0.66*355.0=234.3 MPa  Minor Axis. Fe
0.75*Fa0.75*355.0=266.25 MPa Design Member 22, EQUAL LOAD, Major Bending
Tensile Bending Stress: fb 5 Fb. 1.14 5 234.3 OK 100% under  Compressive
Bending Stress: fb < Fb, 1.14 < 234.3 OK 100% under Design Member 22, EQUAL
LOAD, Major Shear  fl<_ IF, 0.78:5: 142.0 OK 99% under Design Member 22,
EQUAL LOAD, Major Deflection  S <_ L/250, 0.01 < 5.4 mm OK 100% under
Design Member 22, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <
F. 41.56 < 266.25 OK 84% under  Compressive Bending Stress: fb < Fb, 41.56
< 266.25 OK 84% under Design Member 22, EQUAL LOAD, Minor Shear  f" 5 F,
2.4 < 142.0 OK 98% under Design Member 22, EQUAL LOAD, Minor Deflection
,S < L/250, 0.61 <_ 5.4 mm OK 89% under Design Member 22, EQUAL LOAD,
Tension On gross area ft <_ Ft, 0.21 < 213.0 OK 100% under  On net area ft
5 Ft, 0.21 <_ 245.0 OK 100% under  Design Member 22, EQUAL LOAD,
Slenderness  KX*L,;/ra 1.0* 1350.0/136.65=9.88 < 300.0 OK 97% under
Ky*Ly/rY l.0* 1350.0/77.98=17.31 300.0 OK 94% under  Design Member 22,
EQUAL LOAD, Compression fa <_ Fa, 0.0:5 202.71 OK 100% under Design Member
22, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/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 .-. ~0 ~a/(D,,,+~py/4yp~+~pV
Qyp~,==0.0/202.71+1.14,-234.3741.56/266.25=0.16 <_ 1 OK 84/o under  Design
Member 22, EQUAL LOAD, Sway A< Y/300.0. 0.63:5 800.0/300.0=2.67 mm OK 76%
under Page 35 of 106 



Checking design member 23  Members: 23 Group: W  Section: W 12x87 Load
Case: EQUAL LOAD  FY= 355.0 ,MPa On gross area F,=0.6*Fv=0.6*355.0=213.0
MPa  On net area F,=0.5*F,,=0.5*490.0=245.0 MPa  F,=0.4*F,. 0.4*355.0=142.0
MPa Kl/r-max(Kx*l/rx,K},*I/r,.)=max(1.0*2816.03/
1'+6.65,1.0*2816.03/77.98)=36.11  Fa
(1-(KL/r)2/(2*Cc2))*F,iFS=(1-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 < 65/v(Fv.)=65/v'(355.0)=9.06 ~0 ZEXnov t6 Xorta;rr
Mar~op Af r6: Ap < Le .. ~0 (Ap=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 23, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 36.9 <_ 234.3 OK 84% under
Compressive Bending Stress: fb < Fb, 36.9:5 234.3 OK 84% under Design
Member 23, EQUAL LOAD, Major Shear  f,,. <_ F, 6.13 < 142.0 OK 96% under
Design Member 23, EQUAL LOAD, Major Deflection  S < L/250, 5.87< 11.26 mm
OK 48% under Design Member 23, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 14.91 < 266.25 OK 94% under  Compressive Bending Stress:
fb < Fb, 14.91 5 266.25 OK 94% under Design Member 23, EQUAL LOAD, Minor
Shear  f,. <_ F," 0.35:5 142.0 OK 100% under Design Member 23, EQUAL LOAD,
Minor Deflection S < L/250, 0.13 _< 11.26 mm OK 99% under   Design Member
23, EQUAL LOAD, Tension On gross area ft < Ft, 0.0 < 213.0 OK 100% under
On net area ft < Ft, 0.0 < 245.0 OK 100% under  Design Member 23, EQUAL
LOAD, Slenderness Kx*Lx/ra 1.0*2816.03/ 136.65=20.61 <_ 200.0 OK 90% under
Ky,*L,Jra 1.0*2816.03/77.98=36.11 5 200.0 OK 82% under  Design Member 23,
EQUAL LOAD, Compression 



fa < Fa, 58.81 < 186.68 OK 68% under Design Member 23, EQUAL LOAD, Bending
+ Tension fa T,+fbx/Fbx+fby/Tbv 0.0/245.0+36.9/234.3+14.91/266.25=0.21 I OK
79% under  Design Member 23, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa 58.81/186.68=0.32 Major
Ratio=Cmx*fb,./((I-fa/F'ex)*Fbx)=0.85*36.9/((1-58.81/2424.62)*234.3)=0.14
Minor Ratio=Cmy*fb)J((I-fa/F'e%,)*Fb`,)=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 <_ I OK 50% under
fa/(0.6*Fv,)+fbx/Tbx+fb,,JFbv,=58.81
/(0.6*355.0)+36.9/234.3-14.91/266.25=0.49 >= I OK 51 % under  Design Member
23, EQUAL LOAD, Sway A!5 Y1300.0, 0.63 5 800.0/300.0=2.67 mm OK 76% under
Page 36 of 106 Checking design member 24  Members: 24 Group: W  Section: W
12x87 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*F,,=0.5*490.0=245.0 MPa
F,,=0.4*FY==0.4*355.0=142.0 MPa
KI/r=max(K,,*I/rx,K`,*I/rY)=max(1.0*2000.0/136.65,1.0*2000.0/77.98)=25.65
Fa (I-(KL/r)2/(2*Cc2))*FY/FS=(1-25.652/(2* 105.442))*355.0/I.76=196.17 MPa
b/t=153.67/20.57=7.47 <65/ii(Fy.)=65/Ni(355.0)=9.06 ..4)0 Es/tiov is Xozayt
Matpop A; tQ: Ap < Le ..4)0 (D 0 =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 24, EQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 21.97 < 234.3 OK 91% under
Compressive Bending Stress:  fb5Fb,21.97<234.3OK91%under Design Member 24,
EQUAL LOAD, Major Shear  fv <_ Fv., 2.81 < 142.0 OK 98% under Design Member
24, EQUAL LOAD, Major Deflection  S < L/250, 0.87<_ 8.0 mm OK 89% under
Design Member 24, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <
Fb, 7.09 <_ 266.25 OK 97% under  Compressive Bending Stress: 



fb < Fb, 7.09 <_ 266.25 OK 97% under Design Member 24, EQUAL LOAD, Minor
Shear  ff, < F, 0.025 142.0 OK 100% under Design Member 24, EQUAL LOAD,
Minor Deflection  65 L/250, 0.43!5 8.0 mm OK 95% under Design Member 24,
EQUAL LOAD, Tension On gross area ft < Ft, 0.05 213.0 OK 100% under  On net
area ft <_ Ft, 0.0<_ 245.0 OK 100% under  Design Member 24, EQUAL LOAD,
Slenderness Kx*Lx/ra 1.0*2000.0/136.65=14.64 < 200.0 OK 93% under  Ky.*LjrY
-1.0*2000.0/77.98=25.65 < 200.0 OK 87% under  Design Member 24, EQUAL LOAD,
Compression fa < Fa, 63.45 <_ 196.17 OK 68% under Design Member 24, EQUAL
LOAD, Bending + Tension fa/Ft+fbx/Fbx+fby/Fby
0.0/245.0+21.97/234.3+7.09/266.25=0.12 I OK 88% under  Design Member 24,
EQUAL LOAD, Bending + Compression Axial Ratio=fa/Fa 63.45/196.17=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'ex)*Fbx)=0.85*2I.97/((I-63.45/4806.82)*234.3)=0.08
Minor Ratio=Cmy*fb,;
((1-fa/F'ey)*Fbv,)=0.85*7.09/((I-63.45/1565.2)*266.25)=0.02  Axial
Ratio+Major Ratio+Minor Ratio=0.32+0.08+0.02=0.43 5 I 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
>= I OK 58% under Design Member 24, EQUAL LOAD, Sway A:5 Y/300.0, 0.43<_
800.0/300.0=2.67 mm OK 84% under Page 37 of 106 Checking design member 25
Members: 25 Group: W  Section: W 12x87 Load Case: EQUAL LOAD  Fy==355.0 MPa
On gross area F,=0.6*Fy=0.6*355.0=213.0 MPa  On net area
Ft=0.5*F.=0.5*490.0=245.0 i\-IPa  F,.=0.4*Fy.=0.4*355.0=142.0 MPa K I/r-max
(Kx * 1/ rx, Ky, * 1 /r,)=m a x (1.0 * 2 000.0/ 13 6.6 5,1.0 * 2000.0/7
7.98)=25.6 5
Fa=(1-(KL/r)2/(2*Cc2))*FyJFS=(1-25.652/(2*I05.442))*355.0/1.76=196.17 MPa
b/t=153.67/20.57=7.47 < 65/v''(Fy.)=651'J(355.0)=9.06 .'.4>0 Y-67 TIOV to
Xoita;gt  Macoop A to: Ap Lc ..tp0 cp0=0.66*F,=0.66*355.0=234.3 MPa  Minor
Axis: Fb=0.75*Fy= 0.75*355.0=266.25 MPa Design Member 25, EQUAL LOAD, Major
Bending  



Tensile Bending Stress: fb < Fb, 21.97<_ 234.3 OK 91% under  Compressive
Bending Stress: fb<FbI 21.97<234.3 OK 91% under Design Member 25, EQUAL
LOAD, Major Shear  f, s Ft., 2.81 < 142.0 OK 98% under Design Member 25,
EQUAL LOAD, Major Deflection 6< L/250, 0.87< 8.0 mm OK 89% under .  Design
-Member 25, EQUAL LOAD, Minor Bending Tensile Bending Stress: fb <_ F. 7.09
_< 266.25 OK 97% under  Compressive Bending Stress: fb < Fb, 7.09 5 266.25
OK 97% under Design Member 25, EQUAL LOAD, Minor Shear  f" < F, 0.02 s
142.0 OK 100% under Design Member 25, EQUAL LOAD, Minor Deflection  6 <
L/250.0.43 <_ 8.0 mm OK 95% under Design Member 25, EQUAL LOAD, Tension On
gross area ft < Ft, 0.0 < 213.0 OK 100% under  On net area ft 5 Ft, 0.0 <_
245.0 OK 100% under  Design Member 25, EQUAL LOAD, Slenderness K,t*Lx/rX
1.0*2000.0/136.65=14.64 < 200.0 OK 93% under
Ky,*L,Jry=1.0*2000.0/77.98=25.65 5 200.0 OK 87% under  Design Member 25,
EQUAL LOAD, Compression fa < F, 63.45 <_ 196.17 OK 68% under Design Member
25, EQUAL LOAD, Bending + Tension
fa/Ft+fbX!Fbx+fby/Fby=0.0/245.0+21.97/234.3+7.09/266.25=0.12 < 1 OK 88%
under  Design Member 25, EQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa 63.45/196.17=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'ex)*Fbx)=0.85*21.97/((1-63.45/4806.82)*234.3)=0.08
Minor
Ratio=Cmy*fbJ((1-fa/F'e}.)*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 < I OK 57% under
fa/(0.6*Fy,)+fbx/Fbx+fb/Fb~.=63.45i(0.6+355.0)+21.97/234.3+7.09/266.25=0.42
>= I OK 58% under Design Member 25, EQUAL LOAD, Sway A< Y/300.0, 0.63 <_
800.0/,00.0=2.67 mm OK 76% under Page 38 of 106 Checking design member 26
Members: 26 Group: W  Section: W 12x8 7 Load Case: EQUAL LOAD  



F`=355.0 MPa On gross area Ft=0.6*F, 0.6*355.0=213.0 MPa  On net area
Ft=0.5*Fa 0.5*490.0=245.0 MPa  F,=0.4*Fy 0.4*355.0=142.0 MPa
Kl/r=max(Kx*I/rx,KY*l/r,,)=max(1.0' 2816.03/136.65,1.0*2816.03/77.98)=36.11
Fa(1-(KL/r)2/(2*Cc2))*Fy/FS=(l-36.112/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 <_ 65N(Fy.)=65/'I(355.0)=9.06 ..~0 Esytiov is Xo ii
otXT  :'flattop A; io:  AR <_ L, .-. 0 op=0.66*FY=0.66*355.0=234.3 MPa
Minor Axis: Fe 0.75*Fy=0.75*355.0=266.25 MPa Design Member 26, EQUAL LOAD,
Major Bending  Tensile Bending Stress: fb < Fb, 36.9 <_ 234.3 OK 84% under
Compressive Bending Stress: fb <_ Fb, 36.9 <_ 234.3 OK 84% under Design
Member 26, EQUAL LOAD, Major Shear  fv <_ F,, 6.13 5 142.0 OK 96% under
Design Member 26, EQUAL LOAD, Major Deflection  8<_ L/250, 5.875 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  ff. <_ FL., 0.35 <_ 142.0 OK 100% under Design Member 26, EQUAL
LOAD, Minor Deflection  S < L/250, 0.22<_ 11.26 mm OK 98% under Design
Member 26, EQUAL LOAD, Tension On gross area fc < F, 0.0:5 213.0 OK 100%
under  On net area f, <_ Ft, 0.0 <_ 245.0 OK 100% under  Design Member 26,
EQUAL LOAD, Slenderness Kx*Lx/ra 1.0*2816.03/136.65=20.61 5 200.0 OK 90%
under  Ky*L~rY l.0*2816.03/77.98=36.11 5 200.0 OK 82% under  Design Member
26, EQUAL LOAD, Compression fa < Fa, 58.81 < 186.68 OK 68% under Design
Member 26, EQUAL LOAD, Bending + Tension
fa/Fl+fbx/Fbx+fby/Fb`==0.0/245.0+36.9/234.3+14.91/266.25=0.21 5 I OK 79%
under  Design Member 26, EQUAL LOAD, Bending+ Compression Axial Ratio=fa/Fa
58.81/186.68=0.32 



Major
Ratio=Cmx*fbx/((I-fa/F',,)*Fbx)=0.85#36.9/((1-58.81/2424.62)#234.3)=0.14
Minor Ratio=Cmy*fbyl((1-fa/F'e`,)*Fby)=0.85* I4.91/((1-58.81 /
789.51)*266.25)=0.05  Axial Ratio+Major Ratio+Minor
Ratio=0.32+0.14+0.05=0.5 <_ I OK 50% under
fa/(0.6*FY)+fbx/Fbx+fb~,/Fby==58.81/(0.6#355.0)+36.9!234.3+14.91/266.25=0.4
9 -I OK 51% under  Design Member 26, EQUAL LOAD, Sway A!5 Y/300.0, 0.63 <_
800.0/300.0=2.67 mm OK 76% under Page 39 of 106 Checking design member 27
Members: 27 Group: Custom2  Section: CHS 114.3 x 6  0 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*Fu=0.5*490.0=245.0 MPa  F,=0.4*F,=0.4*355.0=142.0 MPa
KI/r=max(Kx*I/rx,Ky.*l/ry.)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa (1-(KL/r)2/(2*Cc2))*F`/FS=(1-81.43''-,'(2*108.06'-))*355.0/1.9=134.08
MPa  Major Axis. Fb=0.66*FY=0.66*355.0=234.3 MPa  Minor Axis: Fe 0.66*FY
0.66*355.0=234.3 MPa Design Member 27, EQUAL LOAD, Major Bending  Tensile
Bending Stress: fb < Fb, 3.82 <_ 234.3 OK 98% under  Compressive Bending
Stress: fb < Fb, 3.82 < 234.3 OK 98% under Design Member 27, EQUAL LOAD,
Major Shear  fv < F, 0.02 <_ 142.0 OK 100% under Design Member 27, EQUAL
LOAD, Major Deflection  S <_ L/250, 5.99< 12.49 mm OK 52% under Design
Member 27, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb < Fb, 0.6<
234.30K 100% under  Compressive Bending Stress: fb <_ Fb, 0.6< 234.3 OK
100% under Design Member 27, EQUAL LOAD, Minor Shear  f . < F,., 0.01 <_
142.0 OK 100% under Design Member 27, EQUAL LOAD, Minor Deflection  S <_
L/250, 0.75 5 12.49 mm OK 94% under 



Design Member 27, EQUAL LOAD, Tension On gross area f,< F, 0.0 < 213.0 OK
100% under  On net area f, < Ft, 0.0 S 245.0 OK 100% under  Design Member
27, EQUAL LOAD, Slenderness Kx*Lx/ra 1.0*3122.9/38.35=81.43 200.0 OK 59%
under  Ky,*Lti/ry=l .0*3122.9/38.35=81.43 < 200.0 OK 59% under  Design
Member 27, EQUAL LOAD, Compression fa 5 Fa, 17.45 < 134.08 OK 87% under
Design Member 27, EQUAL LOAD, Bending + Tension  fa/Ft+fbx/Fbx-fby/Fby=0
.0/245.0-3.82/234.3+0.6/234.3=0.02 I OK 98% under  Design Member 27, EQUAL
LOAD, Bending + Compression fa/Fa 17.45/134.08=0. 13 5 0.15 .'. 0
~/cG~+p~i~Rs: p~~pW=17.45/134.08+3.82/234.3+0.6/234.3=0.15 < I OK 85% under
Design Member 27, EQUAL LOAD, Sway A< Y/300.0, 1.24<_ 800.0/300.0=2.67 mm
OK 53% under Page 40 of 106 it  it  Checking design member 28 Members: 28
Group: Custom2  Section: CHS 114.3 x 6  0  li 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  F,=0.4*Fy=0.4*355.0=142.0 MPa
KI/r-max(KX*l/rx,Ky*1/rv,)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa(1-(KL/r)2/(2*Cc2))*FIFS=(1-81.432/(2* 108.062))*355.0/1.9=134.08 MPa
kfajor Axis: Fe 0.66*Fv 0.66*355.0=234.3 MPa   Minor Axis: Fe
0.66*Fy=0.66*355.0=234.3 MPa Design Member 28, EQUAL LOAD, Major Bending
Tensile Bending Stress: fb <_ Fb, 3.82 < 234.3 OK 98% under  Compressive
Bending Stress: fb < Fb, 3.82 < 234.3 OK 98% under Design Member 28, EQUAL
LOAD, Major Shear  



fv < F, 0.02 < 142.0 OK 100% under Design Member 28, EQUAL LOAD, Major
Deflection  S <_ L/250.5.99 <_ 12.49 mm OK 52% under Design Member 28,
EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb < Fb, 0.6 < 234.3 OK
100% under  Compressive Bending Stress: fb < Fb, 0.6< 234.3 OK 100% under
Design Member 28, EQUAL LOAD, Minor Shear  1711 < F, 0.01 <_ 142.0 OK 100%
under Design Member 28, EQUAL LOAD, Minor Deflection  S <_ L/250, 0.75 5
12.49 mm OK 94% under Design Member 28, EQUAL LOAD, Tension On gross area
ft <_ F, 0.0 <_ 213.0 OK 100% under  On net area ft <_ Ft, 0.0 <_ 245.0 OK
100% under  Design Member 28, EQUAL LOAD, Slenderness Kx*LX/ra
1.0*3122.9/38.35=81.43 <_ 200.0 OK 59% under
Kv,*LyJrY=1.0*3122.9/38.35=81.43 <_ 200.0 OK 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
fa/Ft+fb,.fFbx+fby/Fby,=0.0/245.0+3.82/234.3+0.6/234.3=0.02 5 I OK 98%
under  Design Member 28, EQUAL LOAD, Bending + Compression fa/Fa
17.45/134.08=0.13 5 0.15 .'. ~0 C/4ya+( .,. (Dos+~R/ 00,V
17.45/'134.08+3.82/'234.3+0.6/234.3=0.1 5 <_ 1 OK 85% under  Design Member
28, EQUAL LOAD, Sway A < Y/300.0, 1.245 800.0/300.0=2.67 mm OK 53% under
Page 41 of 106 Checking design member 29  Members: 29 Group: Custom2
Section: CHS 114.3 x 6  0 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 F,=0.5~Fa=0.5*490.0=245.0 MPa
F,=0.4*Fy 0.4*355.0=142.0 MPa KI/r=max(KX*l/rc,KK.*1/ry.)=max(1.0*
1569.24/38.35,1.0* 1569.24/38.35)=40.92  Fa
(I-(KL/r)'`/(2*Cc2))*FyJFS=(1-40.92--'/(2*108.062))*355.0/1.8=182.89 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 29, EQUAL LOAD, Major Bending  Tensile Bending Stress: fb
< Fb, 2.13 5 234.3 OK 99% under  Compressive Bending Stress: fb < Fb, 2.13
<_ 234.3 OK 99% under Design Member 29, EQUAL LOAD, Major Shear  ft, 5 F,
0.11 < 142.0 OK 100% under Design Member 29, EQUAL LOAD, Major Deflection
6< L/250, 0.08 5 6.28 mm OK 99% under Design Member 29, EQUAL LOAD, Minor
Bending . . ,  Tensile Bending Stress: fb 5 Fb, 8.22 5 234.3 OK 96% under
Compressive Bending Stress: fb < F. 8.22< 234.3 OK 96% under Design Member
29, EQUAL LOAD, Minor Shear  fV <_ F, 0.33 5 142.0 OK 100% under Design
Member 29, EQUAL LOAD, Minor Deflection  8< L/250, 1.39< 6.28 mm OK 78%
under Design Member 29, EQUAL LOAD, Tension On gross area ft < F, 5.51 <
213.0 OK 97% under  On net area ft 5 F, 5.51 < 245.0 OK 98% under  Design
Member 29, EQUAL LOAD, Slenderness Kx*LX/r,,=1.0* 1569.24/38.35=40.92 5
300.0 OK 86% under  Ky,*Ly/rY 1.0* 1569.24/38.35=40.92 < 300.0 OK 86% under
Design Member 29, EQUAL LOAD, Compression fa < Fa, 0.0< 182.89 OK 100%
under Design Member 29, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby, 5.51/213.0+2.13/234.3+8.22/234.3=0.07 < I OK 93%
under  Design Member 29, EQUAL LOAD, Bending + Compression fa/F.=0.0/1
82.89=0.0< 0.15 .'. ~0  ~a./(D,+'o='(Da;
+~o,/Opw=0.0/182.89+2.13%234.3+8.22/234.3=0.04 < I OK 96% under  Design
Member 29, EQUAL LOAD, Sway A!5 Y/300.0, 1.24<_ 800.0/300.0=2.67 mm OK 53%
under Page 42 of 106 Checking design member 30  Members: 30 Group: Custom2
Section: CHS 114.3 x 6  



0 Load Case: EQUAL LOAD  FY=355.0 MPa On gross area
F,=0.6*FY=0.6*355.0=213.0 N'1Pa  On net area Ft=0.5*F,,=0.5*490.0=245.0 MPa
F,=0.4*Fy==0.4*355.0=142.0 MPa KUr-max(KX*1/rx,KY.*I./r,)=max(1.0*
1569.24/38.35,1.0* 1569.24/38.35)=40.92  Fa
(1-(KL/r)'-/(2*Cc2))*F/FS=(1-40.922/(2*108.06'-))*355.0/1.8=182.89 MPa
Major Axis: Fe 0.66*F,=0.66*355.0=234.3 MPa  Minor Axis:
Fb=0.66*FY=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 <_ 234.3 OK 99% under Design Member 30, EQUAL
LOAD, Major Shear  ff. < F, 0.11 < 142.0 OK 100% under Design Member 30,
EQUAL LOAD, Major Deflection  8<_ L/250, 0.08<_ 6.28 mm OK 99% under Design
Member 30, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb 5 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  f1< F, 0.33 <_ 142.0
OK 100% under Design Member 30, EQUAL LOAD, Minor Deflection  5< L/250,
1.39< _ 6.28 mm OK 78% under Design Member 30, EQUAL LOAD, Tension On gross
area f1 < Fr, 5.51 <_ 213.0 OK 97% under  On net area fi < Ft, 5.51 <_
245.0 OK 98% under  Design Member 30, EQUAL LOAD, Slenderness K,,*Lx/r,,
1.0* 1569.24/38.35=40.92 < 300.0 OK 86% under  KY*LYJrY 1.0*
1569.24/38.35=40.92 5300.0 OK 86% under  Design Member 30, EQUAL LOAD,
Compression fa F, 0.0 <_ 182.89 OK 100% under Design Member 30, EQUAL LOAD,
Bending + Tension
fa/F,+fbx/Fbx+fby/Fb,==5.51/213.0+2.13/234.3+8.22/234.3=0.07 < 1 OK 93%
under  Design Member 30, EQUAL LOAD, Bending + Compression 



fa/Fa 0.0/ 182.89=0.0 < 0.15 .'. ~0 ~a/tea-~0;/~0 4%00v=0.0./
182.89+2.13/234.3+8.22/234.3=0.04 < I OK 96% under  Design Member 30, EQUAL
LOAD, Sway "N < Y/300.0, 1.24<_ 800.0/300.0=2.67 mm OK 53% under Page 43 of
106 Checking design member 31  Members: 31 Group: Custom2  Section: CHS
114.3 x 6  0 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*F,,=0.5*490.0=245.0 MPa
F`.=0.4*Fy=0.4*355.0=142.0 MPa K1/
r=max(KX*1./rX,K,.*1/r`,)=max(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa (I-(KL/r)'-/(2*Cc'))*F,JFS=(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: Fe 0.66*FY
0.66*355.0=234.3 MPa Design Member 31, EQUAL LOAD, Major Bending  Tensile
Bending Stress: fb < Fb- 12.41 < 234.3 OK 95% under  Compressive Bending
Stress: fb < Fb. 12.41 < 234.3 OK 95% under Design Member 31, EQUAL LOAD,
Major Shear  f < F, 0.25< 142.0 OK 100% under Design Member 31, EQUAL LOAD,
Major Deflection  6:57/250, 0.79<_ 8.62 mm OK 91 % under Design Member 31,
EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <_ Fb, 4.48< 234.3 OK
98% under  Compressive Bending Stress: fb <_ Fb, 4.48 <_ 234.3 OK 98% under
Design Member 31, EQUAL LOAD, Minor Shear  f`, <_ F, 0.17 < 142.0 OK 100%
under Design Member 31, EQUAL LOAD, Minor Deflection  S < L/250, 0.44 <
8.62 mni OK 95% under Design Member 31, EQUAL LOAD, Tension On gross area
ft < F, 0.0 < 213.0 OK 100% under  



On net area f,<_ Ft, 0.0 <_ 245.0 OK 100% under  Design Member 31, EQUAL
LOAD, Slenderness KX*Lx/rX l .0*2154.07/38.35=56.17 < 200.0 OK 72% under
Ky,*L,Jr,=1.0*2154.07/38.35=56.17 <_ 200.0 OK 72% under  Design Member 31,
EQUAL LOAD, Compression fa<Fa, 15.77<166.50K91%under Design Member 31,
EQUAL LOAD, Bending + Tension  fa/Ft+fbX/Fbx+fby/Fb`.=0.0/245.0
12.41/234.3+4,48/234.3=0.07 < I OK 93% under  Design Member 31, EQUAL LOAD,
Bending + Compression a/Fa 15.77/ 166.5=0.09 < 0.15 .'. ~0 J.,4'Pv
15.77/166.5+12.41/234.3-4.48/234.3=0.17 < 1 OK 83% under  Design Member 31,
EQUAL LOAD, Sway A!-< Y/300.0, 0.43 <_ 800.0/300.0=2.67 mm OK 84% under
Page 44 of 106 Checking design member 32  Members: 32 Group: Custom2
Section: CHS 114.3 x 6  0 Load Case: EQUAL LOAD  F,=355.0 MPa On gross area
F,=0.6*F,= 0.6*355.0=213.0 MPa  On net area Ft=0.5*F.=0.5*490.0=245.0 MPa
F,=0.4*F,=0.4*355.0=142.0 MPa KI/r=max(KX*
l/r,.,K~,*1/rV,)=max(1.0*2154.07/38.35, I.0*2154.07/38.35)=56.17  Fa
(1-(KL/r)2/(2*CC2))*F,/FS=(I-56.17'-/(2*108.062))*355.0/1.84=166.5 MPa
Major Axis: Fe 0.66*F,==0.66*355.0=234.3 MPa   Minor Axis: Fe 0.66*FV.
0.66*355.0=234.3 MPa Design Member 32, EQUAL LOAD, Major Bending  Tensile
Bending Stress: fb < Fb, 12.41 < 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  f, < F, 0.25 <_ 142.0 OK 100% under Design Member 32,.EQUAL
LOAD, Major Deflection  5<_ L/250, 0.795 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 < Fb,
4.48 5 234.3 OK 98% under Design Member 32, EQUAL LOAD, Minor Shear  f , <
Fv, 0.17 <_ 142.0 OK 100% under Design Member 32, EQUAL LOAD, Minor
Deflection  S <_ L/250, 0.44:5 8.62 mm OK 95% under Design Member 32, EQUAL
LOAD, Tension On gross area ft < Ft, 0.0 <_ 213.0 OK 100% under  On net
area ft <_ F, 0.0 <_ 245.0 OK 100% under  Design Member 32, EQUAL LOAD,
Slenderness K,,*L,,/ra 1.0*2154.07/38.35-56.17 < 200.0 OK 72% under
Ky*L,,jry=l.0*2154.07/38.35=56.17 < 200.0 OK 72% under  Design Member 32,
EQUAL LOAD, Compression fa < Fa, 15.77:5 166.5 OK 91% under Design Member
32, EQUAL LOAD, Bending + Tension
fa/Fi+fbX/Fbx+fby/Fby==0.0/245.0+12.41/234.3+4.48/234.3=0.07 1 OK 93% under
Design Member 32, EQUAL LOAD, Bending + Compression
fa/Fa=15.77/166.5=0.09<_ 0.15 .-.41O rpa/(Da+~py/(D, +~, (D,,
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 A< Y/300.0, 0.43!5 800.0/300.0=2.67 mm OK 84% under Page
45 of 106 Checking design member 33  Members: 33 Group: Custom2  Section:
CHS 114.3 x 6  0 Load Case: EQUAL LOAD  FY= 355.0 MPa On gross area
F,=0.6*Fy=0.6*355.0=213.0 MPa  On net area F,=0.5*F,,=0.5*490.0=245.0 MPa
F,==0.4*Fy=0.4*355.0=142.0 MPa
KUr=max(Kx*l/rx,Ky,*I/rv,)=max(1.0*2154.07/38.35, 1.0*2154.07/38.35)=56.17
Fa (1-(KL/r)2/(2*Cc2))-F/FS=(I-56.172/(2*108.062))*355.0/1.84=166.5 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 33, EQUAL LOAD, Major
Bending  Tensile Bending Stress: 



fb <_ Fb, 12.41 < 234.3 OK 95% under  Compressive Bending Stress: fb < Fb,
12.41 < 234.3 OK 95% under Design Member 33, EQUAL LOAD, Major Shear  17, 5
F,, 0.25 5 142.0 OK 100% under Design Member 33, EQUAL LOAD, Major
Deflection  S 5 L/250, 0.79< _ 8.62 mm OK 91% under Design Member 33, EQUAL
LOAD, Minor Bending  Tensile Bending Stress: fb < Fb, 4.48 5 234.3 OK 98%
under  Compressive Bending Stress: fb < Fb, 4.48 5 234.3 OK 98% under
Design Member 33, EQUAL LOAD, Minor Shear  f`. 5 F, 0.17 < 142.0 OK 100%
under Design Member 33, EQUAL LOAD, Minor Deflection  S 5 L/250, 0.44< _
8.62 mm OK 95% under Design Member 33, EQUAL LOAD, Tension On gross area ft
5 Ft, 0.0 <_ 213.0 0K 100% under   On net area ft 5 Ft, 0.0 5 245.0 OK 100%
under Design Member 33, EQUAL LOAD, Slenderness  Kx*Lx/rX
1.0*2154.07/38.35=56.17 <_ 200.0 OK 72% under
Ky,*Ly/r`=1.0*2154.07/38.35=56.17 < 200.0 OK 72% under Design Member 33,
EQUAL LOAD, Compression  faSFa. 15.77 <166.5 OK 91% under Design Member 33,
EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fbv,=0.0/245.0+12.41/234.3+4.48/234.3=0.07 < I OK 93%
under  Design Member 33, EQUAL LOAD, Bending + Compression
f./F.=15.77/166.5=0.09< 0.15 .'.O a/~a+p~/gyps+~ ~NRw
15.77/166.5=12.41/234.3+4.48/234.3=0.17 5 1 OK 83% under  Design Member 33,
EQUAL LOAD, Sway A < Y/300.0, 0.43 <_ 800.0/300.0=2.67 mm OK 84% under Page
46 of 106 Checking design member 34  Members: 34 Group: Custom?  Section:
CHS 114.3 x 6  0 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*Fu=0.5*490.0=245.0 MPa  



F,,=0.4*Fv= 0.4x355.0=142.0 MPa
KI/r-max(Kx*I/rx,Ky*I/r`,)=max(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa (1-(KL/r)2i'(2*Cc2))*Fv/FS=(1-56.172/(2*108.062))*355.0/1.84=166.5 MPa
Major Axis: Fe 0.66*Fy=0.66*355.0=234.3 MPa   Minor Axis: Fb=0.66*F`=
0.66*355.0=234.3MPa Design Member 34, EQUAL LOAD, Major Bending  Tensile
Bending Stress: fb <_ Fb, 12.41 5 234.3 OK 95% under  Compressive Bending
Stress: fb <_ Fb, 12.41 < 234.3 OK 95% under Design Member 34, EQUAL LOAD,
Major Shear  f. <_ F, 0.25 <_ 142.0 OK 100% under Design Member 34, EQUAL
LOAD, Major Deflection  5<_ L/250, 0.79< 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 <_ Fb, 4.48 5 234.3 OK
98% under Design Member 34, EQUAL LOAD, Minor Shear  f,. <_ F," 0.17 <_
142.0 0K 100% under Design ,Member 34, EQUAL LOAD, Minor Deflection  S <_
L/250, 0.44 <_ 8.62 mm OK 95% under Design Member 34, EQUAL LOAD, Tension
On gross area ft < Ft, 0.0 <_ 213.0 OK 100% under  On net area ft <_ Ft,
0.0<_ 245.0 OK 100% under  Design Member 34, EQUAL LOAD, Slenderness
Kx*Lx/rX 1.0*2154.07/38.35=56.17 < 200.0 OK 72% under  Ky,*L/rY
1.0*2154.07/38.35=56.17 200.0 OK 72% under  Design Member 34, EQUAL LOAD,
Compression fa < Fa, 15.77 < 166.5 OK 91 % under Design Member 34, EQUAL
LOAD, Bending + Tension
fa/F+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=l5.77/l66.5=0.09< 0.15 :.40 ~a/(Da+~p,/Op;-gypylOpw 15.77/
166.5+12.41/234.3+4.48/234.3=0.17< 1 OK 83% under  Design Member 34, EQUAL
LOAD, Sway A <_ Y/300.0, 0.43 <_ 800.0/300.0=2.67 mm OK 84% under 



Page 47 of 106 Checking design member 35  Members: 35 Group: Custom2
Section: CHS 114.3 x 6  0 Load Case: EQUAL LOAD  Fy=355.0 MPa On gross area
F,=0.6*F`==0.6*355.0=213.0 MPa  On net area Ft=0.5*F=0.5*490.0=245.0 MPa
F,=0.4*FY 0.4*355.0=142.0 MPa Kl/r=max(Kx*l/r,,,K,.*I/ry)=max(1.0*
1569.24/38.35,1.0* 1569.24/38.35)=40.92
Fa=(1-(KL/r)'/(2*Cc2))*FyjFS=(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*Fv==0.66*355.0=234.3 MPa   Design Member 35, EQUAL LOAD, Major
Bending Tensile Bending Stress: fb < Fb, 2.13 < 234.3 OK 99% under
Compressive Bending Stress: fb <_ Fb, 2.13 5 234.3 OK 99% under Design
Member 35, EQUAL LOAD, Major Shear  fl~ <_ F,, 0.11 <_ 142.0 OK 100% under
Design Member 35, EQUAL LOAD, Major Deflection  6<_ L/250, 0.08 < 6.28 mm
OK 99% under Design Member 35, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 8.22 < 234.3 OK 96% under  Compressive Bending Stress: fb
5 Fb, 8.22 < 234.3 OK 96% under Design Member 35, EQUAL LOAD, Minor Shear
fv _< Fv, 0.33 5 142.0 OK 100% under Design Member 35, EQUAL LOAD, Minor
Deflection  6< L/250, 1.39<_ 6.28 mm OK 78% under Design Member 35, EQUAL
LOAD, Tension On gross area ft < Frr 5.51 <_ 213.0 OK 97% under  On net
area f, < F. 5.51 < 245.0 OK 98% under  Design Member 35, EQUAL LOAD,
Slenderness Kx*L,,/rx I.0* 1569.24/38.35=40.92 300.0 OK 86% under
Ky*Ljry==1.0*1569.24/38.35=40.92 < 300.0 OK 86% under  



Design Member 35, EQUAL LOAD, Compression fa < Fa, 0.0 < 182.89 OK 100%
under Design Member 35, EQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby,=5.51/213.0+2.13/234.3+8.22/234.3=0.07 I OK 93,4
under  Design Member 35, EQUAL LOAD, Bending + Compression fa/Fa
0.0/182.89=0.0 <_ 0.15 .'.~0 a dya+~~y/gyp +~py Np
0.0%182.89+2.13/234.3+8.22,/234.3=0.04 < l OK 96% under  Design Member 35,
EQUAL LOAD, Sway A!5 Y/300.0. 1.24<_ 800.0/300.0=2.67 mm OK 53% under Page
48 of 106 Checking design member 36  Members: 36 Group: Custotn2  Section:
CHS 114.3 x 6  0 Load Case: EQUAL LOAD  F,=355.0 MPa On gross area
Ft=0.6*F,=0.6*355.0=213.0 MPa  On net area F,=0.5-F.=0.5*490.0=245.0 MPa
F,.=0.4*F,=0.4*355.0=142.0 MPa Kl/r=max(Kx*l/rX,K,*I/ry.)=max(1.0*
1569.24/38.35,1.0* 1569.24/38.35)=40.92  Fa
(1-(KL,'r)2,'(2*Cc2))*F`jFS=(1-40.92'-/(2*108.062))*355.0/1.8=182.89 MPa
Major Axis: Fb 0.66*FY 0.66*355.0=234.3 MPa  O ;'Elinor Axis: Fe
0.66*F,-0.66*355.0=234.3 MPa Design Member 36, EQUAL LOAD, Major Bending
Tensile Bending Stress: fb < Fb, 2.13 <_ 234.3 OK 99% under  Compressive
Bending Stress: fb <_ Fb, 2.13 <_ 234.3 OK 99% under Design Member 36,
EQUAL LOAD, Major Shear  f,.. 5 F,, 0.11 < 142.0 OK 100% under Design
Member 36, EQUAL LOAD, Major Deflection  6<_ L/250.0.08 < 6.28 mm OK 99%
under Design Member 36, EQUAL LOAD, Minor Bending  Tensile Bending Stress:
fb < Fb, 8.22 5 234.3 OK 96% under  Compressive Bending Stress: fb <_ Fb,
8.22 <_ 234.3 OK 96% under Design Member 36, EQUAL LOAD, Minor Shear  



f , < F, 0.33 < 142.0 OK 100% under Design Member 36, EQUAL LOAD, Minor
Deflection  8< L/250,1.39< 6.28 mm OK 78% under  Design Member 36, EQUAL
LOAD, Tension On gross area f, 5 F, 5.51 < 213.0 OK 97% under  On net area
f7 <_ F, 5.51 <_ 245.0 OK 98% under  Design Member 36, EQUAL LOAD,
Slenderness Kx*L,,/ra 1.0* 1569.241'38.35=40.92 5 300.0 OK 86% under
K,,*Ly,/ry 1.0* 1569.241/38.35=40.92<_ 300.0 OK 86% under  Design Member
36, EQUAL LOAD, Compression fa <_ F, 0.0 < 182.89 OK 100% under Design
Member 36, EQUAL LOAD, Bending + Tension fa/Ft+fb,
/Fbx+fby/Fb~5.51/213.0+2.13%234.3+8.22/234.3=0.07 I OK 93% under  Design
Member 36, EQUAL LOAD, Bending + Compression fa/Fa 0.01'182.89=0.0 <_ 0.15
.'.~0 --6. , (D =0.0/182.89+2.13/234.3+8.22/234.3=0.04 <_ I OK 96% under
pc ~a` a+~PS ' P I~ py Design Member 36, EQUAL LOAD, Sway A < Y/300.0, 1.24
<_ 800.0,/300.0=2.67 mm OK 53% under Page 49 of 106 Checking design member
37  Members: 37 Group: Custom2  Section: CHS 114.3 x 6  0 Load Case: EQUAL
LOAD  FY=355.0 MPa On gross area Ft= 0.6*F,,=0.6*355.0=213.0 MPa  On net
area Ft=0.5*Fu=0.5*490.0=245.0 MPa  F,=0.4*Fy.=0.4*355.0=142.0 MPa
Kl/r=max(KX*1/rX,K).*l/rV)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43  Fa
(1-(KL/r)'-/(2*Cc2))*Fy;FS=(1-81.432 (2*108.06=))*355.0/1.9=134.08 MPa
Major Axis: Fe 0.66*Fy=0.66*355.0=234.3 MPa  Minor Axis: Fe
0.66*FY=0.66*355.0=234.3 MPa   Design Member 37, EQUAL LOAD, Major Bending
Tensile Bending Stress: fb < Fb, 3.82 5 234.3 OK 98% under  



Compressive Bending Stress: fb < Fb, 3.82 < 234.3 OK 98% under Design
Member 37, EQUAL LOAD, Major Shear  f. < Fv, 0.02 < 142.0 OK 100% under
Design Member 37, EQUAL LOAD, Major Deflection  6< L/250, 5.99< 12.49 mm OK
52% under Design Member 37, EQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb 5 Fb. 0.6:5 234.3 OK 100% under  Compressive Bending Stress: fb
5 Fb, 0.6 < 234.3 OK 100% under Design Member 37, EQUAL LOAD, Minor Shear
f . < F. 0.01 < 142.0 OK 100% under Design Member 37, EQUAL LOAD, Minor
Deflection  S < L/250, 0.75< 12.49 mm OK 94% under Design Member 37, EQUAL
LOAD, Tension On gross area f,< Fr, 0.0 < 213.0 OK 100% under   On net area
f t<_ Frr 0.0<_ 245.0 OK 100% under Design Member 37, EQUAL LOAD,
Slenderness  KX*LX/ra 1.0*3122.9/38.35=81.43 < 200.0 OK 59% under
Ky,*L~J~,=1.0*3122.9/38.35=81.43 5 200.0 OK 59% under Design Member 37,
EQUAL LOAD, Compression  fa < F. 17.45 < 134.08 OK 87% under Design Member
37, EQUAL LOAD, Bending + Tension  fa/Ft+fbX'TbX+fby/Fby:=0.0/245.0+3.82;
234.3+0.6/234.3=0.02 < 1 OK 98% under  Design Member 37, EQUAL LOAD,
Bending + Compression fa/Fa 17.45/134.08=0.135 0.15 .'. ~0 Gy4pvV
-17.45/'134.08+3.82/1234.3-0.6i'234.3=0.15!51 OK 85% under  Design Member
37, EQUAL LOAD, Sway A 5 Y/300.0, 1.24< 800.0./300.0=2.67 mm OK 53% under
Page 50 of 106 Checking design member 38  Members: 38 Group: Custom2
Section: CHS 114.3 x 6  0 Load Case: EQUAL LOAD  F`=355.0 MPa On gross area
Ft=0.6*F,=0.6*355.0=213.0 MPa  On net area Fr 0.5*F,,=0.5*490.0=245.0 MPa
F,=0.4*Fy=0.4*355.0=142.0 MPa 



Kl/r=max(Kx*I/rx,K,,*I/ry)=max(1.0*3122.9./38.35.1.0*3122.9/38.35)=81.43
Fa=(I -(KL/r)2/(2-Cc2))*FJFS=(1-81.43'//(2*108.062))*355.0/1.9=134.08 MPa
Major Axis. Fb=0.66*Fv0.66*355.0=234.3 MPa   Minor Axis: Fe 0.66*Fv.
0.66*355.0=234.3 MPa Design Member 38, EQUAL LOAD, Major Bending  Tensile
Bending Stress: fb 5 Fb, 3.82 <_ 234.3 OK 98% under  Compressive Bending
Stress: fb <_ F. 3.82 <_ 234.3 OK 98% under Design Member 38, EQUAL LOAD,
Major Shear  ff. <_ F, 0.02 5 142.0 OK 100% under Design Member 38, EQUAL
LOAD, Major Deflection  5<_ L/250.5.99 <_ 12.49 mm OK 52% under Design
Member 38, EQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <_ F.
0.6<_ 234.3 OK 100% under  Compressive Bending Stress: fb <_ Fb, 0.6!-<
234.3 OK 100% under Design Member 38, EQUAL LOAD, Minor Shear  ff <_ F,
0.01 5 142.0 OK 100% under Design Member 38, EQUAL LOAD, Minor Deflection
S <_ L/250, 0.75<_ 12.49 mm OK 94% under Design Member 38, EQUAL LOAD,
Tension On gross area ff 5 F, 0.0 <_ 213.0 OK 100% under  On net area ft <_
F, 0.0 <_ 245.0 OK 100% under  Design Member 38, EQUAL LOAD, Slenderness K,
*L,,/ra 1.0*3122.9/38.35=81.43 5 200.0 OK 59% under
Ky.*L)Jr,==1.0*3122.9/38.35=81.43 200.0 OK 59% under  Design Member 38,
EQUAL LOAD, Compression fa <_ Fa, 17.45 <_ 134.08 OK 87% under Design
Member 38, EQUAL LOAD, Bending + Tension  fa/Ft+fbx/Fbx+fby/Fby=0.0/
245.0+3.82/234.3+0.6/234.3=0.02 1 OK 98% under  Design Member 38, EQUAL
LOAD, Bending + Compression  fa/Fa17.45/134.08=0.13 !5 0.15 .-.~0 p4j(Dpw
17.45/134.08-3.82/234.3+0.6,/234.3=0.15 1 OK 85% under  Design Member 38,
EQUAL LOAD, Sway A<_ Y/300.0, 1.24<_ 800.0/300.0=2.67 mm OK 53% under  End
of check Page 51 of 106 



Appendix D   Steel design report to ASIC ASD Unequal Loading Condition
Page 52 of 106 Steel Design Report  Checking design member 1 Members: I
Group: V  Section: W 12x87 Load Case: UNEQUAL LOAD  FY,=355.0 MPa On gross
area Ft=0.6*F,. 0.6*355.0=213.0 MPa  On net area Ft=0.5*F.=0.5*490.0=245.0
MPa  F,, 0.4*Fy=0.4*355.0=142.0 MPa
Kl/r=max(Kx*I/rx,K,*1/r},)=max(1.0*2700.0/136.65;1.0*2700.0/77.98)=34.63
Fa (1-(KL/r)'-/(2*Cc2))*F~FS=(1-34.632/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 < 65/'I(F`)=65/`x(355.0)=9.06 .'.4)0 E;(ttov ICY
XozcaXt  Nfa(pop A; ia: AR L,' .'.4)0 c1 =0.66*Fy. 0.66*355.0=234.3 MPa
Minor Axis: Fe 0.75*FY 0.75*355.0=266.25MPa Design Member 1, UNEQUAL LOAD,
Major Bending  Tensile Bending Stress: fb <_ Fb, 43.52 < 234.3 OK 81% under
Compressive Bending Stress: fb < Fb, 43.52 < 234.3 OK 81% under Design
Member 1, UNEQUAL LOAD, Major Shear  ff. <_ F, . 8.46 <_ 142.0 OK 94% under
Design Member 1, UNEQUAL LOAD, Major Deflection  S < L/250, 5.16<_ 10.8 mm
OK 52% under Design Member 1, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 25.29<_ 266.25 OK 91% under  Compressive Bending Stress:
fb < Fb, 25.29 <_ 266.25 OK 91 % under Design Member 1, UNEQUAL LOAD, Minor
Shear  ff, <_ F, 0.53 <_ 142.0 OK 100% under Design Member 1, UNEQUAL LOAD,
Minor Deflection  5< _ L/250, 1.53< 10.8 mm OK 86% under Design Member 1,
UNEQUAL LOAD, Tension  



On gross area ft <_ Ft, 12.09 < 213.0 OK 94% under  On net area ft <_ Fr
12.09 <_ 245.0 OK 95% under Design Member 1, UNEQUAL LOAD, Slenderness
Kx*Lx/ra 1.0*2700.0/136.65=19.76 _< 300.0 OK 93% under  Ky*LVrY
1.0*2700.0/77.98=34.63 < 300.0 OK 88%o under Design Member 1, UNEQUAL LOAD,
Compression  fa <_ Fa, 0.0 < 188.12 OK 100% under Design Member 1, UNEQUAL
LOAD, Bending + Tension fa/Ft+fbx/Fbx+fby/Fby.
12.09/213.0+43.52/234.3+25.29,/266.25=0.34 I OK 66% under  Design Member 1,
UNEQUAL LOAD, Bending + Compression fa/Fa 0.0/188.12=0.0<0.15.'.4)0
188.12+43.52/234.3+25.29/266.25=0.28 < I OK 72% under  Page 53 of 106
Checking design member 2  Members: 2 Group: W  Section: \V 12x87 Load Case:
UNEQUAL LOAD  F,,=355.0 MPa On gross area F,=0.6*F"=0.6*355.0=213.0 MPa  On
net area Ft 0.5*F,,=0.5*490.0=245.0 MPa  F,=0.4*Fy==0.4*355.0=142.0 MPa
KI/r=max(K,,*1/r,,K,.*I/r~)=max(1.0*4000.0/ 136.65,1.0*4000.0/77.98)=51.3
Fa=(l-(KL/r)'-/(2*Cc2))*F/FS=(1-51.32/(2* 105.442))*355.0/1.83=1 70.59 MPa
b/t=153.67/20.57=7.47 5 65/'(Fy)=65/J(355.0)=9.06 .-.40 Es friov i6 Xointct
fr  Macoop A, ia. Ap > AX .. Q0 4yp=0.6*Fv=0.6*355.0=213.0 MPa
Fb=12x103*Cb/(l*d/Af)=12x103*I.2/(4000.0*317.5/63.23)=494.95 MPa  Fb >
0.6*Fy ..~0 dyp=0.6*Fy=0.6*355.0=213.0 MPa Minor Axis: Fb=0.75*Fy=
0.75*355.0=266.25 MPa Design Member 2, UNEQUAL LOAD, Major Bending  Tensile
Bending Stress: fb <_ Fb, 23.88 <_ 213.0 OK 89% under  Compressive Bending
Stress: fb s Fb, 23.88 <_ 213.0 OK 89% under Design Member 2, UNEQUAL LOAD,
Major Shear  fll<_ F,, 1.0<_ 142.0 OK 99% under Design Member 2, UNEQUAL
LOAD, Major Deflection  8<_ L/250, 1.52<_ 16.0 mm OK 90% under Design
Member 2, 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 2,
UNEQUAL LOAD, Minor Shear  f,, <_ F, 2.'6:5 142.0 OK 98% under Design
Member 2, UNEQUAL LOAD, Minor Deflection  S <_ L/250, 10.53:5 16.0 mm OK
34% under Design Member 2, UNEQUAL LOAD, Tension  On gross area f,<_ Ft,
23.87 <_ 213.0 OK 89% under  On net area f, <_ F, 23.87 5 245.0 OK 90%
under Design Member 2, UNEQUAL LOAD, Slenderness  K,,*LX/r,
1.0*4000.0/136.65=29.27 <_ 300.0 OK 90% under
Ky,*LYlr,=l.0*4000.0/77.98=51.3 <_ 300.0 OK 83% under Design Member 2,
UNEQUAL LOAD, Compression  fa S Fa, 0.0 <_ 170.59 OK 100% under Design
Member 2, UNEQUAL LOAD, Bending + Tension
fa/F,'fba/Fb,.+fby/Fby==23.87/213.0+23.88%213.0+84.64/266.25=0.54 I OK 46%
under  Design Member 2, UNEQUAL LOAD, Bending + Compression
fa/Fa=0.0/170.59=0.0 <_ 0.15 ..0 I(Dov 0.0/
170.59+23.88/213.0+84.64/266.25=0.43 1 OK 57% under  Page 54 of 106
Checking design member 3  Members: 3 Group: W  Section: W 12x8 7 Load Case:
UNEQUAL LOAD  F,,=355.0 MPa On gross area F1 0.6*Fy=0.6*355.0=213.0 MPa  On
net area Ft=0.5*Ftt=0.5*490.0=245.0 MPa  F,= 0.4*Fy=0.4*355.0=142.0 MPa
KI/r=max(K.*Fr,t,K`.*]/rti,)=max(1.0*2700.0%136.65,1.0*2700.0/77.98)=34.63
Fa(1-(KL/r)2/(2*Cc2))*F~IFS=(1-34.632/(2*105.44)))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 <_ 65/v(Fy)=65/N'(355.0)=9.06 ..0 rs;tnov t6
Xopitayt.  Mapop A, r6:  Ap <_ Lc ..0 DR=0.66*F`=0.66*355.0=234.3 MPa
;Elinor Axis: Fe 0.75*Fy=0.75*355.0=266.25 MPa Design Member 3, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb < Fb, 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  f,, < F,, 9.42 < 142.0 OK 93% under
Design Member 3, UNEQUAL LOAD, Major Deflection  S <_ L/250, 8.02 < 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  f,.. <_ F, 0.34 < 142.0 OK 100% under Design Member 3, UNEQUAL LOAD,
Minor Deflection   5<_ L/250.1.39< 10.8 mm OK 87% under Design Member 3,
UNEQUAL LOAD, Tension  On gross area ft < Ft, 19.79 < 213.0 OK 91% under
On net area ft <_ Ft, 19.79< 245.0 OK 92% under Design Member 3, UNEQUAL
LOAD, Slenderness  K,t*L,t/r>=1.0*2700.0/136.65=19.76 <_ 300.0 OK 93% under
Ky*L`%ry, 1.0*2700.0/77.98=34.63 <_ 300.0 OK 88% under Design Member 3,
UNEQUAL LOAD, Compression  fa < Fa, 0.0 <_ 188.12 OK 100% under Design
Member 3, UNEQUAL LOAD, Bending + Tension
fa/Ftfb,t/Fbx+fby/Fby=19.79.%213.0_48.18/234.3+17.63/266.25=0.36 1 OK 64./o
under  Design Member 3, UNEQUAL LOAD, Bending + Compression
fa/Fa0.0/188.12=0.0 <_ 0.15 0
a/~c+psic6p`+R~'(Dp~,=0.0%188.12_48.18/234.3+17.63/266.25=0.27 <_ 1 OK 73%
under  Page 55 of 106 Checking design member 4  Members: 4 Group: W
Section: W 12x87 Load Case: UNEQUAL LOAD  Fy==355.0 MPa On gross area
F,=0.6*F,=0.6*355.0=213.0 MPa  On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
F,.=0.4*F}=0.4*355.0=142.0 MPa
KI/r=max(KX*l'rX,K).*l/r`.)=max(I.0*2700.0./136.65,1.0*2700.0/77.98)=34.63
Fa(1-(KL.%r)-'i(2*Cc2))*F'FS=(1-34.632;(2*105.442))*355.0/1.79=188.12 MPa
b../t=153.67;20.57=7.47 <_ 65/x(F`.)=65;x(355.0)=9.06 .'.40 Esyrtov to
Xojntcgr  



Mcxc op A ro: Ap < L~ 0 (pP=0.66*Fv=0.66*355.0=234.3 \'1Pa   hlinor.4xis:
Fb=0.75*F,=0.75*355.0=266.25 MPa Design Member 4, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 0.64< 234.3 OK 100% under
Compressive Bending Stress: fb < Fb, 0.64< 234.3 OK 100% under Design
Member 4, UNEQUAL LOAD, Major Shear  fl. < F, 0.2< 142.0 OK 100% under
Design Member 4, UNEQUAL LOAD, Major Deflection  5< L/250, 4.39<_ 10.8 mm
OK 59% under Design Member 4, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 28.93 <_ 266.25 OK 89% under  Compressive Bending Stress:
fb < F. 28.93 <_ 266.25 OK 89% under Design Member 4, UNEQUAL LOAD, Minor
Shear  fl < F, 1.04 < 142.0 OK 99% under Design Member 4, UNEQUAL LOAD,
Minor Deflection  6<_ L/250, 1.26 < 10.8 mm OK 88% under Design Member 4,
UNEQUAL LOAD, Tension  On gross area ft < Ft, 0.0 <_ 213.0 OK 100% under
On net area ft < Ft, 0.0 < 245.0 OK 100% under Design Member 4, UNEQUAL
LOAD, Slenderness  KX*LX/r{ 1.0*2700.0/ 136.65=19.76 _< 200.0 OK 90% under
Ky.*LIry. 1.0*2700.0/77.98=34.63 < 200.0 OK 83% under Design Member 4,
UNEQUAL LOAD, Compression  fa < Fa, 10.97 < 188.12 OK 94% under Design
Member 4, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.01245.0+0.64;234.3+28.93/266.25=0.11 < I OK 89%
under  Design Member 4, UNEQUAL LOAD, Bending + Compression fa/Fa
10.97/1188.12=0.06<_ 0.15 .'. ~0 10.97/188.12=0.64/234.328.93/266.25=0.17
<_ 1 OK 83% under  Page 56 of 106 Checking design member 5  Members: 5
Group: W  Section: "- I 2x87 Load Case: UNEQUAL LOAD  



F,=355.0 MPa On gross area F,=0.6*F =0.6*355.0=213.0 MPa  On net area
F,=0.5*F.=0.5*490.0=245.0 MPa  F,=0.4*FY 0.4*355.0=142.0 MPa
KI/r-max(Kx*I/rx,Ky,*l/ry.)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63
Fa (I-(KL/r)2/(2*Cc2))*F,/FS=(1-34.63'-/(2*105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 <_ 65/-,(F,,)=65/vf(355.0)=9.06 ..4)0 ZExttov to Xoza
X-C  Mapop Ay ia: Ap < L, ..4)0 4yp=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 5, UNEQUAL LOAD,
Major Bending  Tensile Bending Stress: fb < Fb, 2.26 < 234.3 OK 99% under
Compressive Bending Stress: fb < Fb, 2.26 < 234.3 OK 99% under Design
Member 5, UNEQUAL LOAD, Major Shear  f,.. 5 F, 0.71 5 142.0 OK 99% under
Design Member 5, UNEQUAL LOAD, Major Deflection  S _< L/250,1.52< 10.8 mm
OK 86% under Design Member 5, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 86.56 < 266.25 OK 67% under  Compressive Bending Stress:
fb <_ Fb, 86.56< 266.25 OK 67% under Design Member 5, UNEQUAL LOAD, Minor
Shear  fv <_ F, 3.26 <_ 142.0 OK 98% under Design Member 5, UNEQUAL LOAD,
Minor Deflection  8<_ L/250, 1.27<_ 10.8 min OK 88% under Design Member 5,
UNEQUAL LOAD, Tension  On gross area ft < Ft, 0.0 <_ 213.0 OK 100% under
On net area ft <_ Ft, 0.0 <_ 245.0 OK 100% under Design Member 5, UNEQUAL
LOAD, Slenderness  Ktt*Lx/rX 1.0*2700.0/136.65=19.76 < 200.0 OK 90% under
Ky^L,/ry=1.0*2700.0/77.98=34.63 <_ 200.0 OK 83% under Design Member 5,
UNEQUAL LOAD, Compression  fa < Fa, 0.58 <_ 188.12 OK 100% under Design
Member 5, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbJb,t+fby/Fb`=0.0/245.0+2.26/234.3+86.56/266.25=0.33 1 OK 67% under
Design Member 5, UNEQUAL LOAD, Bending + Compression fa/Fa 0.58/188.12=0.0
<_ 0.15 .'.4)0 



~a/tea+~pSicDP~+~pti/Qyp4 0.58/188.12+2.26/234.3+86.56!266.25=0.34 < I OK
66% under  Page 57 of 106 Checking design member 6  Members: 6 Group: W
Section: W 12x87 Load Case: UNEQUAL LOAD  Fy.=355.0 MPa On gross area
F,=0.6*Fy.=0.6*355.0=213.0 RvlPa  On net area F,=0.5*F,,=0.5*490.0=245.0
MPa  F,,=0.4*Fy==0.4*355.0=142.0 MPa Kl/ r-max(Kx*I/rC,K,
*I/r,.)=max(1.0*2700.0/136.65,1.0*2700.0/77.98)=34.63  Fa
(I-(KL/r)2/(2*Cc2))*F/FS=(l-3=1.63'-/(2*105.442))*355.0/I.79=188.12 MPa
b/t=153.67/20.57=7.47 <_ 65/'(Fy.)=65/i(355.0)=9.06 .-.~0 Ec;rttov to
Xontayt  Mwpop A, io: Ap < Lc .-. QO c1 =0.66*F,=0.66*355.0=234.3 MPa Minor
Axis:   Fb=0.75*Fy=0.75*355.0=266.25 MPa Design Member 6, UNEQUAL LOAD,
Major Bending  Tensile Bending Stress: fb < Fb, 2.26 5 234.3 OK 99% under
Compressive Bending Stress: fb < Fb, 2.265 234.3 OK 99% under Design Member
6, UNEQUAL LOAD, Major Shear  fl 5 F, 0.71 < 142.0 OK 99% under Design
Member 6, UNEQUAL LOAD, Major Deflection  6<- L/250, 1.52<_ 10.8 mm OK 86%
under Design Member 6, UNEQUAL LOAD, Minor Bending  Tensile Bending Stress:
fb < Fb, 86.56<_ 266.25 OK 67% under  Compressive Bending Stress: fb <- Fb,
86.56<_ 266.25 OK 67% under Design Member 6, UNEQUAL LOAD, Minor Shear  f ,
< F," 3.26 5 142.0 OK 98% under Design Member 6, UNEQUAL LOAD, Minor
Deflection  65 L/250, 1.3< 10.8 mm OK 88% under Design Member 6, UNEQUAL
LOAD, Tension  On gross area ft <_ Ft, 0.0 5 213.0 OK 100% under  On net
area ft < Ft, 0.0<_ 245.0 OK 100% under Design Member 6, UNEQUAL LOAD,
Slenderness  Kx*Lx/ra 1.0*2700.0/I36.65=19.76 <_ 200.0 OK 90% under  



Ky,*L`Jry==1.0*2700.0/77.98=34.63 < 200.0 OK 83% under Design Member 6,
UNEQUAL LOAD, Compression  fa <_ Fa, 0.58 <- 188.12 OK 100% under Design
Member 6, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbx[Fbx+fby!Fby,=0.0/245.0+2.26/234.3+86.56/266.25=0.33 I OK 67%
under  Design Member 6, UNEQUAL LOAD, Bending + Compression
fa/F.=0.58/188.12=0.0< 0.15 .-.40 lo o.58/1
88.12+2.26,/234.3+86.56/266.25=0.34 < I OK 66% under  a a RSA ~- PW Page 58
of 106 Checking design member 7  Members: 7 Group: W  Section: \V 12x87
Load Case: UNEQUAL LOAD  F,-355.0 MPa On gross area Ft
0.6*F,=0.6*355.0=213.0 MPa  On net area F1 0.5*F,,=0.5*490.0=245.0 MPa
F,.=0.4*Fy==0.4*355.0=142.0 MPa
Kl/r-max(KX*I/r,,K,.*l/ry)=max(1.0*2700.0i'136.65,1.0*2700.0/77.98)=34.63
Fa(1-(KL/ r)'/(2*Cc'=))*FVIFS=(1-34.632/(2* 105.442))*355.0/1.79=188.12 MPa
b/t=153.67/20.57=7.47 s 65/J(F)=65/tii(355.0)=9.06 ..~0 Esjtlov 16 Xona;tt
Mawop Aicr: A~ 5 L, ..(0 dy=0.66*F,=0.66*355.0=234.3 MPa  Minor Axis: Fe
0.75*Fy=0.75*355.0=266.25 MPa Design Member 7, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb <_ Fb, 0.64 <_ 234.3 OK 100% under  Compressive
Bending Stress: fb < Fb, 0.64< 234.3 OK 100% under Design Member 7, UNEQUAL
LOAD, Major Shear  f,.. <_ F, 0.2 <_ 142.0 OK 100% under Design Member 7,
UNEQUAL LOAD, Major Deflection  8< L/250, 4.39<_ 10.8 mm OK 59% under
Design Member 7, UNEQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <_
F. 28.93 < 266.25 OK 89% under  Compressive Bending Stress: fb 5 Fb, 28.93
< 266.25 OK 89% under Design Member 7, UNEQUAL LOAD, Minor Shear  f,.5 F,
1.04 _< 142.0 OK 99% under 



Design Member 7, UNEQUAL LOAD, Minor Deflection  S < L/250,1.265 10.8 mm OK
88% under Design Member 7, UNEQUAL LOAD, Tension  On gross area ff <_ Ft.
0.0 < 213.0 OK 100% under  On net area f< <_ Ft, 0.0 <_ 245.0 OK 100% under
Design Member 7, UNEQUAL LOAD, Slenderness  KX*L~/ra
1.0*2700.0/136.65=19.76 < 200.0 OK 90% under  Ky*L,Jry.
1.0*2700.0i'77.98=34.63 <_ 200.0 OK 83% under Design Member 7, UNEQUAL
LOAD, Compression  fa < F, 10.97 < 188.12 OK 94% under Design Member 7,
UNEQUAL LOAD, Bending + Tension fa/F,+fbc/Fbx+fby/Fb
=O.Oi'245.0+0.64/234.3+28.93;266.25=0.11 5 1 OK 89% under  Design Member 7,
UNEQUAL LOAD, Bending + Compression fa/Fa 10.97/1 88.12=0.06 <_ 0.15 .. ~0
10.97/ 188.12+0.64/234.3_28.93/266.25=0.17 5 1 OK 83% under  Page 59 of 106
Checking design member 8  Members: 8 Group: \V  Section: \V12x87 Load Case:
UNEQUAL LOAD  FY=355.0 MPa On gross area F,=0.6*Fy=0.6*355.0=213.0 MPa  On
net area F,=0.5*F,,=0.5*490.0=245.0 MPa  F,=0.4*Fy=0.4* 355.0=142.0 MPa
KI/r=max(K,,*1.-r,,,K ..*l/rv)=max(1.0*2700.0/
136.65,1.0*2700.0/77.98)=34.63  Fa (1-(KL/r)2/(2*Cc2))*F. FS=(1-34.6322
(2*105.442))*355.0/1.79=188.12 MPa  b/t=153.67/20.57=7.47 <65iV(Fy.)=65
x(355.0)=9.06 .'.~0 Es/tiov ICY Xoaaft  Alawop A; tom: AR < L~ .. ~0 r1) 0
=0.66*F`=0.66*355.0=234.3 MPa  Minor Axis: Fb=0.75*Fy=0.75*355.0=266.25 MPa
Design Member 8, UNEQUAL LOAD, Major Bending  Tensile Bending Stress: fb <
Fb, 48.18 <_ 234.3 OK 79% under  Compressive Bending Stress: fb S Fb, 48.18
<_ 234.3 OK 79% under Design Member 8, UNEQUAL LOAD, Major Shear  F.
9.42<142.0 OK 93% under Design Member 8, UNEQUAL LOAD, Major Deflection  S
<_ L/250, 8.02< 10.8 mm OK 26% under 



Design Member 8, 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 8, UNEQUAL LOAD, Minor Shear  f <
F, 0.34< 142.0 OK 100% under Design Member 8, UNEQUAL LOAD, Minor
Deflection  6 <_ L/250. 1.39 < 10.8 mm OK 87% under Design Member 8,
UNEQUAL LOAD, Tension  On gross area ft 5 Ft, 19.79 <_ 213.0 OK 91% under
On net area ft < F. 19.79 < 245.0 OK 92% under Design Member 8, UNEQUAL
LOAD, Slenderness  K,,*LK/rX=1.0*2700.0,/136.65=19.76 _< 300.0 OK 93% under
Ky,*L`ir`==1.0*2 700.0/77.98=34.63 < 300.0 OK 88% under Design Member 8,
UNEQUAL LOAD, Compression  fa < F. 0.0< 188.12 OK 100% under Design Member
8, UNEQUAL LOAD, Bending + Tension
fa/Ft`fbx/Fb.+fby/Fby=19.79/213.0+48.18/234.3+17.63/266.25=0.36 < 1 OK 64%
under  Design Member 8, UNEQUAL LOAD, Bending + Compression f./F.=0.0/1
88.12=0.0 < 0.15 .'. ~0 pa%Qy~ 'dyp,A Day=
0.0/188.12-48.18/234.3+17.63/266.25=0.27 <_ I OK 73% under  Page 60 of 106
Checking design member 9  Members: 9 Group: \V  Section: \V 12x87 Load
Case: UNEQUAL LOAD  Fv=355.0 MPa On gross area F,=0.6*FY 0.6*355.0=213.0
MPa  On net area F,=0.5*F,,=0.5*490.0=245.0 MPa  Fv=0.4*F,, 0.4*355.0=142.0
MPa
Kl/r--max(K,,*1/r,,,Ky*I/r,)=max(1.0*4000.0/136.65,1.0*4000.0/77.98)=51.3
Fa=(l -(KL/r)2/(2*Cc2))*Fy/FS=(1-51.322/(2*105.442))*355.0/1.83=170.59 MPa
b/t=153.67/20.57=7.47 < 65/v'(F,)=65/x(355.0)=9.06 .-.4>0 Es fnov i6 Xorza
ft  MciQop Axrv: A0 > Ax ..00 dip=0.6*Fv=0.6*355.0=213.0 MPa Fe
12x103*Cb/(I*d/Af)=I 2x103*1.2/(4000.0*317.5/63.23)=494.95 MPa  Fb >
0.6*Fv, 4>0 >=0.6*F,==0.6*355.0=213.0 MPa Ifinor Axis:
Fb=0.75*F,=0.75*355.0=266.25MPa  



Design Member 9, UNEQUAL LOAD, Major Bending  Tensile Bending Stress: fb <
Fb, 23.88 5 213.0 OK 89% under  Compressive Bending Stress: fb <_ Fb, 23.88
<_ 213.0 OK 89% under Design Member 9, UNEQUAL LOAD, Major Shear  f., <_
Fv., 1.05 142.0 OK 99% under Design Member 9, UNEQUAL LOAD, Major
Deflection  55 L/250.2.085 16.0 mm OK 87% under Design Member 9, UNEQUAL
LOAD, Minor Bending  Tensile Bending Stress: fb <_ Fb, 84.64 < 266.25 OK
68% under  Compressive Bending Stress: fb < Fb, 84.64 5 266.25 OK 68% under
Design Member 9, UNEQUAL LOAD, Minor Shear  f" <_ F, 2.16<_ 142.0 OK 98%
under  Design Member 9, UNEQUAL LOAD, Minor Deflection  S <_ L/250, 10.53
<_ 16.0 mm OK 34% under Design Member 9, UNEQUAL LOAD, Tension  On gross
area f,5 Ft, 23.87 5 213.0 OK 89% under  On net area f,<_ Ft, 23.87 <_
245.0 OK 90% under Design Member 9, UNEQUAL LOAD, Slenderness  KX*Lx/r,,
1.0*4000.0/136.65=29.27 < 300.0 OK 90% under  Ky*LyJrY
1.0*4000.0/77.98=51.3 <_ 300.0 OK 83% under Design Member 9, UNEQUAL LOAD,
Compression  fa 5 Fa, 0.0 5 170.59 OK 100% under Design Member 9, UNEQUAL
LOAD, Bending + Tension
fa/Fc+fbx/Fb,,+fby/Fb,=23.87/213.0+23.88/213.0+84.64/266.25=0.54 I OK 46%
under  Design Member 9, UNEQUAL LOAD, Bending + Compression fa/Fa0.0/
170.59=0.0 < 0.15 .'.4>O 4>";~~+~p~/~GS+4> /Np 0.0 1
70.59+23.88/213.0+84.64/266.25=0.43 5 I OK 57% under  Page 61 of 106
Checking design member 10  Members: 10 Group: W  Section: W 12x87 Load
Case: UNEQUAL LOAD  F)==355.0 NIPa On gross area Ft=0.6*Fv=0.6*355.0=213.0
MPa  On net area Ft=0.5*F,,=0.5*490.0=245.0 MPa  F,=0.4*F,=0.4*355.0=142.0
MPa 



Kl/r-max(K,,*I/rx,K`,*1/r,)=max(1.0*2700.0/ 136.65,1.0*2700.0/77.98)=34.63
F.=(l -(KL/r)2/(2*CC2))*F/FS=(l -34.63 2 /(2*105.442))*355.0/1.79=188.12
MPa  b/t=153.67/20.57=7.47 5 65/'(Fy.)=65/~'(355.0)=9.06 ..~0 Ec;rttov KY
Xo;tayt  A,fapop Afro: AR 5 L- .-.~0 (Gp=0.66*F, 0.66*355.0=234.3 MPa
/vlinor Axis: Fb=0.75*F,=0.75*355.0=266.25 MPa Design Member 10, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb < Fb, 43.52< 234.3 OK 81%
under  Compressive Bending Stress: fb < Fb, 43.52<_ 234.3 OK 81% under
Design Member 10, UNEQUAL LOAD, Major Shear  f, < F, 8.46< 142.0 OK 94%
under Design Member 10, UNEQUAL LOAD, Major Deflection  S <_ L/250, 5.16 5
10.8 mm OK 52% under Design Member 10, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb <_ Fb, 25.295 266.25 OK 91% under  Compressive Bending
Stress: fb < Fb, 25.29<_ 266.25 OK 91% under Design Member 10, UNEQUAL
LOAD, Minor Shear  f,,. <_ F. 0.53<_ 142.0 OK 100% under Design Member 10,
UNEQUAL LOAD, Minor Deflection  S < L/250,1.54< 10.8 mm OK 86% under Design
Member 10, UNEQUAL LOAD, Tension  On gross area ft < F, 12.09 < 213.0 OK
94% under  On net area ft < F. 12.09 <_ 245.0 OK 95% under Design Member
10, UNEQUAL LOAD, Slenderness  Kx*Lx/rx=1.0*2700.0/136. 65=19.76 <_ 300.0
OK 93% under  K}.*L/ry 1.0*2700.0/77.98=34.63 5 300.0 OK 88% under Design
Member 10, UNEQUAL LOAD, Compression  fa <_ Fa, 0.0 < 188.12 OK 100% under
Design Member 10, UNEQUAL LOAD, Bending + Tension
fa/Ft+fb.'Fbx+fby/Fb`=12.09/213.0+43.52/234.3+25.29/266.25=0.34 < I OK 66%
under  Design Member 10, UNEQUAL LOAD, Bending + Compression fa/Fa=0-0/1
88.12=0.0 5 0.15 .'.40 d./O.4-~pSi'(I)ps-~p4
j'Dp4,=0.0/188.12-43.52/234.3+25.29%266.25=0.28 < 1 OK 72% under  Page 62
of 106 Checking design member 11  Members: 11 



Group: \V  Section: 1V I2x87 Load Case: UNEQUAL LOAD  Fy==355.0 MPa On
gross area F,=0.6*Fy, 0.6*355.0=213.0 MPa  On net area F1
0.5*F.=0.5*490.0=245.0 MPa  F%,=0.4*FY 0.4*355.0=142.0 MPa
KI/r=max(KX*I/r,,,Ky*l/r,)=max(I.0*800.0/136.65, l .0*800.0/77.98)=10.26
Fa (I-(KL/r)'-/(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/J~(Fy,)=65/1(355.0)=9.06 .-.~0 Fs)'ttov t6
Xo:tayt  Marpop Axto-: A0 <_ Lc .. ~0 cP =0.66*Fy=0.66*355.0=234.3 MPa
Minor Axis: Fe 0.75*FV=0.75*355.0=266.25 MPa Design Member 11, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb 5 Fb, 28.01 <_ 234.3 OK 88%
under  Compressive Bending Stress: fb < Fb, 28.01 <_ 234.3 OK 88% under
Design Member 11, UNEQUAL LOAD, Major Shear  f,, < F,., 27.95 <_ 142.0 OK
80% under Design Member 11, UNEQUAL LOAD, Major Deflection  5< L/250,
0.49<_ 3.2 mm OK 85% under Design Member 11, UNEQUAL LOAD, Minor Bending
Tensile Bending Stress: fb < Fb. 6.27 < 266.25 OK 98% under  Compressive
Bending Stress: fb < Fb, 6.27 5 266.25 OK 98% under Design Member 11,
UNEQUAL LOAD, Minor Shear  fv <_ F~, 0.72 < 142.0 OK 99% under Design
Member 11, UNEQUAL LOAD, Minor Deflection  5<_ L/250, 0.41 <_ 3.2 mm OK 87%
under ` Design Member 11, UNEQUAL LOAD, Tension  On gross area ft <_ F1,
18.81 5 213.0 OK 91% under  On net area ft < Ft, 18.81 < 245.0 OK 92% under
Design Member 11, UNEQUAL LOAD, Slenderness  KX*LX/r,,=1.0.800.0/
136.65=5.85 < 300.0 OK 98% under  Ky.*L/ry 1.0*800.0/77.98=10.26 <_ 300.0
OK 97% under Design Member 11, UNEQUAL LOAD, Compression  fa < Fa, 0.0 <
207.46 OK 100% under Design Member 11, UNEQUAL LOAD, Bending + Tension  



fa/Ft+fb./Fbx+fby/Fby,=18.81/213.0+28.01/234.3+6.27/266.25=0.23 I OK 77%
under  Design Member It, UNEQUAL LOAD, Bending + Compression
fa/F.=0.0/207.46=0.0<_ 0.15 ~0 VR-0.0/207.46+28.01/234.3+6.?-7/266.25=0. 14
< I OK 86% under  Page 63 of 106 Checking design member 12  Members: 12
Group: W  Section: W 12x87 Load Case: UNEQUAL LOAD  FY=355.0 MPa On gross
area F) 0.6*Fa=0.6*355.0=213.0 MPa  On net area Ft=0.5*F.=0.5*490.0=245.0
MPa  F,=0.4*Fy=0.4*355.0=142.0 MPa KI/r=max(K,*I/
rx,Ky*l/r,)=max(1.0*800.0/136.65,1.0*800.0/77.98)=10.26 Fa
(1-(KL/r)2/(2*Cc2))*FyjFS=(1-10.262/(2*105.4422))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 <_ 65/,,(Fy)=65/x(355.0)=9.06 ..4)0 EsXttov t6 Xo tno
ft  Mapop A4fro: Ap < Lc .. 4)0 gyp=0.66*Fy=0.66*355.0=234.3 MPa  Nfinor
Axis:   Fb=0.75*Fy=0.75*355.0=266.25 MPa Design Member 12, UNEQUAL LOAD,
Major Bending  Tensile Bending Stress: fb <_ Fb, 24.26< 234.3 OK 90% under
Compressive Bending Stress: fb < Fb, 24.26<_ 234.3 OK 90% under Design
Member 12, UNEQUAL LOAD, Major Shear  f`. < F, 23.5 <_ 142.0 OK 83% under
Design Member 12, UNEQUAL LOAD, Major Deflection  6<_L/250, 1.25 <_3.2 mm
OK 6 1 % under Design Member 12, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 6.7 < 266.25 OK 97% under  Compressive Bending
Stress: fb < Fb, 6.75 266.25 OK 97% under Design Member 12, UNEQUAL LOAD,
Minor Shear  f,.< F, 0.86<_ 142.0 OK 99% under Design Member 12, UNEQUAL
LOAD, Minor Deflection  6 <_ L/250, 0.4 < 3.2 mm OK 88% under Design Member
12, UNEQUAL LOAD, Tension  



On gross area 17,< Ft, 18.72< 213.0 OK 91% under  On net area ft < Ft,
18.72 5 245.0 OK 92% under Design Member 12, UNEQUAL LOAD, Slenderness
KX*LX/ra 1.0*800.0/136.65=5.85 <_ 300.0 OK 98% under  Ky*LyjrY
1.0*800.0/77.98=10.26 < 300.0 OK 97% under Design Member 12, UNEQUAL LOAD,
Compression  fa < Fa, 0.0<_ 207.46 OK 100% under Design Member 12, UNEQUAL
LOAD, Bending + Tension
fa/Ft+fba/Fbx+fby/Fby=18.72/213.0+24.26/234.3+6.7/266.25=0.22 <_ 1 OK 78%
under  Design Member 12, UNEQUAL LOAD, Bending + Compression
fa/'a00/'2074600 < 0.15 ..4)0
~"iqla`~ps/4yp~-~pyrIlDpgi=0.0/207.46=24.26/234.3+6.7/266.25=0.13 < I OK
87% under  Page 64 of 106 Checking design member 13  Members: 13 Group: \b`
Section: W 12x87 Load Case: UNEQUAL LOAD  Fy==355.0 MPa On gross area
Ft=0.6xFY 0.6*355.0=213.0 MPa  On net area Fr 0.5*F.=0.5*490.0=245.0 MPa
F,=0.4*Fy=0.4.355.0=142.0 MPa Kl,/r-max(Kx*l.%rX,K
..*1./ry)=max(1.0-800.0/136.65,1.0*800.0/77.98)=10.26
Fa=(1-(KL/r)2/(2*Cc2))*F}IFS=(1-10.262/(2* 105.442))*355.0/1.7=207.46 MPa
b/t=153.67/20.57=7.47 < 65111v(Fy,)=65/''(355.0)=9.06 ..0 Z.ey t?ov t6
Xoaaxt  Afa(pop A; icr  AR < L~ ..QO cI=0.66*F,. 0.66*355.0=234.3 MPa
Minor Axis: Fe 0.75*Fy=0.75*355.0=266.25 MPa Design Member 13, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb < Fb, 24.26<- 234.3 OK 90%
under  Compressive Bending Stress: fb < Fb, 24.26 < 234.3 OK 90% under
Design Member 13, UNEQUAL LOAD, Major Shear  f, < F," 23.5 <- 142.0 OK 83%
under Design Member 13, UNEQUAL LOAD, Major Deflection  S 5 L/250, 1.25 <-
3.2 mm OK 61% under Design Member 13, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 6.7< 266.25 OK 97% under  



Compressive Bending Stress: fb < Fb, 6.7<- 266.25 OK 97% under Design
Member 13, UNEQUAL LOAD, Minor Shear  f .:5 F, 0.86<- 142.0 OK 99% under
Design Member 13, UNEQUAL LOAD, Minor Deflection  6 < L/250, 0.4<_ 3.2 mm
OK 88% under Design Member 13, UNEQUAL LOAD, Tension  On gross area f,< Ft,
18.72 < 213.0 OK 91 % under  On net area f< < Fi, 18.72 5 245.0 OK 92%
under Design Member 13, UNEQUAL LOAD, Slenderness  Kx*Lx/rj1.0*800.0/
136.65=5.85 300.0 OK 98% under  Ky,*L//ry=1.0*800.0i'77.98=10.26 < 300.0 OK
97% under Design Member 13, UNEQUAL LOAD, Compression  fa < Fa, 0.0 <
207.46 OK 100% under Design Member 13, UNEQUAL LOAD, Bending + Tension
faiFt+fbx/Fbx+fby/Fb~=18.72/213.0-24.26/234.3+6.7/266.25=0.22 < I OK 78%
under  Design Member 13, UNEQUAL LOAD, Bending + Compression fa/Fa
0.0!207.46=0.0 < 0.15 .. ~0 ~a a+gyp imp;+~p4/~~.~
0.0/207.46-24.26/234.3+6.7/26625=0.13 <_ I OK 87% under  Page 65 of 106
Checking design member 14  Members: 14 Group: \V  Section: \h' 12x87 Load
Case: UNEQUAL LOAD  Fy.=355.0 MPa On gross area Ft~0.6*F`=0.6*355.0=213.0
MPa  On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa  F,. 0.4*F};=0.4*355.0=142.0
MPa KI/r=max(Kx*1;rx,K,.*I/r}.)-max(1.0*800.0/136.65,1.0*800.0/
77.98)=10.26 Fa (1-(KL.!r)2/(2*Cc2))*F`jFS=(1-10.2622/(2* 105.442))*355.0/
1.7=207.46 MPa  b/t=153.67;20.57=7.47 < 65/v(Fy.)=65i'xJ(355.0)=9.06 .'.0
Er ttov t6 Xoaa/t  Mccpop A iQ: A~ L~ .-. 0 cp=0.66*F,==0.66*355.0=234.3
MPa Minor Axis:   Fb=0.75*FV. 0.75*355.0=266.25 MPa Design Member 14,
UNEQUAL LOAD, Major Bending  Tensile Bending Stress: fb < Fb, 28.01 <_
234.3 OK 88% under  Compressive Bending Stress: fb < Fb, 28.01 <_ 234.3 OK
88% under 



Design Member 14, UNEQUAL LOAD, Major Shear  f,<_ F,, 27.95 < 142.0 OK 80%
under Design Member 14, UNEQUAL LOAD, Major Deflection  6< L/250, 0.49:5
3.2 mm OK 85% under Design Member 14, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 6.27:5 266.25 OK 98% under  Compressive Bending
Stress: fb < F. 6.27 < 266.25 OK 98% under Design Member 14, UNEQUAL LOAD,
Minor Shear  fl < F, 0.72< 142.0 OK 99% under Design Member 14, UNEQUAL
LOAD, Minor Deflection  6<_ L/250, 0.41 <_ 3.2 mm OK 87% under Design
Member 14, UNEQUAL LOAD, Tension   On gross area ft <_ Ft, 18.81 < 213.0 OK
91% under On net area ft < IF,. 18.81 < 245.0 OK 92% under  Design Member
14, UNEQUAL LOAD, Slenderness  Kx*Lx/rx 1.0*800.0i'136.65=5.85 <_ 300.0 OK
98% under  Ky,*L}Ir,=1.0*800.0;77.98=10.26 <_ 300.0 OK 97% under Design
Member 14, UNEQUAL LOAD, Compression  fa < Fa, 0.05 207.46 OK 100% under
Design Member 14, UNEQUAL LOAD, Bending + Tension fa/Ft+fbx/Fbx~fby Fb};
18.81/213.0+28.01/234.3+6.27/266.25=0.23 < I OK 77% under  Design Member
14, UNEQUAL LOAD, Bending + Compression  fa/Fa=00/20746=00 <_ 0.15 .-. ~0
~a c, AD M 0N =0.0/207.46+28.01%234.3+6.27,266.25=0.14 < I OK 86% under
Page 66 of 106 Checking design member 15  Members: 15 Group: W  Section: W
12x87 Load Case: UNEQUAL LOAD  FY= 355.0 MPa On gross area F,=0.6*F,=
0.6*355.0=213.0 MPa  On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
F,=0.4*F,==0.4*355.0=142.0 MPa
Kl/r=max(KX*1/rx,K),*lirV,)=max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.l
I  Fa (1-(KL/r)'-/(2*Cc'-))*FyIFS=(1-36.1121(2*105.44'))*355.0i'1.79=186.68
MPa  b/t=153.67,!20.57=7.47 < 65/v(Fy.)=65!' (355.0)=9.06 .-.4>0 rEXTloV t6
Xo;;ayr  Marpop A, ,a. Ap Le .'.4>0 dip=0.66*Fy==0.66*355.0=234.3 MIPa  



(r) Afinor 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 <_
234.3 OK 84% under  Compressive Bending Stress: fb <_ Fb, 38.51 <_ 234.3 OK
84% under Design Member 15, UNEQUAL LOAD, Major Shear  f,. <_ F, 6.34 <
142.0 OK 96% under Design Member 15, UNEQUAL LOAD, Major Deflection  55
L1250, 5.06 <_ 11.26 mm OK 55% under Design Member 15, UNEQUAL LOAD, Minor
Bending  Tensile Bending Stress: fb < Fb, 21.26 < 266.25 OK 92% under
Compressive Bending Stress: fb 5 Fb, 21.26<_ 266.25 OK 92% under Design
Member 15, UNEQUAL LOAD, Minor Shear  f, < F, 0.37 < 142.0 OK 100% under
Design Member 15, UNEQUAL LOAD, Minor Deflection  S < 71250, 1.94 _< 11.26
nom OK 83% under S Design Member 15, UNEQUAL LOAD, Tension  On gross area
ft 5 Ft. 0.0 < 213.0 OK 100% under  On net area ft <_ Ft, 0.0 <_ 245.0 OK
100% under Design Member 15, UNEQUAL LOAD, Slenderness  KX*LX/ra
1.0*2816.03i 136.65=20.61 < 200.0 OK 90% under  Ky,*L`Jra
1.0*2816.03/77.98=36.11 <_ 200.0 OK 82% under Design Member 15, UNEQUAL
LOAD, Compression  fa <_ Fa, 58.28< 186.68 OK 69% under Design Member 15,
UNEQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fbv.=0.0/245.0+38.5111234.3+21.26/266.25=0.24 <_ I OK 76%
under  Design Member 15, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/F,=58.28/l86.68=0.31 Major Ratio=Cmx*fb,
/((1-fa/F'ex)*FbX)=0.85*38.51/((1-58.28/2424.62)*234.3)=0.14  Minor
Ratio=Cmy*fby;((1-fa/F'e,.)*Fb`.)=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/(0.6*Fy;)fbzTbx+fb`JFbv=58.28/(0.6*355.0)-38.51x234.3+21.26/266.25=0.52
>= I OK 48% under Page 67 of 106 Checking design member 16  Members: 16
Group: W  Section: W12x87 



Load Case: UNEQUAL LOAD  Fy==355.0 MPa On gross area Ft
0.6*F,,=0.6*355.0=213.0 MPa  On net area Ft=0.5*F,, 0.5*490.0=245.0 MPa
F,=0.4*Fy=0.4*355.0=142.0 MPa Kl/r-max(K,,* 1/rx,K..* I/r' )-max( I.0#
2000.0/ 136.65,1.0*2000.0/77.98)=25.65  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 <_ 651\'(F})=65/\(355.0)=9.06 .'.4>0 7Eyrtov to
Xounta7r  Alfacop A5l6: AP < Le ..4>0 tUR=0.66*F`==0.66*355.0=234.3 MPa
Minor Axis:   Fb=0.75*FY==0.75*355.0=266.25 MPa Design Member 16, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb < Fb, 18.57 < 234.3 OK 92%
under  Compressive Bending Stress: fb <_ F. 18.57 < 234.3 OK 92% under
Design Member 16, UNEQUAL LOAD, Major Shear  171. <_ F, 1.28 <_ 142.0 OK
99% under Design Member 16, UNEQUAL LOAD, Major Deflection  5 <L/250,
0.39<_8.0 mm OK 95% under Design Member 16, UNEQUAL LOAD, Minor Bending
Tensile Bending Stress: fb < Fb, 67.02 < 266.25 OK 75% under  Compressive
Bending Stress: fb < Fb, 67.02< 266.25 OK 75% under Design Member 16,
UNEQUAL LOAD, Minor Shear  f, < F. 1.88<_ 142.0 OK 99% under Design Member
16, UNEQUAL LOAD, Minor Deflection  6<_ L/250, 5.28 <_ 8.0 mm OK 34% under
Design Member 16, UNEQUAL LOAD, Tension  On gross area ft <_ Ft, 0.0 5
213.0 OK 100% under  On net area ft 5 Ft, 0.0 <_ 245.0 OK 100% under Design
Member 16, UNEQUAL LOAD, Slenderness  Kx*Lx/rX 1.0*2000.0/136.65=14.64 <
200.0 OK 93% under  Ky,*L`;r`=1.0*2000.0/77.98=25.65 < 200.0 OK 87% under
Design Member 16, UNEQUAL LOAD, Compression  fa < Fa, 62.25 <_ 196.17 OK
68% under Design Member 16, UNEQUAL LOAD, Bending + Tension
fa/Fl+fbx/Fbx+fbv/Tb`=0.0/245.0+1857/234.3=67.02/266.25=0.33 I OK 67% under
Design Member 16, UNEQUAL LOAD, Bending + Compression 



Axial Ratio=fa/Fa 62.25/196.17=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'e1)*Fbx)=0.85* I8.57/((1-62.25;4806.82)*23 4.3)=0.07
Minor Ratio=Cmy*fb`;'((1-fa/F'e}.)*Fb,,)=0.85*67.02/((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  fa/(0.6*Fv)-fbx/Fbx
fbyIFby=62.25;`(0.6*355.0)+18.571234.3+67.02/266.25=0.62 >= I OK 38% under
Page 68 of 106 Checking design member 17  Members: 17 Group: \ `  Section:
1N' 12x87 Load Case: UNEQUAL LOAD  Fy=355.0 MPa On gross area F
0.6*Fy=0.6*355.0=213.0 MPa  On net area Ft 0.5*FL~=0.5*490.0=245.0 MPa
Ft,=0.4*F,,0.4*355.0=142.0 MPa
Kl/r=max(KX*lIr\,K`,*I/ry.)-max(1.0*2000.0.136.65,1.0*2000.0/77.98)=25.65
2*105.44''-))*355.0/I.76=196.17 MPa  Fa
(1-(KL/r)'/(2*Cc'))*Fy!FS=(1-25.6521 b;t=153.67/20.57=7.47 5 65/N'(FN;
)=65/x(355.0)=9.06 ..~0 Esyitov t6 Xo raft  Macpop A; to: AR < L, .. tp0
(Pp=0.66*Fy,0.66*355.0=234.3 MPa  Minor Axis: Fe 0.75*Fv=0.75*355.0=266.25
MPa Design Member 17, UNEQUAL LOAD, Major Bending  Tensile Bending Stress:
fb < Fb, 27.12<_ 234.3 OK 88% under  Compressive Bending Stress: fb 5 Fb,
27.12 < 234.3 OK 88% under Design Member 17, UNEQUAL LOAD, Major Shear  fl
< F, 3.27:5 142.0 OK 98% under Design Member 17, UNEQUAL LOAD,. Major
Deflection  5< L/250, 1.79<_ 8.0 mm OK 78% under Design Member 17, UNEQUAL
LOAD, Minor Bending  Tensile Bending Stress: fb <_ Fb, 80.71 <_ 266.25 OK
70% under  Compressive Bending Stress: fb < Fb, 80.71 < 266.25 OK 70% under
Design Member 17, UNEQUAL LOAD, Minor Shear  f,.:!: F`., 1.91 <_ 142.0 OK
99% under Design Member 17, UNEQUAL LOAD, Minor Deflection  6< L/250,
4.45<_ 8.0 mm OK 44% under 



Design Member 17, UNEQUAL LOAD, Tension  On gross area ft < Ft, 0.0< 213.0
OK 100% under  On net area ft <_ Ft, 0.0 <_ 245.0 OK 100% under Design
Member 17, UNEQUAL LOAD, Slenderness  Kx*L,./r,,=1.0*2000.0/136.65=14.64 <
200.0 OK 93% under  Ky.*L,Jry 1.0*2000.0/77.98=25.65 <_ 200.0 OK 87% under
Design Member 17, UNEQUAL LOAD, Compression  fa s Fa, 63.72 <_ 196.17 OK
68% under Design Member 17, UNEQUAL LOAD, Bending + Tension
fa/Ft+tbx/Fbx+fby/Fby=0.0/245.0+27.12/234.3+80.71/266.25=0.42 < 1 OK 58%
under  Design Member 17, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/F5 63.72/196.17=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'ex)*Fbx)=0.85*27.12/((1-63.72'4806.82)*234.3)=0.I
Minor Ratio=Cmy*fbJ((I-fa-F'
e~.)*Fb`,)=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 <_ I OK 31% under
fa/(0.6*Fy.)+fbx/Fbx+fb`JFby=63.72.'(0.6*355.0)+27.12/234.3-80.71/266.25=0.
72 >= I OK 28% under Page 69 of 106 Checking design member 18  Members: 18
Group: WV  Section: Wl2x87 Load Case: UNEQUAL LOAD  FY=355.0 MPa On gross
area F,=0.6*Fy==0.6*355.0=213.0 MPa  On net area Ft 0.5*F,,=0.5*490.0=245.0
MPa  F,=0.4*F, 0.4x355.0=142.0 MPa K1/r
max(Kx*1/rX,K,,*l/r~.)=max(1.0*2816.03/136.65,1.0-2816.03/77.98)=36.11
Fa(1-(KL/r)2/(2*Cc2))*F}IFS=(]-36.112/(2* 105.442))*355.0/1.79=186.68 MPa
b/t=153.67/20.57=7.47 5 65/x(Fy)=65/x(355.0)=9.06 ..0 Esyriov ICY Xo7ta7T
Mcrrop A t6: AR < Lc ..4)0 (D=0.66*F`.0.66*355.0=234.3 MPa  Minor Axis: Fb
0.75*Fy:=0.75*355.0=266.25 MPa Design Member 18, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 43.22 <_ 234.3 OK 82% under
Compressive Bending Stress: fb < Fb, 43.22 < 234.3 OK 82% under Design
Member 18, UNEQUAL LOAD, Major Shear  f < F, 7.29<_ 142.0 OK 95% under
Design Member 18, UNEQUAL LOAD, Major Deflection  



5< L/250. 8.05 <_ 11.26 min OK 29% under Design Member 18, UNEQUAL LOAD,
Minor Bending  Tensile Bending Stress: fb <_ Fb, 9.72 < 266.25 OK 96% under
Compressive Bending Stress: fb S Fb, 9.72< 266.25 OK 96% under Design
Member 18, UNEQUAL LOAD, Minor Shear  f ; < F. 0.32 < 142.0 OK 100% under
Design Member 18, UNEQUAL LOAD, Minor Deflection  S <_ L/250. 1.79<_ 11.26
mm OK 84% under Design Member 18, UNEQUAL LOAD, Tension  On gross area fj <
Ft, 0.0 < 213.0 OK 100% under  On net area fl < F1, 0.05 245.0 OK 100%
under Design Member 18, UNEQUAL LOAD, Slenderness  KX*LX/rY
1.0*2816.03/136.65=20.61 < 200.0 OK 90% under
Ky*L,Ir`=1.0*2816.03/77.98=36.11 <_ 200.0 OK 82% under Design Member 18,
UNEQUAL LOAD, Compression  fa < Fa, 56.89 <_ 186.68 OK 70% under Design
Member 18, UNEQUAL LOAD, Bending + Tension
fa'Fl+fbx/FbX+fby/Fby=0.0/245.0+43.22/234.3+9.72/266.25=0.22 < 1 OK 78%
under  Design Member 18, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/1'a=56.89i 186.68=0.3 Major
Ratio=Cmx*fb,/((I-fa/F'ex)*Fb.,)=0.85*43.22/((1-56.89/2424.62)-234.3)=0.16
Minor
Ratio=Cmy*fb`i'((l-fa'F',:v)*Fb`)=0.85*9.72/((1-56.89'789.51)*266.25)=0.03
Axial Ratio+Major Ratio+Minor Ratio=0.3+0.16-0.03=0.5 <_ I OK 50% under
fa'(0.6*F,)-fb,/Fb,+fb`i'Fby=56.89,'(0.6.355.0)+43.22%234.3+9.72;
266.25=0.49 >= I OK 51% under Page 70 of 106 Checking design member 19
Members: 19 Group: \V  Section: \'1'12x87 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*Fa0.5*490.0=245.0 MPa  F,=0.4*Fy 0.4*355.0=142.0 MPa
KI/r-max(Kx*1./rx.K,,*I/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=(1-17.3122/(2*105.442))*355.0/1.73=202.71 MPa  b/t=153.67/20.57=7.47
<65/`i(F)=65%x(355.0)=9.06 ..0 e;rttov is Xonayt  Magop A i6: Ap < Lc
.-.4>0 0 =0.66*F, 0.66*355.0=234.3 MPa  



;Elinor Axis: Fb=0.75*Fy=0.75*355.0=266.25 MPa Design Member 19, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb <_ Fb, 3.67< 234.3 OK 98%
under  Compressive Bending Stress: fb < Fb, 3.67 < 234.3 OK 98% under
Design Member 19, UNEQUAL LOAD, Major Shear  f .< F, 1.59< 142.0 OK 99%
under Design Member 19, UNEQUAL LOAD, Major. Deflection  5< L/250, 0.77<_
5.4 mm OK 86% under Design Member 19, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 46.47< 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  fl' < F," 0.27< 142.0 OK 100% under Design Member 19,
UNEQUAL LOAD, Minor Deflection  6< L/250, 0.54< 5.4 mm OK 90% under  Design
Member 19, UNEQUAL LOAD, Tension  On gross area ft < Ft, 2.27:-< 213.0 OK
99% under  On net area ft < Ft, 2.27< 245.0 OK 99./o under Design Member
19, UNEQUAL LOAD, Slenderness  KX*Lx/ra 1.0* 1350.0/136.65=9.88 < 300.0 OK
97% under  Ky*Ly/ry=1.0* 1350.0,!77.98=17.31 300.0 OK 94% under Design
Member 19, UNEQUAL LOAD, Compression  fa <_ Fa, 0.0 < 202.71 OK 100% under
Design Member 19, UNEQUAL LOAD, Bending + Tension  fa/F>+fbx/Fbx+fby/Fba
2.27/213.0+3.67i'234.3=46.47/266.25=0.2 1 OK 80% under  Design Member 19,
UNEQUAL LOAD, Bending + Compression fa/Fa 0.0!202.71=0.0 5 0.15 .'. 4>0
"/~"+4>/>t+ 'ct , 0.0/202.71+3.67/234.3+46.47/266.25=0. 19 < I OK 81% under
Page 71 of 106 Checking design member 20  Members: 20 Group: \V  Section:
'12x87 Load Case: UNEQUAL LOAD  Fy==355.0 MPa On gross area
Ft=0.6*F,,0.6*355.0=213.0 MPa  



On net area Ft 0.5*F.=0.5*490.0=245.0 N1Pa  F,,0.4*Fy.=0.4.355.0=142.0 MPa
Kl/r-max(KX*1//rx.K,,* I/r,)=max(1.0* 1350.0.%136.65,1.0*
1350.0/77.98)=17.31
Fa(I-(KL/r)2%(2*Cc2))*FIFS=(1-17.312/(2*105.442))*355.0/1.73=202.71 MPa
bit=153.67120.57=7.47 <65/x(Fy.)=65!x(355.0)=9.06 .-.~0 Esytiov is Xouaa;tt
lLlar'op A ia. AP <_ L,' . . q0 (D0=0.66*Fy,0.66*355.0=234.3 MPa
Minor,4xis:   Fb 0.75*F`, 0.75*355.0=266.25 MPa Design Member 20, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb < Fb, 1.49 <_ 234.3 OK 99%
under  Compressive Bending Stress: fb < Fb, 1.49< 234.3 OK 99% under Design
Member 20, UNEQUAL LOAD, Major Shear  f,!5 F, 0.08 <_ 142.0 OK 100% under
Design Member 20, UNEQUAL LOAD, Major Deflection  5< L/250.0.75< 5.4 mm OK
86% under Design Member 20, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 88.41 < 266.25 OK 67% under  Compressive Bending Stress:
fb <_ Fb, 88.41 < 266.25 OK 67% under Design Member 20, UNEQUAL LOAD, Minor
Shear  f,,<_ F, 4.94 < 142.0 OK 97% under Design Member 20, UNEQUAL LOAD,
Minor Deflection  8< L/250, 0.81 = 5.4 mm OK 85% under Design Member 20,
UNEQUAL LOAD, Tension   On gross area ft <_ F. 0.0 < 213.0 OK 100% under On
net area 17,< Ft, 0.0 < 245.0 OK 100% under  Design Member 20, UNEQUAL
LOAD, Slenderness  K,,*L,,/rx 1.0* 1350.011136.6i=9.88 200.0 OK 95% under
Ky.*L,Iry=1.0* 1350.0/77.98=17.31 200.0 OK 91% under Design Member 20,
UNEQUAL LOAD, Compression  fa <_ Fa, 1.88 <_ 202.71 OK 99% under Design
Member 20, UNEQUAL LOAD, Bending + Tension fa/Fm+fbx'Fbx+fb /Ft,
=0.0/245.0+1.49./234.3+88.41/266.25=0.34 1 OK 66% under  Design Member 20,
UNEQUAL LOAD, Bending + Compression fa!Fa 1.88/202.71=0.01 < 0.15 .'. ~0
4p4; Dp-1 88/202.71+1.49%234.3+88.41;266.25=0.35 < 1 OK 65% under  Page 72
of 106 



Checking design member 21  Members: 21 Group: W  Section: W 12x87 Load
Case: UNEQUAL LOAD  Fy.=355.0 MPa On gross area Fi 0.6*Fy=0.6*355.0=213.0
MPa  On net area Ft=0.5*F=0.5*490.0=245.0 MPa  F,=0.4*Fy 0.4*355.0=142.0
MPa Kl/r=max(KX*Iirx,K`,*Iir`;)=max(1.0* 1350.0/136.65,1.0*
1350.0/77.98)=17.31  Fa
(1-(KL/r)2/(2*Cc2))*F.JFS=(1-17.3122/(2*105.442))*355.0/I.73=202.71 MPa
b/t=153.67/20.57=7.47 <_ 65/JJ(FY)=65/'I(355.0)=9.06 .'.40 rs fnov t6
Xortcsy r  Alfayoop A; r6:  Ap <_ Lc .'.~0 rUp=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 21, UNEQUAL
LOAD, Major Bending  Tensile Bending Stress: fb _< F. 1.49 <_ 234.3 OK 99%
under  Compressive Bending Stress: fb <_ Fb, 1.49<_ 234.3 OK 99% under
Design Member 21, UNEQUAL LOAD, Major Shear  fv <_ F, 0.08 <_ 142.0 OK 100%
under Design Member 21, UNEQUAL LOAD, Major Deflection  15 L/250, 0.75 <
5.4 mm OK 86i under Design Member 21, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb <_ Fb, 88.41 <_ 266.25 OK 67% under  Compressive Bending
Stress: fb <_ F. 88.41 <_ 266.25 OK 67% under Design Member 21, UNEQUAL
LOAD, Minor Shear  fv5 F, 4.94<_ 142.0 OK 97% under f Design Member 21,
UNEQUAL LOAD, Minor Deflection   5<_ L/250.0.78 <_ 5.4 mm OK 85% under
Design Member 21, UNEQUAL LOAD, Tension  On gross area ft <_ Ft, 0.0 <_
213.0 OK 100% under  On net area ft <_ Ft, 0.0 5 245.0 OK 100% under Design
Member 21, UNEQUAL LOAD, Slenderness  KX*LX/r,, 1.0* 1350.0/136.65=9.88 <_
200.0 OK 95% under  Kv.*L~r`= I.0* 1350.0/77.98=17.31 :5 200.0 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
fa/Ft+fbX/FbX+fby/FbV=0.0/245.0+I.49/234.3+88.41/266.25=0.34 1 OK 66% under
Design Member 21, UNEQUAL LOAD, Bending + Compression fa/Fa
1.88/202.71=0.01 <0.15 ..~0 '(Dp"==1.88;
202.71+1.49./234.3+88.41/266.25=0.35 I OK 65% under  Page 73of106 Checking
design member 22  Members: 22 Group: W  Section: W 12x87 Load Case: UNEQUAL
LOAD  Fy 355.0 MPa On gross area Ft=0.6*F,=0.6*355.0=213.0 MPa  On net area
Ft=0.5*F,,=0.5*490.0=245.0 MPa  F,=0.4*F,=0.4*355.0= 142.0 MPa
Kl/r-max(KX*I/rx,K),*I/rV,)=max(1.0* 1350.0/ 136.65,1.0*
1350.0/77.98)=I7.31
Fa=(1-(KL/r)2/(2*Ce2))*F,/FS=(1-17.3122/(2*105.442))*355.0/1.73=202.71 MPa
b/t=153.67/20.57=7.47 < 65hi(Fy.)=65/V(355.0)=9.06 .-.40 Esvtiov t6 Xora;rt
Mapop A ia: Ap L~ .*.0 4y=0.66*Fx==0.66*355.0=234.3 MPa   Minor Axis:
Fb=0.75*Fy=0.75*355.0=266.25 MPa Design Member 22, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 3.67< 234.3 OK 98% under
Compressive Bending Stress: fb _< Fb, 3.675 234.3 OK 98% under Design
Member 22, UNEQUAL LOAD, Major Shear  f , < F, 1.595 142.0 OK 99% under
Design Member 22, UNEQUAL LOAD, Major Deflection  6< L/250, 0.775 5.4 mm OK
86% under Design Member 22, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 46.475 266.25 OK 83% under  Compressive Bending Stress: fb
<- Fb, 46.47 < 266.25 OK 83% under Design Member 22, UNEQUAL LOAD, Minor
Shear  f" 5 Fv, 0.27:5 142.0 OK 100% under Design Member 22, UNEQUAL LOAD,
Minor Deflection  6:5 L/250, 0.395 5.4 mm OK 93% under 



Design Member 22, UNEQUAL LOAD, Tension   On gross area ft < Ft, 2.27 <
213.0 OK 99% under On net area ft < Ft, 2.27 5 245.0 OK 99% under  Design
Member 22, UNEQUAL LOAD, Slenderness  KX*L,/rX 1.0* 1350.0/136.65=9.88 <
300.0 OK 97% under  Ky,*Ly/rte 1.0* 1350.0/77.98=17.31 300.0 OK 94% under
Design Member 22, UNEQUAL LOAD, Compression  fa 5 Fa, 0.0 < 202.71 OK 100%
under Design Member 22, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbX/Fbx-fbN'/Fby= 2.27/213.0+3.67/234.3+46.47/266.25=0.2 I OK 80%
under  Design Member 22, UNEQUAL LOAD, Bending + Compression fa/Fa
0.0/202.71=0.0 _< 0.15 .'. ~0 4/Va+4(3,.V PV -~Q /(D ow
-0.0/202.71+3.671234.3+46.47/266.25=0.19 5 1 OK 81% under a ~ 4~S Page 74
of 106 Checking design member 23  Members: 23 Group: W  Section: W 12x8 7
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 F> 0.5*F,=0.5*490.0=245.0 MPa
F"=0.4*FY==0.4*355.0=142.0 MPa
K1/r-max(K,,*1/rx,KY*l!rv)=max(1.0*2816.03/136.65,1.0*2816.03/77.98)=36.1 l
Fa (1-(KL/r)'-/(2*Cc2))*FY/FS=(1-36.11-'/(2*105.442))*355.0/1.79=186.68 MPa
b/t=153.6',/20.57=7.47 <_ 65/v(FY)=65i\'(355.0)=9.06 ..4>0 sytiov i6 Xoaayt
Mapop A; ro: Ap < Le ..4>0 (D =0.66*F,=0.66*355.0=234.3 MPa  Minor Axis: Fe
0.75*FY=0.75*355.0=266.25 MPa Design Member 23, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb < Fb, 43.22 < 234.3 OK 82% under  Compressive
Bending Stress: fb < Fb, 43.22 < 234.3 OK 82% under Design Member 23,
UNEQUAL LOAD, Major Shear  fl- <_ F, 7.29 <_ 142.0 OK 95% under Design
Member 23, UNEQUAL LOAD, Major Deflection  S < L/250, 8.05 <_ 11.26 mm OK
29% under Design Member 23, UNEQUAL LOAD, Minor Bending  



Tensile Bending Stress: fb <_ Fb, 9.72 <_ 266.25 OK 96% under  Compressive
Bending Stress: fb <_ Fb, 9.72 < 266.25 OK 96% under Design Member 23,
UNEQUAL LOAD, Minor Shear  fl, <_ F,, 0.32 < 142.0 OK 100% under Design
Member 23, UNEQUAL LOAD, Minor Deflection  S < L/250, 1.79 <_ 11.26 mm OK
84% under Design Member 23, UNEQUAL LOAD, Tension  On gross area f, < Ft,
0.0 _< 213.0 OK 100% under  On net area f> <_ Ft, 0.0 < 245.0 OK 100% under
Design Member 23, UNEQUAL LOAD, Slenderness  Kx*Lx/ra
1.0*2816.03/136.65=20.61 < 200.0 OK 90% under- KY*L~ry
1.0*2816.03/77.98=36.1 l < 200.0 OK 82% under Design Member 23, UNEQUAL
LOAD, Compression  fa <_ Fa, 56.89 < 186.68 OK 70% under Design Member 23,
UNEQUAL LOAD, Bending + Tension  fa/Ft+fbx/Fbx+fby/Fby
0.0/245.0+43.22/234.3+9.72/266.25=0.22 1 OK 78% under  Design Member 23,
UNEQUAL LOAD, Bending + Compression Axial Ratio=fa/Fa 56.89/186.68=0.3
Major
Ratio=Cmx*fbX/((1-fa/F'eX)*Fbx)=0.85*43.22/((1-56.89/2424.62)*234.3)=0.16
Minor
Ratio=Cmy*fbY/((1-fa/F'eV)*FbY)=0.85*9.72/((1-56.89/789.51)*266.25)=0.03
Axial Ratio+Major Ratio+Minor Ratio=0.30.16+0.03=0.5 <_ I OK 50% under
fa/(0.6*Fv.)+fbx/Fbx+fbY/FbY=56.89'(0.6*355.0)+43.22/234.3+9.72/266.25=0.49
>= I OK 51% under Page 75 of 106 Checking design member 24  Members: 24
Group: W  Section: W12x87 Load Case: UNEQUAL LOAD  FY 355.0 MPa On gross
area Ft 0.6*F,=0.6*355.0=213.0 MPa  On net area FY 0.5*F,,=0.5*490.0=245.0
MPa  F,=0.4*Fy==0.4*355.0=142.0 MPa Kl/r=max(Kx* I/ rx,Ky* l/r,)=m ax(1.0 *
2000.0/ 136.65,1.0*2000.0/77.98)=25.65  Fa
(1-(KL/r)2i'(2*Cc2))*Fy/FS=(1-25.652/(2*105.4422))*355.0/1.76=196.17 MPa
b/t=153.67/20.57=7.47 <_ 65/''(F )=65/''(355.0)=9.06 ..40 Es fnov to
Xoluta/r  Mapop A; to-: AR < L. .-.~O (=0.66*F,. 0.66*355.0=234.3 MPa Minor
Axis:   Fb 0.75*FY 0.75*355.0=266.25 MPa 



Design Member 24, UNEQUAL LOAD, Major Bending  Tensile Bending Stress: fb 5
Fb, 27.12 5 234.3 OK 88% under  Compressive Bending Stress: fb <_ Fb, 27.12
< 234.3 OK 88% under Design Member 24, UNEQUAL LOAD, Major Shear  f < F,
3.27<_ 142.0 OK 98% under Design Member 24, UNEQUAL LOAD, Major Deflection
5< L/250, 1.79 < 8.0 mm OK 78% under Design Member 24, UNEQUAL LOAD, Minor
Bending  Tensile Bending Stress: fb < Fb, 80.71 s 266.25 OK 70% under
Compressive Bending Stress: fb 5 Fb, 80.71 < 266.25 OK 70% under Design
Member 24, UNEQUAL LOAD, Minor Shear  fl? 65 F, 1.91 5 142.0 OK 99% under
Design Member 24, UNEQUAL LOAD, Minor Deflection  6<_ L/250, 4.45< 8.0 mm
OK 44% under Design Member 24, UNEQUAL LOAD, Tension   On gross area ft <_
Ft, 0.0 <_ 213.0 OK 100% under On net area ft < Ft, 0.0 < 245.0 OK 100%
under  Design Member 24, UNEQUAL LOAD, Slenderness
Kx*L,,/rx=1.0*2000.0/136.65=14.64 5 200.0 OK 93% under
Ky*L,JrY1.0*2000.0/77.98=25.65 < 200.0 OK 87% under Design Member 24,
UNEQUAL LOAD, Compression  a 5 IF,, 63.72 < 196.17 OK 68% under Design
Member 24, UNEQUAL LOAD, Bending + Tension
fa/F,+fbx/Fbx+fby/FbY0.0/245.0+27.12/234.3+80.71/266.25=0.42 < I OK 58%
under  Design Member 24, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa 63.72/196.17=0.32 Major
Ratio=Cmx*fbx/((1-fa/F'eX)*Fbx)=0.85*27.l2/((1-63.72/4806.82)*234.3)=0.1
Minor
Ratio=Cmy*fb`I((1-fa/F'e4.)*Fbv.)=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 <_ I OK 31% under
fa/(0.6*Fy)+fbx/Fbx+fb
JFby=63.72/(0.6*355.0)+27.12/234.3+80.71/266.25=0.72>= 1 OK 28% under Page
76 of 106 Checking design member 25  Members: 25 Group: W  Section: fit'
12x87 Load Case: UNEQUAL LOAD  FY=355.0 MPa 



On gross area F,=0.6*Fa=0.6*355.0=213.0 MPa  On net area Fi 0.5*Fa
0.5*490.0=245.0 MPa  F,, 0.4*Fy=0.4*355.0=142.0 MPa Kl/r-max(KX*1/r,
KK,*1!r,)=max(1.0*2000.0/136.65,1.0*2000.0/77.98)=25.65
Fa(I-(KL/r)2/(2*Ce2))*Fy/FS=(1-25.6522/(2* 105.442))*355.0/1.76=196.17 MPa
b/t=153.67120.57=7.47 <_ 65/'I(Fy)=65/'(355.0)=9.06 .-.4>0 ZEyttov t6
Xonayt  Mwpop A, to- .-AP <_ Le .-.0 (D p=0.66*Fy=0.66*355.0=234.3 MPa
Minor Axis: Fb 0.75*Fy0.75*355.0=266.25 MPa Design Member 25, UNEQUAL LOAD,
Major Bending  Tensile Bending Stress: fb <_ Fb, 18.57 <_ 234.3 OK 92%
under  Compressive Bending Stress: fb <_ Fb, 18.57 <_ 234.3 OK 92% under
Design Member 25, UNEQUAL LOAD, Major Shear  fv <_ F,, 1.28 <_ 142.0 OK 99%
under Design Member 25, UNEQUAL LOAD, Major Deflection  6:5 L/250, 0.26 <
8.0 inm OK-97% under Design Member 25, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb <_ Fb, 67.02 <_ 266.25 OK 75% under  Compressive Bending
Stress: fb <_ Fb, 67.02 <_ 266.25 OK 75% under Design Member25, UNEQUAL
LOAD, Minor Shear  f"<_ F, 1.88<_ 142.0 OK 99% under Design Member 25,
UNEQUAL LOAD, Minor Deflection  6<_L/250,5.28<_8.0 mm OK 34% under Design
Member 25, UNEQUAL LOAD, Tension  On gross area ft 5 Ft, 0.0 <_ 213.0 OK
100% under  On net area ft <_ Ft, 0.0 <_ 245.0 OK 100% under Design Member
25, UNEQUAL LOAD, Slenderness KX*L /r =1.0*2000.0/136.65=14.64 <_ 200.0 OK
93% under  III Ky*LyJry=1.0*2000.0/77.98=2-5.65 <_ 200.0 OK 87% under
Design Member 25, UNEQUAL LOAD, Compression fa <_ Fa, 62.25:5 196.17 OK 68%
under Design Member 25, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby=0.0/245.0+18.57/234.3+67.02/266.25=0.33 I OK 67%
under  Design Member 25, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa 62.25/ 196.17=0.32 Major Ratio=Cmx*fbx/((1-fa/F'eC)*Fbx)=0.85*
18.57/((1-62.25/4806.82)*234.3)=0.07  



Minor
Ratio=Cmy*fb~((1-fa/F'ey)*Fby)=0.85*67.02/((1-62.25/1565.2)*266.25)=0.22
Axial Ratio+Major Ratio+Minor Ratio=0.32+0.07+0.22=0.61 <_ I OK 39% under
fa/(0.6*Fv,)+fbx/Fbx+fbv1Fby=62.25/(0.6*355.0)+18.57/234.3+67.02/266.25=0.6
2 >= 1 OK 38% under Page 77of106  1,I Checking design member 26  Members:
26 Group: W  Section: \y' 12x87 Load Case: UNEQUAL LOAD  FY=355.0 MPa On
gross area Ft=0.6*Fy0.6*355.0=213.0 MPa  On net area Ft=0.5*Fu
0.5*490.0=245.0 MPa  F,.=0.4*Fy==0.4*355.0=142.0 MPa KI/r-max(K,,*I/rx,K,*
1/rY)=max(1.0*2816.03/ 136.65,1.0*2816.03/77.98)=36.11  Fa=(I
-(KL/r)2/(2*Cc2))*FyJFS=(1-36.11221"(2* 105.442))*355.0/1.79=186.68 MPa
b/t=153.67/ 20.57=7.47 < 65/v(FY)=65/'J(355.0)=9.06 .. 40 Es frtov to Xona
ft  Marpop AE ra: A <L, ..q0 (U=0.66*F,=0.66*355.0=234.3 MPa Minor Axis:
Fb 0.75*Fy=0.75*355.0=266.25 MPa Design Member 26, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 38.51 < 234.3 OK 84% under
Compressive Bending Stress: fb <_ Fb, 38.51 <_ 234.3 OK 84% under Design
Member 26, UNEQUAL LOAD, Major Shear  fl, < F, 6.34 < 142.0 OK 96% under
Design Member 26, UNEQUAL LOAD, Major Deflection  6 <_ L/250, 5.06!5 11.26
mm OK 55% under Design Member 26, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 21.26:5 266.25 OK 92% under  Compressive Bending
Stress: fb < Fb, 21.26<_ 266.25 OK 92% under Design Member 26, UNEQUAL
LOAD, Minor Shear  f <_ Fv. 0.37 < 142.0 OK 100% under Design Member 26,
UNEQUAL LOAD, Minor Deflection  5< L/250, 1.94<_ 11.26 mm OK 83% under
Design Member 26, UNEQUAL LOAD, Tension  On gross area ft < Ft, 0.0 5 213.0
OK 100% under  



On net area ft < Ft, 0.0 <_ 245.0 OK 100% under Design Member 26, UNEQUAL
LOAD, Slenderness  Kx*Lx/rx=1.0*2816.03/136.65=20.61 s 200.0 OK 90% under
KY*L,Jry=1.0*2816.03/77.98=36.11 < 200.0 OK 82% under Design Member 26,
UNEQUAL LOAD, Compression  fa <_ Fa, 58.28:5 186.68 OK 69% under Design
Member 26, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbx/Fbx+fby/Fby0.0/245.0+38.51/234.3+21.26/266.25=0.24 < 1 OK 76%
under  Design Member 26, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa 58.28;186.68=0.31 Major
Ratio=Cmx*fbx/((1-fa/F'ex)*Fbx)=0.85*38.51/((I-58.28/2424.62)*234.3)=0.14
Minor
Ratio=Cmy*fbj((I-fa/F'ey)*Fbv.)=0.85*2I.26/((1-58.28/789.51)*266.25)=0.07
Axial Ratio-Major Ratio-Minor Ratio=0.3110.14-0.07=0.53 < I OK 47% under
fa/(0.6*Fy)+fbx,'Fbx+fby5by 58.28i'(0.6*355.0)+38.51
/234.3+21.26/266.25=0.52 >= I OK 48% under Page 78 of 106 Checking design
member 27  Members: 27 Group: Custom2  Section: CHS 114.3 x 6  0 Load Case:
UNEQUAL LOAD  Fy.=355.0 MPa On gross area Ft 0.6*Fv=0.6*355.0=213.0 MPa  On
net area Ft=0.5*Fu=0.5*490.0=245.0 MPa  F"=0.4*FY 0.4*355.0=142.0 MPa K
I/r=m a x (K, * I/rx, Ky * l/ry)=m ax (1.0 * 3122.9/3 8.3 5 ,1.0 * 312
2.9/3 8.3 5)=81.43  Fa
(1-(KL/r)2/(2~Cc2))*F~/FS=(1-81.43'-/(2*108.062))*355.0/1.9=134.08 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 27, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 1.86<_ 234.3 OK 99% under
Compressive Bending Stress: fb < Fb, 1.865 234.3 OK 99% under Design Member
27, UNEQUAL LOAD, Major Shear  f, <_ F, 0.05 <_ 142.0 OK 100% under Design
Member 27, UNEQUAL LOAD, Major Deflection  6<_ L/250, 4.18<_ 12.49 mm OK
67% under Design Member 27, UNEQUAL LOAD, Minor Bending  



Tensile Bending Stress: fb < Fb, 16.11 < 234.3 OK 93% under  Compressive
Bending Stress: fb < Fb, 16.11 <_ 234.3 OK 93% under Design Member 27,
UNEQUAL LOAD, Minor Shear  fl' < F, 0.36 <_ 142.0 OK 100% under Design
Member 27, UNEQUAL LOAD, Minor Deflection  5< L/250, 2.21 <_ 12.49 mm OK
82% under Design Member 27, UNEQUAL LOAD, Tension  On gross area ft <_ F,
0.0 <_ 213.0 OK 100% under  On net area ft <_ Ft, 0.0:5 245.0 OK 100% under
Design Member 27, UNEQUAL LOAD, Slenderness  Kx*Lx/rX
1.0*3122.9/38.35=81.43 < 200.0 OK 59% under  Ky.*LylrY
1.0*3122.9/38.35=81.43 200.0 OK 59% under Design Member 27, UNEQUAL LOAD,
Compression  fa <_ Fa, 69.58<_ 134.08 OK 48% under Design Member 27,
UNEQUAL LOAD, Bending + Tension  atFt+fbx/FbxfbYtFbv
0.0/245.0+1.86/234.3+16.11/234.3=0.08 < I OK 92% under  Design Member 27,
UNEQUAL LOAD, Bending + Compression Axial Ratio=fa/Fa 69.58/134.08=0.52
Major Ratio=Cmx*fb,/((1-fa/F'ex)*Fb,)=0.85*
I.86/((1-69.58/163.06)*234.3)=0.01  Minor
Ratio=Cmy*fby/((1-fa/F'ev,)*Fby)=0.85* 16.11/((1-69.58/163.06)*234.3)=0.I
Axial Ratio+Major Ratio+Minor Ratio=0.52+0.01+0.1=0.63 < I OK 37% under
fa/(0.6*F,,)+fb,/Fb,+fby/Fby.=69.58/(0.6*355.0)+1.86/234.3+16.11/234.3=0.4
>= I OK 60% under Page 79 of 106 Checking design member 28  Members: 28
Group: Custom2  Section: CHS 114.3 x 6 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  F,,=0.4*Fy==0.4*355.0=142.0 MPa
KI/r--max(K,*1/rx,Ky*1/r`.)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa (1-(KL/r)'-/(2*Cc2))*F`/FS=(1-81.432 (2*I08.062))*355.0/1.9=134.08 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 28, UNEQUAL LOAD, Major
Bending  



Tensile Bending Stress: fb <_ Fb, 7.99< 234.3 OK 97% under  Compressive
Bending Stress: fb <_ Fb, 7.99!g 234.3 OK 97% under Design Member 28,
UNEQUAL LOAD, Major Shear  f. 5 F, 0.02 < 142.0 OK 100% under Design Member
28, UNEQUAL LOAD, Major Deflection  8< L/250, 9.14 < 12.49 mm OK 27% under
Design Member 28, UNEQUAL LOAD, Minor Bending  Tensile Bending Stress: fb <
Fb, 14.875 234.3 OK 94% under  Compressive Bending Stress: fb <_ Fb,
14.87<_ 234.3 OK 94% under Design Member 28, UNEQUAL LOAD, Minor Shear  f .
< F, 0.34 <_ 142.0 OK 100% under Design Member 28, UNEQUAL LOAD, Minor
Deflection  5:5 L/250, 0.56 < 12.49 mm OK 96% under Design Member 28,
UNEQUAL LOAD, Tension  On gross area f c< Ft, 35.71 5 213.0 OK 83% under
On net area f t< Ft, 35.71 < 245.0 OK 85% under Design Member 28, UNEQUAL
LOAD, Slenderness  KX*L,,/rX 1.0*3122.9/38.35=81.43 <_ 300.0 OK 73% under
Ky,*Ly/ry, 1.0*3l22.9/38.35=81.43 < 300.0 OK 73% under Design Member 28,
UNEQUAL LOAD, Compression  fa <_ F, 0.0:-< 134.08 OK 100% under Design
Member 28, UNEQUAL LOAD, Bending + Tension
fa/Fr+fba/Fbx+fby/Fby=35.71/213.0+7.99/234.3+14.87/234.3=0.27 I OK 73%
under  Design Member 28, UNEQUAL LOAD, Bending + Compression
fa/1a001'1340800 < 0.15 .'. ~0 !0PW 0.0/134.08+7.99/234.3+14.87/234.3=0.1
<_ I OK 90% under  Page 80 of 106 Checking design member 29  Members: 29
Group: Custom2  Section: CHS 1 14.3, x 6  0 Load Case: UNEQUAL LOAD.
FY=355.0 MPa On gross area F,=0.6*Fy=0.6*355.0=213.0 MPa  On net area
F,=0.5*Fa 0.5*490.0=245.0 MPa  F,=0.4*Fy. 0.4*355.0=142.0 MPa 



KI/r-max(Ka*1/r,,K`.*I/ry.)=max(1.0* 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: Fe 0.66*Fy=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 <_ 234.3 OK 99% under
Compressive Bending Stress: fb 5 Fb, 1.61 5 234.3 OK 99% under Design
Member 29, UNEQUAL LOAD, Major Shear  f,<_ F,., 0.07 <_ 142.0 OK 100% under
Design Member 29,.UNEQUAL LOAD,. Major Deflection  S <_ L/250, 0.93 <_ 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 < 234.3 OK 93% under Design Member 29, UNEQUAL
LOAD, Minor Shear  f,<_ Fv, 0.56< _ 142.0 OK 100% under Design Member 29,
UNEQUAL LOAD, Minor Deflection  6 5 L/250, 0.885 6.28 mm OK 86% under
Design Member 29, UNEQUAL LOAD, Tension  On gross area f,<_ Fi, 12.53 5
213.0 OK 94% under  On net area ft <_ F,, 12.53 5 245.0 OK 95% under Design
Member 29, UNEQUAL LOAD, Slenderness  Kx*LX/rX 1.0* 1569.24/38.35=40.92 <_
300.0 OK 86% under  j Ky*LyJry=1.0* 1569.24/38.35=40.92 <-300.0 OK 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
a/F,+fbz/Fbx+fby/Fb,=12.53/213.0+1.61/234.3+15.55/234.3=0.13 <_ 1 OK 87%
under  Design Member 29, UNEQUAL LOAD, Bending + Compression
fa/F,=0.'/l82.89=0.0:50.'5 .'. ~0 ~a/rGa+~ps/(Dp,+~p,/4yp
0.0/182.89+1.61/234.3+15.55/234.3=0.07 I OK 93% under  Page 81 of 106
Checking design member 30  Members: 30 Group: Custom2  



Section: CHS 114.3 x 6  0 Load Case: UNEQUAL LOAD  F}=355.0 MPa On gross
area F,=0.6*Fy==0.6*355.0=213.0 MPa  On net area F,=0.5*F,,=0.5*490.0=245.0
%1Pa  F` 0.4*Fy==0.4*355.0=142.0 MPa KI/r=max(KX*1/r,,,Ky.*I/r`,)=max(1.0*
1569.24/38.35,1.0* 1569.24/38.35)=40.92  F,=(l
-(KL/r)'=/(2*Cc2))*Fy/FS=(1-40.922/()*108.062))*355.0i1.8=182.89 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 30, UNEQUAL LOAD, Major
Bending Tensile Bending Stress: fb < Fb, 3.18 <_ 234.3 OK 99% under
Compressive Bending Stress: fb < Fb; 3.18 < 234.3 OK 99% under Design
Member 30, UNEQUAL LOAD, Major Shear  IT,, < F, 0.15 <_ 142.0 OK 100% under
Design Member 30, UNEQUAL LOAD, Major Deflection  6< L/250, 0.78< 6.28 mm
OK 88% under Design Member 30, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 30.28 < 234.3 OK 87% under  Compressive Bending Stress: fb
5 Fb,.30.28 < 234.3 OK 87% under Design Member 30, UNEQUAL LOAD, Minor
Shear  f.. < F," 1.11 < 142.0 OK 99% under Design Member 30, UNEQUAL LOAD,
Minor Deflection  6<_ L/250, 2.04< 6.28 mm OK 68% under Design Member 30,
UNEQUAL LOAD, Tension  On gross area ft < Ft, 0.05 213.0 OK 100% under  On
net area ft <_ Ft, 0.0:5 245.0 OK 100% under Design Member 30, UNEQUAL
LOAD, Slenderness  K,,*LX/rC 1.O* 1569.24/38.35=40.92 < 200.0 OK 80% under
Ky.*L/ry=1.0* 1569.24/38.35=40.92 < 200.0 OK 80% under Design Member 30,
UNEQUAL LOAD, Compression  fa < Fa, 1.76 < 182.89 OK 99% under Design
Member 30, UNEQUAL LOAD, Bending + Tension
fa/F,+fbx/Fba+fbv/FbV=0.01245.0+3.18/234.3+30.28/234.3=0.14 < I OK 86%
under  



Design Member 30, UNEQUAL LOAD, Bending + Compression fa/Fa 1.76/182.89=0.0
1 < 0.15 .. ~0 '( 1.76/ 182.89+3.18/234.3+30.28/234.3=0.15 < I OK 85% under
Page 82 of 106 Checking design member 31  Members: 31 Group: Custom2
Section: CHS 114.3 x 6  0 Load Case: UNEQUAL LOAD  FY= 355.0 MPa On gross
area F,=0.6*Fy= 0.6*355.0=213.0 MPa  On net area Ft 0.5*Fa0.5*490.0=245.0
MPa  F,=0.4*F,==0.4*355.0=142.0 MPa KI/r=max(KX*I/rX,K}.*
I/r\,)=max(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17  Fa
(1-(KL/r)2/(2*Cc2))*FyIFS=(1-56.172/(2*I08.062))*355.0/1.84=166.5 MPa
Major Axis: Fe 0.66*Fy=0.66*355.0=234.3 MPa  F.66* s: b=0  Fe
.66F~=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  f., <_ F, 0.2 _< 142.0 OK 100% under Design
Member 31, UNEQUAL-LOAD, Major. Deflection.  S <_ L/250, 0.36<_ 8.62 mm OK
96% under Design Member 31, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 31.3 5 234.3 OK 87% under  Compressive Bending Stress: fb
<_ Fb, 31.3 <_ 234.3 OK 87% under Design Member 31, UNEQUAL LOAD, Minor
Shear  f,. 5 F, 0.78 5 142.0 OK 99% under Design Member 31, UNEQUAL LOAD,
Minor Deflection  8<_ L/250, 5.69!5 8.62 mm OK 34% under Design Member 31,
UNEQUAL LOAD, Tension  On gross area ft <_ Ft, 0.0 <_ 213.0 OK 100% under  



On net area ft <_ F. 0.0:5 245.0 OK 100% under Design Member 31, UNEQUAL
LOAD, Slenderness  KX*LX/ra 1.0*2154.07/38.35=56.17 5 200.0 OK 72% under
Kv*L,,Jry, 1.0*2154.0 7/38.35=56.17 5 200.0 OK 72% under Design Member 31,
UNEQUAL LOAD, Compression  fa <_ Fa, 19.21 <_ 166.5 OK 88% under Design
Member 31, UNEQUAL LOAD, Bending + Tension
fa/Ft+fbX/FbX+fby/Fbyx.0/245.0+11.22/234.3+31.3/234.3=0.18 5 1 OK 82% under
Design Member 31, UNEQUAL LOAD, Bending + Compression fa/Fa
19.21/166.5=0.12 5 0.15 .-.40 ~,,,/47a+0p~/(DoF-~o,/Opy
19.21/166.5+11.22/234.3+31.3/234.3=0.3 <_ I OK 70% under  Page 83 of 106
Checking design member 32  Members: 32 Group: Custom2  Section: CHS 114.3 x
6  0 Load Case: UNEQUAL LOAD  FY. 355.0 MPa On gross area
F,=0.6*Fy=0.6*355.0=213.0 MPa  On net area Ft=0.5*F,,=0.5*490.0=245.0 MPa
F,=0.4*FY 0.4*355.0=142.0 MPa
Kl/r=max(Kx*1!rx,KY*l/ry)=max(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa (1-(KL/r)'-!(2.Cr2))*FyFS=(1-56.17'/(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*FY
0.66*355.0=234.3 MPa   Design Member 32, UNEQUAL LOAD, Major Bending
Tensile Bending Stress: fb <_ Fb, 13.43 <_ 234.3 OK 94% under  Compressive
Bending Stress: fb < Fb, 13.43 5 234.3 OK 94% under Design Member 32,
UNEQUAL LOAD, Major Shear  fV < F, 0.23 <_ 142.0 OK 100% under Design
Member 32, UNEQUAL LOAD, Major Deflection  S < L/250, 1.825 8.62 mm OK 79%
under Design Member 32, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb < Fb, 22.52< 234.3 OK 90% under  Compressive Bending Stress: 



fb 5 Fb, 22.52< 234.3 OK 90% under Design Member 32, UNEQUAL LOAD, Minor
Shear  f, 5 F, 0.45:5 142.0 OK 100% under Design Member 32, UNEQUAL LOAD,
Minor Deflection  5!5 L/250. 4.84!5 8.62 mm OK 44% under Design Member 32,
UNEQUAL LOAD, Tension  On gross area ft < Ft, 0.0 5 213.0 OK 100% under  On
net area ft < F. 0.0 < 245.0 OK 100% under Design Member 32, UNEQUAL LOAD,
Slenderness  Kx*L,t/rx 1.0*2154.07/38.35=56.17 200.0 OK 72% under
KY*L,Jry=1.0*2154.07/38.35=56.17 5 200.0 OK 72% under Design Member 32,
UNEQUAL LOAD, Compression  fa 5 Fa, 6.39 <_ 166.5 OK 96% under Design
Member 32, UNEQUAL LOAD, Bending + Tension
fa/Ft+fb,/Fbx+fby/Fby=0.0/245.0+13.43/234.3+22.52/234.3=0.15 5 I OK 85%
under  Design Member 32, UNEQUAL LOAD, Bending + Compression fa!Fa639/
166.5=0.04 < 0.15 .'. ~0
jai"Qya+~ps/Q>p~+~p,/4yptV=6.39/166.5+13.43/234.3+22.52/234.3=0.19 5 1 OK
81% under  Page 84 of 106 Checking design member 33  Members: 33 Group:
Custom2  Section: CHS 114.3 x 6 Load Case: UNEQUAL LOAD  FY=355.0 MPa On
gross area Ft=0.6*Fy0.6*355.0=213.0 MPa  On net area
Ft=0.5*Fu=0.5*490.0=245.0 MPa  F,,=0.4*Fy=0.4*355.0=142.0 MPa KI/r=max(K,,*
I/r,,,K,,1/ry.)=max(1.0*2154.07/38.35,1.0*2l54.07/38.35)=56.17
Fa=(1-(KL/r)2/(2*Cc2))*Fy/FS=(1-56.1722/(2*108.062))*355.0/1.84=166.5 MPa
Major Axis: Fb 0.66*Fy==0.66*355.0=234.3 MPa  Minor Axis: Fe 0.66*Fv
0.66*355.0=234.3 MPa Design Member 33, UNEQUAL LOAD, Major Bending  Tensile
Bending Stress: fb <_ Fb, 13.43 <_ 234.3 OK 94% under  Compressive Bending
Stress: fb <_ Fb, 13.43 <_ 234.3 OK 94% under Design Member 33, UNEQUAL
LOAD, Major Shear  fV <_ F," 0.23 <_ 142.0 OK 100% under 



Design Member 33, UNEQUAL LOAD, Major Deflection  S <_ L/250, 1.82 <_ 8.62
mm OK 79% under Design Member 33, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb <_ Fb, 22.52 <_ 234.3 OK 90% under  Compressive Bending
Stress: fb <_ Fb, 22.52 <_ 234.3 OK 90% under Design Member 33, UNEQUAL
LOAD, Minor Shear  f" <_ Fv, 0.45 <_ 142.0 OK 100% under Design Member 33,
UNEQUAL LOAD, Minor Deflection  S <_ L/250, 4.84 <_ 8.62 mm OK 44% under
Design Member 33, UNEQUAL LOAD, Tension  On gross area ft <_ Ft, 0.0 <_
213.0 OK 100% under  On net area ft <_ Ft, 0.0 <_ 245.0 OK 100% under
Design Member 33, UNEQUAL LOAD, Slenderness
Kx*Lx/rx=1.0*2154.07/38.35=56.17 200.0 OK 72% under  Ky,*L/rY
1.0*2154.07/38.35=56.17 200.0 OK 72% under. Design Member 33, UNEQUAL LOAD,
Compression  fa <_ Fa, 6.39 <_ 166.5 OK 96% under Design Member 33, UNEQUAL
LOAD, Bending + Tension  fa/Ft+fbx/Fbx+fby/Fby
0.0/245.0+13.43/234.3+22.52/234.3=0.15 1 OK 85% under  Design Member 33,
UNEQUAL LOAD, Bending + Compression  fa/Fa=6.39/166.5=0.04 5 0.15 .'. ~0
a/Q>a+psp; /~ -+puJd>PW=6.39/166.5-13.43/234.3+22.52/234.3=0.19 <_ 1 OK 81%
under  Page 85 of 106 Checking design member 34  Members: 34 Group: Custom2
Section: CHS 114.3 x 6  0 Load Case: UNEQUAL LOAD  FY= 355.0 MPa On gross
area F,=0.6*Fy=0.6*355.0=213.0 N-lPa  On net area
Ft=0.5*F,,=0.5*490.0=245.0 MPa  F,=0.4*Fy=0.4#355.0=142.0 MPa
KI/r-max(K,,*1/r,,.K,,*I/ry)=max(1.0*2154.07/38.35,1.0*2154.07/38.35)=56.17
Fa=(1-(KL/r)2!(2*Cc2))*Fyr FS=(1-56.172,'(2* 108.062))*355.0/1.84=1665 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 34, UNEQUAL LOAD, Major Bending  Tensile Bending Stress: fb <
Fb, 11.22 <_ 234.3 OK 95% under  Compressive Bending Stress: fb < Fb, 11.22
5 234.3 OK 95% under Design Member 34, UNEQUAL LOAD, Major Shear  ff. 5 F~,
0.2:5 142.0 OK 100% under Design Member 34, UNEQUAL LOAD, Major Deflection
6 5 L/250, 0.235 8.62 mm OK 97% under Design Member 34, UNEQUAL LOAD, Minor
Bending  Tensile Bending Stress: fb 5 Fb, 31.3 5 234.3 OK 87% under
Compressive Bending Stress: fb < Fb, 31.3 <_ 234.3 OK 87% under Design
Member 34, UNEQUAL LOAD, Minor Shear  fV. <_ F, 0.78<_ 142.0 OK 99% under
Design Member 34, UNEQUAL LOAD, Minor Deflection  6 < L/250, 5.69 5 8.62 mm
OK 34% under Design Member 34, UNEQUAL LOAD, Tension  On gross area fc <
Ft, 0.0< 213.0 OK 100% under  On net area f< 5 Ft, 0.0:5 245.0 OK 100%
under Design Member 34, UNEQUAL LOAD, Slenderness
KC*LX/rX=1.0#2154.07/38.35=56.17 < 200.0 OK 72% under  Ky,*Ly/rte
1.0*2154.07/38.35=56.17 200.0 OK 72% under Design Member 34, UNEQUAL LOAD,
Compression  fa 5 IF,, 19.21 <_ 166.5 OK 88% under Design Member 34,
UNEQUAL LOAD, Bending + Tension fa/Ft+fb
/Fbx-fby/Fb==0.0/245.0+11.22/234.3+31.3/234.3=0.18 I OK 82% under  Design
Member 34, UNEQUAL LOAD, Bending + Compression fa/Fa 9.21/166.5=0. 12:5
0.15 .'. 40 /cDps-19.21/166.5+11.22/234.3+31.3/234.3=0.3 5 I OK 70% under
Page 86 of 106 Checking design member 35  Members: 35 Group: Custom2
Section: CHS 114.3 x 6 Load Case: UNEQUAL LOAD  FY=355.0 MPa On gross area
Ft=0.6*F`. 0.6*355.0=213.0 MPa  On net area F,=0.5*F,=0.5*490.0=245.0 MPa.
F,==0.4*FY 0.4-355.0=142.0 MPa 



KI/r-max(K,,*I/rx,Ky,*1/ry)=max(1.0* 1569.24/38.35,1.0*
1569.24/38.35)=40.92  Fa( I-(KL/r)2/(2*Cc2))*F~FS=(1-40.922/(2* I
08.062))*355.0/1.8=182.89 MPa  Major Axis: Fb=0.66*FY 0.66*355.0=234.3MPa
b=0.Axis: Fb 66*FY 0.66-355.0=234.3Iv1Pa Design Member 35, UNEQUAL LOAD,
Major Bending  Tensile Bending Stress: fb <_ Fb, 3.18<_ 234.3 OK 99% under
Compressive Bending Stress: fb <_ Fb, 3.18 <_ 234.3 OK 99% under Design
Member 35, UNEQUAL LOAD, Major Shear  f.,. <_ F, 0.15 < 142.0 OK 100% under
Design Member 35, UNEQUAL LOAD, Major Deflection  5<_ L/250, 0.78< 6.28 mm
OK 88% under Design Member 35, UNEQUAL LOAD,. Minor Bending..  Tensile
Bending Stress: fb <_ Fb, 30.28 <_ 234.3 OK 87% under  Compressive Bending
Stress: fb <_ Fb, 30.28 <_ 234.3 OK 87% under Design Member 35, UNEQUAL
LOAD, Minor Shear  ff. <_ F,., 1.11 <_ 142.0 OK 99% under Design Member 35,
UNEQUAL LOAD, Minor Deflection  5:5 L/250, 2.04 <_ 6.28 mm OK 68% under
Design Member 35, UNEQUAL LOAD, Tension  On gross area f< <_ Ft, 0.0 <_
213.0 OK 100% under  On net area f,<_ Ft, 0.0 <_ 245.0 OK 100% under Design
Member 35, UNEQUAL LOAD, Slenderness  Kx*L,,/ra 1.0* 1569.24/38.35=40.92
200.0 OK 80% under  Ky*Ly ry=1.0* 1569.24/38.35=40.92 200.0 OK 80% under
Design. Member 35, UNEQUAL LOAD, Compression  fa <_ Fa, 1.76 < 182.89 OK
99% under Design Member 35, UNEQUAL LOAD, Bending + Tension f
/F[+fb~/Fbx+fby '/F by :0.0/245.0+3.18/234.3+30.28/234.3=0.14 1 OK 86%
under  it a Design Member 35, UNEQUAL LOAD, Bending + Compression  fa/Fa
1.76/182.89=0.01 <_ 0.15 .'. ~0 .76/182.89+3.18/234.3+30.28/234.3=0.15 I OK
85% under  11 Page 87 of 106 Checking design member 36  



Members: 36 Group: Custom2  Section: CHS 114.3 x 6  0 Load Case: UNEQUAL
LOAD  FY=355.0 MPa On gross area F,=0.6*Fy=0.6*355.0=213.0 MPa  On net area
Ft=0.5*F,,=0.5*490.0=245.0 MPa  F,,=0.4*Fy==0.4*355.0=142.0 MPa
Kl/r-max(KX*l/rX,K),*l/r,)=max(1.0* 1569.24/38.35,1.0* 1569.24/38.35)=40.92
Fa(1-(KLi'r)2i'(2*Cc2))*Fyj'FS=(1-40.92221 .;(2*108.062))*355.0/1.8=182.89
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 36, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb < Fb, 1.61 <_ 234.3 OK 99% under
Compressive Bending Stress: fb <_ Fb, 1.61 < 234.3 OK 99% under Design
Member 36, UNEQUAL LOAD, Major Shear  f" 5 F,., 0.0.7< 142.0 0K 100% under
Design Member 36, UNEQUAL LOAD, Major Deflection  6 <_ L/250. 0.93< 6.28 mm
OK 85% under Design Member 36, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb <_ Fb, 15.55 5 234.3 OK 93% under  Compressive Bending Stress:
fb 5 Fb, 15.55 < 234.3 OK 93% under Design Member 36, UNEQUAL LOAD, Minor
Shear  fl 5 Fv, 0.56 5 142.0 OK 100% under Design Member 36, UNEQUAL LOAD,
Minor Deflection  S <_ L/250, 0.88 < 6.28 mm OK 86% under Design Member 36,
UNEQUAL LOAD, Tension  On gross area ft < Ft, 12.53 < 213.0 OK 94% under
On net area ft <_ Ft, 12.53 < 245.0 OK 95% under Design Member 36, UNEQUAL
LOAD, Slenderness  KX*L,,/rX=1.0* 1569.241'38.35=40.92 < 300.0 OK 86% under
Ky,*L)jra 1.0* 1569.24/38.35=40.92 < 300.0 OK 86% under Design Member 36,
UNEQUAL LOAD, Compression  fa 5 Fa, 0.0 5 182.89 OK 100% under 



Design Member 36, UNEQUAL LOAD, Bending + Tension
f2Ft+fbx/Fbx+fby/Fby==12.53/213.0+1.61/234.3+15.55/234.3=0.13 <_ 1 OK 87%
under  Design Member 36, UNEQUAL LOAD, Bending + Compression
fa1Fa0.0/'182.89=0.0 <_ 0.15 .-.40 ~~/4ya+~py/dypy+bR TRW
0.0/182.89+1.61/234.3+15.55/234.3=0.07 < I OK 93% under  Page 88 of 106
Checking design member 37  Members: 37 Group: Custom2  Section: CHS 114.3 x
6 Load Case: UNEQUAL LOAD  Fy==355.0 MPa On gross area
F,=0.6*Fy==0.6*355.0=213.0 MPa  On net area Ft=0.5*Fu=0.5*490.0=245.0 MPa
F,=0.4*FY 0.4*355.0=142.0 MPa
KI/r=max(Kx*I/r.,Ky,*l/r,)=max(1.0*3122.9/38.35,1.0*3122.9/38.35)=81.43
Fa=(I-(KL/r)2/(2*Cc2))*F/FS=(1-81.432/(2*I08.062))*355.0/1.9=134.08 MPa
Major Axis: Fb=0.66*Fy=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 < Fb, 7.99 < 234.3 OK 97% under
Compressive Bending Stress: fb 5 Fb, 7.99 5 234.3 OK 97% under Design
Member 37, UNEQUAL LOAD, Major Shear  f~ 5 F,., 0.02 < 142.0 OK 100% under
Design Member 37, UNEQUAL LOAD, Major Deflection  S 5 L/250, 9.14< 12.49 mm
OK 27% under Design Member 37, UNEQUAL LOAD, Minor Bending  Tensile Bending
Stress: fb 5 Fb, 14.875 234.3 OK 94% under  Compressive Bending Stress: fb
< F. 14.87:5 234.3 OK 94% under Design Member 37, UNEQUAL LOAD, Minor Shear
f,,. 5 Ft" 0.34 5 142.0 OK 100% under Design Member 37, UNEQUAL LOAD, Minor
Deflection  S 5 L/250, 0.77< 12.49 mm OK 94% under Design Member 37,
UNEQUAL LOAD, Tension  On gross area f,5 F, 35.71 5 213.0 OK 83% under  



On net area f, 5 Ft, 35.71 < 245.0 OK 85% under Design Member 37, UNEQUAL
LOAD, Slenderness  KX*Lx/ra 1.0*3I22.9/38.35=81.43 5 300.0 OK 73% under  K
.*Ly ry 1.0*3122.9/38.35=81.43 < 300.0 OK 73% under Design Member 37,
UNEQUAL LOAD, Compression  fa < Fa, 0.0< 134.08 OK 100% under Design Member
37, UNEQUAL LOAD, Bending + Tension
fa/F,+fbx/Fbx+fby/Fby=35.71/213.0+7.99/234.3+14.87/234.3=0.27 < l OK 73%
under  Design Member 37, UNEQUAL LOAD, Bending + Compression
f,,/F,,=0.0/l34.08=0.0< 0.15 .'. 40 ~a/Na+~p`/'Dp^+~p JQyp
0.0/134.08+7.99/234.3+14.87/234.3=0.1 1 OK 90% under  Page 89 of 106
Checking design member 38  Members: 38 Group: Custom2  Section: CHS 114.3 x
6  0 Load Case: UNEQUAL LOAD  Fy.=355.0 MPa On gross area
Ft=0.6*F`=0.6*355.0=213.0 MPa  On net area F,=0.5*F.=0.5*490.0=245.0 MPa
Fv. 0.4*F,==0.4.355.0=142.0 MPa Kl/ r--max(K,,* I/rx,K},* 1/r")=max(l .0*
3122.9/38.3 5,1.0*3122.9/38.35)=81.43
Fa(I-(KL/r)2/(2*Cc2))*FY1FS=(1-81.432/(2* 108.062))-355.0/1.9=134.08 MPa
Major Axis: Fe 0.66*F`=0.66*355.0=234.3 MPa  Minor Axis:
Fb=0.66*Fy=0.66*355.0=234.3 MPa Design Member 38, UNEQUAL LOAD, Major
Bending  Tensile Bending Stress: fb <_ Fb, 1.86 < 234.3 OK 99% under
Compressive Bending Stress: fb < Fb, 1.86 <_ 234.3 OK 99% under Design
Member 38, UNEQUAL LOAD, Major Shear  f,..<_ F, 0.05 <_ 142.0 OK 100% under
Design Member 38, UNEQUAL LOAD, Major Deflection  8<_ L/250. 4.18 <_ 12.49
mm OK 67% under Design Member 38, UNEQUAL LOAD, Minor Bending  Tensile
Bending Stress: fb < Fb, 16.11 5 234.3 OK 93% under  Compressive Bending
Stress: 



fb <_ Fb, 16.11 <_ 234.3 OK 93% under Design Member 38, UNEQUAL LOAD, Minor
Shear  f~ < F, 0.36:5 142.0 OK 100% under Design Member 38, UNEQUAL LOAD,
Minor Deflection  S 5 L/250, 2.19:5 12.49 mm OK 82% under Design Member 38,
UNEQUAL LOAD, Tension  On gross area f,< F,, 0.0< 213.0 OK 100% under  On
net area ft <_ Ft, 0.0 <_ 245.0 OK 100% under Design Member 38, UNEQUAL
LOAD, Slenderness  Kx*Lx/ra 1.0*3122.9/38.35=81.43 < 200.0 OK 59% under
Ky*L~ra=1.0*3122.9/38.35=81.43 <_ 200.0 OK 59% under Design Member 38,
UNEQUAL LOAD, Compression  fa < Fa, 69.58 < 134.08 OK 48% under Design
Member 38, UNEQUAL LOAD, Bending + Tension
fa/F,+fbx/Fbx+fby/Fby=0.0/245.0+1.86/234.3+16.11/234.3=0.08 <_ 1 OK 92%
under  Design Member 38, UNEQUAL LOAD, Bending + Compression Axial
Ratio=fa/Fa 69.58/134.08=0.52 Major Ratio=Cmx*fb,//((1-fa'F'ex)*Fb,,)=0.85*
1.86/((1-69.58/163.06)*234.3)=0.01  Minor Ratio=Cmy*fb`/((l-fa/F'ey,)*Fby)
O.85* 16.11/((1-69.58/163.06)*234.3)=O.I  Axial Ratio+Major Ratio. Minor
Ratio=0.52+0.01+0.1=0.63 <_ I OK 37% under  fa/(0.6*F,,,)+fbx/Fbx+fby/Fb`,
69.58i(0.6*355.0)+1.86/234.3+16.11/234.3=0.4 >= I OK 60% under End of check
Page 90 of 106 Appendix C Lifting Lugs Design Report to ASIC ASD  Page 91
of 106 LIFTING LUG ANALYSIS  DESIGN VERIFICATION - LIFTING LUG ITEM IN THIS
ANALYSIS : 35 Tonne Lifting Lug for 700 Tonne Lifting Frame  DESIGN DATA
LOAD DATA Expected lifting load: Wexpect := 35-tonne  Load contigency:
fcontigency := 10%  Dynamic Impact Factor: flirt := 1.5 Design lifting
load: Load := Wexpect'( 1 + fcontigency) Load = 3.85 x 104 kg  No. of lugs
plug := 1 DETAIL OF SHACKLE Shackle size & type considered: 55 Tonne S.W.L.
GN Forged Rope Shackle   Shackle inside width at pin, A DimA := 90mm
Shackle pin diameter, B DimB := 56~mm  Shackle inside height above pin, C
Dini := 240-mm  



U Page 92 of 106 LIFTING LUG ANALYSIS  LIFTING LUG DATA Tc  02 i %. I I I
TI  Y Tc J fdd  Lh Zi Lw Material used for lug: GL-E36  Minimum yield
strength of lug material: 6yield 340MPa  Minimum tensile strength of lug
material: 6tensile  = 490MPa  Minimum design lifting sling angle: 01 :=
90deg Maximum allowable side swing angle: 02 := Odeg  Lug hole diameter
used: d := 60mm  Height of lug hole above lug base: Lh := 100mm  .I  Radius
of lug used: r.1 := 100 mm  Radius of cheek plate used:  rc := 0mm  Width
of lug at base of attachement: Lw := 278mm  Thickness of lug used: T1 :=
50omm  Thickness of cheek plate used: Te:= 0-mm Page 93 of 106 LIFTING LUG
ANALYSIS  CHECK ON LIFTING LUG TO SHACKLE DIMENSION INTERFACE Tl + 2Tc =
0.556 < 1  DimA ********** LUG THICKNESS TO SHACKLE INTERNAL WIDTH IS O.K.
***********  DimB = 0.933 < 1  d ********** LUG HOLE TO SHACKLE PIN DIMETER
IS O.K. ***********  2r1 = 0.833 < 1  Dime ********** LUG RADIUS TO SHACKLE
INTERNAL HEIGHT IS O.K. ***********   



Page 94 of 106 LIFTING LUG ANALYSIS  ALLOWABLE STRESS FOR LUG AS PER AISC -
ASD MANUAL OF STEEL CONSTRUCTION Allowable tensile stress: at := 0.6-ayield
at = 2.04 x 108 Pa  Allowable shear stress: (YS := 0.4ayield as = 1.36 x
108 Pa  Allowable bending stress: ab := 0.66ayield ab = 2.244 x 108 Pa
Allowable bearing stress: 'bear:= 0.9a yield a bear = 3.06 x 108 Pa
STRESSES IN LUG Vertical design load of Lug: Fz :_ Loadg F = 3.776 x 105 N
njug z  Horizontal force in X direction: F := Fz F x 2.312 x 10 11 N
tan(01) x  Horizontal force in Y direction: Fy := Fztan(02) Fy = 0 N
Resultant Force at lug: Fr := 4 Fz2 + Fx2 + Fy2 Fr = 3.776 x 105 N
Resultant load at shackle @ minimum sling angle Fr = 3.85 x 104 kg g
Bending moment about X-axis: Mx := Fy.Lh Mx = 0 J Bending moment about
Y-axis: M := FxLh M = 2.312 10 12 J  Y Y  Bending stress about X-axis at
lug base:: x   M Sbx _ Sbx = 0 Pa  T1 2 Lw.- 6  Bending stress about Y-axis
at lug base: SbY := My Sby = 3.59 x 10 9 Pa  2 LW_ .T1  6 Tensile stress at
lug base: S Fz St 2.716 107 Pa  Lw*TI t  2 2 Shear Stress at lug base: Fx +
Fy _ 9 T 1.663 x 10 Pa  Ti. LW 



.1  I.{  Page 95 of 106 LIFTING LUG ANALYSIS  Unity Check: Sbx Sby St T
-+-+-+-=0.133 < 1  ab ab 6t 6s *********** BENDING STRESS AT LUG BASE IS
ACCEPTABLE ***********  Tensile stress above pin: Fr flift Stl := St1 =
8.09 x 107 Pa  Tl(2rl - d) + 2Tc(2rc - d) Unity Check: Stl = 0.529 < 1
0.45.6yield  *********** TENSILE STRESS ABOVE PIN IS ACCEPTABLE ***********
Shear stress above pin: Fr' flirt   Ss Ti.(2r1 - d) + 2Tc(2rc - d) 7 Ss =
8.09 x 10 Pa  Ss Unity Check: s = 0.595 < 1  ********** SHEAR STRESS ABOVE
PIN IS ACCEPTABLE **********  Cross sectional area at the thinnest section
of lug: A1:=Ty ri- 2)+2Tcrc- 2) A1= 3.5 x 10 3m2  Cross sectional area of
shackle pin used: z  As := DimB 1 2 ) As = 2.463 x 10 3 m2  As - = 0.704 <
1   Al ********** SECTIONAL AREA CHECK IS ACCEPTABLE **********  Bearing
stress at pin: _ Fr-flift Sb DimB(TI + 2Tc) Sb = 2.023 x 108 Pa  Unity
Check: Sb 1 = 0.661 <  a bear **`******* BEARING STRESS IS ACCEPTABLE
**********  Page 96 of 106 



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 150-tonne  Load contigency:
fcontigency := 10%  Dynamic Impact Factor: flirt := 1.5 Design lifting
load: Load Wexpect'( 1 + fcontigency) Load = 1.65 x 10 kg  No. of lugs plug
I DETAIL OF MASTER LINK Load Cell size & type considered: 150 Tonne JCL
Load Shackle Shackle inside width at pin, A DimA:= 170mm  Shackle pin
diameter, B DimB:= 108. ram  Shackle inside height above pin,. C Dime :=
400mm  0 _m Page 97 of 106 LIFTING LUG ANALYSIS  LIFTING LUG DATA T c  Z TI
X y 01 i' Tc Od  L rd Lh  Z Lw  Material used for lug: GL-E36 Minimum yield
strength of lug material: yield 340MPa  Minimum tensile strength of lug
material: 6tensile 49OMPa  Minimum design. lifting sling angle: A 1 :=
90deg  Maximum allowable side swing angle: 02 := Odeg Lug hole diameter
used: d:= 115mm Height of lug hole above lug base: Lh := 150mm S  Radius of
lug used: r1 := 175mm Radius of cheek plate used: rc := 110mm  Width of lug
at base of attachement: Lw := 450mm  Thickness of lug used: T1 := 76-mm  



Thickness of cheek plate used: Tc := 12-mm  Page 98 of 106 LIFTING LUG
ANALYSIS  CHECK ON LIFTING LUG TO SHACKLE DIMENSION INTERFACE TI + 2Tc
=0.588 < 1  DimA ********** LUG THICKNESS TO SHACKLE INTERNAL WIDTH IS O.K.
***********  DimB = 0.939 < 1  d ********'* LUG HOLE TO SHACKLE PIN DIMETER
IS O.K. **'********  2rl =0.875 < 1  Dime  **`******* LUG RADIUS TO SHACKLE
INTERNAL HEIGHT IS O.K. ***********  ~I. it Page 99 of 106 LIFTING LUG
ANALYSIS  ALLOWABLE STRESS FOR LUG AS PER AISC - ASD MANUAL OF STEEL
CONSTRUCTION Allowable tensile stress: at := 0.6-ayield at = 2.04 x 108 Pa
Allowable shear stress: as := 0.4-avield as = 1.36 x 108 Pa  Allowable
bending stress: ab := 0.66avield ab = 2.244 x 108 Pa  Allowable bearing
stress: 'bear 0.9avield 'bear = 3.06x 108 Pa  STRESSES IN LUG Vertical
design load of Lug: F := Load 6 Z 9 FZ=1.618x10N  plug Horizontal force in
X direction: F := FZ F = 9.908 x 10 11 N  x tan(6 x Horizontal force in Y
direction: Fy := FZtan(02) Fv. = 0 N  Resultant Force at lug: Fr:= FZ2 +
Fx2 + Fv2 Fr = 1.618 x 106 N  Resultant load at shackle @ minimum sling
angle Fr = 1.65 x 10, kg  g Bending moment about X-axis: Mx := FvLh Mx = 0
J Bending moment about Y-axis: My := FxLh My = 1.486 x 10 11 J  Bending
stress about X-axis at lug base:: Mx  Sbx 2 Sbx = 0 Pa  



Ti L`w. 6  Bending stress about Y-axis at lug base: My, 9  Shy := 2 Sby =
5.794 x 10 Pa  LW - .TI  6 Tensile stress at lug base: S := FZ St 4.73 x 10
Pa  St LW, T1 t  2 2 Shear Stress at lug base: Fx + F.: _ q  T:= T=2.897x
10 Pa  Ti.Lw Page 100 of 106 LIFTING LUG ANALYSIS  Unity Check: Sbx Sby St
T -+-+-+-=0.232 < 1  ab ab at as *********** BENDING STRESS AT LUG BASE IS
ACCEPTABLE ***********  Tensile stress above pin: Ff  Stl = r lift Sti =
1.191 x 108 Pa  Ti(2ri - d) + 2Tc(2rc - d) Unity Check: Stl = 0.778 < 1
0.45ayield  *********** TENSILE STRESS ABOVE PIN IS ACCEPTABLE ***********
Shear stress above pin: Fr'fliff   Ss Tl~2r1 - d) + 2 Tc (2rc - d) Ss =
1.191 x 108 Pa  Ss Unity Check: = 0.876 < 1  as  ********** SHEAR STRESS
ABOVE PIN IS ACCEPTABLE ********** Cross sectional area at the thinnest
section of lug: Al := Ti. rl - 21 + 2Tc. rc - d) Al = 0.01 m2  Cross
sectional area of shackle pin used: 



As r Dim _ J As = 9.161 x 10 3 m2  : n I B 2 2   ` As = 0.899 <  Ai
*******" * SECTIONAL AREA CHECK IS ACCEPTABLE *********'  Bearing stress at
pin: Fr' flirt c Sb = 2.247 x 108 Pa  Sb. DimB(TI + 2T )  Unity Check: Sb =
0.734 < 1  a bear ******* ** BEARING STRESS IS ACCEPTABLE ****** ***  j
Page 101 of 106 Iii LIFTING LUG ANALYSIS  DESIGN VERIFICATION - LIFTING LUG
ITEM IN THIS ANALYSIS : 700 Tonne Lifting Frame  DESIGN DATA LOAD DATA
Expected lifting load: Wexpect := 725-tonne  10%  Load contigency: f
contigency - Dynamic Impact Factor: flirt 1.5 Design lifting load: Load :=
Wexpect( 1 + fcontigency) Load = 7.975 x 10 kg  No. of lugs n lUg. 4
DETAIL OF MASTER LINK Shackle size & type considered: 300 Tonne.GN Forge
Rope Shackle   Shackle inside width at pin, A DimA := 185mm Shackle pin
diameter, B Dim B:- 134 mm  Shackle inside height above pin, C DimC :=
600mm  U A  Page 102 of 106 LIFTING LUG ANALYSIS  LIFTING LUG DATA Tc  



I e, ZI TI  I , x y IN, rc  (tad  Lh Z . Fes---(r) Lw.  Material used for
lug:. GL-E36  Minimum yield strength of lug material: 6yield := 340MPa
Minimum tensile strength of lug material: 6tensile 490MPa  Minimum design
lifting sling angle:. 01 := 60deg  Maximum allowable side swing angle: 02
:= Odeg Lug hole diameter used: d := 140mm  Height of lug hole above lug
base: Lh := 175mm  Radius of lug used: rl := 225mm  Radius of cheek plate
used: rc := 150mm  Width of lug at base of attachement: Lw := 450mm
Thickness of lug used: T,:= 76-mm  Thickness of cheek plate used: Tc :=
40-mm  Page 103 of 106 LIFTING LUG ANALYSIS  CHECK ON LIFTING LUG TO
SHACKLE DIMENSION INTERFACE TI + 2-Tc: = 0.843 < 1  DimA *** ****** LUG
THICKNESS TO SHACKLE INTERNAL WIDTH IS O.K. *`*********  DimB =0.957 < 1  d
********** LUG HOLE TO SHACKLE PIN DIMETER IS O.K. ***********  2r1 =0.75 <
1  Dime ********** LUG RADIUS TO SHACKLE INTERNAL HEIGHT IS O.K.
***********  Page 104 of 106 LIFTING LUG ANALYSIS  ALLOWABLE STRESS FOR LUG
AS PER AISC - ASD MANUAL OF STEEL CONSTRUCTION Allowable tensile stress: at
0.6-6;,ield at = 2.04 x 108 Pa  Allowable shear stress: as 0.4ayield as =
1.36 x 108 Pa  Allowable bending stress: ab 0.66 'yield ab = 2.244 x 108 Pa



Allowable bearing stress: 'bear 0.9ay,ield 'bear = 3.06 x 108 Pa  STRESSES
IN LUG Load  Vertical design load of Lug: FZ .g F = 1.955 x 106 N  plug Z
Horizontal force in X direction: F := FZ F x 1.129 x 106 N  x  x tan(O 1)
Horizontal force in Y direction: Fy := FZtan(02) Fv = 0 N  Resultant Force
at lug: 2 2 6  Fr := JFZ` + Fx + Fy, Fr = 2.258 x 10 N Resultant load at
shackle @ minimum sling angle Fr = 2.302 x 10 kg  g  I Bending moment about
X-axis: Mx := F},Lh Mx = 0 J Bending moment about Y-axis: My, := FxLh My =
1.975 x 105 J  Bending stress about X-axis at lug base:: Mx  Sbx := 2 Sbx =
0 Pa  T1 -w 6  Bending stress about Y-axis at lug base: M+ 7  Sby := Sby. =
7.702 x 10 Pa  LW 2 TI  6 Tensile stress at lug base: S FZ St 5.717 107 Pa
L`y TI t 7 Shear Stress at lug base: Fx2 + F`, 7 T T=3.301 x 10 Pa  Tl Lyy.
Page 105 of 106 LIFTING LUG ANALYSIS  Unity Check: Sbx Sby St z
-+-+-+-=0.866 < 1  % 6b 6t 6s *********** BENDING STRESS AT LUG BASE IS
ACCEPTABLE ***********  Tensile stress above pin: 



Stl := Frflift St1 = 9.314 x 107 Pa  Tl(2rl - d) + 2.T,.(2-re - d) Unity
Check: Stl = 0.609 < 1  0.45.ayield  *********** TENSILE STRESS ABOVE PIN
IS ACCEPTABLE ***********  Shear stress above pin: Frflift  Ss := T1-(2r1 -
d) + 2Tc(2rc - d) Ss = 9.314 x 107 Pa  Ss Unity Check: = 0.685 < 1  65
********** SHEAR STRESS ABOVE PIN IS ACCEPTABLE **********  Cross sectional
area at the thinnest section of lug: Al := Tl rl - d) + 2Tc.(re - dl Al =
0.018 m2  Cross sectional area of shackle pin used: \  DimB 2 2  s
As=0.014m  As:=z J 2 A = 0.776 < 1  Al ********** SECTIONAL AREA CHECK IS
ACCEPTABLE ********`*  Bearing stress at pin: Frtlift  Sb DimB(Tl + 2Te) Sb
= 1.62 x 108 Pa  Unity Check: Sb < 1 = 0.529  u bear ********** BEARING
STRESS IS ACCEPTABLE **********  Page 106 of 106 NEE H ~O Y Q  DCS ,~'~ J r
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