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Bridge Inspection and Rating 

San Lorenzo River Bridge Truss Spans 

MP 19.43a 

BACKGROUND 

The San Lorenzo River Bridge, MP 19.43, is located in the south of the city of Santa Cruz, California 
between Davenport to the north and the town of Watsonville to the south on the Santa Cruz Branch Line. 
It is comprised of 3 spans. The southern and middle span is 120’-0” through riveted Warren trusses. The 
northern span is a 60’-3” Steel Deck Girder span. These rating calculations are for the trusses. 

The bridge was estimated to be built in 1904. Material strengths of steel shown on the shop drawings 
indicated steel with an ultimate tensile strength between 60 ksi and 68 ksi. Yielding stress was estimated 
at 35 ksi based on the Historical Record, History of ASTM Structural Steel Specification Stresses, listing 
A7 steel, dated 1900, with tensile strengths between 60,000 psi and 70,000 psi having a minimum yield 
stress of 35,000 psi. 

BRIDGE MEMBER DESCRIPTION 

The Deck girders consist of built-up members. 

Truss members are built-up riveted members. 

 Posts are built of 4 L’s-4 x 3 x 3/8 riveted to a 7/16” plate that is 8½” wide. 

Diagonals are built of either 4 L’s-6 x 3½ x ½ with a 11/16” plate that is 8½” wide or 2 12” deep 
channels with flanges augmented with 4 7/16” plates that are 3½” wide.   

Bottom chord members are built of either 4 L’s-6 x 3½ x 9/16 or 4 L’s-6 x 3½ x 13/16 with a 13/16 
plate that is 8½” wide. 

End posts are comprised of 2 15” deep channels with a 7/16” cover plate that is 18” wide. 

Top chord members are built with 2 15” deep channels with a 7/16” cover plate that is 18” wide. 

Floor beams are I-sections built up from 4 L’s-6 x 4 x ¾ and a 3/8” web plate that is 56” deep. 

Stringers are I-sections built up from 4 L’s-6 x 4 x 5/8” and a 3/8” web plate that is 44” deep. 

SUMMARY OF INSPECTIONS 

120’-0” Through Truss Span 

An inspection of the San Lorenzo River Bridge truss spans was performed on July 18-20, 2012 by J.L. 
Patterson & Associates, Inc. The inspection of the bridge was mostly visual with some measurements of 
section loss on bridge components. No subsurface or under water investigation was performed. The 
inspection was performed on both the Southern and Northern truss.  

Specific Truss Members of Concern         
 Member L1-U1 Hanger- 20% section loss in member. 



 Member L3-U3 Hanger- 30% section loss in the member.     
 Member L5-U5 Hanger- 15% section loss in the member.     
 Member L4-L5 Lower Chord- 30% section loss in the member.   
 Member L5-L6 Lower Chord- 20% section loss in the member.     

Truss Floor System 

Floor Beams-              
 The floor beams showed significant loss at connections to the trusses and at stringer  
 connections. Some also showed general section loss in both flanges and webs. 

Stringers-            
 Stringers had significant section loss on bottom flanges. 

Bottom Lateral Bracing-           
 Many lateral braces had complete section loss. 

RATING 

Truss Rating 

The 120’-0” trusses were rated by Modjeski and Masters, Inc. (MMI). The rating calculations are attached. 
Those findings conclude that the truss has sufficient capacity to carry 263,000 and 286,000 pound 
railcars with two – six axle locomotives. 

Normal Rating: E65          
 Controlling Member: Hanger L3-U3  

Floor System Rating-120’ Truss Spans 

The floor system was rated taking into account the section losses presented in the inspection report. The 
live loading criteria is Cooper E-80 per AREMA Manual. Rating is expressed as a Cooper E series. The 
controlling members are listed below along with the tabulated ratings for the whole floor system. 

 Floor beam FB5, Span 1:         
  Normal Rating: E83 

 Stringer S4, Span 1:          
  Normal Rating: E76 

Ratings Normal Maximum 263-kip 
Unit Train 

286-kip 
Unit Train 

315-kip 
Unit Train 

St
rin

ge
rs

 

Flexure E-76 E-111 E-55 E-61 E-67 

Shear E-88 E-152 E-54 E-54 E-63 

Fl
oo

r
B

ea
m

s Flexure E-100 E-147 E-54 E-54 E-63 

Shear E-83 E-146 E-54 E-54 E-63 



REQUIRED REPAIR 

Truss Spans 

Lattice that has 50% or greater section loss anywhere along its length and/or around the rivet holes shall 
be removed, replaced and attached using bolts.       

Rivets that display section loss of 30% or more, or are missing, shall be replaced with bolts. 

2 stringers shall have ½” steel plates bolted to the bottom flanges to remedy section loss. See repair 
plans for details. 

Holes in the webs of stringers and floor beams shall be repaired by cleaning the hole, cutting the web 
beyond the rust to weldable material, patched by welding a ½” steel plate over it and spray-galvanized. 
See plans for details.  

Bottom lateral bracing members that display 50% or more section loss shall be replaced, per original as-
built drawings, and bolted to connecting gusset plates. If the gusset plates, or a portion thereof, display 
50% or more section loss they shall be replaced. If only a portion of a gusset plate is deteriorated, that 
portion shall be cut and replaced by welding the replacement to the remaining plate, per original as-built 
drawings. 

Bearings 

All anchor bolts shall be replaced for the 3 spans. 

For seismic concerns, bearings at Piers 2 and 3 shall be replaced with seismic isolation bearings. 
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SCCRTC-San Lorenzo River-Spans 1 & 2

Floor System- Rating Calculations  DRAFT By M. Ponce

<----------San Francisco Floor System Watsonville------------> 

Note:
Bridge member numbering convention is the opposite of the actual plans.This is to keep consistent with previous
rating calculations. Repair plans will address the correct members that need to be repaired.

Floorbeam Stringer
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FLOORBEAMS 
(Plans Sheet 4)

Gross Section: 4 angles- L6x4x3/4 
1 plate 56"x3/8"

Area of Plate: Aplate.FB 56in
3
8

in��
�

��
�

� 21 in2
�	
	

Area of Angles: Aangle.FB 6.90in2

	

Gross area of Section: Ag.FB Aplate.FB 4Aangle.FB� 48.6 in2
�	
	

X-axis c.g. of angle: yangle.FB 2.08in
	 (to be used in determining Iy due to 90 deg orientation)

Y-axis c.g. of angle: xangle.FB 1.08in
	 (to be used in determining Ix due to 90 deg orientation)

Inertia of angle about x-axis: Ix.angle.FB 24.4in4

	 (to be used in determining Iy due to 90 deg orientation)

Inertia of angle about y-axis: Iy.angle.FB 8.63in4

	 (to be used in determining Ix due to 90 deg orientation)

X-axis inertia of section: Ix.FB
1
12

3
8

in 56in( )3
��


�
��
�

4 Iy.angle.FB��

4Aangle.FB
56.5in

2
xangle.FB���

�
��
�

2
��

��� 25897.09 in4
�	
	

Y-axis inertia of section: Iy.FB
1
12

3
8

in��
�

��
�

3
56� in

�


�

�
�
�

4 Ix.angle.FB��

4Aangle.FB
3
16

in yangle.FB���
�

��
�

2
��

��� 239.75 in4
�	
	

X-axis section modulus: Sx.FB
Ix.FB
56.5in

2
��
�

��
�

916.71 in3
�	
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X radius of gyration: rx.FB
Ix.FB
Ag.FB

23.08 in�	
	

Y radius of gyration: ryFB
Iy.FB
Ag.FB

2.22 in�	
	

Bolt hole: hole
15
16

in
	

Angle rivet holes: holesangle.FB 1 4� hole�
3
4
� in 2.81 in2

�	
	

Plate rivet holes: holesplate.FB 14 hole�
3
8
� in 4.92 in2

�	
	

Gross area of section: Ag.FB 48.6 in2
�	

Net area of section: An.FB Ag.FB holesangle.FB� holesplate.FB� 40.87 in2
�	
	

FLOORBEAMS Properties for Any Section Loss

Span 1
FB1, Span 1: No section loss.

Gross Area: Ag.FB1.S1 Ag.FB 48.6 in2
�	
	

Net Area: An.FB1.S1 An.FB 40.87 in2
�	
	

Plate Area: Aplate.FB1.S1 Aplate.FB 21 in2
�	
	

X-axis Inertia: Ix.FB1.S1 Ix.FB 25897 in4
�	
	

Section Mod.: Sx.FB1.S1 Sx.FB 917 in3
�	
	

FB2, Span 1: 12"-long x3"-high hole in web at top of stringer connection. 

Gross Area: Ag.FB2.S1 Ag.FB 48.6 in2
�	
	

Net Area: An.FB2.S1 An.FB 3in
3
8

in��
�

��
�

�� 39.74 in2
�	
	

Plate Area: Aplate.FB2.S1 Aplate.FB 3in 5.5in�( )
3
8

in��
�

��
�

�� 17.81 in2
�	
	

Web area not interacted above web hole, 5.5in.

X-axis Inertia: Ix.FB2.S1 Ix.FB
1
12

3
8
� in 3in( )3

�

3
8

in 3� in��
�

��
�

56.5in
2

7in���
�

��
�

2
��

����






�

�
�
�
�
�

� 25388 in4
�	
	

Section Mod.: Sx.FB2.S1
Ix.FB2.S1

56.5in
2

��
�

��
�

899 in3
�	
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FB3, Span 1: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.

Gross Area: Ag.FB3.S1 Ag.FB 48.6 in2
�	
	

Net Area: An.FB3.S1 An.FB2.S1 39.74 in2
�	
	

Plate Area: Aplate.FB3.S1 Aplate.FB2.S1 17.81 in2
�	
	

X-axis Inertia: Ix.FB3.S1 Ix.FB2.S1 25388 in4
�	
	

Section Mod.: Sx.FB3.S1 Sx.FB2.S1 899 in3
�	
	

FB4, Span 1: 12"-long x4"-high hole in web at top of stringer connection. Pitting in top flange.

Gross Area: Ag.FB4.S1 Ag.FB 48.6 in2
�	
	

Net Area: An.FB4.S1 An.FB 4in
3
8

in��
�

��
�

�� 39.37 in2
�	
	

Plate Area: Aplate.FB4.S1 Aplate.FB 4in 5.5in�( )
3
8

in��
�

��
�

�� 17.44 in2
�	
	

Web area not interacted above web hole, 5.5in.

X-axis Inertia for hole in web:

Ix.FB4hole.S1 Ix.FB
1
12

3
8
� in 4in( )3

�

3
8

in 4� in��
�

��
�

56.5in
2

7.5in���
�

��
�

2
��

����






�

�
�
�
�
�

� 25249 in4
�	
	

Section Modulus for hole in web:

Sx.FB4hole.S1
Ix.FB4hole.S1

56.5in
2

��
�

��
�

894 in3
�	
	 controls for flexure.

X-axis Inertia for pitting flange:

Ix.FB4pit.S1 Ix.FB
1
12

1.5� in
3
8

in��
�

��
�

3
�

1.5in
3
8
� in��

�
��
�

56.5in
2

3
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 25454 in4
�	
	

Section Modulus for pitting in flange:

Sx.FB4pit.S1
Ix.FB4pit.S1

56.5in
2

��
�

��
�

901 in3
�	
	

Section Mod.: Sx.FB4.S1 min Sx.FB4hole.S1 Sx.FB4pit.S1��� � 894 in3
�	
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FB5, Span 1: 12"-long x4"-high hole in web at top of stringer connection. Pitting in top flange.

Gross Area: Ag.FB5.S1 Ag.FB 48.6 in2
�	
	

Net Area: An.FB5.S1 An.FB 4in
3
8

in��
�

��
�

�� 39.37 in2
�	
	

Plate Area: Aplate.FB5.S1 Aplate.FB 4in 5.5in�( )
3
8

in��
�

��
�

�� 17.44 in2
�	
	

Web area not interacted above web hole, 5.5in.

X-axis Inertia for hole in web, same as FB4, Span1:

Ix.FB5hole.S1 Ix.FB4hole.S1 25249 in4
�	
	

Section Modulus for hole in web, same as FB4, Span 1:

Sx.FB5hole.S1 Sx.FB4hole.S1 894 in3
�	
	

X-axis Inertia for 30% section loss due to pitting in the flanges:

Ix.FB5pit.S1 Ix.FB
1
12

12� in
3
4

in��
�

��
�

3
� 0.30�

12in
3
4
� in��

�
��
�

0.3�
56.5in

2
3
8

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 23799 in4
�	
	

Section Modulus for pitting in flange:

Sx.FB5pit.S1
Ix.FB5pit.S1

56.5in
2

��
�

��
�

842 in3
�	
	  controls for flexure.

Section Mod.: Sx.FB5.S1 min Sx.FB5hole.S1 Sx.FB5pit.S1��� � 842 in3
�	
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Span 2
FB1, Span 2: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.

Gross Area: Ag.FB1.S2 Ag.FB 48.6 in2
�	
	

Net Area: An.FB1.S2 An.FB2.S1 39.74 in2
�	
	

Plate Area: Aplate.FB1.S2 Aplate.FB2.S1 17.81 in2
�	
	

X-axis Inertia: Ix.FB1.S2 Ix.FB2.S1 25388 in4
�	
	

Section Mod.: Sx.FB1.S2 Sx.FB2.S1 899 in3
�	
	

FB2, Span 2: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.

Gross Area: Ag.FB2.S2 Ag.FB 48.6 in2
�	
	

Net Area: An.FB2.S2 An.FB2.S1 39.74 in2
�	
	

Plate Area: Aplate.FB2.S2 Aplate.FB2.S1 17.81 in2
�	
	

X-axis Inertia: Ix.FB2.S2 Ix.FB2.S1 25388 in4
�	
	

Section Mod.: Sx.FB2.S2 Sx.FB2.S1 899 in3
�	
	

FB3, Span 2: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.

Gross Area: Ag.FB3.S2 Ag.FB 48.6 in2
�	
	

Net Area: An.FB3.S2 An.FB2.S1 39.74 in2
�	
	

Plate Area: Aplate.FB3.S2 Aplate.FB2.S1 17.81 in2
�	
	

X-axis Inertia: Ix.FB3.S2 Ix.FB2.S1 25388 in4
�	
	

Section Mod.: Sx.FB3.S2 Sx.FB2.S1 899 in3
�	
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FB4, Span 2: 12"-long x2"-high area of 80% section loss in web at top of stringer connection.
1" hole in web above bottom flanges.

Gross Area: Ag.FB4.S2 Ag.FB 48.6 in2
�	
	

Net Area: An.FB4.S2 An.FB 2in
3
8

in��
�

��
�

� 0.8�� 40.27 in2
�	
	

Plate Area: Aplate.FB4.S2 Aplate.FB 2in 5.5in�( )
3
8

in��
�

��
�

� 0.8�� 18.75 in2
�	
	

Web area not interacted above web hole, 5.5in.

X-axis Inertia for 80% section loss in web:

Ix.FB4web.S2 Ix.FB
1
12

3
8
� in 0.8� 2in( )3

�

3
8

in 2� in��
�

��
�

0.8�
56.5in

2
6.5in���

�
��
�

2
��

����






�

�
�
�
�
�

� 25613 in4
�	
	

Section Modulus for section loss in web:

Sx.FB4web.S2
Ix.FB4web.S2

56.5in
2

��
�

��
�

907 in3
�	
	 controls for flexure.

X-axis Inertia for hole in web above bottom flanges.

Ix.FB4hole.S2 Ix.FB
1
12

3
8
� in 1in( )3

�

3
8

in 1� in��
�

��
�

56.5in
2

4.5in���
�

��
�

2
��

����






�

�
�
�
�
�

� 25686 in4
�	
	

Section Modulus for hole in web:

Sx.FB4hole.S2
Ix.FB4hole.S2

56.5in
2

��
�

��
�

909 in3
�	
	

Section Mod.: Sx.FB4.S2 min Sx.FB4web.S2 Sx.FB4hole.S2��� � 907 in3
�	
	

FB5, Span 2: 11"-long x3"-high hole in web at top of stringer connection. 

Gross Area: Ag.FB5.S2 Ag.FB 48.6 in2
�	
	

Net Area: An.FB5.S2 An.FB 3in
3
8

in��
�

��
�

�� 39.74 in2
�	
	

Plate Area: Aplate.FB5.S2 Aplate.FB 3in 5.5in�( )
3
8

in��
�

��
�

�� 17.81 in2
�	
	

Web area not interacted above web hole, 5.5in.

X-axis Inertia: Ix.FB5.S2 Ix.FB
1
12

3
8
� in 3in( )3

�

3
8

in 3� in��
�

��
�

56.5in
2

7in���
�

��
�

2
��

����






�

�
�
�
�
�

� 25388 in4
�	
	

Section Mod.: Sx.FB5.S2
Ix.FB5.S2

56.5in
2

��
�

��
�

899 in3
�	
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STRINGERS 
(Plans Sheet 4)

Gross Section: 4 angles- L6x4x5/8 
1 plate 44"x3/8"

Area of Plate: Aplate.S 44in
3
8

in��
�

��
�

� 16.5 in2
�	
	

Area of Angles: Aangle.S 5.83in2

	

Gross area of Section: Ag.S Aplate.S 4Aangle.S� 39.82 in2
�	
	

X-axis c.g. of angle: yangle.S 2.03in
	 (to be used in determining Iy due to 90 deg orientation)

Y-axis c.g. of angle: xangle.S 1.03in
	 (to be used in determining Ix due to 90 deg

orientation)

Inertia of angle about x-axis: Ix.angle.S 21in4

	 (to be used in determining Iy due to 90 deg orientation)

Inertia of angle about y-axis: Iy.angle.S 7.47in4

	 (to be used in determining Ix due to 90 deg orientation)

X-axis inertia of section: Ix.S
1
12

3
8

in 44in( )3
��


�
��
�

4 Iy.angle.S��

4Aangle.S
44.5in

2
xangle.S���

�
��
�

2
��

��� 13193 in4
�	
	

Y-axis inertia of section: Iy.S
1
12

3
8

in��
�

��
�

3
44� in

�


�

�
�
�

4 Ix.angle.S��

4Aangle.S
3
16

in yangle.S���
�

��
�

2
��

��� 199 in4
�	
	

X-axis section modulus: Sx.S
Ix.S

44.5in
2

��
�

��
�

593 in3
�	
	

X radius of gyration: rx.S
Ix.S
Ag.S

18.2 in�	
	

Y radius of gyration: ryS
Iy.S
Ag.S

2.23 in�	
	

Angle rivet holes: holesangle.S 1 4� hole�
5
8
� in 2.34 in2

�	
	

Plate rivet holes: holesplate.S 9 hole�
3
8
� in 3.16 in2

�	
	

Gross area of section: Ag.S 39.82 in2
�	

Net area of section: An.S Ag.S holesangle.S� holesplate.S� 34.31 in2
�	
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STRINGERS  Properties for Any Section Loss

Span 1
S0, Span 1: 20% section loss in bottom flange.

Gross Area: Ag.S0.S1 Ag.S 39.82 in2
�	
	

Net  Area: An.S0.S1 An.S 12in
5
8

in��
�

��
�

� 0.2�� 32.81 in2
�	
	

Plate Area: Aplate.S0.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S0.S1 Ix.S
1
12

12� in
5
8

in 0.2���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.2�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 12471 in4
�	
	

Section Mod.: Sx.S0.S1
Ix.S0.S1
44.5in

2
��
�

��
�

560 in3
�	
	

S1, Span 1: 5% section loss in top flange.

Gross Area: Ag.S1.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S1.S1 An.S 12in
5
8

in��
�

��
�

� 0.05�� 33.94 in2
�	
	

Plate Area: Aplate.S1.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S1.S1 Ix.S
1
12

12� in
5
8

in 0.05���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.05�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 13012 in4
�	
	

Section Mod.: Sx.S1.S1
Ix.S1.S1
44.5in

2
��
�

��
�

585 in3
�	
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S2, Span 1: 20% section loss in top flange.

Gross Area: Ag.S2.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S2.S1 An.S 12in
5
8

in��
�

��
�

� 0.2�� 32.81 in2
�	
	

Plate Area: Aplate.S2.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S2.S1 Ix.S
1
12

12� in
5
8

in 0.2���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.2�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 12471 in4
�	
	

Section Mod.: Sx.S2.S1
Ix.S2.S1
44.5in

2
��
�

��
�

560 in3
�	
	

S3, Span 1: 1"-wide x1/2"-high hole in the web above bottom flanges.

Gross Area: Ag.S3.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S3.S1 An.S
1
2

in��
�

��
�

3
8

in��
�

��
�

�� 34.12 in2
�	
	

Plate Area: Aplate.S3.S1 Aplate.S
1
2

in��
�

��
�

3
8

in��
�

��
�

�� 16.31 in2
�	
	

X-axis Inertia: Ix.S3.S1 Ix.S
1
12

3
8
� in

1
2

in��
�

��
�

3
�

3
8

in
1
2
� in��

�
��
�

44.5in
2

4.5in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 13134 in4
�	
	

Section Mod.: Sx.S3.S1
Ix.S3.S1
44.5in

2
��
�

��
�

590 in3
�	
	

S4, Span 1: 50% section loss in top and bottom flanges.

Gross Area: Ag.S4.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S4.S1 An.S 2 12� in
5
8

in��
�

��
�

� 0.5�� 26.81 in2
�	
	

Plate Area: Aplate.S4.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S4.S1 Ix.S 2
1
12

12� in
5
8

in 0.5���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.5�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 9583 in4
�	
	

Section Mod.: Sx.S4.S1
Ix.S4.S1
44.5in

2
��
�

��
�

431 in3
�	
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S5, Span 1: 10% section loss in top flange.

Gross Area: Ag.S5.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S5.S1 An.S 12in
5
8

in��
�

��
�

� 0.1�� 33.56 in2
�	
	

Plate Area: Aplate.S5.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S5.S1 Ix.S
1
12

12� in
5
8

in 0.1���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.1�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 12832 in4
�	
	

Section Mod.: Sx.S5.S1
Ix.S5.S1
44.5in

2
��
�

��
�

577 in3
�	
	

S6, Span 1: No section loss.

Gross Area: Ag.S6.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S6.S1 An.S 34.31 in2
�	
	

Plate Area: Aplate.S6.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S6.S1 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S6.S1 Sx.S 593 in3
�	
	

S7, Span 1: 25% section loss in bottom flange.

Gross Area: Ag.S7.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S7.S1 An.S 12in
5
8

in��
�

��
�

� 0.25�� 32.44 in2
�	
	

Plate Area: Aplate.S7.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S7.S1 Ix.S
1
12

12� in
5
8

in 0.25���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.25�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 12290 in4
�	
	

Section Mod.: Sx.S7.S1
Ix.S7.S1
44.5in

2
��
�

��
�

552 in3
�	
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S8, Span 1: 20% section loss in top and bottom flanges.

Gross Area: Ag.S8.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S8.S1 An.S 2 12� in
5
8

in��
�

��
�

� 0.2�� 31.31 in2
�	
	

Plate Area: Aplate.S8.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S8.S1 Ix.S 2
1
12

12� in
5
8

in 0.2���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.2�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 11749 in4
�	
	

Section Mod.: Sx.S8.S1
Ix.S8.S1
44.5in

2
��
�

��
�

528 in3
�	
	

S9, Span 1: 10% section loss in top and bottom flanges.

Gross Area: Ag.S9.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S9.S1 An.S 2 12� in
5
8

in��
�

��
�

� 0.1�� 32.81 in2
�	
	

Plate Area: Aplate.S9.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S9.S1 Ix.S 2
1
12

12� in
5
8

in 0.1���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.1�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 12471 in4
�	
	

Section Mod.: Sx.S9.S1
Ix.S9.S1
44.5in

2
��
�

��
�

560 in3
�	
	

S10, Span 1: No section loss.

Gross Area: Ag.S10.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S10.S1 An.S 34.31 in2
�	
	

Plate Area: Aplate.S10.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S10.S1 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S10.S1 Sx.S 593 in3
�	
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S11, Span 1: 50% section loss in top flange. Complete loss of one bottom flange at
abutment, not affecting flexural capacity.

Gross Area: Ag.S11.S1 Ag.S 39.82 in2
�	
	

Net Area: An.S11.S1 An.S 12in
5
8

in��
�

��
�

� 0.5�� 30.56 in2
�	
	

Plate Area: Aplate.S11.S1 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S11.S1 Ix.S
1
12

12� in
5
8

in 0.5���
�

��
�

3
�

12in
5
8
� in��

�
��
�

0.5�
44.5in

2
5
16

in���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

� 11388 in4
�	
	

Section Mod.: Sx.S11.S1
Ix.S11.S1

44.5in
2

��
�

��
�

512 in3
�	
	

Span 2

S0, Span 2: No section loss.

Gross Area: Ag.S0.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S0.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S0.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S0.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S0.S2 Sx.S 593 in3
�	
	

S1, Span 2: No section loss.

Gross Area: Ag.S1.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S1.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S1.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S1.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S1.S2 Sx.S 593 in3
�	
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S2, Span 2: No section loss.

Gross Area: Ag.S2.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S2.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S2.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S2.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S2.S2 Sx.S 593 in3
�	
	

S3, Span 2: No section loss.

Gross Area: Ag.S3.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S3.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S3.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S3.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S3.S2 Sx.S 593 in3
�	
	

S4, Span 2: No section loss.

Gross Area: Ag.S4.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S4.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S4.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S4.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S4.S2 Sx.S 593 in3
�	
	

S5, Span 2: No section loss.

Gross Area: Ag.S5.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S5.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S5.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S5.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S5.S2 Sx.S 593 in3
�	
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S6, Span 2: No section loss.

Gross Area: Ag.S6.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S6.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S6.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S6.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S6.S2 Sx.S 593 in3
�	
	

S7, Span 2: No section loss.

Gross Area: Ag.S7.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S7.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S7.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S7.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S7.S2 Sx.S 593 in3
�	
	

S8, Span 2: No section loss.

Gross Area: Ag.S8.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S8.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S8.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S8.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S8.S2 Sx.S 593 in3
�	
	

S9, Span 2: No section loss.

Gross Area: Ag.S9.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S9.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S9.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S9.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S9.S2 Sx.S 593 in3
�	
	



Checked Date
Approved Date
Title  SCCRTC Br. MP 19.43 
Superstructure Rating

Job No.      252.1
Sheet of
By    M. Ponce     Date   8/31/12

S10, Span 2: No section loss.

Gross Area: Ag.S10.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S10.S2 An.S 34.31 in2
�	
	

Plate Area: Aplate.S10.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S10.S2 Ix.S 13193 in4
�	
	

Section Mod.: Sx.S10.S2 Sx.S 593 in3
�	
	

S11, Span 2: 50% section loss in vertical legs of bottom angles.

Gross Area: Ag.S11.S2 Ag.S 39.82 in2
�	
	

Net Area: An.S11.S2 An.S 2 4� in
5
8

in��
�

��
�

� 0.5�� 31.81 in2
�	
	

Plate Area: Aplate.S11.S2 Aplate.S 16.5 in2
�	
	

X-axis Inertia: Ix.S11.S2 Ix.S 2
1
12

5
8

in 0.5���
�

��
�

� 4in( )3
�

5
8

in 4� in��
�

��
�

0.5�
44.5in

2
2in���

�
��
�

2
��

����






�

�
�
�
�
�

� 12164 in4
�	
	

Section Mod.: Sx.S11.S2
Ix.S11.S2

44.5in
2

��
�

��
�

547 in3
�	
	

Impact Factor for Main Members

Impact:

Vertical effect: VE 16
600

120 30�
� 22.67	
	 AREMA (15-1.3.5)

Rocking effect: RE
20 5� ft

15ft 8in�
6.38	
	 AREMA (15-1.3.5d)

Reduce for low speed: Reduction 1
0.8

2500
60mph 30mph�

mph
��
�

��
�

2
�� 0.71	
	

Impact: I
VE Reduction� RE�

100
0.23	
	



Checked Date
Approved Date
Title  SCCRTC Br. MP 19.43 
Superstructure Rating

Job No.      252.1
Sheet of
By    M. Ponce     Date   8/31/12

Lower Panel Point Loading

Lower Panel Point Loading 
(for TRAP Input)

Bracing Dead Load
Floor System

Floor beams

Area: Ag.FB 48.6 in2
�	

Weight/ft: wFB 490pcf Ag.FB� 165.38 plf�	
	

Length: LFB 15ft 8in� 15.67 ft	
	

Intermediate Stringers

Area: Ag.S 39.82 in2
�	

Weight: wS 490pcf Ag.S� 135.5 plf�	
	

Length: LS 19ft 11
5
8

���
�

��
�

in� 19.97 ft	
	

Diagonals 1 angle L4x4x3/8

Area: Ag.botDiag 2.86in2

	

Weight: wbotDiag 9.72plf
	

Length: LbotDiag 23ft 11
5
8

���
�

��
�

in� 23.97 ft	
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Interior Panel Point Bracing Dead Load

Load at point: PlowerPt wFB
LFB

2
� wS LS�� wbotDiag LbotDiag�� 4.23 kip�	
	

Inc. 30% for connections PDLlowerPoint 1.30 PlowerPt� 5.5 kip�	
	

Additional Dead Load
Wire rope/Sidewalk Estimate

Use estimates from prior rating calcs
Psidewalk 11kip
	

Track and Timber Track wtrack 200plf
	

Timber timber 60pcf
	
Open timber deck on steel girder uses:

Vtimber 10in 12� in 10� ft 8.33 ft3�	
	  @ 1'-0" on-center

Wt. of 1 timber: Wttimber Vtimber timber� 0.5 kip�	
	

Timber point load: Ptimber
20 Wttimber�

2
5 kip�	
	

Track point load: Ptrack
200plf 20ft( )� 2�

2
4 kip�	
	

Total Add. Dead Load: PADLlowerPt Psidewalk Ptimber� Ptrack� 20 kip�	
	

Top Panel Point Loading 
(for TRAP Input)

Portal Bracing

Load of Top Struts: PTS
14ft 11in�( )

2
4� 6.6plf( )� 0.2 kip�	
	

Load of Top Laterals: PTL
23ft 11.5in�( )

2
2� 2� 6.6plf( )� 0.32 kip�	
	

Load at Point: PTS PTL� 0.51 kip�	

Add 30% for connections and lattice
1.30 PTS PTL�� �� 0.67 kip�	

Use: PDLupperIntPoint 1.0kip
	  @ interior points

PDLupperEndPoint 2.0kip
	  @ end points
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Stringer Load Rating

Section Properties

Area: Ag.S 39.82 in2
�	

X-axis inertia: Ix.S 13192.61 in4
�	

Live Load
Length of stringer span: LS.span 20ft
	

Maximum moment: MS.LL 475kip ft�
	 Alt. LL, AREMA Table 15-1-15

Max shear: VS.LL 120kip
	 Alt. LL, AREMA Table 15-1-15

Maximum pier reaction: RS.LL 131.10kip
	 E-80, AREMA Table 15-1-15

Dead Load
Self weight: wS 135.5 plf�	

Inc. 30% for connections: wS wS 1.30� 176.15 plf�	
	

Track: wS.track 100plf
	

Timber: wS.timber
Wttimber

1ft
500 plf�	
	

Total: wS.DL wS wS.track�
wS.timber

2
� 0.53

kip
ft

�	
	

Max Moment: MS.DL
wS.DL LS.span

2
�

8
26.31 kip ft��	
	

Max Shear: VS.DL
wS.DL LS.span�

2
5.26 kip�	
	

Normal allowable flexure: Fallow.b 0.55 35� ksi 19.25 ksi�	
	 AREMA (15-1.4.1)

Max. allowable flexure: Fmax.b 0.80 35� ksi 28 ksi�	
	 AREMA (15-7.3.4.3)

Normal allowable shear: Fallow.v 0.35 35� ksi 12.25 ksi�	
	 AREMA (15-1.4.1)

Max. allowable shear: Fmax.v 0.75 0.8 35� ksi( )� 21 ksi�	
	 AREMA (15-7.3.4.3)
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Impact for Stringer

Vertical Effect: VES 40
3 LS.span� �2

1600 ft2�
� 39.25	
	 % AREMA (15-1.3.5)

Rocking Effect: RES 20
	  % AREMA (15-1.3.5d)

Reduce for low speed: Reduction 0.71	

Impact: IS
VES Reduction� RES�

100
0.48	
	

Normal Rating of Stringer
Dead Load Stresses

Flexure: σS.DL
MS.DL

Sx.S
0.53 ksi�	
	

Shear: τS.DL
VS.DL

Aplate.S
0.32 ksi�	
	

Live Load Stresses

Flexure: σS.LL
1 IS�� � MS.LL�

Sx.S
14.22 ksi�	
	

Shear: τS.LL
1 IS�� � VS.LL�

Aplate.S
10.76 ksi�	
	

E-80 Normal Load Rating Without Section Loss

Flexure: RS.σ
Fallow.b σS.DL�

σS.LL
80� 105	
	

Shear: RS.τ
Fallow.v τS.DL�

τS.LL
80� 89	
	

Maximum Rating of Stringer Without Section Loss
E-80 Maximum Load Rating

Flexure: MaxRS.σ
Fmax.b σS.DL�

σS.LL
80� 155	
	

Shear: MaxRS.τ
Fmax.v τS.DL�

τS.LL
80� 154	
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Rating for Each Stringers in Span 1

S0, Span 1: 20% section loss in bottom flange.
Dead Load Stresses

Flexure: σS0.S1.DL
MS.DL

Sx.S0.S1
0.56 ksi�	
	

Shear: τS0.S1.DL
VS.DL

Aplate.S0.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS0.S1.LL
1 IS�� � MS.LL�

Sx.S0.S1
15.05 ksi�	
	

Shear: τS0.S1.LL
1 IS�� � VS.LL�

Aplate.S0.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS0.S1.σ
Fallow.b σS0.S1.DL�

σS0.S1.LL
80� 99	
	

Shear: RS0.S1.τ
Fallow.v τS0.S1.DL�

τS0.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS0.S1.σ
Fmax.b σS0.S1.DL�

σS0.S1.LL
80� 146	
	

Shear: MaxRS0.S1.τ
Fmax.v τS0.S1.DL�

τS0.S1.LL
80� 154	
	

S1, Span 1: 5% section loss in top flange.
Dead Load Stresses

Flexure: σS1.S1.DL
MS.DL

Sx.S1.S1
0.54 ksi�	
	

Shear: τS1.S1.DL
VS.DL

Aplate.S1.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS1.S1.LL
1 IS�� � MS.LL�

Sx.S1.S1
14.42 ksi�	
	

Shear: τS1.S1.LL
1 IS�� � VS.LL�

Aplate.S1.S1
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS1.S1.σ
Fallow.b σS1.S1.DL�

σS1.S1.LL
80� 104	
	

Shear: RS1.S1.τ
Fallow.v τS1.S1.DL�

τS1.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS1.S1.σ
Fmax.b σS1.S1.DL�

σS1.S1.LL
80� 152	
	

Shear: MaxRS1.S1.τ
Fmax.v τS1.S1.DL�

τS1.S1.LL
80� 154	
	

S2, Span 1: 20% section loss in top flange.
Dead Load Stresses

Flexure: σS2.S1.DL
MS.DL

Sx.S2.S1
0.56 ksi�	
	

Shear: τS2.S1.DL
VS.DL

Aplate.S2.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS2.S1.LL
1 IS�� � MS.LL�

Sx.S2.S1
15.05 ksi�	
	

Shear: τS2.S1.LL
1 IS�� � VS.LL�

Aplate.S2.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS2.S1.σ
Fallow.b σS2.S1.DL�

σS2.S1.LL
80� 99	
	

Shear: RS2.S1.τ
Fallow.v τS2.S1.DL�

τS2.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS2.S1.σ
Fmax.b σS2.S1.DL�

σS2.S1.LL
80� 146	
	

Shear: MaxRS2.S1.τ
Fmax.v τS2.S1.DL�

τS2.S1.LL
80� 154	
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S3, Span 1: 1"-wide x1/2"-high hole in the web above bottom flanges.
Dead Load Stresses

Flexure: σS3.S1.DL
MS.DL

Sx.S3.S1
0.53 ksi�	
	

Shear: τS3.S1.DL
VS.DL

Aplate.S3.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS3.S1.LL
1 IS�� � MS.LL�

Sx.S3.S1
14.29 ksi�	
	

Shear: τS3.S1.LL
1 IS�� � VS.LL�

Aplate.S3.S1
10.88 ksi�	
	

E-80 Normal Load Rating

Flexure: RS3.S1.σ
Fallow.b σS3.S1.DL�

σS3.S1.LL
80� 105	
	

Shear: RS3.S1.τ
Fallow.v τS3.S1.DL�

τS3.S1.LL
80� 88	
	

E-80 Maximum Load Rating

Flexure: MaxRS3.S1.σ
Fmax.b σS3.S1.DL�

σS3.S1.LL
80� 154	
	

Shear: MaxRS3.S1.τ
Fmax.v τS3.S1.DL�

τS3.S1.LL
80� 152	
	

S4, Span 1: 50% section loss in top and bottom flanges.
Dead Load Stresses

Flexure: σS4.S1.DL
MS.DL

Sx.S4.S1
0.73 ksi�	
	

Shear: τS4.S1.DL
VS.DL

Aplate.S4.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS4.S1.LL
1 IS�� � MS.LL�

Sx.S4.S1
19.58 ksi�	
	

Shear: τS4.S1.LL
1 IS�� � VS.LL�

Aplate.S4.S1
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS4.S1.σ
Fallow.b σS4.S1.DL�

σS4.S1.LL
80� 76	
	

Shear: RS4.S1.τ
Fallow.v τS4.S1.DL�

τS4.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS4.S1.σ
Fmax.b σS4.S1.DL�

σS4.S1.LL
80� 111	
	

Shear: MaxRS4.S1.τ
Fmax.v τS4.S1.DL�

τS4.S1.LL
80� 154	
	

S5, Span 1: 10% section loss in top flange.
Dead Load Stresses

Flexure: σS5.S1.DL
MS.DL

Sx.S5.S1
0.55 ksi�	
	

Shear: τS5.S1.DL
VS.DL

Aplate.S5.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS5.S1.LL
1 IS�� � MS.LL�

Sx.S5.S1
14.62 ksi�	
	

Shear: τS5.S1.LL
1 IS�� � VS.LL�

Aplate.S5.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS5.S1.σ
Fallow.b σS5.S1.DL�

σS5.S1.LL
80� 102	
	

Shear: RS5.S1.τ
Fallow.v τS5.S1.DL�

τS5.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS5.S1.σ
Fmax.b σS5.S1.DL�

σS5.S1.LL
80� 150	
	

Shear: MaxRS5.S1.τ
Fmax.v τS5.S1.DL�

τS5.S1.LL
80� 154	
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S6, Span 1: No section loss.
Dead Load Stresses

Flexure: σS6.S1.DL
MS.DL

Sx.S6.S1
0.53 ksi�	
	

Shear: τS6.S1.DL
VS.DL

Aplate.S6.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS6.S1.LL
1 IS�� � MS.LL�

Sx.S6.S1
14.22 ksi�	
	

Shear: τS6.S1.LL
1 IS�� � VS.LL�

Aplate.S6.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS6.S1.σ
Fallow.b σS6.S1.DL�

σS6.S1.LL
80� 105	
	

Shear: RS6.S1.τ
Fallow.v τS6.S1.DL�

τS6.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS6.S1.σ
Fmax.b σS6.S1.DL�

σS6.S1.LL
80� 155	
	

Shear: MaxRS6.S1.τ
Fmax.v τS6.S1.DL�

τS6.S1.LL
80� 154	
	

S7, Span 1: 25% section loss in bottom flange.
Dead Load Stresses

Flexure: σS7.S1.DL
MS.DL

Sx.S7.S1
0.57 ksi�	
	

Shear: τS7.S1.DL
VS.DL

Aplate.S7.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS7.S1.LL
1 IS�� � MS.LL�

Sx.S7.S1
15.27 ksi�	
	

Shear: τS7.S1.LL
1 IS�� � VS.LL�

Aplate.S7.S1
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS7.S1.σ
Fallow.b σS7.S1.DL�

σS7.S1.LL
80� 98	
	

Shear: RS7.S1.τ
Fallow.v τS7.S1.DL�

τS7.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS7.S1.σ
Fmax.b σS7.S1.DL�

σS7.S1.LL
80� 144	
	

Shear: MaxRS7.S1.τ
Fmax.v τS7.S1.DL�

τS7.S1.LL
80� 154	
	

S8, Span 1: 20% section loss in top and bottom flanges.
Dead Load Stresses

Flexure: σS8.S1.DL
MS.DL

Sx.S8.S1
0.6 ksi�	
	

Shear: τS8.S1.DL
VS.DL

Aplate.S8.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS8.S1.LL
1 IS�� � MS.LL�

Sx.S8.S1
15.97 ksi�	
	

Shear: τS8.S1.LL
1 IS�� � VS.LL�

Aplate.S8.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS8.S1.σ
Fallow.b σS8.S1.DL�

σS8.S1.LL
80� 93	
	

Shear: RS8.S1.τ
Fallow.v τS8.S1.DL�

τS8.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS8.S1.σ
Fmax.b σS8.S1.DL�

σS8.S1.LL
80� 137	
	

Shear: MaxRS8.S1.τ
Fmax.v τS8.S1.DL�

τS8.S1.LL
80� 154	
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S9, Span 1: 10% section loss in top and bottom flanges.
Dead Load Stresses

Flexure: σS9.S1.DL
MS.DL

Sx.S9.S1
0.56 ksi�	
	

Shear: τS9.S1.DL
VS.DL

Aplate.S9.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS9.S1.LL
1 IS�� � MS.LL�

Sx.S9.S1
15.05 ksi�	
	

Shear: τS9.S1.LL
1 IS�� � VS.LL�

Aplate.S9.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS9.S1.σ
Fallow.b σS9.S1.DL�

σS9.S1.LL
80� 99	
	

Shear: RS9.S1.τ
Fallow.v τS9.S1.DL�

τS9.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS9.S1.σ
Fmax.b σS9.S1.DL�

σS9.S1.LL
80� 146	
	

Shear: MaxRS9.S1.τ
Fmax.v τS9.S1.DL�

τS9.S1.LL
80� 154	
	

S10, Span 1: No section loss.
Dead Load Stresses

Flexure: σS10.S1.DL
MS.DL

Sx.S10.S1
0.53 ksi�	
	

Shear: τS10.S1.DL
VS.DL

Aplate.S10.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS10.S1.LL
1 IS�� � MS.LL�

Sx.S10.S1
14.22 ksi�	
	

Shear: τS10.S1.LL
1 IS�� � VS.LL�

Aplate.S10.S1
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS10.S1.σ
Fallow.b σS10.S1.DL�

σS10.S1.LL
80� 105	
	

Shear: RS10.S1.τ
Fallow.v τS10.S1.DL�

τS10.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS10.S1.σ
Fmax.b σS10.S1.DL�

σS10.S1.LL
80� 155	
	

Shear: MaxRS10.S1.τ
Fmax.v τS10.S1.DL�

τS10.S1.LL
80� 154	
	

S11, Span 1: 50% section loss in top flange. Complete loss of one bottom flange at
abutment, not affecting flexural capacity.

Dead Load Stresses

Flexure: σS11.S1.DL
MS.DL

Sx.S11.S1
0.62 ksi�	
	

Shear: τS11.S1.DL
VS.DL

Aplate.S11.S1
0.32 ksi�	
	

Live Load Stresses

Flexure: σS11.S1.LL
1 IS�� � MS.LL�

Sx.S11.S1
16.48 ksi�	
	

Shear: τS11.S1.LL
1 IS�� � VS.LL�

Aplate.S11.S1
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS11.S1.σ
Fallow.b σS11.S1.DL�

σS11.S1.LL
80� 90	
	

Shear: RS11.S1.τ
Fallow.v τS11.S1.DL�

τS11.S1.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS11.S1.σ
Fmax.b σS11.S1.DL�

σS11.S1.LL
80� 133	
	

Shear: MaxRS11.S1.τ
Fmax.v τS11.S1.DL�

τS11.S1.LL
80� 154	
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Rating for Each Stringers in Span 2

S0, Span 2: No section loss.
Dead Load Stresses

Flexure: σS0.S2.DL
MS.DL

Sx.S0.S2
0.53 ksi�	
	

Shear: τS0.S2.DL
VS.DL

Aplate.S0.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS0.S2.LL
1 IS�� � MS.LL�

Sx.S0.S2
14.22 ksi�	
	

Shear: τS0.S2.LL
1 IS�� � VS.LL�

Aplate.S0.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS0.S2.σ
Fallow.b σS0.S2.DL�

σS0.S2.LL
80� 105	
	

Shear: RS0.S2.τ
Fallow.v τS0.S2.DL�

τS0.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS0.S2.σ
Fmax.b σS0.S2.DL�

σS0.S2.LL
80� 155	
	

Shear: MaxRS0.S2.τ
Fmax.v τS0.S2.DL�

τS0.S2.LL
80� 154	
	

S1, Span 2: No section loss.
Dead Load Stresses

Flexure: σS1.S2.DL
MS.DL

Sx.S1.S2
0.53 ksi�	
	

Shear: τS1.S2.DL
VS.DL

Aplate.S1.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS1.S2.LL
1 IS�� � MS.LL�

Sx.S1.S2
14.22 ksi�	
	

Shear: τS1.S2.LL
1 IS�� � VS.LL�

Aplate.S1.S2
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS1.S2.σ
Fallow.b σS1.S2.DL�

σS1.S2.LL
80� 105	
	

Shear: RS1.S2.τ
Fallow.v τS1.S2.DL�

τS1.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS1.S2.σ
Fmax.b σS1.S2.DL�

σS1.S2.LL
80� 155	
	

Shear: MaxRS1.S2.τ
Fmax.v τS1.S2.DL�

τS1.S2.LL
80� 154	
	

S2, Span 2: No section loss.
Dead Load Stresses

Flexure: σS2.S2.DL
MS.DL

Sx.S2.S2
0.53 ksi�	
	

Shear: τS2.S2.DL
VS.DL

Aplate.S2.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS2.S2.LL
1 IS�� � MS.LL�

Sx.S2.S2
14.22 ksi�	
	

Shear: τS2.S2.LL
1 IS�� � VS.LL�

Aplate.S2.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS2.S2.σ
Fallow.b σS2.S2.DL�

σS2.S2.LL
80� 105	
	

Shear: RS2.S2.τ
Fallow.v τS2.S2.DL�

τS2.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS2.S2.σ
Fmax.b σS2.S2.DL�

σS2.S2.LL
80� 155	
	

Shear: MaxRS2.S2.τ
Fmax.v τS2.S2.DL�

τS2.S2.LL
80� 154	
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S3, Span 2: No section loss.
Dead Load Stresses

Flexure: σS3.S2.DL
MS.DL

Sx.S3.S2
0.53 ksi�	
	

Shear: τS3.S2.DL
VS.DL

Aplate.S3.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS3.S2.LL
1 IS�� � MS.LL�

Sx.S3.S2
14.22 ksi�	
	

Shear: τS3.S2.LL
1 IS�� � VS.LL�

Aplate.S3.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS3.S2.σ
Fallow.b σS3.S2.DL�

σS3.S2.LL
80� 105	
	

Shear: RS3.S2.τ
Fallow.v τS3.S2.DL�

τS3.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS3.S2.σ
Fmax.b σS3.S2.DL�

σS3.S2.LL
80� 155	
	

Shear: MaxRS3.S2.τ
Fmax.v τS3.S2.DL�

τS3.S2.LL
80� 154	
	

S4, Span 2: No section loss.
Dead Load Stresses

Flexure: σS4.S2.DL
MS.DL

Sx.S4.S2
0.53 ksi�	
	

Shear: τS4.S2.DL
VS.DL

Aplate.S4.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS4.S2.LL
1 IS�� � MS.LL�

Sx.S4.S2
14.22 ksi�	
	

Shear: τS4.S2.LL
1 IS�� � VS.LL�

Aplate.S4.S2
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS4.S2.σ
Fallow.b σS4.S2.DL�

σS4.S2.LL
80� 105	
	

Shear: RS4.S2.τ
Fallow.v τS4.S2.DL�

τS4.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS4.S2.σ
Fmax.b σS4.S2.DL�

σS4.S2.LL
80� 155	
	

Shear: MaxRS4.S2.τ
Fmax.v τS4.S2.DL�

τS4.S2.LL
80� 154	
	

S5, Span 2: No section loss.
Dead Load Stresses

Flexure: σS5.S2.DL
MS.DL

Sx.S5.S2
0.53 ksi�	
	

Shear: τS5.S2.DL
VS.DL

Aplate.S5.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS5.S2.LL
1 IS�� � MS.LL�

Sx.S5.S2
14.22 ksi�	
	

Shear: τS5.S2.LL
1 IS�� � VS.LL�

Aplate.S5.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS5.S2.σ
Fallow.b σS5.S2.DL�

σS5.S2.LL
80� 105	
	

Shear: RS5.S2.τ
Fallow.v τS5.S2.DL�

τS5.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS5.S2.σ
Fmax.b σS5.S2.DL�

σS5.S2.LL
80� 155	
	

Shear: MaxRS5.S2.τ
Fmax.v τS5.S2.DL�

τS5.S2.LL
80� 154	
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S6, Span 2: No section loss.
Dead Load Stresses

Flexure: σS6.S2.DL
MS.DL

Sx.S6.S2
0.53 ksi�	
	

Shear: τS6.S2.DL
VS.DL

Aplate.S6.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS6.S2.LL
1 IS�� � MS.LL�

Sx.S6.S2
14.22 ksi�	
	

Shear: τS6.S2.LL
1 IS�� � VS.LL�

Aplate.S6.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS6.S2.σ
Fallow.b σS6.S2.DL�

σS6.S2.LL
80� 105	
	

Shear: RS6.S2.τ
Fallow.v τS6.S2.DL�

τS6.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS6.S2.σ
Fmax.b σS6.S2.DL�

σS6.S2.LL
80� 155	
	

Shear: MaxRS6.S2.τ
Fmax.v τS6.S2.DL�

τS6.S2.LL
80� 154	
	

S7, Span 2: No section loss.
Dead Load Stresses

Flexure: σS7.S2.DL
MS.DL

Sx.S7.S2
0.53 ksi�	
	

Shear: τS7.S2.DL
VS.DL

Aplate.S7.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS7.S2.LL
1 IS�� � MS.LL�

Sx.S7.S2
14.22 ksi�	
	

Shear: τS7.S2.LL
1 IS�� � VS.LL�

Aplate.S7.S2
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS7.S2.σ
Fallow.b σS7.S2.DL�

σS7.S2.LL
80� 105	
	

Shear: RS7.S2.τ
Fallow.v τS7.S2.DL�

τS7.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS7.S2.σ
Fmax.b σS7.S2.DL�

σS7.S2.LL
80� 155	
	

Shear: MaxRS7.S2.τ
Fmax.v τS7.S2.DL�

τS7.S2.LL
80� 154	
	

S8, Span 2: No section loss.
Dead Load Stresses

Flexure: σS8.S2.DL
MS.DL

Sx.S8.S2
0.53 ksi�	
	

Shear: τS8.S2.DL
VS.DL

Aplate.S8.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS8.S2.LL
1 IS�� � MS.LL�

Sx.S8.S2
14.22 ksi�	
	

Shear: τS8.S2.LL
1 IS�� � VS.LL�

Aplate.S8.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS8.S2.σ
Fallow.b σS8.S2.DL�

σS8.S2.LL
80� 105	
	

Shear: RS8.S2.τ
Fallow.v τS8.S2.DL�

τS8.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS8.S2.σ
Fmax.b σS8.S2.DL�

σS8.S2.LL
80� 155	
	

Shear: MaxRS8.S2.τ
Fmax.v τS8.S2.DL�

τS8.S2.LL
80� 154	
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S9, Span 2: No section loss.
Dead Load Stresses

Flexure: σS9.S2.DL
MS.DL

Sx.S9.S2
0.53 ksi�	
	

Shear: τS9.S2.DL
VS.DL

Aplate.S9.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS9.S2.LL
1 IS�� � MS.LL�

Sx.S9.S2
14.22 ksi�	
	

Shear: τS9.S2.LL
1 IS�� � VS.LL�

Aplate.S9.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS9.S2.σ
Fallow.b σS9.S2.DL�

σS9.S2.LL
80� 105	
	

Shear: RS9.S2.τ
Fallow.v τS9.S2.DL�

τS9.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS9.S2.σ
Fmax.b σS9.S2.DL�

σS9.S2.LL
80� 155	
	

Shear: MaxRS9.S2.τ
Fmax.v τS9.S2.DL�

τS9.S2.LL
80� 154	
	

S10, Span 2: No section loss.
Dead Load Stresses

Flexure: σS10.S2.DL
MS.DL

Sx.S10.S2
0.53 ksi�	
	

Shear: τS10.S2.DL
VS.DL

Aplate.S10.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS10.S2.LL
1 IS�� � MS.LL�

Sx.S10.S2
14.22 ksi�	
	

Shear: τS10.S2.LL
1 IS�� � VS.LL�

Aplate.S10.S2
10.76 ksi�	
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E-80 Normal Load Rating

Flexure: RS10.S2.σ
Fallow.b σS10.S2.DL�

σS10.S2.LL
80� 105	
	

Shear: RS10.S2.τ
Fallow.v τS10.S2.DL�

τS10.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS10.S2.σ
Fmax.b σS10.S2.DL�

σS10.S2.LL
80� 155	
	

Shear: MaxRS10.S2.τ
Fmax.v τS10.S2.DL�

τS10.S2.LL
80� 154	
	

S11, Span 2: 50% section loss in vertical legs of bottom angles.
Dead Load Stresses

Flexure: σS11.S2.DL
MS.DL

Sx.S11.S2
0.58 ksi�	
	

Shear: τS11.S2.DL
VS.DL

Aplate.S11.S2
0.32 ksi�	
	

Live Load Stresses

Flexure: σS11.S2.LL
1 IS�� � MS.LL�

Sx.S11.S2
15.43 ksi�	
	

Shear: τS11.S2.LL
1 IS�� � VS.LL�

Aplate.S11.S2
10.76 ksi�	
	

E-80 Normal Load Rating

Flexure: RS11.S2.σ
Fallow.b σS11.S2.DL�

σS11.S2.LL
80� 97	
	

Shear: RS11.S2.τ
Fallow.v τS11.S2.DL�

τS11.S2.LL
80� 89	
	

E-80 Maximum Load Rating

Flexure: MaxRS11.S2.σ
Fmax.b σS11.S2.DL�

σS11.S2.LL
80� 142	
	

Shear: MaxRS11.S2.τ
Fmax.v τS11.S2.DL�

τS11.S2.LL
80� 154	
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Floor Beam Load Rating

Section Properties
Length: LFB 15.67 ft	

Area: Ag.FB 48.6 in2
�	

X-axis inertia: Ix.FB 25897.09 in4
�	

Stringer Reactions at Floor Beam Connection

Point DL from stringer: PS.DL VS.DL 2� 10.52 kip�	
	

Point LL from stringer: PS.LL RS.LL 131.1 kip�	
	

Load lever arm from end: a
LFB 5ft�

2
5.33 ft	
	

Dead load moment: MFB.dl a PS.DL� 56.12 kip ft��	
	

Live load moment: MFB.LL a PS.LL� 699.2 kip ft��	
	

Self Weight: wFB 165.38 plf�	

Increase by 30% for connections.

Total dead load moment: MFB.DL MFB.dl
1.3wFB LFB

2
�

8
� 62.72 kip ft��	
	

Total dead load shear: VFB.DL PS.DL
1.3 wFB� LFB�

2
� 12.21 kip�	
	

Total live load shear: VFB.LL PS.LL 131.1 kip�	
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Impact for Floor Beam

Vertical Effect: VEFB 40
3 LFB� �2

1600 ft2�
� 39.54	
	 %

Rocking Effect: REFB 20
	  %

Reduce for low speed: Reduction 0.71	

Impact: IFB
VEFB Reduction� REFB�

100
0.48	
	

Normal Rating of Floor Beam
Dead Load Stresses

Flexure: σFB.DL
MFB.DL

Sx.FB
0.82 ksi�	
	

Shear: τFB.DL
VFB.DL

Aplate.FB
0.58 ksi�	
	

Live Load Stresses

Flexure: σFB.LL
1 IFB�� � MFB.LL�

Sx.FB
13.56 ksi�	
	

Shear: τFB.LL
1 IFB�� � VFB.LL�

Aplate.FB
9.25 ksi�	
	

E-80 Normal Load Rating Without Section Loss

Flexure: RFB.σ
Fallow.b σFB.DL�

σFB.LL
80� 109	
	

Shear: RFB.τ
Fallow.v τFB.DL�

τFB.LL
80� 101	
	

Maximum Rating of Stringer Without Section Loss
E-80 Maximum Load Rating

Flexure: MaxRFB.σ
Fmax.b σFB.DL�

σFB.LL
80� 160	
	

Shear: MaxRFB.τ
Fmax.v τFB.DL�

τFB.LL
80� 177	
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Rating for Each Floor Beam in Span 1

FB1, Span 1: No section loss.
Dead Load Stresses

Flexure: σFB1.S1.DL
MFB.DL

Sx.FB1.S1
0.82 ksi�	
	

Shear: τFB1.S1.DL
VFB.DL

Aplate.FB1.S1
0.58 ksi�	
	

Live Load Stresses

Flexure: σFB1.S1.LL
1 IFB�� � MFB.LL�

Sx.FB1.S1
13.56 ksi�	
	

Shear: τFB1.S1.LL
1 IFB�� � VFB.LL�

Aplate.FB1.S1
9.25 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB1.S1.σ
Fallow.b σFB1.S1.DL�

σFB1.S1.LL
80� 109	
	

Shear: RFB1.S1.τ
Fallow.v τFB1.S1.DL�

τFB1.S1.LL
80� 101	
	

E-80 Maximum Load Rating

Flexure: MaxRFB1.S1.σ
Fmax.b σFB1.S1.DL�

σFB1.S1.LL
80� 160	
	

Shear: MaxRFB1.S1.τ
Fmax.v τFB1.S1.DL�

τFB1.S1.LL
80� 177	
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FB2, Span 1: 12"-long x3"-high hole in web at top of stringer connection. 
Dead Load Stresses

Flexure: σFB2.S1.DL
MFB.DL

Sx.FB2.S1
0.84 ksi�	
	

Shear: τFB2.S1.DL
VFB.DL

Aplate.FB2.S1
0.69 ksi�	
	

Live Load Stresses

Flexure: σFB2.S1.LL
1 IFB�� � MFB.LL�

Sx.FB2.S1
13.83 ksi�	
	

Shear: τFB2.S1.LL
1 IFB�� � VFB.LL�

Aplate.FB2.S1
10.9 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB2.S1.σ
Fallow.b σFB2.S1.DL�

σFB2.S1.LL
80� 106	
	

Shear: RFB2.S1.τ
Fallow.v τFB2.S1.DL�

τFB2.S1.LL
80� 85	
	

E-80 Maximum Load Rating

Flexure: MaxRFB2.S1.σ
Fmax.b σFB2.S1.DL�

σFB2.S1.LL
80� 157	
	

Shear: MaxRFB2.S1.τ
Fmax.v τFB2.S1.DL�

τFB2.S1.LL
80� 149	
	

FB3, Span 1: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.
Dead Load Stresses

Flexure: σFB3.S1.DL
MFB.DL

Sx.FB3.S1
0.84 ksi�	
	

Shear: τFB3.S1.DL
VFB.DL

Aplate.FB3.S1
0.69 ksi�	
	

Live Load Stresses

Flexure: σFB3.S1.LL
1 IFB�� � MFB.LL�

Sx.FB3.S1
13.83 ksi�	
	

Shear: τFB3.S1.LL
1 IFB�� � VFB.LL�

Aplate.FB3.S1
10.9 ksi�	
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E-80 Normal Load Rating

Flexure: RFB3.S1.σ
Fallow.b σFB3.S1.DL�

σFB3.S1.LL
80� 106	
	

Shear: RFB3.S1.τ
Fallow.v τFB3.S1.DL�

τFB3.S1.LL
80� 85	
	

E-80 Maximum Load Rating

Flexure: MaxRFB3.S1.σ
Fmax.b σFB3.S1.DL�

σFB3.S1.LL
80� 157	
	

Shear: MaxRFB3.S1.τ
Fmax.v τFB3.S1.DL�

τFB3.S1.LL
80� 149	
	

FB4, Span 1: 12"-long x4"-high hole in web at top of stringer connection. Pitting in top flange.
Dead Load Stresses

Flexure: σFB4.S1.DL
MFB.DL

Sx.FB4.S1
0.84 ksi�	
	

Shear: τFB4.S1.DL
VFB.DL

Aplate.FB4.S1
0.7 ksi�	
	

Live Load Stresses

Flexure: σFB4.S1.LL
1 IFB�� � MFB.LL�

Sx.FB4.S1
13.91 ksi�	
	

Shear: τFB4.S1.LL
1 IFB�� � VFB.LL�

Aplate.FB4.S1
11.14 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB4.S1.σ
Fallow.b σFB4.S1.DL�

σFB4.S1.LL
80� 106	
	

Shear: RFB4.S1.τ
Fallow.v τFB4.S1.DL�

τFB4.S1.LL
80� 83	
	

E-80 Maximum Load Rating

Flexure: MaxRFB4.S1.σ
Fmax.b σFB4.S1.DL�

σFB4.S1.LL
80� 156	
	

Shear: MaxRFB4.S1.τ
Fmax.v τFB4.S1.DL�

τFB4.S1.LL
80� 146	
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FB5, Span 1: 12"-long x4"-high hole in web at top of stringer connection. Pitting in top flange.
Dead Load Stresses

Flexure: σFB5.S1.DL
MFB.DL

Sx.FB5.S1
0.89 ksi�	
	

Shear: τFB5.S1.DL
VFB.DL

Aplate.FB5.S1
0.7 ksi�	
	

Live Load Stresses

Flexure: σFB5.S1.LL
1 IFB�� � MFB.LL�

Sx.FB5.S1
14.76 ksi�	
	

Shear: τFB5.S1.LL
1 IFB�� � VFB.LL�

Aplate.FB5.S1
11.14 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB5.S1.σ
Fallow.b σFB5.S1.DL�

σFB5.S1.LL
80� 100	
	

Shear: RFB5.S1.τ
Fallow.v τFB5.S1.DL�

τFB5.S1.LL
80� 83	
	

E-80 Maximum Load Rating

Flexure: MaxRFB5.S1.σ
Fmax.b σFB5.S1.DL�

σFB5.S1.LL
80� 147	
	

Shear: MaxRFB5.S1.τ
Fmax.v τFB5.S1.DL�

τFB5.S1.LL
80� 146	
	

Rating for Each Floor Beam in Span 2

FB1, Span 2: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.
Dead Load Stresses

Flexure: σFB1.S2.DL
MFB.DL

Sx.FB1.S2
0.84 ksi�	
	

Shear: τFB1.S2.DL
VFB.DL

Aplate.FB1.S2
0.69 ksi�	
	

Live Load Stresses

Flexure: σFB1.S2.LL
1 IFB�� � MFB.LL�

Sx.FB1.S2
13.83 ksi�	
	

Shear: τFB1.S2.LL
1 IFB�� � VFB.LL�

Aplate.FB1.S2
10.9 ksi�	
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E-80 Normal Load Rating

Flexure: RFB1.S2.σ
Fallow.b σFB1.S2.DL�

σFB1.S2.LL
80� 106	
	

Shear: RFB1.S2.τ
Fallow.v τFB1.S2.DL�

τFB1.S2.LL
80� 85	
	

E-80 Maximum Load Rating

Flexure: MaxRFB1.S2.σ
Fmax.b σFB1.S2.DL�

σFB1.S2.LL
80� 157	
	

Shear: MaxRFB1.S2.τ
Fmax.v τFB1.S2.DL�

τFB1.S2.LL
80� 149	
	

FB2, Span 2: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.
Dead Load Stresses

Flexure: σFB2.S2.DL
MFB.DL

Sx.FB2.S2
0.84 ksi�	
	

Shear: τFB2.S2.DL
VFB.DL

Aplate.FB2.S2
0.69 ksi�	
	

Live Load Stresses

Flexure: σFB2.S2.LL
1 IFB�� � MFB.LL�

Sx.FB2.S2
13.83 ksi�	
	

Shear: τFB2.S2.LL
1 IFB�� � VFB.LL�

Aplate.FB2.S2
10.9 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB2.S2.σ
Fallow.b σFB2.S2.DL�

σFB2.S2.LL
80� 106	
	

Shear: RFB2.S2.τ
Fallow.v τFB2.S2.DL�

τFB2.S2.LL
80� 85	
	

E-80 Maximum Load Rating

Flexure: MaxRFB2.S2.σ
Fmax.b σFB2.S2.DL�

σFB2.S2.LL
80� 157	
	

Shear: MaxRFB2.S2.τ
Fmax.v τFB2.S2.DL�

τFB2.S2.LL
80� 149	
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FB3, Span 2: 12"-long x3"-high hole in web at top of stringer connection, like FB2, Span 1.
Dead Load Stresses

Flexure: σFB3.S2.DL
MFB.DL

Sx.FB3.S2
0.84 ksi�	
	

Shear: τFB3.S2.DL
VFB.DL

Aplate.FB3.S2
0.69 ksi�	
	

Live Load Stresses

Flexure: σFB3.S2.LL
1 IFB�� � MFB.LL�

Sx.FB3.S2
13.83 ksi�	
	

Shear: τFB3.S2.LL
1 IFB�� � VFB.LL�

Aplate.FB3.S2
10.9 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB3.S2.σ
Fallow.b σFB3.S2.DL�

σFB3.S2.LL
80� 106	
	

Shear: RFB3.S2.τ
Fallow.v τFB3.S2.DL�

τFB3.S2.LL
80� 85	
	

E-80 Maximum Load Rating

Flexure: MaxRFB3.S2.σ
Fmax.b σFB3.S2.DL�

σFB3.S2.LL
80� 157	
	

Shear: MaxRFB3.S2.τ
Fmax.v τFB3.S2.DL�

τFB3.S2.LL
80� 149	
	

FB4, Span 2: 12"-long x2"-high area of 80% section loss in web at top of stringer connection.
1" hole in web above bottom flanges.

Dead Load Stresses

Flexure: σFB4.S2.DL
MFB.DL

Sx.FB4.S2
0.83 ksi�	
	

Shear: τFB4.S2.DL
VFB.DL

Aplate.FB4.S2
0.65 ksi�	
	

Live Load Stresses

Flexure: σFB4.S2.LL
1 IFB�� � MFB.LL�

Sx.FB4.S2
13.71 ksi�	
	

Shear: τFB4.S2.LL
1 IFB�� � VFB.LL�

Aplate.FB4.S2
10.36 ksi�	
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E-80 Normal Load Rating

Flexure: RFB4.S2.σ
Fallow.b σFB4.S2.DL�

σFB4.S2.LL
80� 107	
	

Shear: RFB4.S2.τ
Fallow.v τFB4.S2.DL�

τFB4.S2.LL
80� 90	
	

E-80 Maximum Load Rating

Flexure: MaxRFB4.S2.σ
Fmax.b σFB4.S2.DL�

σFB4.S2.LL
80� 159	
	

Shear: MaxRFB4.S2.τ
Fmax.v τFB4.S2.DL�

τFB4.S2.LL
80� 157	
	

FB5, Span 2: 11"-long x3"-high hole in web at top of stringer connection. 
Dead Load Stresses

Flexure: σFB5.S2.DL
MFB.DL

Sx.FB5.S2
0.84 ksi�	
	

Shear: τFB5.S2.DL
VFB.DL

Aplate.FB5.S2
0.69 ksi�	
	

Live Load Stresses

Flexure: σFB5.S2.LL
1 IFB�� � MFB.LL�

Sx.FB5.S2
13.83 ksi�	
	

Shear: τFB5.S2.LL
1 IFB�� � VFB.LL�

Aplate.FB5.S2
10.9 ksi�	
	

E-80 Normal Load Rating

Flexure: RFB5.S2.σ
Fallow.b σFB5.S2.DL�

σFB5.S2.LL
80� 106	
	

Shear: RFB5.S2.τ
Fallow.v τFB5.S2.DL�

τFB5.S2.LL
80� 85	
	

E-80 Maximum Load Rating

Flexure: MaxRFB5.S2.σ
Fmax.b σFB5.S2.DL�

σFB5.S2.LL
80� 157	
	

Shear: MaxRFB5.S2.τ
Fmax.v τFB5.S2.DL�

τFB5.S2.LL
80� 149	
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Type Member Span

Normal�
Flexure�Rating

E�

Normal�
Shear�Rating

E�

Maximum�
Flexure�Rating

E�

Maximum�
Shear�Rating

E�
Stringer S0 1 99 89 146 154
Stringer S1 1 104 89 152 154
Stringer S2 1 99 89 146 154
Stringer S3 1 105 88 154 152
Stringer S4 1 76 89 111 154
Stringer S5 1 102 89 150 154
Stringer S6 1 105 89 155 154
Stringer S7 1 98 89 144 154
Stringer S8 1 93 89 137 154
Stringer S9 1 99 89 146 154
Stringer S10 1 105 89 155 154
Stringer S11 1 90 89 133 154
Stringer S0 2 105 89 155 154
Stringer S1 2 105 89 155 154
Stringer S2 2 105 89 155 154
Stringer S3 2 105 89 155 154
Stringer S4 2 105 89 155 154
Stringer S5 2 105 89 155 154
Stringer S6 2 105 89 155 154
Stringer S7 2 105 89 155 154
Stringer S8 2 105 89 155 154
Stringer S9 2 105 89 155 154
Stringer S10 2 105 89 155 154
Stringer S11 2 97 89 142 154

Floorbeam FB1 1 109 101 160 177
Floorbeam FB2 1 106 85 157 149
Floorbeam FB3 1 106 85 157 149
Floorbeam FB4 1 106 83 156 146
Floorbeam FB5 1 100 83 147 146
Floorbeam FB1 2 106 85 157 149
Floorbeam FB2 2 106 85 157 149
Floorbeam FB3 2 106 85 157 149
Floorbeam FB4 2 107 90 159 157
Floorbeam FB5 2 106 85 157 149

105 89 155 154
76 88 111 152

109 101 160 177
100 83 147 146

Max.�(Stringer�per�Plans)
Min.�(Stringer�w/Sec.�Loss)

Max.�(Floorbeam�per�Plans)
Min.�(Floorbeam�w/Sec.�Loss)
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Moment and Shear in Stringers 
Values for a 20 foot span at 1/10*L increments. See STAAD.Pro output attached.

Moment�
(kip�ft)

0.1*L 0.2*L 0.3*L 0.4*L 0.5*L 0.6*L 0.7*L 0.8*L 0.9*L 1.0*L

E�80 336.00 544.00 704.00 816.00 824.00 824.00 816.00 704.00 544.00 336.00
263�kip 224.40 352.24 446.75 518.16 562.25 554.20 523.59 439.28 371.28 225.76
286�kip 246.67 364.65 526.24 564.24 605.67 628.48 609.18 504.07 397.54 248.82
315�kip 229.95 459.90 540.23 612.67 685.12 685.91 607.95 522.90 437.85 242.55
Shear�
(kip)

0.1*L 0.2*L 0.3*L 0.4*L 0.5*L 0.6*L 0.7*L 0.8*L 0.9*L 1.0*L

E�80 200.00 152.00 120.00 96.00 70.40 �84.00 �108.00 �136.00 �168.00 �200.00
263�kip 135.66 112.20 87.72 71.74 56.78 �54.40 �68.34 �92.82 �99.62 �129.54
286�kip 135.66 123.35 91.16 73.44 61.13 �56.49 �77.94 �92.82 �124.41 �133.76
315�kip 135.66 114.97 114.97 79.54 56.10 �62.21 �85.84 �92.82 �121.28 �156.71

Equivalent Load Ratings

Stringers

Moments Equivalent Rating to E-80

ME80 824kip ft�
	

M263 562.25kip ft�
	
M263
ME80

80� 55	

M286 628.48kip ft�
	
M286
ME80

80� 61	

M315 685.91kip ft�
	
M315
ME80

80� 67	

Shears

VE80 200kip
	

V263 135.66kip
	
V263
VE80

80� 54	

V286 135.66kip
	
V286
VE80

80� 54	

V315 156.71kip
	
V315
VE80

80� 63	
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Floor Beams
The rail does not rest on the floorbeams, instead the shears from the stringers is transfered to the floor
beams. Therefore the rating equivalents loads for the floorbeam are the same as those for the shear in

the
stringers.

Moment Equivalent Rating to E-80

VE80 4.75� ft 950 kip ft��	

V263 4.75� ft 644 kip ft��	
V263 4.75� ft

VE80 4.75� ft
80� 54	

V286 4.75� ft 644 kip ft��	
V286 4.75� ft

VE80 4.75� ft
80� 54	

V315 4.75� ft 744 kip ft��	
V315 4.75� ft

VE80 4.75� ft
80� 63	

Shears

VE80 200 kip�	

V263 135.66 kip�	
V263
VE80

80� 54	

V286 135.66 kip�	
V286
VE80

80� 54	

V315 156.71 kip�	
V315
VE80

80� 63	

Normal Maximum 263-kip
Unit Train

286-kip
Unit Train

315-kip
Unit Train

Flexure E-76 E-111 E-55 E-61 E-67

Shear E-88 E-152 E-54 E-54 E-63

Flexure E-100 E-147 E-54 E-54 E-63

Shear E-83 E-146 E-54 E-54 E-63

S
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Stringer Repair Calculations 

Stringers S4, and S11 in Span 1 (S0 and S7 on the repair plans)
Bolt plate 1/2"x12" to the bottom flange for the entire length of the stringer.

Plate thickness: tplate
1
2

in
	

Bolts to be used: A325 Bolts

Bolt diameter: dbolt
7
8

in
	

Bolt area: Abolt
dbolt

2
π�

4
0.6 in2

�	
	

Bolt shear strength: τbolt 17ksi
	

Bolt capacity: VboltCap Abolt τbolt� 10.22 kip�	
	

Determining the necessary bolt spacing to transfer the horizontal shears.

Sr
Vr Q�

I

	

Vr
  (kips/in) AREMA (15-1.7.9.2j)

Composite Inertia: IwPlates
1
12

3
8

in 44in( )3
��


�
��
�

4 Iy.angle.S��

1
12

2� 12in tplate� �3��
�

�
���

���

4Aangle.S
44.5in

2
xangle.S���

�
��
�

2
��

���

2 12in tplate�� ��
44.5in

2

tplate
2

�
�
�
�

�
�
�

2

��

���

�
















�

��
�
�
�
�
�
�
�
��

19268 in4
�	
	

Static Moment: Q 12in tplate�� � 44.5in
2

tplate���
�

��
�

� 136 in3
�	
	

Shear Load at ends: Vr.End VE80
	

The bolt spacing from the quarter points to the end will be determined from this shear value.

Horizontal shear at ends: Sr.End
Vr.End Q�

IwPlates
1.42

kip
in

�	
	

Bolt spacing at ends: sbolt.End
2 VboltCap�

Sr.End
1.2 ft	
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Shear Load at 0.30*L: Vr.Mid 120kip
	

The bolt spacing between the quarter points (the middle) will be determined from this shear value.

Horizontal shear at ends: Sr.Mid
Vr.Mid Q�

IwPlates
0.85

kip
in

�	
	

Bolt spacing in the middle: sbolt.Mid
2 VboltCap�

Sr.Mid
2 ft	
	

Minimum spacing of bolts: smin
2 dbolt� fp�

Fu

dbolt
2

�
	
fp AREMA (15-1.9.3b)

or 3 dbolt� 2.63 in�	

Bearing stress on bolt: fp

Sr.End sbolt.End�

2

dbolt tplate�� �
23.37 ksi�	
	

Tensile strength: Fu 60ksi
	

Minimum spacing of bolts: smin max 3dbolt
2 dbolt� fp�

Fu

dbolt
2

���
�
�
�

�
�
�

2.63 in�	
	

Maximum spacing of bolts: smax min 4in 4 tplate�� 7in��� � 6 in�	
	 AREMA (15-1.5.13)

Minimum edge distance: smin.Edge
2 dbolt� fp�

Fu
0.68 in�	
	

Maximum edge distance: smax.Ege min 1.5in 4 tplate�� 6in��� � 3.5 in�	
	

Use 7/8" bolts on both long edges spaced at 6" throughout, 2-1/2" from edge.
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Attachments
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SCCRTC-San Lorenzo River-Spans 1 & 2

Steel Warren ThroughTruss- Properties Calculations By M. Ponce

<----------San Francisco Truss System Watsonville------------> 

Note: Member numbering in these calculations follows numbering in prior ratings calculation and does not
necessarily match MMI's numbering, but properties do.

Member Section Properties

L1U2 & U6L7 END POSTS
(L0U1 on as-built plans Sheet 2)

Gross Section: 2 channels- C15x55 
1 plate 7/16"x18"
Lattice on bottom is not included in section. 

Gross area of Section (Sheet 1): Ag.L1U2 40.24in2

	

Area of Plate: Aplate.L1U2 18in
7
16

in��
�

��
�

� 7.87 in2
�	
	

Area of Channel: Ach.L1U2
Ag.L1U2 Aplate.L1U2�

2
16.18 in2

�	
	

Vertical c.g.: yL1U2

15in
7
32

in���
�

��
�

Aplate.L1U2�
15in

2
Ach.L1U2� 2��

Ag.L1U2
9.01 in�	
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There is limited info available for the C15x55 channel from Sheet 2. Therefore work backwards from known
information to determine flange thickness.

Channel web thickness: 13
16

in

Channel depth: 15in

Channel flange width: 3
13
16

in�

Use a channel with the following dimensions. 

Gross area of channel: Ag.ch.L1U2 15in
13
16

in��
�

��
�

� 3in tf.L1U2� �� 2��
	 tf.L1U2

Flange thickness on channel: tf.L1U2

Ach.L1U2 15in
13
16

in��
�

��
�

��

6in
0.67 in�	
	

Inertia of channel about x-axis: Ix.ch.L1U2
1
12

13
16

in 15in( )3
� 3in tf.L1U2� �3� 2���


�
��
�

�

2 tf.L1U2� �� 3� in
15in

2

tf.L1U2
2

�
�
�
�

�
�
�

2

��

����







�

��
�
�
�
�

433.87 in4
�	
	

Y-axis channel c.g.: xch.L1U2

15in
13
16

in��
�

��
�

13
32
� in 2 3in( )� tf.L1U2�

13
16

in 1.5in���
�

��
�

��

Ach.L1U2
0.88 in�	
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Inertia of channel about y-axis: Iy.ch.L1U2
1
12

15in
13
16

in��
�

��
�

3
� 2 tf.L1U2� �� 3in( )3

��
�


�

�
�
�

15in
13
16

in��
�

��
�

xch.L1U2
13
32

in���
�

��
�

2
��

���

2 3� in tf.L1U2� ��
13
16

in 1.5in� xch.L1U2���
�

��
�

2
��

���

�












�

��
�
�
�
�
�
��

14.6 in4
�	
	

X-axis inertia of section: Ix.L1U2
1
12

18� in
7
16

in��
�

��
�

3
� 2 Ix.ch.L1U2� ���

Aplate.L1U2 15in
7
32

in� yL1U2���
�

��
�

2
��

���

2 Ach.L1U2�
15in

2
yL1U2���

�
��
�

2
��

���

�












�

��
�
�
�
�
�
��

1245.24 in4
�	
	

Y-axis inertia of section: Iy.L1U2
1
12

7
16

in��
�

��
�

� 18in( )3
� 2 Iy.ch.L1U2��

2 Ach.L1U2� ��
18in

2
3

13
16

���
�

��
�

in xch.L1U2��

�

��
�

��

�

��
�

2
��

����






�

�
�
�
�
�

1432.09 in4
�	
	

X radius of gyration: rx.L1U2
Ix.L1U2
Ag.L1U2

5.56 in�	
	

Y radius of gyration: ry.L1U2
Iy.L1U2
Ag.L1U2

5.97 in�	
	

Rivet hole size: hole
15
16

in
	

Channel rivet holes: holesch.L1U2 2 4� hole�
13
16

in� 6.09 in2
�	
	

Top plate rivet holes: holesplate.L1U2 2 hole�
7
16

in tf.L1U2���
�

��
�

� 2.07 in2
�	
	

Gross area of section: Ag.L1U2 40.24 in2
�	

Net area of section: An.L1U2 Ag.L1U2 holesch.L1U2� holesplate.L1U2� 32.08 in2
�	
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L1U2 & U6L7 END POSTS Properties for Any Section Loss

Span 1
L1U2 Right, Span 1: No section loss.

Gross Area: Ag.L1U2.RS1 Ag.L1U2 40.24 in2
�	
	

Net Area: An.L1U2.RS1 An.L1U2 32.08 in2
�	
	

Inertias: Ix.L1U2.RS1 Ix.L1U2 1245 in4
�	
	

Iy.L1U2.RS1 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.L1U2.RS1 rx.L1U2 5.56 in�	
	

ryL1U2.RS1 ry.L1U2 5.97 in�	
	

L1U2 Left, Span 1: No Section loss.

Gross Area: Ag.L1U2.LS1 Ag.L1U2 40.24 in2
�	
	

Net Area: An.L1U2.LS1 An.L1U2 32.08 in2
�	
	

Inertias: Ix.L1U2.LS1 Ix.L1U2 1245 in4
�	
	

Iy.L1U2.LS1 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.L1U2.LS1 rx.L1U2 5.56 in�	
	

ryL1U2.LS1 ry.L1U2 5.97 in�	
	

U6L7 Right, Span 1: No section loss.

Gross Area: Ag.U6L7.RS1 Ag.L1U2 40.24 in2
�	
	

Net Area: An.U6L7.RS1 An.L1U2 32.08 in2
�	
	

Inertias: Ix.U6L7.RS1 Ix.L1U2 1245 in4
�	
	

Iy.U6L7.RS1 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.U6L7.RS1 rx.L1U2 5.56 in�	
	

ryU6L7.RS1 ry.L1U2 5.97 in�	
	

U6L7 Left, Span 1: No Section loss.

Gross Area: Ag.U6L7.LS1 Ag.L1U2 40.24 in2
�	
	

Net Area: An.U6L7.LS1 An.L1U2 32.08 in2
�	
	

Inertias: Ix.U6L7.LS1 Ix.L1U2 1245 in4
�	
	

Iy.U6L7.LS1 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.U6L7.LS1 rx.L1U2 5.56 in�	
	

ryU6L7.LS1 ry.L1U2 5.97 in�	
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Span 2
L1U2 Right, Span 2: No section loss.

Gross Area: Ag.L1U2.RS2 Ag.L1U2 40.24 in2
�	
	

Net Area: An.L1U2.RS2 An.L1U2 32.08 in2
�	
	

Inertias: Ix.L1U2.RS2 Ix.L1U2 1245 in4
�	
	

Iy.L1U2.RS2 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.L1U2.RS2 rx.L1U2 5.56 in�	
	

ryL1U2.RS2 ry.L1U2 5.97 in�	
	

L1U2 Left, Span 2: No Section loss.

Gross Area: Ag.L1U2.LS2 Ag.L1U2 40.24 in2
�	
	

Net Area: An.L1U2.LS2 An.L1U2 32.08 in2
�	
	

Inertias: Ix.L1U2.LS2 Ix.L1U2 1245 in4
�	
	

Iy.L1U2.LS2 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.L1U2.LS2 rx.L1U2 5.56 in�	
	

ryL1U2.LS2 ry.L1U2 5.97 in�	
	

U6L7 Right, Span 2: No section loss.

Gross Area: Ag.U6L7.RS2 Ag.L1U2 40.24 in2
�	
	

Net Area: An.U6L7.RS2 An.L1U2 32.08 in2
�	
	

Inertias: Ix.U6L7.RS2 Ix.L1U2 1245 in4
�	
	

Iy.U6L7.RS2 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.U6L7.RS2 rx.L1U2 5.56 in�	
	

ryU6L7.RS2 ry.L1U2 5.97 in�	
	

U6L7 Left, Span 2: No Section loss.

Gross Area: Ag.U6L7.LS2 Ag.L1U2 40.24 in2
�	
	

Net Area: An.U6L7.LS2 An.L1U2 32.08 in2
�	
	

Inertias: Ix.U6L7.LS2 Ix.L1U2 1245 in4
�	
	

Iy.U6L7.LS2 Iy.L1U2 1432 in4
�	
	

R. of gyration: rx.U6L7.LS2 rx.L1U2 5.56 in�	
	

ryU6L7.LS2 ry.L1U2 5.97 in�	
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U2U3, U3U4, U4U5 & U5U6 TOP CHORDS 
(U1U3 on as-built plans Sheet 2)

Gross Section (Sheet 1): 2 channels- C15x40
1 plate 7/16"x18"
Lattice on bottom is not included in section. 

Gross Area of Section: Ag.U2U3 31.40in2

	

C15x40:

Gross Area: Ach.U2U3 11.8in2

	

Inertia about X-axis: Ix.ch.U2U3 349in4

	

Inertia about Y-axis: Iy.ch.U2U3 9.23in4

	

Y-axis c.g.: xch.U2U3 0.778in
	

Web thickness: tw.U2U3 0.52in
	

Flange thickness: tf.U2U3 0.65in
	

X-axis c.g. for section: yU2U3

18in
7
16

in��
�

��
�

� 15in
7
32

in���
�

��
�

� 2 Ach.U2U3� ��
15
2

in��
�

��
�

��

Ag.U2U3
9.45 in�	
	

X-axis inertia of section: Ix.U2U3
1
12

18in
7
16

in��
�

��
�

3
�

18in
7
16

in��
�

��
�

� 15in
7
32

in� yU2U3���
�

��
�

2
��

���

2 Ach.U2U3�
15in

2
yU2U3���

�
��
�

2
� 2 Ix.ch.U2U3���

���

�












�

��
�
�
�
�
�
��

1050 in4
�	
	

Y-axis inertia of section: Iy.U2U3
1
12

7
16

in��
�

��
�

� 18in( )3
� 2 Iy.ch.U2U3� ���

2 Ach.U2U3�
18in

2
3.52in xch.U2U3�� ���


�
��
�

2
��

����






�

�
�
�
�
�

1155.32 in4
�	
	

X radius of gyration: rx.U2U3
Ix.U2U3
Ag.U2U3

5.78 in�	
	

Y radius of gyration: ryU2U3
Iy.U2U3
Ag.U2U3

6.07 in�	
	

Channel rivet holes: holesch.U2U3 2 4� hole� tw.U2U3� 3.9 in2
�	
	

Top plate rivet holes: holesplate.U2U3 2 hole�
7
16

in tf.U2U3���
�

��
�

� 2.04 in2
�	
	

Gross area of section: Ag.U2U3 31.4 in2
�	

Net area of section: AnU2U3 Ag.U2U3 holesch.U2U3� holesplate.U2U3� 25.46 in2
�	
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U2U3, U3U4, U4U5 & U5U6 TOP CHORDS  Properties for Any Section Loss

Span 1
U2U3 Right, Span 1: No section loss.

Gross Area: Ag.U2U3.RS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U2U3.RS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U2U3.RS1 Ix.U2U3 1050 in4
�	
	

Iy.U2U3.RS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U2U3.RS1 rx.U2U3 5.78 in�	
	

ryU2U3.RS1 ryU2U3 6.07 in�	
	

U2U3 Left, Span 1: No Section loss.

Gross Area: Ag.U2U3.LS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U2U3.LS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U2U3.LS1 Ix.U2U3 1050 in4
�	
	

Iy.U2U3.LS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U2U3.LS1 rx.U2U3 5.78 in�	
	

ryU2U3.LS1 ryU2U3 6.07 in�	
	

U3U4 Right, Span 1: No section loss.

Gross Area: Ag.U3U4.RS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U3U4.RS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U3U4.RS1 Ix.U2U3 1050 in4
�	
	

Iy.U3U4.RS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U3U4.RS1 rx.U2U3 5.78 in�	
	

ryU3U4.RS1 ryU2U3 6.07 in�	
	

U3U4 Left, Span 1: No Section loss.

Gross Area: Ag.U3U4.LS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U3U4.LS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U3U4.LS1 Ix.U2U3 1050 in4
�	
	

Iy.U3U4.LS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U3U4.LS1 rx.U2U3 5.78 in�	
	

ryU3U4.LS1 ryU2U3 6.07 in�	
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U4U5 Right, Span 1: No section loss.

Gross Area: Ag.U4U5.RS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U4U5.RS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U4U5.RS1 Ix.U2U3 1050 in4
�	
	

Iy.U4U5.RS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U4U5.RS1 rx.U2U3 5.78 in�	
	

ryU4U5.RS1 ryU2U3 6.07 in�	
	

U4U5 Left, Span 1: No Section loss.

Gross Area: Ag.U4U5.LS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U4U5.LS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U4U5.LS1 Ix.U2U3 1050 in4
�	
	

Iy.U4U5.LS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U4U5.LS1 rx.U2U3 5.78 in�	
	

ryU4U5.LS1 ryU2U3 6.07 in�	
	

U5U6 Right, Span 1: No section loss.

Gross Area: Ag.U5U6.RS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U5U6.RS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U5U6.RS1 Ix.U2U3 1050 in4
�	
	

Iy.U5U6.RS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U5U6.RS1 rx.U2U3 5.78 in�	
	

ryU5U6.RS1 ryU2U3 6.07 in�	
	

U5U6 Left, Span 1: No Section loss.

Gross Area: Ag.U5U6.LS1 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U5U6.LS1 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U5U6.LS1 Ix.U2U3 1050 in4
�	
	

Iy.U5U6.LS1 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U5U6.LS1 rx.U2U3 5.78 in�	
	

ryU5U6.LS1 ryU2U3 6.07 in�	
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Span 2
U2U3 Right, Span 2: No section loss.

Gross Area: Ag.U2U3.RS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U2U3.RS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U2U3.RS2 Ix.U2U3 1050 in4
�	
	

Iy.U2U3.RS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U2U3.RS2 rx.U2U3 5.78 in�	
	

ryU2U3.RS2 ryU2U3 6.07 in�	
	

U2U3 Left, Span 2: No Section loss.

Gross Area: Ag.U2U3.LS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U2U3.LS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U2U3.LS2 Ix.U2U3 1050 in4
�	
	

Iy.U2U3.LS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U2U3.LS2 rx.U2U3 5.78 in�	
	

ryU2U3.LS2 ryU2U3 6.07 in�	
	

U3U4 Right, Span 2: No section loss.

Gross Area: Ag.U3U4.RS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U3U4.RS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U3U4.RS2 Ix.U2U3 1050 in4
�	
	

Iy.U3U4.RS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U3U4.RS2 rx.U2U3 5.78 in�	
	

ryU3U4.RS2 ryU2U3 6.07 in�	
	

U3U4 Left, Span 2: No Section loss.

Gross Area: Ag.U3U4.LS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U3U4.LS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U3U4.LS2 Ix.U2U3 1050 in4
�	
	

Iy.U3U4.LS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U3U4.LS2 rx.U2U3 5.78 in�	
	

ryU3U4.LS2 ryU2U3 6.07 in�	
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U4U5 Right, Span 2: No section loss.

Gross Area: Ag.U4U5.RS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U4U5.RS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U4U5.RS2 Ix.U2U3 1050 in4
�	
	

Iy.U4U5.RS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U4U5.RS2 rx.U2U3 5.78 in�	
	

ryU4U5.RS2 ryU2U3 6.07 in�	
	

U4U5 Left, Span 2: No Section loss.

Gross Area: Ag.U4U5.LS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U4U5.LS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U4U5LS2 Ix.U2U3 1050 in4
�	
	

Iy.U4U5.LS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U4U5.LS2 rx.U2U3 5.78 in�	
	

ryU4U5.LS2 ryU2U3 6.07 in�	
	

U5U6 Right, Span 2: No section loss.

Gross Area: Ag.U5U6.RS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U5U6.RS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U5U6.RS2 Ix.U2U3 1050 in4
�	
	

Iy.U5U6.RS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U5U6.RS2 rx.U2U3 5.78 in�	
	

ryU5U6.RS2 ryU2U3 6.07 in�	
	

U5U6 Left, Span 2: No Section loss.

Gross Area: Ag.U5U6.LS2 Ag.U2U3 31.4 in2
�	
	

Net Area: An.U5U6.LS2 AnU2U3 25.46 in2
�	
	

Inertias: Ix.U5U6.LS2 Ix.U2U3 1050 in4
�	
	

Iy.U5U6.LS2 Iy.U2U3 1155 in4
�	
	

R. of gyration: rx.U5U6.LS2 rx.U2U3 5.78 in�	
	

ryU5U6.LS2 ryU2U3 6.07 in�	
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L3U4 & U4L5 MAIN DIAGONALS 
(U3L2 on as-built plans Sheet 3)

Gross Section: 2 channels- C12x35 
4 plates 7/16"x 3-1/2"
Lattice on top and bottom is not included in section. 

Gross area of Section (Sheet 1): Ag.L3U4 26.70in2

	

Area of Plate: Aplate.L3U4 3.5in
7
16

in��
�

��
�

� 1.53 in2
�	
	

Area of Channels: Ach.L3U4
Ag.L3U4 4 Aplate.L3U4��

2
10.29 in2

�	
	

There is limited info available for the C12x35 channel from Sheet 2. Therefore work backwards from known
information to determine flange thickness.

Channel web thickness:
5
8

in

Channel depth: 12in

Channel flange width: 3
9
32

in�

Short leg width: ls.L3U4 3
9
32

���
�

��
�

in
5
8

in� 2.66 in�	
	

Use a channel with the following dimensions. 
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Gross area of channel: Ag.ch.L3U4 12in
5
8

in��
�

��
�

� ls.L3U4 tf.L3U4� �� 2��
	 tf.L3U4

Flange thickness on channel: tf.L3U4

Ach.L3U4 12in
5
8

in��
�

��
�

��

ls.L3U4 2�
0.52 in�	
	

X-axis c.g. of section: yL3U4

12in 2
7
16
� in�

2
6.44 in�	
	

Inertia of channel about x-axis: Ix.ch.L3U4
1
12

5
8

in 12in( )3
� ls.L3U4 tf.L3U4� �3���


�
��
�

�

2 tf.L3U4� �� ls.L3U4�
12in

2

tf.L3U4
2

�
�
�
�

�
�
�

2

�

����







�

��
�
�
�
�

181.8 in4
�	
	

Y-axis channel c.g.: xch.L3U4

12in
5
8

in��
�

��
�

5
16
� in 2 ls.L3U4� �� tf.L3U4�

5
8

in
ls.L3U4

2
�

�
�
�

�
�
�

��

Ach.L3U4
0.76 in�	
	

Inertia of channel about y-axis: Iy.ch.L3U4
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X-axis inertia of section: Ix.L3U4
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Y-axis inertia of section: Iy.L3U4
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X radius of gyration: rx.L3U4
Ix.L3U4
Ag.L3U4

4.74 in�	
	

Y radius of gyration: ryL3U4
Iy.L3U4
Ag.L3U4

6.13 in�	
	

Channel rivet holes: holesch.L3U4 2 3� hole�
5
8

in� 3.52 in2
�	
	

Top plate rivet holes: holesplate.L3U4 2 2� hole�
7
16

in tf.L3U4���
�

��
�

� 3.61 in2
�	
	

Gross area of section: Ag.L3U4 26.7 in2
�	

Net area of section: An.L3U4 Ag.L3U4 holesch.L3U4� holesplate.L3U4� 19.58 in2
�	
	

L3U4 & U4L5 MAIN DIAGONALS  Properties for Any Section Loss

Span 1
L3U4 Right, Span 1: 50% section loss on top plates.

Gross Area: Ag.L3U4.RS1 Ag.L3U4 26.7 in2
�	
	

Net Area: An.L3U4.RS1 An.L3U4 0.5 2� Aplate.L3U4�� 18.04 in2
�	
	

Inertias: Ix.L3U4.RS1
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Iy.L3U4.RS1
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R. of gyration: rx.L3U4.RS1
Ix.L3U4.RS1
Ag.L3U4.RS1

4.5 in�	
	

ryL3U4.RS1
Iy.L3U4.RS1
Ag.L3U4.RS1

5.9 in�	
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L3U4 Left, Span 1: No Section loss.

Gross Area: Ag.L3U4.LS1 Ag.L3U4 26.7 in2
�	
	

Net Area: An.L3U4.LS1 An.L3U4 19.58 in2
�	
	

Inertias: Ix.L3U4.LS1 Ix.L3U4 601 in4
�	
	

Iy.L3U4.LS1 Iy.L3U4 1002 in4
�	
	

R. of gyration: rx.L3U4.LS1 rx.L3U4 4.74 in�	
	

ryL3U4.LS1 ryL3U4 6.13 in�	
	

U4L5 Right, Span 1: 50% section loss on top plates.

Gross Area: Ag.U4L5.RS1 Ag.L3U4 26.7 in2
�	
	

Net Area: An.U4L5.RS1 An.L3U4 0.5 2� Aplate.L3U4�� 18.04 in2
�	
	

Inertias: Ix.U4L5.RS1
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Iy.U4L5.RS1
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R. of gyration: rx.U4L5.RS1
Ix.L3U4.RS1
Ag.L3U4.RS1

4.5 in�	
	

ryU4L5.RS1
Iy.L3U4.RS1
Ag.L3U4.RS1

5.9 in�	
	

U4L5 Left, Span 1: No Section loss.

Gross Area: Ag.U4L5.LS1 Ag.L3U4 26.7 in2
�	
	

Net Area: An.U4L5.LS1 An.L3U4 19.58 in2
�	
	

Inertias: Ix.U4L5.LS1 Ix.L3U4 601 in4
�	
	

Iy.U4L5.LS1 Iy.L3U4 1002 in4
�	
	

R. of gyration: rx.U4L5.LS1 rx.L3U4 4.74 in�	
	

ryU4L5.LS1 ryL3U4 6.13 in�	
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Span 2

L3U4 Right, Span 2: No Section loss.

Gross Area: Ag.L3U4.RS2 Ag.L3U4 26.7 in2
�	
	

Net Area: An.L3U4.RS2 An.L3U4 19.58 in2
�	
	

Inertias: Ix.L3U4.RS2 Ix.L3U4 601 in4
�	
	

Iy.L3U4.RS2 Iy.L3U4 1002 in4
�	
	

R. of gyration: rx.L3U4.RS2 rx.L3U4 4.74 in�	
	

ryL3U4.RS2 ryL3U4 6.13 in�	
	

L3U4 Left, Span 2: No Section loss.

Gross Area: Ag.L3U4.LS2 Ag.L3U4 26.7 in2
�	
	

Net Area: An.L3U4.LS2 An.L3U4 19.58 in2
�	
	

Inertias: Ix.L3U4.LS2 Ix.L3U4 601 in4
�	
	

Iy.L3U4.LS2 Iy.L3U4 1002 in4
�	
	

R. of gyration: rx.L3U4.LS2 rx.L3U4 4.74 in�	
	

ryL3U4.LS2 ryL3U4 6.13 in�	
	

U4L5 Right, Span 2: No section loss.

Gross Area: Ag.U4L5.RS2 Ag.L3U4 26.7 in2
�	
	

Net Area: An.U4L5.RS2 An.L3U4 19.58 in2
�	
	

Inertias: Ix.U4L5.RS2 Ix.L3U4 601 in4
�	
	

Iy.U4L5.RS2 Iy.L3U4 1002 in4
�	
	

R. of gyration: rx.U4L5.RS2 rx.L3U4 4.74 in�	
	

ryU4L5.RS2 ryL3U4 6.13 in�	
	

U4L5 Left, Span 2: No Section loss.

Gross Area: Ag.U4L5.LS2 Ag.L3U4 26.7 in2
�	
	

Net Area: An.U4L5.LS2 An.L3U4 19.58 in2
�	
	

Inertias: Ix.U4L5.LS2 Ix.L3U4 601 in4
�	
	

Iy.U4L5.LS2 Iy.L3U4 1002 in4
�	
	

R. of gyration: rx.U4L5.LS2 rx.L3U4 4.74 in�	
	

ryU4L5.LS2 ryL3U4 6.13 in�	
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L3L4 & L4L5 BOTTOM CHORDS 
(L2L2 on as-built plans Sheet 3)

Gross Section: 4 angles- L6x3-1/2x13/16 
1 plate 8-1/2"x13/16"

Gross area of Section (Sheet 1): Ag.L3L4 35.15in2

	

Area of Plate: Aplate.L3L4 8.5in
13
16

in��
�

��
�

� 6.91 in2
�	
	

Area of Angles: Aangle.L3L4
Ag.L3L4 Aplate.L3L4�

4
7.06 in2

�	
	

Angle L6x3-1/2x13/16 is not in the steel manual. 
Therefore section properties need to be calculated.

Angle thickness:
13
16

in

Angle depth: 6in

Angle width: 3
1
2

���
�

��
�

in

Short leg width: ls.L3L4 3.5in
13
16

in� 2.69 in�	
	

X-axis c.g. of angle: yangle.L3L4
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3� in ls.L3L4
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Y-axis c.g. of angle: xangle.L3L4
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Inertia of angle about x-axis: Ix.angle.L3L4
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Inertia of angle about y-axis: Iy.angle.L3L4
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X-axis inertia of section: Ix.L3L4
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Y-axis inertia of section: Iy.L3L4
1
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� in 4 Iy.angle.L3L4��

4Aangle.L3L4
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2
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435.52 in4
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X radius of gyration: rx.L3L4
Ix.L3L4
Ag.L3L4

2.88 in�	
	

Y radius of gyration: ry.L3L4
Iy.L3L4
Ag.L3L4

3.52 in�	
	

Angle rivet holes: holesangle.L3L4 1 4� hole�
13
16
� in 3.05 in2

�	
	

Plate rivet holes: holesplate.L3L4 2 hole�
13
16
� in 1.52 in2

�	
	

Gross area of section: Ag.L3L4 35.15 in2
�	

Net area of section: An.L3L4 Ag.L3L4 holesangle.L3L4� holesplate.L3L4� 30.58 in2
�	
	

L3L4 & L4L5 BOTTOM CHORDS  Properties for Any Section Loss

Span 1
L3L4 Right, Span 1: Thickness of top legs of top angles reduced to 1/2" from 13/16".

Gross Area: Ag.L3L4.RS1 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L3L4.RS1 An.L3L4 2
13
16

in
1
2

in���
�

��
�

6� in� 26.83 in2
�	
	

Section loss of the angle requires a recalculation of the angle inertia to calculate the section
I.

Angle area: Aangle.L3L4.top Aangle.L3L4
13
16
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1
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in���
�
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�

6� in� 5.19 in2
�	
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X-axis c.g. of angle: yangle.L3L4.top
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Y-axis c.g. of angle: xangle.L3L4.top
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Inertia of angle about x-axis:

Ix.angle.L3L4.top
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Inertia of angle about y-axis: 

Iy.angle.L3L4.top
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Inertias: Ix.L3L4.RS1
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R. of gyration: rx.L3L4.RS1
Ix.L3L4.RS1
Ag.L3L4.RS1

2.59 in�	
	

ryL3L4.RS1
Iy.L3L4.RS1
Ag.L3L4.RS1

3.25 in�	
	

L3L4 Left, Span 1: No Section loss.

Gross Area: Ag.L3L4.LS1 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L3L4.LS1 An.L3L4 30.58 in2
�	
	

Inertias: Ix.L3L4.LS1 Ix.L3L4 291 in4
�	
	

Iy.L3L4.LS1 Iy.L3L4 436 in4
�	
	

R. of gyration: rx.L3L4.LS1 rx.L3L4 2.88 in�	
	

ryL3L4.LS1 ry.L3L4 3.52 in�	
	

L4L5 Right, Span 1: 20% section loss on top angle legs. (80% remaining)

Gross Area: Ag.L4L5.RS1 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L4L5.RS1 An.L3L4 2
13
16

in 0.20���
�
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�

6� in� 28.63 in2
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Section loss of the angle requires a recalculation of the angle inertia to calculate the section I.

Angle area: Aangle.L4L5.top Aangle.L3L4
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X-axis c.g. of angle:
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Y-axis c.g. of angle: 

xangle.L4L5.top
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Inertia of angle about x-axis:

Ix.angle.L4L5.top
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Inertia of angle about y-axis: 

Iy.angle.L4L5.top
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Inertias: Ix.L4L5.RS1
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R. of gyration: rx.L4L5.RS1
Ix.L4L5.RS1
Ag.L4L5.RS1

2.73 in�	
	

ry.L4L5.RS1
Iy.L4L5.RS1
Ag.L4L5.RS1

3.38 in�	
	

L4L5 Left, Span 1: No Section loss.

Gross Area: Ag.L4L5.LS1 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L4L5.LS1 An.L3L4 30.58 in2
�	
	

Inertias: Ix.L4L5.LS1 Ix.L3L4 291 in4
�	
	

Iy.L4L5.LS1 Iy.L3L4 436 in4
�	
	

R. of gyration: rx.L4L5.LS1 rx.L3L4 2.88 in�	
	

ryL4L5.LS1 ry.L3L4 3.52 in�	
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Span 2
L3L4 Right, Span 2: 20% section loss on top angle legs like on L4L5 Right, Span 1.

Gross Area: Ag.L3L4.RS2 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L3L4.RS2 An.L4L5.RS1 28.63 in2
�	
	

Inertias: Ix.L3L4.RS2 Ix.L4L5.RS1 263 in4
�	
	

Iy.L3L4.RS2 Iy.L4L5.RS1 402 in4
�	
	

R. of gyration: rx.L3L4.RS2 rx.L4L5.RS1 2.73 in�	
	

ryL3L4.RS2 ry.L4L5.RS1 3.38 in�	
	

L3L4 Left, Span 2: No Section loss.

Gross Area: Ag.L3L4.LS2 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L3L4.LS2 An.L3L4 30.58 in2
�	
	

Inertias: Ix.L3L4.LS2 Ix.L3L4 291 in4
�	
	

Iy.L3L4.LS2 Iy.L3L4 436 in4
�	
	

R. of gyration: rx.L3L4.LS2 rx.L3L4 2.88 in�	
	

ryL3L.LS2 ry.L3L4 3.52 in�	
	

L4L5 Right, Span 2: No section loss.

Gross Area: Ag.L4L5.RS2 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L4L5.RS2 An.L3L4 30.58 in2
�	
	

Inertias: Ix.L4L5.RSL Ix.L3L4 291 in4
�	
	

Iy.L4L5.RS2 Iy.L3L4 436 in4
�	
	

R. of gyration: rx.L4L5.RS2 rx.L3L4 2.88 in�	
	

ryL4L5.RS2 ry.L3L4 3.52 in�	
	

L4L5 Left, Span 2: No Section loss.

Gross Area: Ag.L4L5.LS2 Ag.L3L4 35.15 in2
�	
	

Net Area: An.L4L5.LS2 An.L3L4 30.58 in2
�	
	

Inertias: Ix.L4L5.LS2 Ix.L3L4 291 in4
�	
	

Iy.L4L5.LS2 Iy.L3L4 436 in4
�	
	

R. of gyration: rx.L4L5.LS2 rx.L3L4 2.88 in�	
	

ryL4L5.LS2 ry.L3L4 3.52 in�	
	



Checked Date
Approved Date
Title  SCCRTC Br. MP 19.43 
Superstructure Rating

Job No.      252.1
Sheet of
By    M. Ponce     Date   8/31/12

L1L2, L2L3, L5L6, & L6L7 BOTTOM CHORDS 
(L0L2 on as-built plans Sheet 3)

Gross Section: 4 angles- L6x3-1/2x9/16 
Lattice zigzagging between angles

Gross area of Section (Sheet 1): Ag.L1L2 20.12in2

	

Area of Angles: Aangle.L1L2
Ag.L1L2

4
5.03 in2

�	
	

Angle L6x3-1/2x13/16 is not in the steel manual. 
Therefore section properties need to be calculated.

Angle thickness:
9
16

in

Angle depth: 6in

Angle width: 3
1
2

���
�

��
�

in

Short leg width: ls.L1L2 3.5in
9
16

in� 2.94 in�	
	

X-axis c.g. of angle: yangle.L1L2

6in
9
16

in���
�

��
�

3� in ls.L1L2
9
16

in���
�

��
�

9
32

in��

Aangle.L1L2
2.11 in�	
	

Y-axis c.g. of angle: xangle.L1L2

6in
9
16

in���
�

��
�

9
32
� in ls.L1L2

9
16

in���
�

��
�

9
16

in
ls.L1L2

2
�

�
�
�

�
�
�

��

Aangle.L1L2
0.86 in�	
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Inertia of angle about x-axis: Ix.angle.L1L2
1
12

9
16
� in 6in( )3

�
1
12

ls.L1L2�
9
16

in��
�

��
�

3
�

6in
9
16

in���
�

��
�

3in yangle.L1L2�� �2��

���

ls.L1L2
9
16

in���
�

��
�

9
32

in yangle.L1L2���
�

��
�

2
��

���

�












�

�
�
�
�
�
�
�
�

18.37 in4
�	
	

Inertia of angle about y-axis: Iy.angle.L1L2
1
12

9
16

in��
�

��
�

3
� 6� in

1
12

ls.L1L2� �3�
9
16
� in�

6in
9
16

in���
�

��
�

9
32

in xangle.L1L2���
�

��
�

2
��

���

ls.L1L2
9
16

in���
�

��
�

9
16

in
ls.L1L2

2
�

�
�
�

�
�
�

xangle.L1L2�
�


�

�
�
�

2

��

���

�














�

�
�
�
�
�
�
�
�
�

4.67 in4
�	
	

X-axis inertia of section: Ix.L1L2 4 Ix.angle.L1L2�

4Aangle.L1L2
9
32

in yangle.L1L2���
�

��
�

2
��

��� 188.07 in4
�	
	

Y-axis inertia of section: Iy.L1L2 4 Iy.angle.L1L2�

4Aangle.L1L2
9.125in

2
xangle.L1L2���

�
��
�

2
��

��� 295.11 in4
�	
	

X radius of gyration: rx.L1L2
Ix.L1L2
Ag.L1L2

3.06 in�	
	

Y radius of gyration: ryL1L2
Iy.L1L2
Ag.L1L2

3.83 in�	
	

Angle rivet holes: holesangle.L1L2 2 4� hole�
9
16
� in 4.22 in2

�	
	

Gross area of section: Ag.L1L2 20.12 in2
�	

Net area of section: An.L1L2 Ag.L1L2 holesangle.L1L2� 15.9 in2
�	
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L1L2, L2L3, L5L6, & L6L7 BOTTOM CHORDS  Properties for Any Section Loss

Span 1
 L1L2 Right, Span 1: 20% section loss on top angle legs. (80% remaining)

Gross Area: Ag.L1L2.RS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L1L2.RS1 An.L1L2 2
13
16

in 0.20���
�

��
�

6� in� 13.95 in2
�	
	

Section loss of the angle requires a recalculation of the angle inertia to calculate the section I.

Angle area: Aangle.L1L2.top Aangle.L1L2
9
16

in 0.20���
�

��
�

6� in� 4.36 in2
�	
	

X-axis c.g. of angle:

yangle.L1L2.top

6in
9
16
� in 0.8���

�
��
�

3� in ls.L1L2
9
16

in���
�

��
�

9
32
� in�

Aangle.L1L2.top

�




�

�
�
�
�

1.97 in�	
	

Y-axis c.g. of angle: 

xangle.L1L2.top

6in
9
16
� in 0.8���

�
��
�

9
32
� in

ls.L1L2
9
16

in���
�

��
�

9
16

in
ls.L1L2

2
�

�
�
�

�
�
�

��

���

Aangle.L1L2.top

�









�

��
�
�
�
�
�

0.95 in�	
	

Inertia of angle about x-axis:

Ix.angle.L1L2.top
1
12

9
16
� in 0.8� 6in( )3

�
1
12

ls.L1L2�
9
16

in��
�

��
�

3
�

6in
9
16
� in 0.8���

�
��
�

3in yangle.L1L2.top�� �2��

���

ls.L1L2
9
16

in���
�

��
�

9
32

in yangle.L1L2.top���
�

��
�

2
��

���

�












�

�
�
�
�
�
�
�
�

15.72 in4
�	
	

Inertia of angle about y-axis: 

Iy.angle.L1L2.top
1
12

9
16

in 0.8���
�

��
�

3
� 6� in

1
12

ls.L1L2� �3�
9
16
� in�

6in
9
16
� in 0.8���

�
��
�

9
32

in xangle.L1L2.top���
�

��
�

2
��

���

ls.L1L2
9
16

in���
�

��
�

9
16

in
ls.L1L2

2
�

�
�
�

�
�
�

xangle.L1L2.top�
�


�

�
�
�

2

��

���

�














�

�
�
�
�
�
�
�
�
�

4.37 in4
�	
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Inertias: Ix.L1L2.RS1 2 Ix.angle.L1L2� 2 Ix.angle.L1L2.top��

2Aangle.L1L2
9
32

in yangle.L1L2���
�

��
�

2
��

���

2.Aangle.L1L2.top
9
32

in yangle.L1L2.top���
�

��
�

2
��

���

�










�

�
�
�
�
�
�
�

169 in4
�	
	

Iy.L1L2.RS1 2 Iy.angle.L1L2� 2.Iy.angle.L1L2.top�

2Aangle.L1L2
9.125in

2
xangle.L1L2���

�
��
�

2
��

���

2Aangle.L1L2.top
9.125in

2
xangle.L1L2.top���

�
��
�

2
��

���

�










�

�
�
�
�
�
�
�

270 in4
�	
	

R. of gyration: rx.L1L2.RS1
Ix.L1L2.RS1
Ag.L1L2.RS1

2.9 in�	
	

ry.L1L2.RS1
Iy.L1L2.RS1
Ag.L1L2.RS1

3.67 in�	
	

L1L2 Left, Span 1: No Section loss.

Gross Area: Ag.L1L2.LS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L1L2.LS1 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L1L2.LS1 Ix.L1L2 188 in4
�	
	

Iy.L1L2.LS1 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L1L2.LS1 rx.L1L2 3.06 in�	
	

ryL1L2.LS1 ryL1L2 3.83 in�	
	

L2L3 Right, Span 1: 30% section loss on top angle legs. (70% remaining)

Gross Area: Ag.L2L3.RS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L2L3.RS1 An.L3L4 2
13
16

in 0.30���
�

��
�

6� in� 27.65 in2
�	
	

Section loss of the angle requires a recalculation of the angle inertia to calculate the section I.

Angle area: Aangle.L2L3.top Aangle.L1L2
9
16

in 0.30���
�

��
�

6� in� 4.02 in2
�	
	

Length of short leg: ls.L1L2 2.94 in�	
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X-axis c.g. of angle:

yangle.L2L3.top

6in
9
16
� in 0.7���

�
��
�

3� in ls.L1L2
9
16

in���
�

��
�

9
32
� in�

Aangle.L2L3.top

�




�

�
�
�
�

1.88 in�	
	

Y-axis c.g. of angle: 

xangle.L2L3.top

6in
9
16
� in 0.7���

�
��
�

9
32
� in

ls.L1L2
9
16

in���
�

��
�

9
16

in
ls.L1L2

2
�

�
�
�

�
�
�

��

���

Aangle.L2L3.top

�









�

��
�
�
�
�
�

1 in�	
	

Inertia of angle about x-axis:

Ix.angle.L2L3.top
1
12

9
16
� in 0.7� 6in( )3

�
1
12

ls.L1L2�
9
16

in��
�

��
�

3
�

6in
9
16
� in 0.7���

�
��
�

3in yangle.L2L3.top�� �2��

���

ls.L1L2
9
16

in���
�

��
�

9
32

in yangle.L2L3.top���
�

��
�

2
��

���

�












�

�
�
�
�
�
�
�
�

14.32 in4
�	
	

Inertia of angle about y-axis: 

Iy.angle.L2L3.top
1
12

9
16

in 0.7���
�

��
�

3
� 6� in

1
12

ls.L1L2� �3�
9
16
� in�

6in
9
16
� in 0.7���

�
��
�

9
32

in xangle.L2L3.top���
�

��
�

2
��

���

ls.L1L2
9
16

in���
�

��
�

9
16

in
ls.L1L2

2
�

�
�
�

�
�
�

xangle.L2L3.top�
�


�

�
�
�

2

��

���

�














�

�
�
�
�
�
�
�
�
�

4.2 in4
�	
	

Inertias: Ix.L2L3.RS1 2 Ix.angle.L1L2� 2 Ix.angle.L2L3.top��

2Aangle.L1L2
9
32

in yangle.L1L2���
�

��
�

2
��

���

2.Aangle.L2L3.top
9
32

in yangle.L2L3.top���
�

��
�

2
��

���

�










�

�
�
�
�
�
�
�

160 in4
�	
	

Iy.L2L3.RS1 2 Iy.angle.L1L2� 2.Iy.angle.L2L3.top�

2Aangle.L1L2
9.125in

2
xangle.L1L2���

�
��
�

2
��

���

2Aangle.L2L3.top
9.125in

2
xangle.L2L3.top���

�
��
�

2
��

���

�










�

�
�
�
�
�
�
�

258 in4
�	
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R. of gyration: rx.L2L3.RS1
Ix.L2L3.RS1
Ag.L2L3.RS1

2.82 in�	
	

ry.L2L3.RS1
Iy.L2L3.RS1
Ag.L2L3.RS1

3.58 in�	
	

L2L3 Left, Span 1: No Section loss.

Gross Area: Ag.L2L3.LS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L2L3.LS1 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L2L3.LS1 Ix.L1L2 188 in4
�	
	

Iy.L2L3.LS1 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L2L3.LS1 rx.L1L2 3.06 in�	
	

ryL2L3.LS1 ryL1L2 3.83 in�	
	

L5L6 Right, Span 1: No section loss.

Gross Area: Ag.L5L6.RS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L5L6.RS1 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L5L6.RS1 Ix.L1L2 188 in4
�	
	

Iy.L5L6.RS1 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L5L6.RS1 rx.L1L2 3.06 in�	
	

ryL5L6.RS1 ryL1L2 3.83 in�	
	

L5L6 Left, Span 1: No Section loss.

Gross Area: Ag.L5L6.LS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L5L6.LS1 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L5L6.LS1 Ix.L1L2 188 in4
�	
	

Iy.L5L6.LS1 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L5L6.LS1 rx.L1L2 3.06 in�	
	

ryL5L6.LS1 ryL1L2 3.83 in�	
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L6L7 Right, Span 1: No section loss.

Gross Area: Ag.L6L7.RS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L6L7.RS1 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L6L7.RS1 Ix.L1L2 188 in4
�	
	

Iy.L6L7.RS1 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L6L7.RS1 rx.L1L2 3.06 in�	
	

ryL6L7.RS1 ryL1L2 3.83 in�	
	

L6L7 Left, Span 1: No Section loss.

Gross Area: Ag.L6L7.LS1 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L6L7.LS1 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L6L7.LS1 Ix.L1L2 188 in4
�	
	

Iy.L6L7.LS1 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L6L7.LS1 rx.L1L2 3.06 in�	
	

ryL6L7.LS1 ryL1L2 3.83 in�	
	

Span 2
L1L2 Right, Span 2: 20% section loss on top angle legs like on L1L2 Right, Span 1.

Gross Area: Ag.L1L2.RS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L1L2.RS2 An.L1L2.RS1 13.95 in2
�	
	

Inertias: Ix.L1L2.RS2 Ix.L1L2.RS1 169 in4
�	
	

Iy.L1L2.RS2 Iy.L1L2.RS1 270 in4
�	
	

R. of gyration: rx.L1L2.RS2 rx.L1L2.RS1 2.9 in�	
	

ryL1L2.RS2 ry.L1L2.RS1 3.67 in�	
	

L1L2 Left, Span 2: No Section loss.

Gross Area: Ag.L1L2.LS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L1L2.LS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L1L2.LS2 Ix.L1L2 188 in4
�	
	

Iy.L1L2.LS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L1L2.LS2 rx.L1L2 3.06 in�	
	

ryL1L2.LS2 ryL1L2 3.83 in�	
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L2L3 Right, Span 2: No section loss.

Gross Area: Ag.L2L3.RS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L2L3.RS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L2L3.RS2 Ix.L1L2 188 in4
�	
	

Iy.L2L3.RS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L2L3.RS2 rx.L1L2 3.06 in�	
	

ryL2L3.RS2 ryL1L2 3.83 in�	
	

L2L3 Left, Span 2: No Section loss.

Gross Area: Ag.L2L3.LS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L2L3.LS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L2L3.LS2 Ix.L1L2 188 in4
�	
	

Iy.L2L3.LS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L2L3.LS2 rx.L1L2 3.06 in�	
	

ryL2L3.LS2 ryL1L2 3.83 in�	
	

L5L6 Right, Span 2: No section loss.

Gross Area: Ag.L5L6.RS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L5L6.RS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L5L6.RS2 Ix.L1L2 188 in4
�	
	

Iy.L5L6.RS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L5L6.RS2 rx.L1L2 3.06 in�	
	

ryL5L6.RS2 ryL1L2 3.83 in�	
	

L5L6 Left, Span 2: No Section loss.

Gross Area: Ag.L5L6.LS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L5L6.LS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L5L6.LS2 Ix.L1L2 188 in4
�	
	

Iy.L5L6.LS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L5L6.LS2 rx.L1L2 3.06 in�	
	

ryL5L6.LS2 ryL1L2 3.83 in�	
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L6L7 Right, Span 2: No section loss.

Gross Area: Ag.L6L7.RS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L5L7.RS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L5L7.RS2 Ix.L1L2 188 in4
�	
	

Iy.L5L7.RS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L5L7.RS2 rx.L1L2 3.06 in�	
	

ryL6L7.RS2 ryL1L2 3.83 in�	
	

L6L7 Left, Span 2: No Section loss.

Gross Area: Ag.L6L7.LS2 Ag.L1L2 20.12 in2
�	
	

Net Area: An.L6L7.LS2 An.L1L2 15.9 in2
�	
	

Inertias: Ix.L6L7.LS2 Ix.L1L2 188 in4
�	
	

Iy.L6L7.LS2 Iy.L1L2 295 in4
�	
	

R. of gyration: rx.L6L7.LS2 rx.L1L2 3.06 in�	
	

ryL6L7.LS2 ryL1L2 3.83 in�	
	

U2L3 & L5U6 DIAGONALS 
(U1L2 on as-built plans Sheet 3)

Gross Section: 4 angles- L6x3-1/2x1/2 
1 plate 8-1/2"x11/16"

Gross area of Section (Sheet 1): Ag.U2L3 23.84in2

	

Area of Plate: Aplate.U2L3 8.5in
11
16

in��
�

��
�

� 5.84 in2
�	
	

Area of Angles: Aangle.U2L3 4.48in2

	

X-axis c.g. of angle: yangle.U2L3 2.08in
	

Y-axis c.g. of angle: xangle.U2L3 0.833in
	

Inertia of angle about x-axis: Ix.angle.U2L3 16.6in4

	

Inertia of angle about y-axis: Iy.angle.U2L3 4.23in4
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X-axis inertia of section: Ix.U2L3
1
12

8.5in
11
16

in��
�

��
�

3
� 4 Ix.angle.U2L3��

4Aangle.U2L3
1
4

in yangle.U2L3���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

164 in4
�	
	

Y-axis inertia of section: Iy.U2L3
1
12

8.5in( )3 11
16
� in 4 Iy.angle.U2L3��

4Aangle.U2L3
9in
2

xangle.U2L3���
�

��
�

2
��

����






�

�
�
�
�
�

293 in4
�	
	

X radius of gyration: rx.U2L3
Ix.U2L3
Ag.U2L3

2.62 in�	
	

Y radius of gyration: ry.U2L3
Iy.U2L3
Ag.U2L3

3.51 in�	
	

Angle rivet holes: holesangle.U2L3 2 4� hole�
1
2
� in 3.75 in2

�	
	

Plate rivet holes: holesplate.U2L3 2 hole�
11
16
� in 1.29 in2

�	
	

Gross area of section: Ag.U2L3 23.84 in2
�	

Net area of section: An.U2L3 Ag.U2L3 holesangle.U2L3� holesplate.U2L3� 18.8 in2
�	
	

U2L3 & L5U6 DIAGONALS  Properties for Any Section Loss

Span 1
U2L3 Right, Span 1: No section loss.

Gross Area: Ag.U2L3.RS1 Ag.U2L3 23.84 in2
�	
	

Net Area: An.U2L3.RS1 An.U2L3 18.8 in2
�	
	

Inertias: Ix.U2L3.RS1 Ix.U2L3 164 in4
�	
	

Iy.U2L3.RS1 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.U2L3.RS1 rx.U2L3 2.62 in�	
	

ryU2L3.RS1 ry.U2L3 3.51 in�	
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U2L3 Left, Span 1: No Section loss.

Gross Area: Ag.U2L3.LS1 Ag.U2L3 23.84 in2
�	
	

Net Area: An.U2L3.LS1 An.U2L3 18.8 in2
�	
	

Inertias: Ix.U2L3.LS1 Ix.U2L3 164 in4
�	
	

Iy.U2L3.LS1 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.U2L3.LS1 rx.U2L3 2.62 in�	
	

ryU2L3.LS1 ry.U2L3 3.51 in�	
	

L5U6 Right, Span 1: 30% section loss on top angle legs. (70% remaining)

Gross Area: Ag.L5U6.RS1 Ag.U2L3 23.84 in2
�	
	

Net Area: An.L5U6.RS1 An.U2L3
1
2

in 0.30���
�

��
�

6� in� 17.9 in2
�	
	

Section loss of one angle requires a recalculation of the angle inertia to calculate the section I.

Angle area: Aangle.L5U6.top Aangle.U2L3
1
2

in 0.30���
�

��
�

6� in� 3.58 in2
�	
	

Length of short leg: ls.U2L3 3.5in
1
2

in� 3 in�	
	

X-axis c.g. of angle:

yangle.L5U6.top

6in
1
2
� in 0.7���

�
��
�

3� in ls.U2L3
1
2

in���
�

��
�

1
4
� in�

Aangle.L5U6.top

�




�

�
�
�
�

1.86 in�	
	

Y-axis c.g. of angle: 

xangle.L5U6.top

6in
1
2
� in 0.7���

�
��
�

1
4
� in

ls.U2L3
1
2

in���
�

��
�

1
2

in
ls.U2L3

2
�

�
�
�

�
�
�

��

���

Aangle.L5U6.top

�









�

��
�
�
�
�
�

0.98 in�	
	

Inertia of angle about x-axis:

Ix.angle.L5U6.top
1
12

1
2
� in 0.7� 6in( )3

�
1
12

ls.U2L3�
1
2

in��
�

��
�

3
�

6in
1
2
� in 0.7���

�
��
�

3in yangle.L5U6.top�� �2��

���

ls.U2L3
1
2

in���
�

��
�

1
4

in yangle.L5U6.top���
�

��
�

2
��

���

�












�

�
�
�
�
�
�
�
�

12.95 in4
�	
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Inertia of angle about y-axis: 

Iy.angle.L5U6.top
1
12

1
2

in 0.7���
�

��
�

3
� 6� in

1
12

ls.U2L3� �3�
1
2
� in�

6in
1
2
� in 0.7���

�
��
�

1
4

in xangle.L5U6.top���
�

��
�

2
��

���

ls.U2L3
1
2

in���
�

��
�

1
2

in
ls.U2L3

2
�

�
�
�

�
�
�

xangle.L5U6.top�
�


�

�
�
�

2

��

���

�














�

�
�
�
�
�
�
�
�
�

3.83 in4
�	
	

Inertias: Ix.L5U6.RS1
1
12

8.5in( )3 11
16
� in 3 Ix.angle.L1L2��

Ix.angle.L2L3.top�

���

3Aangle.L1L2
1
4

in yangle.L1L2���
�

��
�

2
��

���

Aangle.L5U6.top
1
4

in yangle.L5U6.top���
�

��
�

2
��

���

�














�

�
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�

204 in4
�	
	

Iy.L5U6.RS1
1
12

8.5in( )3 11
16
� in 3 Iy.angle.L1L2��

Iy.angle.L2L3.top�

���

3Aangle.L1L2
9in
2

xangle.L1L2���
�

��
�

2
��

���

Aangle.L5U6.top
9in
2

xangle.L5U6.top���
�

��
�

2
��

���

�














�

�
�
�
�
�
�
�
�
�

298 in4
�	
	

R. of gyration: rx.L5U6.RS1
Ix.L5U6.RS1
Ag.L5U6.RS1

2.93 in�	
	

ry.L5U6.RS1
Iy.L5U6.RS1
Ag.L5U6.RS1

3.54 in�	
	

L5U6 Left, Span 1: No Section loss.

Gross Area: Ag.L5U6.LS1 Ag.U2L3 23.84 in2
�	
	

Net Area: An.L5U6.LS1 An.U2L3 18.8 in2
�	
	

Inertias: Ix.L5U6.LS1 Ix.U2L3 164 in4
�	
	

Iy.L5U6.LS1 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.L5U6.LS1 rx.U2L3 2.62 in�	
	

ryL5U6.LS1 ry.U2L3 3.51 in�	
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Span 2
U2L3 Right, Span 2: No section loss.

Gross Area: Ag.U2L3.RS2 Ag.L1U2 40.24 in2
�	
	

Net Area: An.U2L3.RS2 An.U2L3 18.8 in2
�	
	

Inertias: Ix.U2L3.RS2 Ix.U2L3 164 in4
�	
	

Iy.U2L3.RS2 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.U2L3.RS2 rx.U2L3 2.62 in�	
	

ryU2L3.RS2 ry.U2L3 3.51 in�	
	

U2L3 Left, Span 2: No Section loss.

Gross Area: Ag.U2L3.LS2 Ag.L1U2 40.24 in2
�	
	

Net Area: An.U2L3.LS2 An.U2L3 18.8 in2
�	
	

Inertias: Ix.U2L3.LS2 Ix.U2L3 164 in4
�	
	

Iy.U2L3.LS2 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.U2L3.LS2 rx.U2L3 2.62 in�	
	

ryU2L3.LS2 ry.U2L3 3.51 in�	
	

L5U6 Right, Span 2: No section loss.

Gross Area: Ag.L5U6.RS2 Ag.U2L3 23.84 in2
�	
	

Net Area: An.L5U6.RS2 An.U2L3 18.8 in2
�	
	

Inertias: Ix.L5U6.RS2 Ix.U2L3 164 in4
�	
	

Iy.L5U6.RS2 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.L5U6.RS2 rx.U2L3 2.62 in�	
	

ryL5U6.RS2 ry.U2L3 3.51 in�	
	

L5U6 Left, Span 2: No Section loss.

Gross Area: Ag.L5U6.LS2 Ag.U2L3 23.84 in2
�	
	

Net Area: An.L5U6.LS2 An.U2L3 18.8 in2
�	
	

Inertias: Ix.L5U6.LS2 Ix.U2L3 164 in4
�	
	

Iy.L5U6.LS2 Iy.U2L3 293 in4
�	
	

R. of gyration: rx.L5U6.LS2 rx.U2L3 2.62 in�	
	

ryL5U6.LS2 ry.U2L3 3.51 in�	
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L2U2, L3U3, L4U4, L5U5, L6U6 POSTS 
(U1L1, U2L2, U3L3 on as-built plans Sheet 3)

Gross Section: 4 angles- L4x3x3/8 
1 plate 8-1/2"x1/2"

Gross area of Section (Sheet 1): Ag.L2U2 14.17in2

	

Area of Plate: Aplate.L2U2 8.5in
1
2

in��
�

��
�

� 4.25 in2
�	
	

Area of Angles: Aangle.L2U2 2.49in2

	

X-axis c.g. of angle: yangle.L2U2 1.27in
	

Y-axis c.g. of angle: xangle.L2U2 0.775in
	

Inertia of angle about x-axis: Ix.angle.L2U2 3.94in4

	

Inertia of angle about y-axis: Iy.angle.L2U2 1.89in4

	

X-axis inertia of section: Ix.L2U2
1
12

8.5in
1
2

in��
�

��
�

3
� 4 Ix.angle.L2U2��

4Aangle.L2U2
1
4

in yangle.L2U2���
�

��
�

2
��

���
�








�

�
�
�
�
�
�

39 in4
�	
	

Y-axis inertia of section: Iy.L2U2
1
12

8.5in( )3 1
2
� in 4 Iy.angle.L2U2��

4Aangle.L2U2
9in
2

xangle.L2U2���
�

��
�

2
��

����






�

�
�
�
�
�

171 in4
�	
	

X radius of gyration: rx.L2U2
Ix.L2U2
Ag.L2U2

1.66 in�	
	

Y radius of gyration: ry.L2U2
Iy.L2U2
Ag.L2U2

3.48 in�	
	

Angle rivet holes: holesangle.L2U2 2 4� hole�
3
8
� in 2.81 in2

�	
	

Plate rivet holes: holesplate.L2U2 2 hole�
1
2
� in 0.94 in2

�	
	

Gross area of section: Ag.L2U2 14.17 in2
�	

Net area of section: An.L2U2 Ag.L2U2 holesangle.L2U2� holesplate.L2U2� 10.42 in2
�	
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L2U2, L3U3, L4U4, L5U5, L6U6 POSTS  Properties for Any Section Loss

Span 1
L2U2 Right, Span 1: 20% section loss on inside angle legs. (80% remains)

Gross Area: Ag.L2U2.RS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L2U2.RS1 An.L2U2 2
3
8

in 0.20���
�

��
�

6� in� 9.52 in2
�	
	

Section loss at inside angles requires a recalc. of the angle inertia to.

Angle area: Aangle.L2U2.in Aangle.L2U2
3
8

in 0.20���
�

��
�

6� in� 2.04 in2
�	
	

Length of short leg: ls.L2U2 3in
3
8

in� 2.62 in�	
	

X-axis c.g. of angle:

yangle.L2U2.in

4in
3
8
� in 0.8���

�
��
�

2� in ls.L2U2
3
8

in���
�

��
�

3
16
� in�

Aangle.L2U2.in

�




�

�
�
�
�

1.27 in�	
	

Y-axis c.g. of angle: 

xangle.L2U2.in

4in
3
8
� in 0.8���

�
��
�

3
16
� in

ls.L2U2
3
8

in���
�

��
�

3
8

in
ls.L2U2

2
�

�
�
�

�
�
�

��

���

Aangle.L2U2.in

�









�

��
�
�
�
�
�

0.92 in�	
	

Inertia of angle about x-axis:

Ix.angle.L2U2.in
1
12

3
8
� in 0.8� 4in( )3

�
1
12

ls.L2U2�
3
8

in��
�

��
�

3
�

4in
3
8
� in 0.8���

�
��
�

2in yangle.L2U2.in�� �2��

���

ls.L2U2
3
8

in���
�

��
�

3
16

in yangle.L2U2.in���
�

��
�

2
��

���
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�

�
�
�
�
�
�
�
�

3.4 in4
�	
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Inertia of angle about y-axis: 

Iy.angle.L2U2.in
1
12

3
8

in 0.8���
�

��
�

3
� 4� in

1
12

ls.L2U2� �3�
3
8
� in�
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3
8
� in 0.8���

�
��
�

3
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�
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�

2
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���
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3
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�
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�

3
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�
�
�
�

1.8 in4
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Inertias:

Ix.L2U2.RS1
1
12

8.5in
1
2

in��
�

��
�

3
� 2 Ix.angle.L2U2��

2 Ix.angle.L2U2.in��

���

2Aangle.L2U2
1
4
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�

��
�

2
��

���
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1
4
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�
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�

2
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���
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Iy.L2U2.RS1
1
12

8.5in( )3 1
2
� in 2 Iy.angle.L2U2��

2.Iy.angle.L2U2.in�

���

2Aangle.L2U2
9in
2

xangle.L2U2���
�

��
�

2
��

���
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9in
2
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�

��
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2
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���
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�
�

154 in4
�	
	

R. of gyration: rx.L2U2.RS1
Ix.L2U2.RS1
Ag.L2U2.RS1

1.59 in�	
	

ry.L2U2.RS1
Iy.L2U2.RS1
Ag.L2U2.RS1

3.3 in�	
	

L2U2 Left, Span 1: No section loss.

Gross Area: Ag.L2U2.LS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L2U2.LS1 An.L2U2 10.42 in2
�	
	

Inertias: Ix.L2U2.LS1 Ix.L2U2 39 in4
�	
	

Iy.L2U2.LS1 Iy.L2U2 171 in4
�	
	

R. of gyration: rx.L2U2.LS1 rx.L2U2 1.66 in�	
	

ryL2U2.LS1 ry.L2U2 3.48 in�	
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L3U3 Right, Span 1: 15% section loss on inside angle legs. (85% remains)

Gross Area: Ag.L3U3.RS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L3U3.RS1 An.L2U2 2
3
8

in 0.15���
�

��
�

6� in� 9.75 in2
�	
	

Section loss at inside angles requires a recalc. of the angle inertia to.

Angle area: Aangle.L3U3.in Aangle.L2U2
3
8

in 0.15���
�

��
�

6� in� 2.15 in2
�	
	

Length of short leg: ls.L2U2 2.62 in�	

X-axis c.g. of angle:

yangle.L3U3.in

4in
3
8
� in 0.85���

�
��
�

2� in ls.L2U2
3
8

in���
�

��
�

3
16
� in�

Aangle.L3U3.in

�




�

�
�
�
�

1.27 in�	
	

Y-axis c.g. of angle: 

xangle.L3U3.in

4in
3
8
� in 0.85���

�
��
�

3
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� in

ls.L2U2
3
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Inertia of angle about x-axis:

Ix.angle.L3U3.in
1
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3
8
� in 0.85� 4in( )3

�
1
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Inertia of angle about y-axis: 

Iy.angle.L3U3.in
1
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3
8
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�

3
� 4� in

1
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Inertias:

Ix.L3U3.RS1
1
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R. of gyration: rx.L3U3.RS1
Ix.L3U3.RS1
Ag.L3U3.RS1

1.61 in�	
	

ry.L3U3.RS1
Iy.L3U3.RS1
Ag.L3U3.RS1

3.34 in�	
	

L3U3 Left, Span 1: 5% section loss on inside angle legs. (95% remains)

Gross Area: Ag.L3U3.LS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L3U3.LS1 An.L2U2 2
3
8

in 0.05���
�

��
�

6� in� 10.2 in2
�	
	

Section loss at inside angles requires a recalc. of the angle inertia to.

Angle area: Aangle.L3U3.inL Aangle.L2U2
3
8

in 0.05���
�

��
�

6� in� 2.38 in2
�	
	

Length of short leg: ls.L2U2 2.62 in�	

X-axis c.g. of angle:

yangle.L3U3.inL
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Y-axis c.g. of angle: 
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Inertia of angle about x-axis:
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Inertia of angle about y-axis: 
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Inertias:

Ix.L3U3.LS1
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R. of gyration: rx.L3U3.LS1
Ix.L3U3.LS1
Ag.L3U3.LS1

1.64 in�	
	

ry.L3U3.LS1
Iy.L3U3.LS1
Ag.L3U3.LS1

3.43 in�	
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L4U4 Right, Span 1: 30% section loss on inside angle legs. (70% remains)

Gross Area: Ag.L4U4.RS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L4U4.RS1 An.L2U2 2
3
8

in 0.30���
�

��
�

6� in� 9.07 in2
�	
	

Section loss at inside angles requires a recalc. of the angle inertia to.

Angle area: Aangle.L4U4.in Aangle.L2U2
3
8

in 0.30���
�
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6� in� 1.82 in2
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Length of short leg: ls.L2U2 2.62 in�	

X-axis c.g. of angle:
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Y-axis c.g. of angle: 
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Inertia of angle about x-axis:
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Inertia of angle about y-axis: 
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Inertias:
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R. of gyration: rx.L4U4.RS1
Ix.L4U4.RS1
Ag.L4U4.RS1

1.55 in�	
	

ry.L4U4.RS1
Iy.L4U4.RS1
Ag.L4U4.RS1

3.21 in�	
	

L4U4 Left, Span 1: 5% section loss on inside angle legs, same as L3U3 Left, Span 1.

Gross Area: Ag.L4U4.LS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L4U4.LS1 An.L3U3.LS1 10.2 in2
�	
	

Inertias: Ix.L4U4.LS1 Ix.L3U3.LS1 38 in4
�	
	

Iy.L4U4.LS1 Iy.L3U3.LS1 167 in4
�	
	

R. of gyration: rx.L4U4.LS1 rx.L3U3.LS1 1.64 in�	
	

ry.L4U4.LS1 ry.L3U3.LS1 3.43 in�	
	

L5U5 Right, Span 1: 20% section loss on inside angle legs, same as L2U2 Right, Span 1.

Gross Area: Ag.L5U5.RS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L5U5.RS1 An.L2U2.RS1 9.52 in2
�	
	

Inertias: Ix.L5U5.RS1 Ix.L2U2.RS1 36 in4
�	
	

Iy.L5U5.RS1 Iy.L2U2.RS1 154 in4
�	
	

R. of gyration: rx.L5U5.RS1 rx.L2U2.RS1 1.59 in�	
	

ry.L5U5.RS1 ry.L2U2.RS1 3.3 in�	
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L5U5 Left, Span 1: 10% section loss on inside angle legs. (90% remains)

Gross Area: Ag.L5U5.LS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L5U5.LS1 An.L2U2 2
3
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in 0.1���
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6� in� 9.97 in2
�	
	

Section loss at inside angles requires a recalc. of the angle inertia to.

Angle area: Aangle.L5U5.in Aangle.L2U2
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Length of short leg: ls.L2U2 2.62 in�	

X-axis c.g. of angle:
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Y-axis c.g. of angle: 
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Inertia of angle about x-axis:
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Inertia of angle about y-axis: 
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Inertias:
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R. of gyration: rx.L5U5.LS1
Ix.L5U5.LS1
Ag.L5U5.LS1

1.62 in�	
	

ry.L5U5.LS1
Iy.L5U5.LS1
Ag.L5U5.LS1

3.39 in�	
	

L6U6 Right, Span 1: 10% section loss on inside angle legs, same as L5U5 Left, Span 1.

Gross Area: Ag.L6U6.RS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L6U6.RS1 An.L5U5.LS1 9.97 in2
�	
	

Inertias: Ix.L6U6.RS1 Ix.L5U5.LS1 37 in4
�	
	

Iy.L6U6.RS1 Iy.L5U5.LS1 163 in4
�	
	

R. of gyration: rx.L6U6.RS1 rx.L5U5.LS1 1.62 in�	
	

ry.L6U6.RS1 ry.L5U5.LS1 3.39 in�	
	

L6U6 Left, Span 1: 10% section loss on inside angle legs, same as L5U5 Left, Span 1.

Gross Area: Ag.L6U6.LS1 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L6U6.LS1 An.L5U5.LS1 9.97 in2
�	
	

Inertias: Ix.L6U6.LS1 Ix.L5U5.LS1 37 in4
�	
	

Iy.L6U6.LS1 Iy.L5U5.LS1 163 in4
�	
	

R. of gyration: rx.L6U6.LS1 rx.L5U5.LS1 1.62 in�	
	

ry.L6U6.LS1 ry.L5U5.LS1 3.39 in�	
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Span 2
L2U2 Right, Span 2: 10% section loss on inside angle legs, same as L5U5 Left, Span 1.

Gross Area: Ag.L2U2.RS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L2U2.RS2 An.L5U5.LS1 9.97 in2
�	
	

Inertias: Ix.L2U2.RS2 Ix.L5U5.LS1 37 in4
�	
	

Iy.L2U2.RS2 Iy.L5U5.LS1 163 in4
�	
	

R. of gyration: rx.L2U2.RS2 rx.L5U5.LS1 1.62 in�	
	

ry.L2U2.RS2 ry.L5U5.LS1 3.39 in�	
	

L2U2 Left, Span 2: 5% section loss on inside angle legs, same as L3U3 Left, Span 1.

Gross Area: Ag.L2U2.LS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L2U2.LS2 An.L3U3.LS1 10.2 in2
�	
	

Inertias: Ix.L2U2.LS2 Ix.L3U3.LS1 38 in4
�	
	

Iy.L2U2.LS2 Iy.L3U3.LS1 167 in4
�	
	

R. of gyration: rx.L2U2.LS2 rx.L3U3.LS1 1.64 in�	
	

ry.L2U2.LS2 ry.L3U3.LS1 3.43 in�	
	

L3U3 Right, Span 2: 15% section loss on inside angle legs, same as L3U3 Right, Span 1.

Gross Area: Ag.L3U3.RS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L3U3.RS2 An.L3U3.RS1 9.75 in2
�	
	

Inertias: Ix.L3U3.RS2 Ix.L3U3.RS1 37 in4
�	
	

Iy.L3U3.RS2 Iy.L3U3.RS1 158 in4
�	
	

R. of gyration: rx.L3U3.RS2 rx.L3U3.RS1 1.61 in�	
	

ry.L3U3.RS2 ry.L3U3.RS1 3.34 in�	
	

L3U3 Left, Span 2: 15% section loss on inside angle legs, same as L3U3 Right, Span 1.

Gross Area: Ag.L3U3.LS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L3U3.LS2 An.L3U3.RS1 9.75 in2
�	
	

Inertias: Ix.L3U3.LS2 Ix.L3U3.RS1 37 in4
�	
	

Iy.L3U3.LS2 Iy.L3U3.RS1 158 in4
�	
	

R. of gyration: rx.L3U3.LS2 rx.L3U3.RS1 1.61 in�	
	

ryL3U3.LS2 ry.L3U3.RS1 3.34 in�	
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L4U4 Right, Span 2: 20% section loss on inside angle legs, same as L2U2 Right, Span 1.

Gross Area: Ag.L4U4.RS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L4U4.RS2 An.L2U2.RS1 9.52 in2
�	
	

Inertias: Ix.L4U4.RS2 Ix.L2U2.RS1 36 in4
�	
	

Iy.L4U4.RS2 Iy.L2U2.RS1 154 in4
�	
	

R. of gyration: rx.L4U4.RS2 rx.L2U2.RS1 1.59 in�	
	

ry.L4U4.RS2 ry.L2U2.RS1 3.3 in�	
	

L4U4 Left, Span 2: 20% section loss on inside angle legs, same as L2U2 Right, Span 1.

Gross Area: Ag.L4U4.LS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L4U4.LS2 An.L2U2.RS1 9.52 in2
�	
	

Inertias: Ix.L4U4.LS2 Ix.L2U2.RS1 36 in4
�	
	

Iy.L4U4.LS2 Iy.L2U2.RS1 154 in4
�	
	

R. of gyration: rx.L4U4.LS2 rx.L2U2.RS1 1.59 in�	
	

ry.L4U4.LS2 ry.L2U2.RS1 3.3 in�	
	

L5U5 Right, Span 2: 30% section loss on inside angle legs, same as L4U4 Right, Span 1.

Gross Area: Ag.L5U5.RS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L5U5.RS2 An.L4U4.RS1 9.07 in2
�	
	

Inertias: Ix.L5U5.RS2 Ix.L4U4.RS1 34 in4
�	
	

Iy.L5U5.RS2 Iy.L4U4.RS1 146 in4
�	
	

R. of gyration: rx.L5U5.RS2 rx.L4U4.RS1 1.55 in�	
	

ry.L5U5.RS2 ry.L4U4.RS1 3.21 in�	
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L5U5 Left, Span 2: 10% section loss on inside angle legs, same as L5U5 Left, Span 1.

Gross Area: Ag.L5U5.LS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L5U5.LS2 An.L5U5.LS1 9.97 in2
�	
	

Inertias: Ix.L5U5.LS2 Ix.L5U5.LS1 37 in4
�	
	

Iy.L5U5.LS2 Iy.L5U5.LS1 163 in4
�	
	

R. of gyration: rx.L5U5.LS2 rx.L5U5.LS1 1.62 in�	
	

ry.L5U5.LS2 ry.L5U5.LS1 3.39 in�	
	

L6U6 Right, Span 2: 10% section loss on inside angle legs, same as L5U5 Left, Span 1.

Gross Area: Ag.L6U6.RS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L6U6.RS2 An.L5U5.LS1 9.97 in2
�	
	

Inertias: Ix.L6U6.RS2 Ix.L5U5.LS1 37 in4
�	
	

Iy.L6U6.RS2 Iy.L5U5.LS1 163 in4
�	
	

R. of gyration: rx.L6U6.RS2 rx.L5U5.LS1 1.62 in�	
	

ry.L6U6.RS2 ry.L5U5.LS1 3.39 in�	
	

L6U6 Left, Span 2: 15% section loss on inside angle legs, same as L3U3 Right, Span 1.

Gross Area: Ag.L6U6.LS2 Ag.L2U2 14.17 in2
�	
	

Net Area: An.L6U6.LS2 An.L3U3.RS1 9.75 in2
�	
	

Inertias: Ix.L6U6.LS2 Ix.L3U3.RS1 37 in4
�	
	

Iy.L6U6.LS2 Iy.L3U3.RS1 158 in4
�	
	

R. of gyration: rx.L6U6.LS2 rx.L3U3.RS1 1.61 in�	
	

ry.L6U6.LS2 ry.L3U3.RS1 3.34 in�	
	












