Medium/Long Span Bridge Design - LRFD Simon
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Steel Bridge Essentials: Designing Cost Effective & Resilient Bridges




Devin Altman (Steel Solutions Center)

* Bridge Steel Specialist in the Steel Solutions Center (SSC) for the NSBA,
a division of the AISC. He represents the steel bridge industry on
matters of steel bridge design, fabrication and construction. Devin's
role with NSBA is to provide technical assistance, tools, and resources
for steel bridge owners, designers, fabricators, university programs,
and technical committees.

* 17 years of bridge industry experience, spent over 15 years in the
bridge consulting profession as a bridge engineer and project manager,
with 12 years at CH2M Hill/Jacobs working on a wide range of projects
includings design, load ratings, rehabilitation, complex analysis, and
construction of a wide variety of structure types located throughout
the USA and Internationally.

* B.S.in Mathematics from The Evergreen State College

* Master of Engineering degree in Structural Engineering and
Construction Engineering Management from Oregon State University

: Smarter.
: Stronger.
: Steel.

* Registered Professional Engineer in Oregon




Learning Objectives

e Understand how to develop the required
inputs for LRFD Simon and your bridge

e Learn how to use the LRFD Simon User’s
Guide for further clarification when needed

* Understand how to interpret LRFD Simon
output and increase resistance if needed

* Learn about LRFD Simon in general and
when it is appropriate for design/analysis
and when it is not

 Understand how to use NSBA Continuous
Span Standards as a starting point




Overview of the Design Tools Used Today

Continuous Span Standards

* Example steel girder design drawing detail/spec

5 girder bridge cross-sections with balanced design
e Per AASHTO LRFD BDS 7t Edition (update out soon)

LRFD Simon

* Line girder analysis software

* Design mode, analysis mode, web depth optimization
* Per AASHTO LRFD BDS 9t" Edition




Where Can | Find These Free Design Tools

https://www.aisc.org/nsba
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https://www.aisc.org/nsba/nsba-publications/aashto-nsba-collaboration/
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* Assist Engineers During the TS&L Phase:

» LRFD Simon input files included

» Flange plate sizes and lengths

» Web plate sizes and lengths Milo i i iration weiout

» Diaphragm spacing « Sov o GG e TORL

» Stiffener locations E%g}gg“}i:;;ggof o

» Girder weights

» Shear connector spacing | o i

» Camber tables —
NSBA National R — -1
Steel Girder Standards 1 S I I
(Available in Early 2023) S U — S —
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LRFD Simon

Named After Singer/Songwriter Paul Simon (Bridge over Troubled Water)

e Originally Developed in the Late 1960’s by U.S. Steel Corporation in
Cooperation with Wisconsin Department of Transportation

* Late 2021 Release Satisfies AASHTO LRFD BDS 9" Edition
* Design Run Option

* Analysis Mode

* Free Software

* NSBA & AISC Support




LRFD Simon

Analysis and Design Program

e Powerful Line-Girder Analysis
& Design Software F

* |-Girder and Box Girders Bridges &

* Linear and Parabolic Haunches

* AASHTO LRFD Bridge Design
Specification — 9t Edition

e Straight Bridges with Minimal Skew .
(i.e. equal to or less than 20 deg.) |

* Help Develop Cost Estimates with -
Tabulated Quantities in Report k =S




LRFD Simon

Analysis and Design Program

* Independently Design One Solution for 3 LRFD Simon
both Interior and Exterior Girders fle Analyze  Help

o | & [ |8
* Analyze both Interior and Exterior Girders

e Capable of Modeling Various Bridge
Geometries and Design Loading
Configurations

* Generates Service and Strength
Moments, Shears, Deflections, and
Bearing Reactions

* Helpful User’s Guide Manual Written by
Mike Grubb & Associates

LRFD Simon




Keep in Mind Before We Get Started
Span Layouts

* Try to layout span arrangements with maximum positive moments being
nearly equal in each span

* End spansideally 75% - 82% of center span

0.75L To 0.82L 0.75L To 0.82L

A 4
A
A

‘A
|

Balanced Span Arrangement




Keep in Mind Before We Get Started

Girder Spacing & Deck Overhangs

« Total factored moment tends to be larger in exterior girders
(subject to lateral bridge deck overhang truck impact loads)

« Limit size of deck overhangs accordingly

& »ld
< L]

\4

S(typ)

0.28s - 0.35s



Keep in Mind Before We Get Started

Proportioning — Web Depth
 Optional Span-to-Depth Ratio (AASHTO BDS Section 2.5.2.6.3)

__ DECK Simple Spans 0.040L

Continuous spans 0.032L

| Suggested Minimum Overall Depth for Composite I-beam

Simple Spans 0.033L
Continuous spans 0.027L

Suggested Minimum Depth for |-beam




Keep in Mind Before We Get Started

Proportioning — Web Thickness
« Web Thickness (AASHTO BDS Section 6.10.2.1)

D
Without Longitudinal Stiffeners — < 150

w

t%<— 5
| With Longitudinal Stiffeners — < 300

w

%" minimum thickness preferred by fabricators



Keep in Mind Before We Get Started

Proportioning - Flanges
e Proportioning Requirements (AASHTO BDS Section 6.10.2.2):

b2
21t W bi —
t;
b, =2 ! T
6
t.
t, >1.1t, E

o.1sch <10 | '

yt

Fabricators prefer: b;>12in.;t20.75in.



Keep in Mind Before We Get Started

Field-Section Lengths for Steel I-Girders

* Shipment by truck is the most common means
— 215 ft. Possible, 80 ft. Comfortable, 80 — 150’ typical
— Over 100 Tons Possible (20 Tons - No Permit)
— 16 ft. Width and 10 ft. Height (depending on truck and route)
— Girder under 9’ deep can usually be shipped vertical to anywhere




LRFD SIMON

3-Span Continuous Example



What If Your Span Layout is This?

165’ 200’ 165’




What if Your Cross-Section i1s This?

The Continuous Span Standards Come with LRFD Simon Inputs

< 43'-2" OUT-TO-OUT >
40'-0" ROADWAY

\F 8 1/2" DECK " [ 9#?;
v v |
+

4 , 7 -

» 31" 3 EQUAL SPACES @ 12'-4" = 37'-0" P 31" [

TYPICAL SECTION




Everything is Different Should | Start Over?

No, But We Still Need to Do the Hard Work and Develop the Design

* Generate Load Demands Continuous Span Standards

The Continuous Span Standards serve as a guide to state, county, and local highway departments in the development of suitable

CO m p a re CO N ti N u O u S S p a N and economical steel bridge superstructures. Included are 88 unique solutions for three-span bridges with center spans between

150'-0" and 300'-0", girder spacings between 7'-6" and 12'-0", and plate girder designs utilizing both homogenous and hybrid steel

options. These solutions were developed using the latest version of the AISC/NSBA LRFD Simon software v10.2 with the input files

Sta n d a rd S Loa d i n g provided as part of the download.
Assumptions with Project

Does Superstructure Depth —
Work for Project Constraints | @ I

* Overhang:Girder Spacing = From ol
first cut...
0.25 (Lower than Ideal)
The Simon input files were provided because the NSBA understands bridge span arranges almost never match an idealized solution
. . (ends span lengths at 78% of center span length). In providing the files, the NSBA has integrated two of its most successful resources
1 Ve rl fy an d C h ecC k Eve ryt h N g into one powerful preliminary design tool. Find a span arrangement that most closely matches the bridge's geometry and begin

editing from that file. This saves time and allows for more exploration of girder depths and steel strength options.

(ASS u m e It I S Al I Wro n g) Included on each conceptual solution are tables presenting girder plate sizes, diaphragm spacings, intermediate stiffener sizes and

locations, shear connector spacings, camber, and girder weights.

DOWNLOAD THE CONTINUOUS SPAN STANDARDS




Grab LRFD Simon File Similar to Your Bridge

Share

View

-

3 Quick access
I Desktop
4 Downloads
= Documents

= Pirtures

# Quick access [ Mame Date modified
I Desktop -  Homogeneous
¥ Downloads » Hybrid
« A “« Docurments » SIMON » continuous-span-standards » Simon Input Files » Homogeneous

-~

[ Mame

7.5 Spacing
9.0 Spacing

% % %

Date m

oW Ln
x]

Ln

%N N N N W

* 1 ‘ ‘_] o Cut j x _I I8 New item = S F Open = HH Selectall
o W Copy path * | Easy access * Edit Select none R i o Ty
Pin to Quick Copy Paste Move Copy Delete Rename MNew ﬁ Properties . x | Mews item \/
access [#] Paste shortcut taw tow - falder - & History 2F Invert selection T:I EES}' access v |
Clipboard Organize Mew Open Select Delete Rename Mew Properties
&« v o » ThisPC » Documents » SIMON » continuous-span-standards v O & Search continuous-span-standards M folder M
~ - ) ize New &
# Quick access [] MName Date modified Type Size
B Deskiop » Simon Input Files File folder Simon Input Files * Homogeneous » 120 Spacing
¥ Downloads P NSBAContinuousSpanStandards, pdf PDF Document 517 KB
el
2 Documents - NSBAContinuousSpanStandards_README. pdf PDF Document 11 KB
&« v » ThisPC » Documents » SIMOM » continuous-span-standards » Simon Input Files | EXTERIOR - 120t - 165ft - 120ft Spacing 12_0ft oh 3_Sft.dat

| EXTERIOR - 140ft - 180ft - 140ft Spacing 12_0ft oh 3_5ft.dat

« | EXTERIOR - 187ft - 240ft - 187t spacing 12_0ft oh 3_3ft.dat
| EXTERIOR, - 222ft - 2B5ft - 222ft spacing 12_0ft oh 3_3ft.dat
| EXTERIOR - 234ft - 300ft - 234ft spacing 12_0ft oh 3_3ft.dat
< | INTERIOR. - 117ft - 150ft - 117ft spacing 12_0ft oh 3_5ft.dat
< | INTERIOR - 176ft - 225ft - 176ft spacing 12_0ft oh 3_5ft.dat
< | INTERIOR. - 199ft - 255ft - 199ft spacing 12_0ft oh 3_5ft.dat
<1 INTERIOR - 211ft - 270ft - 211ft spacing 12_0ft oh 3_5ft.dat

10.5 Siacini




Design Girders with Project Design Criteria

File Home  Insert  Pagelayout  Formulas  Data  Review  View  Developer  Help  BLUEBEAM Foxit PD .
File Analyze Help
7 - £ - .
5 . s e f o w el i@/ 0O o
; oo restorige asrastie T — T LAFD Simon
3 Task: LRED Simon Model Inputs - Exterior Girder Page: of. | Model Commerts, line 1 |EXTERIOR - Spacing 12_0ft - 3 5ft Overhang
: — ORI e General Properties Commerts, line 2 |LRFD, COMPOSITE (POS. BENDING ONLY), HLS3 LOADING
Distribution Factors Pp—
gl . ) Comments, line 3 |THREE SPANS (164-210-164), FIVE GIRDERS
; Material Properties
Notes
9 1 Distribute FWS 20 psf evenly to all girders Loads Beamtype | |Girder
10 2 Distribute Type D Barrier 525 plf evenly to all girders. User Defined Design Vehicle Properties
1 3 Apply a 2" conerete haunch load to all girders. y g X P Number of spans
12 4 Apply Fatigue |1 load combination o al girders. Transverse Stiffener Properties
13 5 Distribute DC1 & DC2 loading to all girders evenly Shear Stud Properties Mumber of girders |5
41
:té SIMON Inputs (General Properties) | Span Information Number of traffic lanes |4
Span 1
44 Superstructure Type kGirder P HI_I!"I opﬁon -
45 Span 2 LRFD Analysis ~
33 Number of Spans 1 Span 3
48 Number of Girders a | Cross Section Redesign performance ratio
49
h Span 1 . .
i Roadway Width 5050 ft P Maximum performance ratio | 1.02
51 Span 2
52 ber of . N
= Number of tanes 2 Span 3 (symmetrical)
22 Run Option LRFD Analysis. | Costs Minimum flange thickness in
. Material
Redesign Performance ) ) ;
Maximum performance Web Depth Optimization
:Z Ratio 1.000 Result Controls Distance from slab bottom .
: . in
Minimum Flange: RESUHS to cg Of re|nf0|'cemeﬂt
60 Thick 075 )
61 e " Distance from slab _3 0 n
bottomto webtop =
62 | Maximum Plate Thickness 3 in
63
Distance From Bottom of Average daily truck traffic. single lane 1500
64 slab to cg Rebar 3.6875 in
65
Distance From Bottom of Fatigue service life |75 years
66 Slab to Top of Web 3 in
67
68 ADTT (single Lane) 800 trucks/day
63
70 Fatigue Service Life s vears
71




General Properties — Exterior Girder

Vet & Update LRFD Simon Inputs for Project Requirements

File  Analyze Help

MBIV O =80
_ LRFD Siman

General Properties

Comments, line 1 |EXTERIOR - Spacing 12333t - 3'- 1" Overhangs |
Comments. ine 2 [AASHTO LRFD BDS, COMPOSITE. HLS3 LOADING |
erial Propis Comments, line 3 |3—Span-Continuous {165-200-165), Four Girders |

Loads Beamtype | |Girder
User Defined Design Vehicle Properties

<

Number of 3 .
Transverse Stiffener Properties HMDEr ot Shans B rld e La (o) ut
i Number of gird 4 g y
Shear Stud Properties umber of girders
. Span Information Number of traffic lanes |3
Span 1
Span 2 Runoption |LRFD Anayss  ~| <—— RUN Type
Span 3
_ Cross Section Redesign perfformance ratio
Span 1 . .
Maximum performance ratio _1.D .
Span 2. Design Parameters
Span 3 {symmetrical) .
_ Costs Minimum flange thickness in an d BO un d aries
Material
Fab:::tion Maximum plate thickness in
‘Web Depth Optimization
Result Controls Distance from slab bottom .
Results to cg of reinforcement  |4-02 L]

Deck Properties

Distance from slab
bottom to web top

5

Awverage daily truck traffic, single lane

Fatigue Parameters

Fatigue service life

L=}
T
[+
\iY_;\_Y_;




Distribution Factors — Exterior Girder

File

ull:‘

Analyze

Help
": n 'f"’ i

_ LRFD

~ Model

Simon

User Defined Desian Vehicle Properties

Transverse Stifener Properties

Shear Stud Properties

_ Span Information

Span 1
Span 2
Span 3

~ Cross Section

Span 1
Span 2
Span 3 (gymmetrical)

| Costs

Material

Fabrication
‘Web Depth Optimization
Result Controls

Results

Vet & Update LRFD Simon Inputs for Project Requirements

v|€—— User Defined or Program Defined

Distribution factor definition | User Defined
Computed Distribution Factars

Girder skew [ degrees
Girder spacing 12333 ft
Calculated based on AASHTO BDS
Distance from web to curb, de  1.523 fi

Girder location  Exterior Define Interior or Exterior

User Input Moment Distribution Fact
e TR Teme e reees Calculated manually:

Single lane 0
Mutiple lane LLDFM_SL = (0.858 lanes
LLDF = 0.938 lanes
User Input Shear Distribution Factors — M—ML
Single lane LLDFS_SL = 0.858 |aneS
Mutple ane _ LLDF ,. = 0.938 lanes




Distribution Factors — Exterior Girder

AASHTO LRFD BDS Special Analysis (C4.6.2.2.2d - Commentary)

Assuming the entire cross-section rotates as a rigid body about the
longitudinal centerline of the bridge, distribution factors for the

exterior girder are also computed for one, two and three lanes loaded
using the following formula

k 12:0 R2/ﬂ 9-0 o
S P P Py ’La Py Ry
N X‘mze \
R = VL + Nb (C4.6.2.22d‘1) 9 ‘ . .;‘
o sz 'ﬁr-\?: —
® S”VION NOW Computes this LLDF 3.6" 120" 6-0"

(Other Design Software May Not, Verify)



Material Properties — Exterior Girder

Vet & Update LRFD Simon Inputs for Project Requirements

File  Analyze Help
HH P - '.»".U = e e

. LRFD Simon ) -
 Model Modular ratio, n (7.3
General Properties Slab compressive strength |4000.0 psi Deck & Stiffener
[licts di—r o
Rerforeement yeld suendth . Material Properties

User Defined Design Vehicle Properties Longrtudln:l strﬁener}qelddirength _5[:l ksi
. ) ransverse and bearing -

Transverse Stiffener Properties dilfene ik by ksi

Shear Stud Properties

Span Information
- =P Span 1 Concrete type | Nommal weight concrete ~

Span 2 Steel suface condition | Weathering steel ~ Oth er Misce | |a neous
Span 3 q .
. CmsspSection Connection plate type | Welded connection plates Material Property Detai Is
Span 1 Slab meet 6.10.1.7 criteria | Yes e
Span 2
Span 3 (symmetrical)
 Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results




Loads — Composite DL (Distribute Equal) & LL

Vet & Update LRFD Simon Inputs for Project Requirements

File  Analyze Help

[+ H y [ | .'? W= 9

LAFD Siman Uniform Dead Loads
Madel
General Properties Composite Ibft
Distribution Factors " H
srbuion Factor wiy [0 | b Composite Dead Loads (DC2 & DW)
Future wearing surface bt

e B Design Vehicle Properties
Transverse Stiffener Properties
Shear Stud Properies

Span Information -
Design vehicle option | HL93/User Defined Design Vehicle (envelope) ~

Span 1
Span 2
Span 3 Live load deflection factor |800.0
Cross Section S .
Span 1 Pedestrian live load Ibft - lee Load
Span 2 Cynamic Load Allowance Design Criteria
Span 3 (symmetrical) Design vehicle [133
ign vehicle |1.
s
Material Fatigue vehicle
Fabrication —_

Web Depth Optimization
Result Controls
Results




User Defined Vehicle (None for Example)

Up to 40 Axles for Strength Il Permit/Superloads/Emergency Vehicles

File  Analyze Help

el T VO =Q O
LRFD Simon
Model Distribution factor type for truck ~

General Properties
Distribution Factors

Material Properties Lane live load |:| kip /it

I User Defined Design Vehicle Properties I Include all axles ~

Distribution factor type for lane ~

Shear Stud Properties #udle: Number Axle Load, kips Awle Spacing, ft A
Span Information »
Span 1 3
Span 2
Span 3 3
Cross Section 4
Span 1 5
Span 2
Span 3 {symmetrical) 6
Costs 7
Material g
Fabrication
‘Web Depth Optimization 3
Result Controls 10
Results
1
12




Transverse Stiffener — Exterior Girder

Vet & Update LRFD Simon Inputs for Project Requirements

File  Analyze Help
] H » | .':‘ W | =

Q@

| LRFD Simaon
| Model
General Properties
Distribution Factors
Material Properties
Loads

perties

| Span Information
Span 1
Span 2
Span 3
| Cross Section
Span 1
Span 2
Span 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results

I Transverse Stiffener Properties
|

Meximum transverse n <———— LRFD Simon Calculates if Left Blank

stiffener spacing

One sided transverse stifeners  Yes

L

<«——— 1 or 2 Sided Transverse Stiffeners?




Shear Studs — Exterior Girder

Vet & Update LRFD Simon Inputs for Project Requirements

File  Analyze Help
cd @V O =q @

_ LRFD Siman

 Model Shear Connector Design | Yes ~ Y

General Properties Distance from interor support ; :

Distribution Factors oo e e 00 | LRFD Simon Designs the

Matenal Properties Concrete weight used to calculate [ b /R Shear Studs for Yo u,

Loads concrete elastic modulus )

lUser Defined Design Vehicle Properties Desirable pitch increment I:I in Defl ne the Shea r StUd

Shear Stud Properties [~ Stud Properties Geometrics and

J ' Dizmeter L Concrete Modulus of

Span 1 : a0 q
Span 2 leng 5 | Elasticity Used for Design
Span 3 Studs per row

| . Cross Section
Span 1
Span 2
Span 3 (symmetrical)
| Costs
Material
Fabrication
‘Web Depth Optimization
Result Controls
Results




Span Information — Span 1

File  Analyze Help

ol T@| VO =8 @
| LRFD Simoni

| Model

General Properties

Distribution Factors

Material Properties

Loads

User Defined Design Vehicle Properties
Transverse Stiffener Properties

Shear Stud Properties

Span 3
| Cross Section
Span 1
Span 2
Span 3 (symmetrical)
| Costs
Material
Fabrication
‘Web Depth Optimization
Resutt Controls
Results

Symmetrical span

Span length ft

Hinge location*®

MNoncomposite uniform dead load

MNoncomposite partial dead load, A1
Distance” to end of A1 load

MNoncomposite partial dead load, A2
Distance” to beginning of AZ load

Bottom flange cross frame spacing

Top flange fully braced for
noncomposite loads

Moncomposite top
flange cross frame spacing

Top flange fully braced for
final state

Final state top flange
cross frame spacing

Construction |ateral moment

“NOTE: Distances are measured from
the left end of the cument span

No —
[ |=
o Span and Non-Composite
Y i
. Uniform Dead Load (DC1)
1] Ib /1t
0 ft
B e Bottom Flange
Cross-Frame Spacing
No ~

f
Top Flange Bracing

Construction Lateral
-t<— Moment Applied to Top &
Bottom Flanges (Overhang)

ﬂ ié
=]




Span Information — Span 2

File  Analyze Help
@V (=490

| LRFD Simon
| Model Symmetrical span | No w

General Properties Spanlength a é— Span 2 Length = 200 ft

Distribution Factors

Material Properties : —n l:l
Loads Hinge location ft

User Defined Design Vehicle Properties Moncompesite uniform dead load |1223.9 Ib /ft
Transverse Stiffener Properties
Shear Stud Properties

| Span Information Noncomposite partial dead load, A1 l:l Ib /ft

Distance” to end of A1 load l:l ft
pan

i MNoncomposite partial dead load, A2 Ib /1t
sy Secen Distance" to beginning of A2 load ft
Span 1 ance” to beginning
il Bottom Flange Cross-Frame
" I:c,gépan 3 (symmetrical) Bottom flange cross frame spacing EI ft % Spacing (Negative Moment)
Material

Fabrication Top flange fully braced for

Web Deph Optinizaton e -
e farge comiane s 2| * Top Flange Cross-Frame
o e s Yes v spacing (Positive Moment)
e :

Construction lateral moment l:l kip - ft

“NOTE: Distances are measured from
the left end of the cument span




Span Information — Span 3

File  Analyze Help
el @ IVO =@
_ LRFD Simon

L Modd e e e ¥| €«——— Span 3 Symmetrical to Span 1

General Properties

Distribution Factors Span length ft
Material Properties . .

Loads Hinge location ft
User Defined Design Vehicle Properties Moncomposite uniform dead load b/t

Transverse Stiffener Properties
Shear Stud Properties

' Span Information Moncomposite partial dead load, A1 b /1t
Span 1 Distance" to end of Al load ft
Moncomposite partial dead load, A2 b/ ft
Span 1 Distance” to beginning of A2 load ft
Span 2
Span 3 (symmetrical) Bottom flange cross frame spacing ft
_ Costs
Material
Fabrication Top flange fully braced for
Web Depth Optimization no;composrteﬂltoatds
oncomposite top
Result Cortrols flange cross frame spacing fr
Results
Top flange fully braced for
final state
Final state top flange &

cross frame spacing

Construction lateral moment kip -ft

‘NOTE: Distances are measured from
the left end of the cument span




Cross Section Data — Span 1 — Web

W=\ EXTERIOR - 165ft - 200ft - 165ft spacing 12,333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

fedo i@/ o =0

| LRFD Simon \Web I Top Hange Bettom Flange Slab  Field Splice  Deck Pours
1. Model
- Vertical Wertical Top Top Bottom Bottom Mirimum
gienial.F‘mEemes LocE:1d web web Web th.g* Transversely  longitudinal longitudinal longitudinal longitudinal Reduce transverse
stribution Factors 2 - depth.,  Fy.ksi [OKMESS. chened stiffener stiffener stiffener stiffener th_;{ stiffener
Material Properties left, in right, in in width, in thickness, in width, in thickness, in ICKNESS  gpacing, in
Loads
23 80 80 50 0.6875 43
User Defined Design Vehicle Properties % 0
Transverse Stiffener Properties 58 80 80 50 06875 | O 43
Shear Stud Properties a7 0 an 50 0.6875 ™! O 48
Span Informiati
L pagpﬂ:? on 118 80 20 50 | 08875 ™ n 48
Span 2 120 a0 80 50 0.6875 [~ I 43
. Span 3 145 80 20 50 | 06875 | | 43
' 165 80 a0 50 0.6875 # [l 48
pan U O
Span 3 {symmetrical)
| Costs O .
Material » U O
Fabrication
Web Depth Cptimization
Result Controls
Results




Cross Section Data — Span 1 — Top Flange

%=1 EXTERIOR - 1653ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon

File  Analyze Help

e ®@IVO =0

l. LRFD Simon Web Bottom Flange Slab Field Splice  Deck Pours

1 Model
Gt e R A
Distribution Factors . .
Material Properties 120 16 0.875 50.0 70
Loads 145 2 1375 50.0 70
User Defined Design Vehicle Properti
ser ein an VERIEE TIoperes 165 20 25 50.0 70

Transverse Stiffener Properties
Shear Stud Properties
l_ Span Information
Span 1
Span 2
Span 3
| Cross Section
pan
Span 3 (symmetrical)
|, Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results




Cross Section Data — Span 1 — Bott. Flange

¥=1 EXTERIOR - 185ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

oMo ®IVO=q @
L iﬂFD Simon Web  Top Flange Sab  Field Splice  Deck Pours
Model
General Propeties End Location, i e it Tovey Botiom pgnae v Botom {enae Fu
Digtribution Factors
Material Properties 40 16 0.875 50.0 70
boadi:er Do Vetiche P 120 16 15 50.0
ser Defin ign icle Properties
Transverse Stiffener Properties 15 2 15 500
Shear Stud Properties 165 22 3 50.0
1_ Span Information
Span 1
Span 2
Span 3
1_ ns= Sedtio
pan
Span 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results

gd| 8




Cross Section Data — Span 1 — Deck Slab

'g'-'i EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

e B0 (=@

. LRFD Simon Web  Top Flange Bottom F|a'1ge Field Splice  Deck Pours
1. Model
. Effective Effective .
g@?l.PmEma End Location, ft Composite Slab Composite Slab Eﬂgam%ﬁ
stribution Factors Width, in Thickness, in T
Material Properties
Loads 120 m 8.0 0.0
User Defined Design Vehicle Properties 165 111 3.0 10.23

Transverse Stiffener Properties
Shear Stud Properties
], Span Information
Span 1
Span 2
Span 3
| Cross Section
Span 1
pan
Span 3 (symmetrical)
] Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results




Cross Section Data — Span 1 — Field Splice

=} EXTERIOR - 165ft - 200ft - 165ft spacing 12,333 ft oh 3.083 ft.dat - LRFD Simon

File  Analyze Help

e ®IVO = (@

. LRFD Simon Web  Top Flange Bottom Flangs  Slab || Field Splice fDeck Pours

1. Mods! Field Spli
- ice
General Properties Location. f

Digtribution Factors
Material Properties
Loads
User Defined Design Vehicle Properties
Transverse Stifener Properties
Shear Stud Properties
], Span Information
Span 1
Span 2
Span 3

120

1' [CSS T N
Span 2
Span 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Contraols
Results




Cross Section Data — Span 1 — Deck Pours

';1 EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

oMb TRIVO =G (@

| LRFD Simon Web  Top Fange Bottom Fange Slab  Field Splice || Deck Pours
1. Model
i Pour Start Pour End
General Properties Paur Number : .
Distribution Factors Location, fi Location, ft
Material Properties 1 0 120
Loads 120

User Defined Design Vehicle Properies
Transverse Stiffener Properties
Shear Stud Properties
], Span Information
Span 1
Span 2
Span 3
| Cross Section
Span 1
pan
Span 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results




Cross Section Data — Span 2 — Web

=) EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help
| LRFD Simon Web BTop Fange Bottom Flange Slab  Field Splice  Deck Pours
1 Model
. Vertical Verical Top Top Bottom Bottom Minimum
[E;n:allProEemes LocE;td web web Web th'ckab Transversely  longitudinal longitudinal longitudinal longitudinal Reduce transverse
stribution Factors 2" depth, depth,  Fy.ksi TUCRMESS. orfened stiffener stffener stiffener stiffener ik stifferer
Material Properties left, in fight, in n width, in thickness, in width, in thickness, in ICKNESS  gpacing, in
Loads
20 20 80 50 0.6875 43
User Defined Design Vehicle Properties % .
Transverse Stiffener Properties 52 80 80 50 0.6875 9| O 48
Shear Stud Properties 55 a0 80 50 0.6875 =) O 48
Span Informati
L pagpa:’;” fon 24 20 20 50 | 06875 = O 48
Span 2 116 80 80 50 06875 1 O 43
Span 3 145 80 80 50 | 06875 = O 43
| Cross Section
e 148 80 80 50 0.6875 = O 48
w | w | w | % | wen @ 0«
pan 3 Symmetrical) 200 30 80 50 | 0687 =] O 48
| Costs
Material » ] O
Fabrication
‘Web Depth Optimization
Result Controls
Results




Cross Section Data — Span 2 — Top Flange

'&'i EXTERIOR - 165ft - 200t - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

oM@ VO |=Q O
| LRFD Simon Ecdtom FAange Slab  Field Splice Deck Pours
] Model
General Properties End Location, ft
Digtribution Factors
Material Properties 20 20 25 50
umadsneﬁ ed Design Vehicle P * 2 137
ser n ign icle Properties
Transverse Stiffener Properties 145 16 0.875
Shear Stud Properties 180 20 1.375
1 Span Information 200 20 75
Span 1
Span 2

Span 3
] Cross Section

Top Flange Top Fange

Top Fange Fu,
Width, in Thickness, in i

Top Flange Fy, ksi ksi

88 8 3

70
70
70
70
70

D g
pan 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Cantrols
Results




Cross Section Data — Span 2 — Bott. Flange

=1 EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

oM@V O|=q @
] LRFD Simon Web  Top Flange Sab  Field Splice | Deck Pours
1. Model
Genel Propates codlocon ¢ S%mPeras e e oton e . Bt flrge
Distribution Factors
Material Properties 20 22 3.0 50 70
Loads 55 2 1625
User Defined Design Vehicle Properties
Transverse Stiffener Properties 145 16 125
Shear Stud Properties 120 22 1.625
1 Span Information 200 72 3
Span 1
Span 2
Span 3
| Cross Section
D4l
Span 3 (symmetrical)
l Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results

88 88
23833




Cross Section Data — Span 2 — Deck Slab

'gf't EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

e T VO =Q @

| LRFD Simen Web  Top Flange Bottom Flangel] Slab | Field Splice  Deck Pours
1 Model
" Effective Effective )
EFHTI.PmEMES End Location, ft Composite Slab Compaosite Slab Ei:fcquﬁ
stribution Factors Width, in Thickness. in L

Material Properties
Loads 55 111 a0
User Defined Design Vehicle Properties » 145 111 80
Transverse Stiffener Properties 200 11 a0
Shear Stud Properties
l Span Information
Span 1
Span 2
Span 3
| Cross Section

10.23

Span 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results




Cross Section Data — Span 2 — Field Splice

':_:1 EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help

e ®IVO =Y @
. LRFD Simon Web  Top Flange Bottom Flange  Slab Deck Pours
1 Maodel
General Properties
Distribution Factors
Material Properties 55
Loads
User Defined Design Vehicle Properties
Transverse Stifener Properties
Shear Stud Properties
. Span Information
Span 1
Span 2

Span 3
| Cross Section

Field Splice
Location, ft

Span 3 (symmetrical)
] Costs
Material
Fabrication
Web Depth Optimization
Result Contrals
Results




Cross Section Data — Span 2 — Deck Pours

=) EXTERIOR - 165ft - 200ft - 165ft spacing 12.333 ft oh 3.083 ft.dat - LRFD Simon
File  Analyze Help
e T®wV/O (=40

1] Ii'RFDEmun Web  TopFlange Bottom Flange  Slab  Field Splice
1 Model

General Properties Pour Mumber LTE;L?:%

Digtribution Factors .

Material Properties 2 0 55
Loads 1 55 145

User Defined Design Vehicle Properties
Transverse Stiffener Properties
Shear Stud Properties
l Span Information
Span 1
Span 2
Span 3
| Cross Section
pan 1
Span 2
pan .3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Results

145




LRFD Simon — Run the Analysis

EXTERIOR - 165ft - 200ft - 165ft spacing 12,333 ft oh 3.083 ft.dat - LRFD Simon
File | Analyze | Help

° 7 Validate Input = O | €
- LAY  Run Analysis...

o e peed |
oce ) which results are printed
General Properties

Distribution Factors Performance ratio above which

Material Properties messages are output
Loads ) . [Yes s
Lger Defined Design Vehicle Properties Prnt details
Transverse Stffener Properties
Shear Stud Properties
 Span Information
Span 1
Span 2
Span 3
~ Cross Section
Span 1
Span 2
Span 3 (symmetrical)
 Costs
Material
Fabrication

Result Controls




LRFD Simon — Results File

Results Files in SIMON, .XML, and .OUT (notepad)

|8

2 jectshLRFD Simen Tutorisl - 1656 - 2008t - 1650 = © | | Search, p-
| @ cavsesanmanDocumen... = |3 B
2021-06-10 16:25 2
: Fle Edt Fomnet View
LRFD Simon LRFD Simon Version 10.3.0.0 2021-)UN-10 16:25:51 ~
Som rhcmaten Velicle brary:  NSBA_Vehicle_Data txt
pan 1 Progm ey NSHA slios iy, debit Version 10.3.0.0 2021-06-10 16:25 Vehicle library: NSBA Vehicle Data.txt
Span2 AR Program library: NSBA_simon_library_data.txt
Span3 Agency fbemy. - NSHA: Ruary detn ot . } . Agency 1ibrary: NSBA_library_data.txt
Crone Sechon Vehicle library:  NSBA_Vehicle_Data.xt
roof] Job Name:  NSBA/SSSBA Summer Webinar Series Program library:  NSBA_simon_library_data txt Job Name: NSBA/SSSBA Susmer Webinar Series
Soan 2 ymmescs) Project Name:  LRFD Simon Tutorial Agency library:  NSBA_library_data Project Name: LRFD Simon Tutorial
Cons Description:  Steel Plte I-Girder Bridge Description: Steel Plate I-Girder Bridge
Fatacaton 5 srre ;s Job Name: NSBA/SSSBA Summer Webinar Series EXTERIOR - Spacing 12.333 £t - 3' - 1" Overhangs
‘;:‘&C‘::"M EXTERIOR - Spacing 12333t - 3' - 1" Overhangs Project Name:  LRFD Simon Tutorial AASHTO LRFD BDS, COMPOSITE, HL93 LOADING
. AASHTO LRFD BDS, COMPOSITE, HL93 LOADING Description:  Steel Plate [ Girder Bridge 3-Span-Continuous (165°-200°-165'), Four Girders

3-Span-Contimous (165'-200'-165), Four Girders
National Steel Bridge Alliance

EXTERIOR - Spaciag 12333 ft- 3'- 1" Overhangs American Institute of Steel Construction

Natioaa! Steel Bridge Allance AASHTO LRFD BDS, COMPOSITE, HL93 LOADING 130 East Randolph Street
American lnstitute of Steel Construction 1 Span Contimuous (165'-200'-165"), Four Girders Suite 2
130 East Randolph Street Chicago, IL 60601
Suite 2000 N
Clicago, IL 60601 A::Tmsi::ild::;ilrcf o For assistance contact: The National Steel Bridge Alliance: nsbasisongsteelbridges.org
- . ) 130 East Randolph Street NOTICE: SIMON Systems are copyrighted under the laws of the United States.
For assistance contact The National Steel Bridge Aliance: nsbasimon@steelt ¢ 2000 Use of SIMON Systems is permitted by AISC license agreement only.
Chicago, IL 60601
'NOTICE: SIMON Systems are copyrighted under the kaws of the United Stal s LICENSEE: ID# UB36
= % i ) Note: License expires on 2028-Jan-81 (in 2397 days).
Use of SIMON Systems is permsitted by AISC license agreement caly. For assistance contact: The National Seel Bridge Alliaace: nsbasimon @steelbridges org National Steel Bridge Alliance - Perpetual
o 130 East Randolph, Suite 2000
LICERSEE. ID¥ 36D B NOTICE: SIMON Systems are copyrighted under the laws of the United States Chicago IL 60601 United States
Note: License expires oa 2028-Jan-01 ia 2397 days). Uneoff SIMON S by AISCH o
Natioaal Steel Bridge Aliance - Perpetual ! . v SECONDARY LEVEL INPUT PARAMETERS
120 Fast R, Sl 2000 LICENSEE: ID# U0360 Maximum Performance Ratio for Redesign: 0.900
Chicago IL 60601 United States Note: License expires on 2028-Jan-01 (in 2397 days). Minimum Performance Ratio for Constraint Messages: 0.100
B i Erequency of Cycles after which Results are Printed: Last Only
— 1 ¢ Narional Steel < A"I_‘m= Perpetual Live Load Deflection Factor: 800
A ot eldtios Leors or Wenbiest Dbt 130 East Randolph, Suhe 2000 Distance from Interior Reaction to Stud: 0.600 Feet
Chicago IL 60601 United States Maxinum Plate Thickness: 3.600 Inch
Number of Design Traffic Lanes: 3
Number of Girders: 4
TABLE OF CONTENTS Maximum Transverse Stiffener Spacing: 384,000 Inch
e Lo Tt Passme Box Girder Run?: No
Secondary Level Input Tarameters Minimum Flange Thickness: 0.750 Inch
Primary Level [nput Information for Cycle: 1 Stud Shear Connectors: Design
e — ot oot s e 100
Modular Ratio, n: 7.300
Slab Compressive Strength:  5000.000 Psi
Reinfarcoment Yield Strensth: 0.000 K<i v

Ln1,Col 1 100%  Windows (CRLF)  UTF-8




LRFD Simon — Results Review

Moments Results

Span: 1 Span: 1
Point Girder Other DC1 Comp DL Utility FWS poi HL93 USER DEFINED DESIGN VEHICLE ENVELOPE FATIGUE
t
0.0 0.0 0.0 0.0 0.0 0.0 e Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
0.1 1460 915.0 1603 0.0 1542 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
02 2478 1534.4 2697 00 2593 0.1 14905 2552 0.0 00 14905  -2552 622.0 971
03 3054 18583 328.1 00 3155 02 25517 -5104 0.0 00 25517 -5104 10383 -1943
04 3158 1886.6 3355 00 3226 03 3206.7 -765.7 0.0 0.0 3206.7 -765.7 1299.9 -2914
05 2760 16193 2020 00 2808 04 35075 -10209 0.0 00 35075 -10209 13851  -3885
06| 1s61] wses| 1975] ool 1899 I & I T
7| 45 g 52. ] 7 : S L : - S =% = e
g T Z ;i”: ; R ; g g 1; 2 ; 07 24654 -17866 0.0 00 24654 -1786.6 9582 -679.9
adl B == ERa = 08 15543 -24594 0.0 00 15543 -24594 5884 -777.1
09 -3891  -24054  -3916 00 -376.6 0.9 6923 -2988.1 0.0 0.0 6923 -2988.1 2171 -8742
1.0 | -697.5 -4150.6 -690.0 | 0.0 | -663.4 1.0 600.5  -4087.4 0.0 0.0 6005  -4087.4 2412 9714
Span: 2 Span: 2
Point Girder Other DC1 Comp DL Utility FWS e HL93 USER DEFINED DESIGN VEHICLE ENVELOPE FATIGUE
t
0.0 -6975 -4150.6 -690.0 00 -6634 = Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
0.1 -339.5 20723 3316 00 -3189 0.0 600.5  -4087.4 0.0 0.0 600.5  -4087.4 2412 9714
02 -76.1 -455.9 529 00 -509 0.1 6920  -24280 0.0 0.0 6920  -24280 2459 6948
03 1084 698.7 146.1 00 1405 02 16423 -17955 0.0 00 16423 -17955 6832 5908
04 2189 13915 265.6 00 2553 03 26509 -1279.9 0.0 0.0 2650.9 -1279.9 1071.8 -486.8
05 2560 16224 3054 00 2936 0.: 3203.6 -1120.3 0.0 0.0 3203.6 -1120.3 1305.4 »382.8
Y7 ) — ) — T
i ] 6 -1121. T q 6 11215 5. 3835
ol “7)9'8 6358 lif‘l 00 I:O" 07 26530 -12815 0.0 00 26530 -12815 1072.8  -4876
08| -74.8 -455.7 -529| 00| -509 0.8 16455 17982 0.0 00 16455  -17982 6845 5917
09 -3388 -2072.1 -3316 00 -3188 0.9 6932 24303 0.0 0.0 6932 -24303 2463 -6958

10 | -697.4 -4150.3 -689.9 0.0 | -663.4 1.0 600.5  -40868 0.0 0.0 600.5  -4086.8 2412 -970.0



D Simon — Results Review
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LRFD Simon — Results Review

Shear Results

Spar: 1 Span: 1 : :

Point Girder Other DC1 CompDL Utility FWS e HL93 USER DEFINED DESIGN VEHICLE ENVELOPE FATIGUE
00 120 759 133 00 128 Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
o1 88 a8 96 oo 93 0.0 122.1 182 0.0 0.0 122.1 -182 520 69

0.1 102.7 -188 0.0 0.0 102.7 -18.8 444 69

g‘i :Z i;; g’g g'g ;g 0.2 8438 -25.1 0.0 0.0 848 -25.1 AT 78
0‘4 Io _8'< 4‘3 0'0 '1" 03 683 389 0.0 0.0 68.3 389 30.1 -132
- - = - - =4 0.4 533 534 0.0 0.0 533 534 235 206
05 -46 -29.6 49| 00| -47 05 39.9 683 0.0 0.0 39.9 -683 17.4 278
06 -82 -50.8 -8.6 00 -82 0.6 282 835 0.0 0.0 282 835 11.9 347
07| -118 -71.9 -122 0.0 -11.7 0.7 183 988 0.0 0.0 183 988 71 411
08 -155 -93.0 -158 0.0 -152 0.8 102 -114.0 0.0 0.0 102 -114.0 39 470
09 -193 -114.1 -195 0.0 -187 09 50 1288 0.0 0.0 50  -1288 1.7 522
1.0 -248 1352 231 0.0 -222 1.0 43 -143.0 0.0 0.0 43 -143.0 1.7 -56.7

Span: 2 Span: 2

Point Girder Other DC1 Comp DL  Utility FWS - HL93 USER DEFINED DESIGN VEHICLE ENVELOPE FATIGUE
0.1 173 105.6 182 00 175 0.0 146 4 -14.8 0.0 0.0 146 4 -14.8 57.0 -59
2 128 292 137 00 131 0.1 128.8 -152 0.0 0.0 128.8 -152 515 59
o3[ st mas| ol ool as| | 03[ eS| s T T
g': 3‘3 22‘3 g‘g g'g ;'; 0.4 742 419 0.0 0.0 742 419 30.8 -16.4
0; 43 76‘4 4'{ 0'0 4'4 05 572 572 0.0 0.0 572 572 234 234
: s -0 I i 0.6 419 -74.1 0.0 0.0 419 -74.1 16.4 -30.7
07| -84 -52.8 91/ 00 -87 0.7 285 921 0.0 0.0 285 92.1 10.1 -38.1
08 -12.8 -792 -13.6 0.0 -13.1 0.8 17.5 -1105 0.0 0.0 17.5 -1105 59 -45.1
09 -174 -105.6 -18.2 0.0 -175 0.9 152 -1288 0.0 0.0 152 -128.8 59 515

1.0 -239 -131.9 -22.7 00 -219 1.0 14.8 -146.4 0.0 0.0 14.8 -146.4 59 -57.0



LRFD Simon — Results Review

175

150 l
l

125 )
\\ |

100 .
|

l

|

NN NN
. \\\ NS

" N l
0% [

- - - .
,25)% )K"'-*\ K

\ X - \

50 ‘x\ - * ~ |
» ~ \ K - .
-75 +—DC1 K % [
“x \ ~ \ |

100 —8— D02 S K
|
[

R - ~ '
—A—DW %\ X Q
125 —— L+ \
’
-150 - |+ \ ‘

’175 T T T T T T T T T \' T T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

Shear, kip




Simon — Web Depth Optimizer (Design Mode)

File Analyze Help

PR NSRS - NRY AR R ]

_ LRFD Simon

Matenal Properties
Loads
User Defined Design Vehicle Properties
Transverse Stiffener Properties
Shear Stud Properties
Span Information
Span 1
Span 2
Span 3
. Cross Section
Span 1
Span 2
Span 3 (symmetrical)
| Costs
Material
Fabrication
Web Depth Optimization
Resutt Controls
Resuits

Comments, line 1 [EXTERIOR - Spacing 12.333ft - - 1" Overhangs |

Comments, line 2 |AASHTO LRFD BDS, COMPOSITE, HL93 LOADING |

Comments, line 3 |3—Span-Cont\nuous {165-200-165"), Four Girders |

Beamtype |IGirder ~

Mumber of spans
4
3

MNumber of girders
Number of traffic lanes

Run optiorl | LRFD Design

Tt

Maximum performance ratio

|

Minimum flange thickness |0.75

in

Maximum plate thickness |3.0

=

Distance from slab bottom

to cg of reinforcement 02 7
Distance from slab
bottom to web top

5

Average daily truck traffic, single lane | 800

Fatigue service life |75 years

File  Analyze Help

oz T ® VO =8O

LRFD Siman
Model
General Properties
Distribution Factors
Material Properties
Loads
User Defined Design Vehicle Properties
Transverse Stiffener Properties
Shear Stud Properties
Span Information
Span 1
Span 2
Span 3
Cross Section
Span 1
Span 2
Span 3 (symmetrical)
Costs

Results

Mumber of variations below start
Number of variations above start
Depth variation type | Fixed ~

Depth increment

Web Depth
— Optimization
Parameters




Simon — Web Depth Optimizer Results

65ft

Design EXTERIOR - 165ft -

pacing
File Analyze Help

ohd & 78V =a @

2,333 ft oh 3.083 ft.dat - LRFD Simon — [m]

] LRFD Simon
1. Model
General Propetties
Distribution Factors
Material Properties
Loads
User Defined Design Vehicle Properties
Transverse Stffener Properties
Shear Stud Properties
Span Infermation
Span 1
Span 2
Span 3
Cross Section
Span 1
Span 2
Span 3 lsymmetrical)

o
g
#

Fabrication
‘Web Depth Optimization
rols
Results

No Input Validation Errors or Wamings Detected

LRFD Simon Version 10.3.0.0 2021-JUN-10 17:04:55

Vehicle library: NSBA_Vehicle Data.Txt
Program library: NSBA_simon_library data.txt
Agency library: NSBR library data.txt

Job Name: NSBA/SSSBA Summer Webinar Series
Project Name: LRFD Simon Tutorial
Description: Stesl Plate I-Girder Bridge

EXTERICR - Spacing 12.333 ft - 3' - 177 Overhangs
ARSHTO LRFD BDS, COMPOSITE, HL93 LOADING
3-Span—Continucus (165'-2007-165'), Four Girders

WEB DEPTH VARIATION ANALYSIS OUTPUT

More information about the web optimization algorithm can be found in the
program User's Guide in the Program Methodologies / Web Depth Optimizatien
se=ction.

In the filenames given on the following table, BELOW designates design runs
with web depths LESS than the original web depth, while ABOVE designates runs
with web depths greater than the original. The numbers at the end of each of
the filenames refer to the numbsr of increments sbove or below the original
web depth considersed in the file. For example, 2 file ending in "BELOWZ2
considers a web depth two increments (either fixzed or percentage) below the
original input web depth.

The filename without ABOVE or BELOW at the end of the filename is the original
run with web depths designated by the user.

If any expected output files are not shown here, it is likely that the run for
that increment ended abnormally (usually, the program stopped due to an error)

All of files listed below (as well as any expected files that have crashed are
are available in the same folder as the original input file. Please cpen the

desired input file to view the available program input and output. Please 1at1 b 1at1 l
remember to change the WEB DEPTH OPTIMIZATION option to NO so that another web Variation Above Variation Below
optimization is not attempted.

DEPTH VARIATION ANALYSIS

Depth Weight Cost

Inch Tons s

DESIGN 70.00 372.98 452329
DESIGN 72.00 370.74 149686
DESIGN 74.00 366.97 145280
DESIGN 76.00 366.31 124612
DESIGN 78.00 364.83 442957
DESIGN 80.00 362.05 439739
DESIGN 82.00 363.01 421011
DESTGN 8400 361.35 438138
DESIGN 56.00 362.07 440121
DESIGN 88.00 361.37 439404
DESIGN 90.00 362.46 140836

The following input files were created containing the best design of each run)




LRFD Simon — Results Review

All Performance Ratios Should Be Less Than 1.0

* Highest P.R. is 0.956

* Verify Interior Girder
Design is Adequate

e Could Refine Further to
Optimize Sections for
Fabrication and Costs

* If Results P.R. More Than | -
1.0, Revise & Rerun v seen:

Web Section 4

The Maximum Ratio for Cycle 1 is 0.956

(Excluding Bearing and Transverse Stiffencrs)

This is the first acceptable design

BILL OF MATERIALS |

The design considered is that from Cycle Number 1 (the last cycle)

WEB TRANSVERSE STIFFENER DESIGN

SPAN 1
Width Thickness Location
0 0

Section  Quantity Type

. Ad#'ust Web Thickness and res
Stiffeners for Shear spa

* Adjust Flange Thickness &
CF Locations for Flexure

& F a t i g u e Web Secton

Web Section
Web Section

Do s =
c o oo ocoe

‘Width | Thickness Location
(im) (im) (&)
One Sided | 550000 031250 20.00

© o s » o




LRFD Simon Design Results

F s

530'-0" ¢ - ¢ ABUTMENT BEARINGS

< 120-0" Sl 100'-0" 90'-0" FIELD
CROSS FIELD SECTION 1 &5 | FIELD SECTION 2 & 4 | " SECTION 3
ERANE SPAT 5 SPA @ 29'-0" | % 2SPA@20-0" &5 SPA @ 32-0"
0 . - i
<. s z |
5% . * |
27 © ! . |
+—Q@ T =G PIER 1 I |
¢ FS2 Symm. Abt.
€ ABUTMENT 1 ¢ FS1 450" ——>le S5.0" @ Span 2 /|
1 65'-0" 1 Ool_on »
Span 1 Half Span 2

FRAMING PLAN




LRFD Simon Design Results

530'-0" CWPG OVERALL LENGTH

TOP N 120"0" L|= 25' 0" L 40| On kl‘ 35-_0n gol_on
FLANGE o o [PL13/8"x 20"
PL 718" x 16" L1201 PL21RTx20 ) |mxe
_ , : } \
WEB PL 11/16" FIELD ; i CROSS g
> - PIER G - i[:| Symm. Abt:
X 80", TYP SPLICE, {E —FRAME, [lgspanz | <
TYP :
’ 7
PL T!S"x 16" Lot 11216 J "/ wy oo PL11/4"x16"
PL11/2" x 22" PL3"x22" [PL15/8"x22
BOTTOM |, 40-0" 80-0" | 250" 40'-0" 35-0" |, 90-0"
FLANGE [ 0 " ) b > »

GIRDER ELEVATION

-‘_‘h_




: Smarter.
: Stronger.
: Steel.

Thank You! The National Steel Bridge Alliance
Devin Altman, PE (altman@aisc.org); 503.349.1106
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