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Noncomposite and Composite Simple-Span Rolled-
Section Steel Bridge Design

eBEAM140 Disclaimer: This document has been prepared in accordance with information
available to the American Iron and Steel Institute (AlSl) and its Short Span Steel Bridge Alliance
(SSSBA) program, at the time of preparation. While it is believed to reasonably reflect the
present state of knowledge as to the subject, it has not been prepared for conventional use as an
engineering or construction document and should not be used or relied upon for any specific
application without competent professional examination and verification of its accuracy,
suitability, and applicability by a licensed engineer, architect or other professional. AlSI and the
SSSBA disclaim any liability arising from information provided by others or from the
unauthorized use of the information contained in this document, and do not accept any
obligation to issue supplements or corrections in the event of errors being discovered or
advances being made in the techniques discussed in the document.



Noncomposite and Composite Simple-Span Rolled-Section Steel Bridge Design
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Skewed Simple Span Bridge with Variable Unbraced Lengths.
Capabilities of the Short Span Steel Bridge Design Program

Two to Four Lane NonComposite and Composite Rolled Section Simple Span Bridges
Use 33, 36, 50, 65 or 70 ksi Steel
Bridge Layout (with recommendations & warnings):
Bridge Length
Roadway Width
Striped Lanes
Barrier Width
Overhangs
Any Girder Spacing and Number of Girders (at least 4 girders); Variable Overhangs
Cross-Frames Variable Along Span; Up to 7 Unbraced Lengths; Skewed Bridges
Define Compression Flange Braced for Construction
Define Compression Flange Braced for Final State
Any Decking: Wood, Non-Composite Concrete, Grid, Corrugated Metal, Composite Concrete
For Composite
Variable f'c
Full-Depth, Stay-in-Place Forms
Haunch
Sacrificial Wearing Surface
Shear Connector Size and Fu
Wearing Surface
Additional DC1 and DC2 Dead Load (Utilities, etc)
Bridge Railing
HL93 Truck and Tandem Loading, Lane Loading
User Defined Vehicle Loading; Up to 9 Axles
User Vehicle Live Load Factor (Strength Il)
Optional Lane Load
Single or 2 Lane Distribution Factors
User Vehicle Impact Factor
Limit L/D ratio
Minimum Depth (Diaphragms)
Maximum Depth (Approaches/Clearances)
Option to Rule out W40/W44
Set Live Load Deflection Limit
Add % Steel for Miscellaneous (Diaphragms, etc)
Steel Girder Weight Considered Individually for Design
Live Load Distribution Factors Determined for Individual Girder, Including Rigid Rotational Analysis
Can Use User Input Lateral Distribution Factors
Applies AASHTO 6.10.8 (Conservative) or AASHTO Appendix A6 (Optimal)



Calculated Cb Factors for Each Unbraced Length
Can Use Cb = 1 (Conservative)
Performs Either Fatigue | or Fatigue Il Design
Automatic Based on (ADTT)sL
Variable Design Life

Bridge Analysis & Design:
Performs Dead Load, Construction Loading and Live Load Analysis
Construction Vertical Bending and Lateral Flange Bending Construction Loading for Each Unbraced Length
HL93 Truck & Tandem & Lane Load for Each Unbraced Length
User Defined Vehicular Loading for Each Unbraced Length
Single Lane and 2 or More Lane Lateral Distribution Factors
Cb for Each Unbraced Length
Performs Strength 1/l & Constructability Design Analyses for Each Unbraced Length and Service Il near Centerline
Performance Ratios
Determines Every W Shape That Meets Specs Over All Unbraced Lengths

Performs Fatigue (Fatigue | or Il) Design Analysis at Critical Cross-Frame Location

Performance Ratios

Determines Every W Shape That Meets Specs —and Shows those that do not
Performs Live Load Deflection Design Analysis at Bridge Centerline

Performance Ratios

Determines Every W Shape That Meets Specs — and Shows those that do not
Performs Shear Design Check at Girder End

Performance Ratios

Results:
Ranks from Lightest Weight All W Shapes That Meet Strength 1/, Service Il & Construction Specs
Performance Ratios and Design Characteristics
Bridge Steel Weight
Corresponding Fatigue Design Performance
Performance Ratios
Corresponding Deflection Design Performance
Performance Ratios and Equivalent L/xx Live Load Deflections

Design Investigation:
User Chooses Any W Shape to Investigate
Alternatives to Lightest Weight
W Shapes That Barely Do Not Pass Design Checks For Consideration
Examine Performance Ratios for Strength I/Il, Service I, Construction, Fatigue & Deflection
Strength I/11 Performance Ratios for Each Unbraced Length
Modify Diaphragm Layout for Optimum Designs
List of W Shapes That Barely Did Not Meet Specs for Consideration
Strength 1/l Performance Ratios for Each Unbraced Length
Consider Modified Diaphragm Layout for Possible Acceptance
Dead Load Deflections for Camber Design
Abutment Loads and Locations for Abutment and Foundation Design

Final Design Sheet:
All Information
If Composite, Shear Stud Fatigue and Strength Design



User Manual

EXCEL SHEET Bridge Description & Results
First Sheet Includes Design Inputs and Design Characteristics

Design Inputs

A E o] [x] E F =]
1 : -
= |Bridge Layout -
3 1Bridge Length [ft) 5 Type of Bridge—_
4 iRoadway Width [ft) 28
& |Mumber Striped Lanes z Evridge Width = Foadway Width + 2 * Barrier Width
& iBarrier Width [Ft) (1]
7 \Est. Overhang = X¥x G5 153
) Mumber of Girders Girder Spacing [ft] Overbang Roadway Width Bridge Width
El EdE 127 2500 2500
10 5 651 0.3% 2500 2500
11 & 525 0.3 25.00 25.00
12 T 444 0.67 28,00 28,00
13 [3 584 055 2500 2500
14 a 337 051 28.00 25.00
15 0 01 0.45 2500 2500
16 n 2tz 0.41 2500 2500
17 12 245 037 25.00 25.00
15 13 228 0.34 2500 2500
15 |Cross Section Trial
20 iNumber of Girders Girder Spacing Caleulated Overhang Overhang Roadwa Bridge
21 a5 i1 Z2.00 Z2.00 28.00 4 2800
2z Overhang » 25% of Girder Spacing 4.00 fr of Shouldg' T
23
24 |NonComposite Bridge InF i Line Girder Dead Loading
25 |Type of Decking Cancrete (Full depth or an SIP) DA Girder Deck (Ibif) 6310
26 1D Deck Only Loading [psf) 125,33 DC:2 Barrier [Ibift] 20
2t DC1 (wo stl) + Additional DC1 (Ibift) 63D
25 |Composite Bridge Inf ion Check For LLOF ['warning if Yiclation’ DC2 + Additiosal DG2 (Ib#t) as
23 | Dieck F'e [psi) 4000 Dw [Ibift) 1400
30 { Structural Deck Thickness [in] & Add'| D1 on Bridge [Dverhang  Haunch, Utilities, cte) (Ibdft [
F1 1 Eacrificial Concrete Dok [in] 143 Mz % on Additional DC1 on Girder 100%
52 {Haunch fram Top of Web [in) 2 DC:2 Barrier Load [Ibift) 40
F5 i Stay-in-Place [£IF) Farms? Tz Tla % on Girder 50%
34 'weight of 3IP (pef) 15 Add'l D2 on Bridge Utilities, ste) [Ibift) 25
35 | Diepth of $IP fin] 2 Ml % Additional DC2 on Girder 100%
36 | Shear Connectar Diameter [in) 0,575 “wearing Surface (psf] 25
3T 1¥hear Connectar Fu [ksi) B0 % Mize Sl For Disphrams, ste 5%
35 | DC1 Deck Only Laading (pef) 10875
34 Construction Loading
40 {Fatigue [AASHTO 10th Edition Applied) AT END OF O¥ERHANG FOR LATERAL BENDING Tlay be 0 for many types of decking
41 | Design Life (yrs) 75 Construction w (Ibft) 275
42 | swerage Diaily Truck Traffic Single Lane (AL 200 Fatigue || Controls Construction p (1] 3000
45 JIF ADTT 3 574 Fatigue | Contralz 142 of Deck Overhang 'weight (b ft) 123,39
44
45 iUser Defined Truck? (up to 9 A Mo ADDITIONAL CONETRUCTION YERTICAL BENDING ON GIRDER:
46 izt Axle (hipz) and Spacing to Mext Axle () 12 14 Construction w [lb/ft] 215
47 hd Agle (kipz) snd Spacing ta Mlext Axle () 37 45 Canstruction p (Ib] 3000
45 §d Axle (hipz) and Spacing ta Mext Axle () 37 14
43 It Axle (kipz) and Spacing to Mext Axle () 37 45
50 it Axle (kipz) and Spacing ta Mext Axle () 37
51 Bthaale (hips) and Spacing te Next Ak ()
52 th Aule (hipz) and Spacing to Mext Axle ()
55 Ith Aule (hips) and Spacing ta Mext Axle (ft)
54 At Axle (hips)
55 Uzer ehicle Live Load Fackar 138
56 Apply Lane Load to User Truck? Yes
57 fane or 2 or Mare Lane Distribution Factar? Two Lane
5& thicle Impact Factor for $tr 1 Sery Il Design 135 ___ R

Blue Cell E3 is for composite or noncomposite design

All green cells are user inputs
Cells B3-B7 are bridge characteristics
B3 Bridge length
B4 Roadway width
B5 Number of striped lanes
B6 Bridge railing/barrier width
B7 Estimated overhang width as % of girder spacing (used to determine final spacing and width)
Cells A1-B1 and D1 are final number of girders, girder spacing and overhang
A9-E18 are values to help user with design
Al Number of girders
B1 Girder spacing
D1 Overhang width



Cells B25-B26 are for noncomposite (ignored if composite)
B25 Type of noncomposite deck
Corrugated Metal Deck (gravel)
Concrete (full-depth or on SIP forms)
Wood Planked
Wood Stressed Laminated
Wood Spiked Laminated
Wood Glue Laminated
Open Steel Grid >=4 in
Open Steel Grid < 4 in
B26 Weight of decking (psf)

Cells B20-B37 are for composite bridges (ignored if noncomposite)
B29 Deck f'c (psi)
B30 Structural Deck Thickness (in)
B31 Sacrificial Concrete Deck (in)
B32 Haunch from Top of Web (in)
B33 Stay-in-Place (SIP) Forms?
B34 Weight of SIP (psf)
B35 Depth of SIP (in)
B36 Shear Connector Diameter (in)
B37 Shear Connector Fu (ksi)

Cells B41-B42 are fatigue inputs
C42 determines infinite or finite fatigue life design
B41 Design life (usually 75 yrs)
B42 Average Daily Truck Traffic in Single Lane

Cells E30-E37 are Line girder dead loading (Steel shape weight individually considered by the program)
E30 Additional DC1 on bridge (overhang material, haunch, utilities, etc)
E31 % of Additional DC1 on critical girder
E32 DC2 railing/barrier load
E33 % of DC2 railing/barrier load on critical girder
E34 Additional DC2 on Bridge (utilities, tec)
E35 % of Additional DC2 on critical girder
E36 Future/existing wearing surface load
E37 % of miscellaneous steel to account for stiffeners and diaphragms

Cells E41-E42 are construction loading at end of overhang
E41 Uniform loading (formwork, etc)
E42 Concentrated loading (screed, etc)

Cells B45-B58 and C46-C53 are User Defined loading (Up to 9 axle truck)
B45 Yes if User Defined Truck is considered (ignored if No)
B46 & C46 (and following thru B54) is axles loading and distance to next axle
B55 LRFD Live Load Factor appled to User Truck (Strength 1/11)
B56 Yes if applying AASHTO Lane Load in addition to User Truck (ignored if No)
B57 Use Single Lane or Multiple Lane Live Load Distribution Factors
B58 Dynamic Allowance (Impact) factor applied to User Trcuk



Design Characteristics

@ Autosave @ or) B~ < CompositeVer 33xism - Excel P search
File  Home Insert Pagelayout Formulas Data Review View Automate Developer Help
ﬁj A Cut [calibri oA s == 35 Wrap Text [General 1)
@copy ~
Paste B I U~Hv &r-Ar- T == =% EMergeliConter - $ - % 9 @ 8
v < Format Painter
Clipboard [ Font 5 Alignment 5 Number &
E46 v i e -E41
H J K
1 Yield strength (ksi) 50 Consider W40 & W44?
2
3 Bridge Length (ft) 75 Limit Maximum L/D to
5 Girder Spacing (ft) 6 For Diaphragms Min Depth (in) (If Want min W)X use XX )
6 For Approach/Clearance Max Depth (in) (If want max WXX use XX)
7 Number of Girders 5
8 x for Deflection Limit in L/x
9 Overhang (33.3% of Girder Spacing) (ft) 200 (If Deflections not Considered enter Low Number)
10
! Barrier width (k] 0 Is C: Fiange For C
12 Is Compression Flange Fully Braced For Final State?
13 Lateral Bracing Locations in Span (ft)
18 Enter Support Bracing at End of Span (1) Maximum Accepted Performmance Ratio
15 Distance from End to 1ST Brace (ft) =0 o
16 Distance from End to 2nd Brace (ft) 30 Override Calculated Lateral Distribution Factors?
17 Distance from End to 3rd Brace (ft) 45 Single Lane Moment
18 Distance frem End to 4th Brace (ft) 75 Two Lane Mement
13 Distance from End to 5th Brace (ft) Fatigue Moment
20 Distance from End to 6th Brace (ft) single Lane shear
21 Distance from End to 7th Brace (ft) Two Lane Shear
2 Distance frem End to 8th Brace (ft)
!
u Use ARSHTO Appendix A for Strength? Yes
2 (No Limits Strengths to AASHTO 6.10.8)
2
7 Calculate Cb Factors or Use Co = 17 calcco

1]
2

All yellow cells are design characteristics

Cells 11 is grade of rolled shape steel (50, 65 or 70 ksi)
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Conditional Format as
Formatting ~  Table v

Yes

30 d>= 300

12 =wiz
24 <= was

800

No
No

a -
= commer
T T Auosum ~ A O
Hote 3 Hoto 32 B E - 7Y e e
Bad N st Delete Format | 2P Sort& Find & Add-ins  Ana
M M M & Clear~ Filter v Select v Da
Styles Cels Editing Sensitivity | Add-ins
M N 0 p a R s 1 u
Bridge Width (1) 5
Roadway Width (ft) %

‘Shoulders (ft each side) 2 Double for One-Sided Shoulder

2 Striped Lanes and 2 Design Lanes
ANYTIME A VALUE IS CHANGED IN THE YELLOW, HIT RUN DESIGN FOR UPDATED RESULTS

Run Design

Lightest 10 Sections (see to the right for additional Information)

strl, Serv I, Constr Fatigue Defiection o Defl_Min/My Weight (tons)
waox1s waoQ1s waoi1s 21 yeie 103 03
waak230 w2230 waax230 210 Y1020 103 21
w3eR23L W36K23L u7 Ums 105 3
w33l w3341 263 U636 106 52

1 No Section is Shown that Meets all the Criteris, See Sections to the Right
1 No Sections are Shown to the Right, There is No W Section that Meets Design and Criteria

1f Min/My is Low (~0.70 i Elastic LTB), Lighter Section Possible with Cross-Frame Changes for Unbraced Lengths

Cells 116-122 Locations of diaphragms from left end for critical girder (Up to 7 unbraced lengths)
Lateral Torsional Buckling ignored if both L11 and L12 are Yes
116 Location of first diaphragm from left end (117-122 others)

Last Location must be bridge length

Cell 124 is for AASHTO Design Limit State Strengths

If Yes, use AASHTO Appendix A.6 — Inelastic moment capacities
If No, use AASHTO 6.10.8 — Elastic Capacities (Conservative)

Cell 127 defines Cb for Lateral Torsional Buckling

If Calc Cb, the program calculates Cb for every unbraced length (AASHTO 10)
If Cb =1, Cb =1 is used for all unbraced lengths (Conservative)

Cell L1 is whether W 40 and W44 rolled shape beams are considered in the results.

Cell L3 is the Maximum L/D ratio for the rolled beam solution

Cells L5-L6 are the minimum and maximum depths for the rolled shape results

L5 minimum depth (diaphragms)
L6 maximum depth (clearance, approaches)

Cell L8 is the live load deflection limit (i.e., L/800 or L/1000 or other)

Cells L11-L12 are bracing for construction and final state (If No, Lateral Torsional Buckling considered)
L11 if Yes, no Lateral Torsional Buckling considered for the construction loading
L12 if Yes, no Lateral Torsional Buckling considered for the final state loading



Cell L14 is the acceptable Strength I/11, Service Il and Construction performance ratio (usually 1.00)

Cells L16-L21 are Live Load Lateral Distribution Factors (If L16 No, program calculated LLDFs)
If L16 Yes, User inputs for LLDFs
L17 Single lane moment LLDF
L18 Two or more lane moment LLDF
L19 Fatigue moment LLDF
L20 Single lane shear LLDF
L21 Two or more lane shear LLDF

AFTER ALL INPUTS ENTERED (OR WHEN ANY INPUT IS CHANGED), Click “Run Design,” cell N7

Cells N10-T21 shows the lightest 10 W shapes that meet the Strength I/11, Service Il and Constr limit
states.

Lightest 10 Sections (see to the right for additional Information)

Strl, Serv ll, Constr Fatigue Deflection L/D Defl Mn/My Weight (tons)
W40X215 W40X215 W40X215 23.1 L/819 1.03 40.3
W44X230 W44X230 W44X230 21.0 /1020 1.03 43.1
W36X231 W36X231 24.7 L/765 1.05 43.3

W33X241 W33X241 26.3 L/696 1.06 45.2

W36X247 W36X247 W36X247 24.5 L/819 1.06 46.3
W40X249 W40X249 W40X249 22.8 L/961 1.04 46.7
W36X256 W36X256 W36X256 24.1 L/824 1.02 48.0

W30X261 W30X261 28.5 L/642 1.07 48.9
W36X262 W36X262 W36X262 24.4 L/878 1.06 49.1
W44X262 W44X262 W44X262 20.8 /1182 1.05 49.1

The table also shows if the W shapes meet the Fatigue and Deflection limit states

w % Y z AR AB AC AD RE AF AG AH Al A AK AL AM AN RO AP AQ
¥ield Strength (ksi) 50 Bridge Width (ft) 28.00 Consider W40 & W44 Beams? Yes
Bridge Length (fr) 75 Roadway Width (ft) 2800 L/D Limited to 30
Girder Spacing (ft] 6 Shoulders (ft) each side - Double for One Sided 200 Minimum Depth Beam in) wiz
Number of Girders 5 2 Striped Lanes and 2 Design Lanes Maximum Depth Beam (in] wag
Overhang (33.3% of Girder Spacing) (fr) 2
Barrier Width (ft) 0 NonCompasite Design Deck is Open Steel Grid < 4 in
Barrier Load on Girder (Ib/ft) 20
DC Deck Only Loading (psf]  123.32 AASHTO HL93 Loading and
Wearing Surface (psf) 25 User Defined Vehicle With
Additional DC1 Load on Girder (Ib/ft) 0 IF=135  IM=133 lane=Yes LLDF=Two Lane Unbraced
Additional DC2 Load on Bridge (1b/ft) L Length # Lk b
Strength Design Uses AASHTO Appendix A6 1 3000 138
AT OVERHANG FOR LATERAL FLANGE BENDING 2 15.00 100
Construction w (1b/ft) 275 Fatigue Design Life (yrs) 75 3 30.00 138
Construction p (Ib) 3000 Fatigue ADTTs, 200 Fatigue 11 Controls
1/2 of Deck Overhang Weight (Ib/ft)  123.33
ADDITIONAL VERTICAL BENDING ON GIRDERS Limit States Checked
Exterior - Construction p (Ib) 3000 Strength | & 11
Exterior - Construction w {1b/ft) 275 Service 11
Constructability
% Misc Stl for Diaphrams, etc S% Fatigue
Deflection
DEFLECTION LIMIT (x for Deflection Limit in L/x) 800 7
STRENGTH Ifil Fatigue Deflection
SERVICE Il Fatigue Il Controls
Girder Shear _Constructability (ADTT)SL= 200 Overall for all criteria
Uniform Load  Deflect  Weight | |S(rEng(h 1Service Il Constructat Maximum Deflection|Maximum
Section L/D__ wjStl for DCL {Ib/ft) _L/Num __(tons) __ Min/My PR PR PR PR PR___Controlling |Section PR |section PR PR
Wa4x262 208 966.1 /1182 481 105 0.25 057 0.95 0.36 097 Strength 1/11|Waax262 0.56|Wa4x262 0.68| 097 Strength /11
Wa0X277 227 9818 L1074 519 106 027 0.98 097 0.36 098 Strength | |WA0X277 0.56|Wa0x277 0.74) 0.98 Strength /11
W44X200 206 9955 /1324 544 105 0.23 0.87 0.86 0.33 087 Strength | |W44X290 0.50| W44X290 0.60) 0.87 Strength /11
WA0X207 226 1002.8 /1138 557 106 0.24 092 0.81 0.35 092 Strength | |WA0X297 0.53|waox297 0.70) 0.92 Strength /11
W36K302 241 1008.1 /1035 566 107 0.25 094 0.95 0.35 095 Service Il |W36X302 0.54| W36X302 0.77] 095 Service |1
W33K318 256 1024.9 /956 596 108 0.25 0.95 0.97 0.35 097 Service Il |W33X318 054|W33x318 0.84] 0.97 Service Il
Wa0X324 224 1031.2 /1255 608 107 0.2 084 0.8 0.31 084 Service Il |WA0X324 0.48|wa0x324 0.64] 0.84 Service 11
Waoxs27 221 1034.3 /1200 613 104 0.19 052 050 0.41 092 Strength | |Wa0X327 050/ waoxs27 0.67] 0.92 Strength 1/11
W36K330 239 1037.5 /1143 619 108 0.24 0.86 0.87 0.32 087 Service Il |W36X330 0.49| W36X330 0.70) 0.87 Service Il




Columns X — AO show a summary of the design

Cells X29-A029 and below show a more detailed list of results for the acceptable W shape members.

EXCEL SHEET Select A Girder

A 5 c D e F G H s 3 L M N 0 P Q 3
7 LIST OF ALL W SHAPES RANKED FROM STRENGTH |, SERVICE Il & CONSTRUCTION

ENTER W SECTION FOR MORE INFORMATION Top 20 That Meet Min Depth, Max Depth & W40 & W44 Limits

W40X215 NonComposite Snape  Strengeh /11 Servicell  Constuction  Fatigue  Deflection Overall
10 T PR PR PR PR PR PR
1 waoxzis 098 095 0.8 073 038 osg
1 OVERALL PERFORMANCE FOR W40X215 waaxzso 087 085 042 0ss 078 08
15 wiskest 097 036 047 073 105 105
14 Strength /1l Service Il Construction Fatigue Deflection Overall | W33X241 1.00 0.99 043 074 115 1.15)
15 R R o " o R wisxer 091 090 044 osa 038 os
16 0.980 0953 0480 0732 0977 0980 | W40X249 0.85 0.83 041 0.62 0.83 0.85]
G Int# At Centertine Intb# At Critical Brace At Centerlne Equal to Strength /1 wsexess  0s7 0 061 088 07 057
1 2 1 U819 wsoxes: 100 100 050 072 125 129
19 waaxzs2 076 015 036 0ss 058 074
2 wisxzsz 085 085 040 084 0s1 05
2 PERFORMANCE BY UNBRACED LENGTH FOR W40X215 | w3sxz63 0.90 0.90 0.44 066 103 1.03]
2 Strength I/l waox2sa 091 085 0.60 063 084 091}
23 Unbraced Length # Unbraced Length (ft) Lb Range PR Mn/My [+ | waox277 0.76 0.76 0.36 056 074 0.76|
n 1 EY 0-301 0.900 1081 1380 waoxz7s 036 Pr) 054 050 080 0.35|
x 2 15 051 0.980 1033 1003 wisxzsz 079 019 037 0sa 083 0g3
2 3 Y s5-751 0900 1091 1380 waaxzso 0.8 057 033 050 050 o
7 wisxzst o051 052 033 058 0s2 08
= wioxz2 0.0 090 044 0ss 109 109
23 | W40X294 0.80 o7 048 0.56 0.74 0.80)
30 waokzsr o2 02 035 053 010 072
3
a2
ES THE ALMOST SELECTION
34 Shape Strength 1/11 Service || Construction Fatigue Deflection Overall
3 - o[ o [x] e[v]  wm [7] eRlv| el
36 | W40X215 0.98 0.95 048 o073 0.98 0.98)
37 waaxzso 057 085 042 0ss 078 087
= wssxzst 097 096 047 073 105 105
3 wasxaat 100 039 049 07 115 119
0 wssxzer 091 090 0 058 038 08|
a waoxzas 055 083 041 052 083 035
2 wisxzss 097 092 061 o8 087 097

The Select A Girder sheet allows the user to examine the lightest weight (or any W shape) for the design

Cell B9 is the selected W shape to examine
The lightest weight
A section based on availability
Other sections

Cells B14 - H18 give the overall performance of the selected section
Strength I/1I
Service |l
Construction
Fatigue
Deflection

Starting in Cells B23 — G23, for each unbraced length, the design information is listed
The user can examine the results to modify and economize the design
Change diaphragm spacing if Mn/My is low
Change diaphragm spacing if construction controls
Change diaphragm location if fatigue controls



EXCEL SHEET Final Design

A 5 c o E F G H | J K L M i o P
1 W40X215 NonComposite Consider W0 & Wdd Beams? Yes Minimum Depth Beam 412

2 Overall PR = 0.980 - Strength 1/11 LiD Limited ta 30 Maximum Depth Beam ‘wdd SERVICE Il near Centerline

3 “ield Strength [ksi] S0 OC(fe-k) 6d44.6 S#=853.0in"3
4 Eridge Lenath [f1 s Ericlge 'idth (i) 28.00 OC2 (h-k) 36 Gu=859.0in"3
5 Girder Spacing fi) 3 Foad ay Width [ft) 28.00 O {fe-k) 95.4 Sw=559.0i3
g Humber of Girders S Shoulders(ftl each side - Double for One Sided .00 HLI3LL+M(fr-k] LLF = 1.75 15028 Su=853.0in'3
7 Ovethang (33.3% of Girder Spasing] [fl z 2 Stiped Lanes and 2 Design Lanes

] Barrier wWidth [ftl 1] Lateral Distribution Factars Servl| Stess 381

3 Banizr Load on Girder (Ibift) 20 Deckis Open Steel Grid < 4 in Single Lane/Multi-Lare Ser Il Allow 0.0

10 DC Deck Only Laading (psf] 123.39 Memen: LLOF = 0,600, 0,750 SERVICE Il PR 0353

1l \earing Surfacs [psf] 5 Fatigus LLOF = 0667

12 Additional OC1Laad on Girder (Ibif) [1] Morminal Girder DC1 lbif) 316.7 Shear LLOF = 0,600, 0.667 LIVE LOAD DEFLECTH l+=15700 "4
1 fidditional DCZ Load on Bridge (bift) 5 Mominal Girder DC2 flb/fl 45.0 LL Deflin) 110 =L1813

% Hominal Girder D lbift) 0.0 Allow able fin) 1125 =L#300

5 AT OVERHANG FOR LATERAL FLANGE BENDING i DEFLECTION PR 0.577

1 Construction w (Ibffi] 275 AASHTO HLI3 Laading and

17 Construstion p(15] 3000 Mo User Defined Vehicle FATIGUE Cat C° at Critical Brace
1% 2 of Deck Ouerhang Weight (Ibifi 123.33 FatMoment ifi-k) LLF = 0.5 B47.5 Sfa=313.6ir'3
13 ADDITIONAL YERTICAL BENDING ON GIRDERS Fat Stress (ksil 6.51

20 Exterior - Construction p (I] 3000 Fat Allow (ksil 2.30

21 Exterior - Construction w (Ib/ft] 275 FATIGUE PR 0.732

2z

23 % Mise Sil for Diaphrams, =tc 0.05 STRENGTH Il SHEAR at Support
24 OC1ik 3.4

25 DEFLECTION LIMIT ( far Deflection Limit in L) 800 OC2 (k) 17

B D[k 53

27 Fatigue Design Life [yrs) 75 HLI3LLHM[kILLF = 175 1.3

28 Fatigue ADTTSL 200 Fatigue | Cantrals

25 Yulk) 1765

30 Vn(k) 653.2

3 SHEAR PR 0.259

32 Strength Design Uses 885HTO Appendi« 45 RENGTH 111 LLF=175

33 LbIf) DC1IR-k)  DC2 (f-k) O/ [F-k]  ALS3 LLHM [he-} ¥u [Fe-k) Cb Mn[ft-k) Perf Ratio

34 130 6155 30,375 54.5 1623 322 138 3304.0 0,300 STRENGTH I/1l MAX PR
35 2 15 B44E 31E40625 98.4 1s02.8 36228 1.00 36977 0.930 0.980

36 3 30 6156 30,375 34.5 1462.5 3512.6 138 3305.0 0.300

EH

38

35

40

41

4z Strength Diesign Uses AASHTO Appendi< A6 CONSTRUCTION <0.60Fy FipaFy=112"50

43 LbIf)  Moonatr(f-k. Miat (f-k] AF A (ke=i) PerfRatio  fbu+&ffl (ksi]  Perf Ratio bu+ W38 ks Fric (ksil Perf Ratia

44 150 170.9 365 12 106 035 263 045 13.3 54.5 035  CONSTRUCTION MAX PR
45 N 1213.7 7 10 25 T X 0.35 8.0 517 035 0.480

48 3 30 nia 365 12 10.6 0.35 269 0.4s8 19.9 54.6 0.36

The Final Design Sheet presents the design checks for the selected W shape in the Select A Girder sheet.
Cells B1 — L28 are the design inputs and design characteristics

Cells M2 — 030 are the Service Il, Live Load Deflection, Fatigue and Strength 1/l Shear Checks
DC1, DC2, DW, Live Load Factors and HL93 and User Truck Nominal Loading at critical locations
Limit State Demand
Limit State Capacity
Performance Ratios

Cells B32 — 032 and below are the Strength I/11 results for each unbraced length
DC1, DC2, DW, Live Load Factors and HL93 and User Truck Nominal Loading within length
Limit State Demand
Limit State Capacity
Performance Ratios

Cells B42 — 042 and below are the Construction results for each unbraced length
DC1, DC2, DW, Live Load Factors and HL93 and User Truck Nominal Loading within length
Limit State Demand
Limit State Capacity
Performance Ratios



£
51
52 DEAD LOAD DEFLECTIONS o 0oL 0200 0.300L 0.40L 0.50L 0.60L 0700 0.80L 0301 L
53 Distance (ft] o 7 14 21 28 35 42 43 56 B3 T
54 DC1(in) 0.000 027 0.512 0701 n.821 0.862 [ik: =4} 0.7a1 0.512 0.271 0.000
g5 DCZ(in) 0.000 0.017 .03 0.043 0.050 0.053 0.050 0.043 .03 0.017 0.000
SE I« (in"d) = 132000 D! [in) 0.000 0.051 0.038 0.131 0.154 0.161 07154 0131 0.038 0.051 0.000
7 Tatallin) 0.00 0.34 0.64 087 102 108 102 0.87 0.64 0.34 0.00
S8
53 Nominal Moments on Girder
&0 NOMINAL ABUTMENT REACTIONS ™
61 OC1 (k) 1015 At Centerline
62 OC2 (k) 53 At Centerline .
B3 O kI 9.0 At Centerline
B4 Single Lane LL+M (k) 199.2 Ae11.00 From Centerline
BS TwoLane LL+M (kI 2654  AtB.00From Centerling — D
BB o
BT o
68 - -
B3 "
70
kil "
T2
73 a
74 o 4] ! w S s ™ 20
7= Length Along Span (f)
76
77
78
7
Cells B52 — 057 show the Dc1, Dc2, DW and Total deflections for girder cambers
Cells B60 — 076 show the abutment reactions for the number of design lanes and nominal moments
DC1, DC2, DW, HL93, User Truck and Fatigue Truck
A B C o E F 5] H | J K L M N a P q
=)
&1 ONLY IF COMPOSITE
82 0.875 (in) SHEAR STUDE SPACING Minimum Spacing (in) 5.25 Maximum Spacing(in] 48 Mirimum Transverse Spacing (in) 3.5 dfin] 33
83 0-14.0f W.0-2806280-42042.0-56.0/ S6.0-TO.01 bi(inl= na
B4 Singles Pitch (in) 8.30 043 12,65 048 890
85 Dowubles Pitch (in] 17.80 20.95 2529 20,95 1780 Doubles Transverse Spacing 0K
BE Triples Pitch (in) 26.71 3143 3794 3143 2671 Triples Transverse Spacing OK
a7
88 Strength Minimum Mumber of Studs 62
89 Fatigue Singles Estimated Number of Studs  84.103302 Shear Connector Pitch (in)
S0 Fatigue Doubles Estimated Mumber of Smds 85103302
il Fatigue Triples Estimated Mumber of Studs 86103302
32
93
34 4
35
95 \\ [
a7 ——single Reguin
98 —— singla r
93
100
hul
0z
03
04
105 P
106
o7 L
i s wm ww wm ww we wm wm o

If the bridge is Composite, Cells B81 — N110 shows an acceptable shear stud layout
Singles, doubles and triples across the flange for Strength and Fatigue



Notes on Assumptions and Simplifications in the Program:

Limits on skew apply with the program assuming the bridge is straight.

The largest Interior and Exterior Girder Live Load Distribution Factors are used for Single Lane and Two-or-More
Lanes for Moment and Shear. For Fatigue, the largest Single Lane Moment LLDF is dived by 1.2.

For deflection, the deflection is determined by lanes loaded (two through four) divided by number of girders
considering multi-presence factors.

If there is SIP decking, the DC1 concrete loading is reduced % of the SIP depth

Additional DC1 or DC2 dead loads are assigned a percentage to the critical girder.

The Railing/Barrier loading is assigned a percentage to the critical girder.

The Cb Factors are determined with a Live Load Distribution based on the maximum of the Rigid Rotational
Analysis and the Lever Rule. Cb is based on HL93 Loading only for 1.25DC + 1.50DW + 1.75LL+IM (not a User
Vehicle).

AASHTO 10 Edition is used for Cb (same as AISC)

For NonComposite Bridges the Live Load Distribution Factor follows AASHTO. However, for a NonComposite
Concrete deck, the LLDFs for a Corrugated Metal Deck are used.

For Composite Bridges, the LLDFs are determined for the individual girders according to AASHTO.

For Composite Bridges, the Effective Width for the deck is % the girder spacing plus the Overhang.

1.25DC1 + 1.50 Construction Loading is used for the Construction check. Lateral Flange Bending is determined from
a bracket method, fixed between the Lateral Bracing withing the Unbraced length. Additional Vertical Bending in

the girder is also considered from the Construction Loading.

Fatigue Stresses are checked at the critical Stiffener Location. The stress is calculated at the top of the bottom
flange. Number of fatigue cycles per truck passage n = 1 (AASHTO 10t Ed).

AASHTO 10% Edition used for shear stud fatigue and strength design.

For flexural capacities, Lp = 1.1risqrt(E/Fy) as per AASHTO 10 Edition.
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