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Economical Plate Girders for Mid-Span Bridges (60-100’)

* Objective: To evaluate and demonstrate how
optimized steel plate girders can serve as a more /rl-'l-n
economical and structurally efficient solution for f —

TRUSS

bridge spans in the 60' to 100' range, particularly
in cases where rolled beams (W40 and larger) ———
become less competitive with concrete!
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Economical Plate Girders for Mid-Span Bridges (60-100’)

* Hypothetical Example - Small Difference in Price Matters!

* Need to replace this bridge —

e Goes out for bid

o $590,000 for rolled beam W40x183
o $570,000 for a prestressed concrete I-beams
o0 Concrete Bridge for $570,000

O But....what if plate girder was considered?
o $550,000 for a welded plate girder option

0 Steel Bridge for $550,000 - $20,000 Saved!



Initial Study

 Two Cross Sections from Actual Bridges

* Three Lengths: 70, 80 & 90 ft S e
¢BEAM140

D s
ePLATE140

e Optimized Solutions from eBEAM140 and ePLATE140

e Fabricated Costs from Delong’s

June 18 Webinar 4
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70 ft Simple Span: Lockhart Bridge Section

12-0" LANE WDTH

24'-0" TRAVELED WAY

{— 2' SHOULDER

[ € ROADWAY

‘ﬁ e 2.0 ,‘ﬁ
a (-

2% CROSS SLOPE

12'-0" LANE WDTH

2% CROSS SLOPE

2 SHOULDER —}

B
ELEV. =

EAM STEP

722.53

BEAM STEP
Ve = 2 € ROADWAY G STEEL GIRDER (TYP.)
WIBXB6# STEEL BEAM
=2 &-2" 6-2" §-2"

e W Shape

Plate Girder

28'-8" OUT-OUT OF SLAB

28.0 tons

22.0 tons

44.8 tons

Yield Strength (ksi)

Bridge Length (ft)

Girder Spacing (ft)

Number of Girders

Overhang (32.4% of Girder Spacing) (ft)
Barrier Width (ft)

Barrier Load on Girder (Ib/ft)

DC Deck Only Loading (psf)

Wearing Surface (psf)

Additional DC1 Load on Girder (Ib/ft)
Additional DC2 Load on Bridge (Ib/ft)

AT OVERHANG FOR LATERAL FLANGE BENDING

Construction w (Ib/ft)
Construction p (Ib)
1/2 of Deck Overhang Weight (Ib/ft)

ADDITIONAL VERTICAL BENDING ON GIRDERS

Exterior - Construction p (Ib)
Exterior - Construction w (Ib/ft)

% Misc Stl for Diaphrams, etc

DEFLECTION LIMIT (x for Deflection Limit in L/x)

W36 x 160
TF16x34 ; W26x12

Plate Girder 12000 Ibs less than W36x160
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50 Bridge Width (ft) 28.67 Consider W40 & W44 Beams? Yes
70 Roadway Width (ft) 28.00 L/D Limited to 30
6.1667 Shoulders (ft) each side - Double for One Sided 2.00 Minimum Depth Beam (in) W12
5 2 Striped Lanes and 2 Design Lanes Maximum Depth Beam (in) w44
2
0.3333 Composite Design 8 in Structural Deck with No SIP Forms
25
106.25 AASHTO HL93 Loading and
25 No User Defined Vehicle Compression Flange Laterally Braced for Final State
0 Unbraced
0 Length # Lb Cb
Strength Design Uses AASHTO Appendix A6 1 23.33 143
2 23.33 1.01
275 Fatigue Design Life (yrs) 75 3 23.33 1.43
3000 Fatigue ADTT,_ 200 Fatigue Il Controls
106.25
Limit States Checked
3000 Strength | &I1
275 Service Il
Constructability
0% Fatigue
Deflection
800

* BF16x3/4




80 ft Simple Span:

24'~0" TRAVELED WAY (CURB~CURB)

10'-0" LANE WIDTH

100" LANE WOTH

2 SHOULDER

f—— @ ROADWAY

‘ﬁ - — ‘ﬂ ‘H»
B B

W21 x 101 (TYP)  — b

1
| & STEEL GRDER (TYP.) -%
1

DECK OVERHANG

|
‘ 'y € ROADWAY
| '

17-4

24'-8" UT-OUT OF SLAB (6'-5" GIRDER SPACING)

e W Shape

e W Shape

e Plate Girder

26.7 tons
27.2 tons

21.8 tons

Hendricks Bridge Secti

Yield Strength (ksi)

Bridge Length (ft)

Girder Spacing (ft)
Number of Girders

Overhang (39.7% of Girder Spacing) (ft)
Barrier Width (ft)

Barrier Load on Girder (Ib/ft)

DC Deck Only Loading (psf)

Wearing Surface (psf)

Additional DC1 Load on Girder (Ib/ft)
Additional DC2 Load on Bridge (Ib/ft)

AT OVERHANG FOR LATERAL FLANGE BENDING
Construction w (Ib/ft)

Construction p (Ib)

1/2 of Deck Overhang Weight (Ib/ft)
ADDITIONAL VERTICAL BENDING ON GIRDERS
Exterior - Construction p (Ib)

Exterior - Construction w (Ib/ft)
% Misc Stl for Diaphrams, etc

DEFLECTION LIMIT (x for Deflection Limit in L/x)

W40 x 167
W36 x 170

TF14x3/4 ; W38xY2 ; BF14x3/4

Plate Girder 9800 |bs less than W40x167
Plate Girder 10800 Ibs less than W36x170
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50
80

6.5

2.5833
0.3333
25

106.25
25

275
3000
137.2378

3000
275

0%

800

Bridge Width (ft) 24.67
Roadway Width (ft) 24.00
Shoulders (ft) each side - Double for One Sided 0.00

2 Striped Lanes and 2 Design Lanes

Composite Design 8 in Structural Deck with No SIP Forms

AASHTO HL93 Loading and
No User Defined Vehicle

Strength Design Uses AASHTO Appendix A6

Fatigue Design Life (yrs) 75

Fatigue ADTT_ 200 Fatigue Il Controls

Limit States Checked
Strength | &I1
Service Il
Constructability
Fatigue

Deflection

Consider W40 & W44 Beams?

L/D Limited to

Minimum Depth Beam (in)

Maximum Depth Beam (in)

Unbraced
Length #
1

2
3
4

Yes
30

W44

Lb
20.00
20.00

Compression Flange Laterally Braced for Final State

Cb
151
1.05




90 ft Simple Span: Lockh

12-0" LANE WDTH

24'-0" TRAVELED WAY

12'-0" LANE WDTH

{— 2' SHOULDER

2% CROSS SLOPE

P & ROADWAY
2'-0" 2-0" Vad

— i

\— PARABOUC CROWN

2% CROSS SLOPE

2 SHOULDER —}

art Bridge Section

Yield Strength (ksi)

Bridge Length (ft)

Girder Spacing (ft)

Number of Girders

Owverhang (32.4% of Girder Spading) (ft)
Barrier Width (ft)

Barrier Load on Girder (Ib/ft)

DC Deck Only Loading [ psf)

‘Wearing Surface (psf)
Additionzl DC1 Load on Girder (1b/f1)

Additional DC2 Load on Bridge (1b/ft)

ATOVERHANG FOR LATERAL FLANGE BENDING

BEAM STEP
BEAM STEP BEAM STEP ELEV. = 722.76
ELEV. = 72253 ELEV. = 72265 l— & ROADWAY G STEEL GIRDER (TYP.)
W18XE6# STEEL BEAM
z =2 -2 6-2" §-2"

Construction w (Ib/ft)

Construction p {1b)

1/2 of Deck Overhang Weight (Ib/ft)
ADDITIONALVERTICAL BENDING ON GIRDERS
Exterior- Construction p {1b)

Exterior - Construction w {Ib/ft)

e W Shape
e W Shape

e Plate Girder

28-8" OUT-OUT OF SLAB

z % Misc 5t for Diaphrams, etc

DEFLECTION LIMIT (x for Deflection Limit in Lfx)

44 .8 tons

47.3 tons

32.3 tons

W40 x 199
W36 x 210

03333

106.25

75

106.25

75

TF15x34 : W38xY2

Plate Girder 25000 Ibs less than W40x199
Plate Girder 30000 |bs less than W36x210
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Bridge Width (ft) 2867
Roadway Width (ft) 22.00
Shoulders [ft) each side - Double for One Sided .00

2 5triped Lanes and 2 Design Lanes

Consider W40 & W44 Beams?
L/D Limited to

Minimum Depth Beam (in)
Maximum Depth Beam (in)

Composite Design  8in Structural Deck with No 5IP Forms

AASHTO HL93 Loading and
No User Defined Vehide

Strength Design Uses AASHTO Appendix A6

Fatigue Design Life [yrs) 75
200 Fatigue |l Controls

Fatigus ADTT,,

Limit Stztes Checked
Strength | & 11
Service |l
Constructability
Fatigue

Deflaction

* BF16x3/4

Compression Flange Laterzlly Braced for Final State

Unbracad
Length #
1

2
3
4

Yes

Wiz

Lb
2250
2250
2250
2250

[u:]
151
105
105
151




Estimated Costs for Fabricated Girders

Although fabricated plate girders require more shop labor (e.g., welding), they often
offer (1) weight savings and better fit-up, (2) easier cambering, and (3) more refined
detailing, which can offset some of the added fabrication effort.

. PG or Budgetary % Diff

Description Tonnage )
W Price (From Lowest)

70" Lockhart PG 22.0 -
70' Lockhart | W36 28.0 9.5%
80'Hendricks | PG 21.8 -
80' Hendricks | W40 26.7 10.6%
80' Hendricks | W36 27.2 4.6%
90' Lockhart PG 32.3 -
90' Lockhart | W40 44.8 25.9%
90' Lockhart | W36 47.3 22.7%

Two Initial Observations

Plate Girder Less Cost than W
Shapes (Fabrication costs offset by
weight savings)

Premium on W40 makes W40
Shapes less Economical (Less
weight, but more cost than W36)

If W36 Costs S500k & Concrete Cost is $450k

10 | American Iron and Steel Institute

Steel Loses with only W Shapes
If PG Costs $500%(1-0.227) = $390k

Steel Wins with Plate Girder




Economical Plate Girders for Mid-Span Bridges (60-100’)

Scope of Work:
1. Design Comparison Variables

2. Optimization Examples

3. Industry Costs

OUT=T0 -0

Three Fabricators: .
Delong’s - Missouri
High Steel Structures - Pennsylvania | /] %] [ e \—ﬁ - - _j

Ohio Structures - Ohio ‘A OHIO STRUCTURES - Logee




Economical Plate Girders for Mid-Span Bridges (60-100’)

Expected Outcomes:

Demonstrate the cost advantages of optimized plate girder designs

Offer examples that empower fabricators and engineers to propose
plate girder options where rolled beams may fall short

Increase steel’s competitiveness in bridge bids

Add to SSSBA education and marketing program
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Problem Statement

Over the Years, Preconception that Concrete is Always Less Expensive Than
Steel for Simple Span Bridges

« Many Times Steel is Not Even Considered
 Owners Paying More Than They Could for Bridges
 Unwarranted Lack of Competition Not Good

COST ESTIMATE GUIDE FOR RURAL PRELIMINARY DESIGN
(These cost figures were last updated on 1-1-2017)

Bridge Structures Sq. foot
Prestressed Concrete §95
Steel Girder $120

Assumes Concrete is 20% less Expensive 1-(95/120) or
Steel is 26% more Expensive (120/95)-1



MoDOT Bridge Construction

Between January 2009 to May 2018:

10 yrs

How Many Typical Concrete Bridges Did MoDOT Build?
Prestressed NU
PC| Beam

378 . bCBox

PCBulb T, Dbl T & Slab

How Many Typical Steel Bridges?

15 Plate and 1 Wideflange, Excludes:

1 6 * Major River Crossings
e Tight Horizontal Curves

* Widenings
e And Special Configurations

4% Typical Steel Bridges




Steel & Concrete Bridge Costs in Missouri

In 2018, Delong'’s, the SSSBA and MoDOT worked together to = ’
study steel and concrete costs for typical bridges. Two workshops DEL@" NG S
delivered in Missouri:

0 Learn & Earn Workshop, Kansas City, May 2018

BUILDING A STRONGER TOMORROW

O Learn & Earn Workshop, St. Louis, November 2018 ~ \I\\A
SHORT SPAN STEEL
0 Presented to MoDOT, Consultants & Contractors 3 BRIDGE ALLIANGCEN

Mo DOT
p

Results Showed Steel & Concrete Bridges are
Competitive for Short Spans



Problem Solution

Over the Years, Preconception that Concrete is Always Less Expensive Than
imple Span Bridges

@ industry in tha U5 was that concrute girder bridges ware chaaper

. ing More Than T~ X Gu\dar\Ce
+ Unwarrante®™ o Co5 e

T decidad whether o construst a steel or concrets bradge based caly on imitial cost.
~~ \\oD

presentatives kave worked closely with MeDOT to raview historical cost data regarding
hn starwlard shoed and concrie bridges.
‘ \ cost par squara foot of standard stael and concrete bridges was comparable
0 W17, MoDOT updated the MoDOT Ensinessing Policy Guide to specify steel and
“‘_‘“"‘“‘““"‘"::“"_" concrete bridges as the ame initial coit
pe
m From Fasuary 2018 through June 2018, MoDOT bas let 2

° S %:’ standard stnel bridges totaling $663,000 and 61 standard
o Uit sian | cencrete bridges totaling $50,250,000.
‘ \ ™~ £200 - $250 o

AAAAA
jox Raver Coossing %0 %0 AR Bridge Types Used in Missouri snd by
Adjacent State DOTs

e \ I
Bridge Types Used in Adjscent Stxtes & Nissouri Cities snd bl
Countisz won i
e 5 - Some summounding states use sigaificantly more seel for p - T
‘bridzes than Missouri b o WUoncree
= Missouri eitie: and comntizs have unn 59 standard stesl o =
bwdglsr_uu‘q] to MaDOT s two stundard steel bridzes - 3
20;4mmghlmzns | T P —
* Estinstes based on cuness feedback: Som Site DOT remessmatves.
Total Standard Steel and Concrete Bride by MaDOT uary 20
Total Spent Total Number  Porcemtsge A&
Steel 36 2 1%
Concrete 66.963.392 | 237 [ 3

o zatic is more efficiet thas concrete’s, reducing 61l ditt required 2t approaches.
zhter than concrete gimdsrs for the same spa. which enables the use of smaller capacity

But Many States Have Similar Policies oo, A

Delomg’s, Inc. - 573-635-6121 - www.delonssine com

- Or At Least Similar Mentalities




What Happened When Competing Short Span Steel Bridges?

Scott County, MO, 45 ft Simple Span, 26 ft-8 in Width, Built 2019

Increase Length for Hydraulic Opening; Increase Width for Lanes

Composite Rolled W Shapes

Prestressed | Beams

5 B r'-D
IS o
I"'A Tle I I""B Top of Slan
Fl- *f‘g Efov. 321.31 (Enag B
Lz =P Detetll A Elgv. 329.34 (End &
- L T B End of Slob
S -t = ot
ci
—— —— T I -
""" | | [
i :llllli | ] II L
1 1
— i i - P

8 Bids from General Contractors
4 for Steel
4 for Concrete

Low Bid Steel — Galvanized Beams




Another Example - Large Design-Build Bridge Bundling Projec

Fixing Access to Rural Missouri (FARM) Bridge Program: 31 Bridges, $26 mil

Bids & Award

Best Value for

a Fixed Budget

Category

Available Points

Team 1

Primarily Concrete

Team 2

Primarily Concretef Primarily Steel

Team\

Bridge Bundling Part 1 40 39.7 38.3 40
Bridge Bundling Part 2 (Bonus) 15 1.5 0 1.5
Quality & Longevity 30 18.7 20 21.7
Completion & Maintenance of Trafiic 15 5.8 118 8.9
y
TOTAL SCORE 100 65.7 70.1 72.1 /
A 4

Design-Build Team

LT ¢

WILSON
480 by

A

How did Steel win the bid? - for the 25 multi-span bridges

* Bridge Bundling (40 pts + 1.5 pts bonus) highest score

0 31 Bridges replaced

0 Innovative Simple for Dead, Continuous for Live (SDCL) designs

* Quality & Longevity (21.7 pts) highest score
(o] Galvanized beams - 100 yr expectation in rural setting
(o] Full-depth CIP deck

e Completion & Maintenance of Traffic (8.9 pts) 2nd highest

(o] Ease and pace of construction
0 Weight of bridge and lighter equipment

—

Economy of Steel Bridges

Performance of Steel Bridges

=)

Equipment & Ease of
Construction

T et
i §iky B e i P




Now for the Bridges of Franklin County

5 Bridges in Franklin County to be Replaced (2023 - 2025)

Bridge Hendrix Road Little Indian Creek Huff Road Little Boone Creek Lockhart Road
Type of Bridge Steel Steel Steel Concrete
Low Bid $549,202 $494,630 $638,787 $651,130 $564,806
Lowest Other Material $748,163 $518,490 $685,604 $722,735 $577,939
% Higher Other Material 36.2% Saved $23,860 Saved $46,817 11.0% 2.3%
Number of Bids 3 6 7 6 4
Order of Bids Steel Steel Steel Concrete Steel
Concrete Concrete Steel Concrete Steel
Saved $198,961
Steel Concrete Concrete Steel Concrete
Steel Steel Saved $13,133 | steel
- Concrete Concrete Steel
ot A
\ﬂe-dang'd / Concrete Concrete Steel
v Concrete

Delongs Fabricated

Steel Saved $282,771

Delongs Fabricated



Hendrix Road Bridge

45 ft Span; 24 ft Roadway Width

Four W21x101 Girders @ 6 ft - 6 in

Weathering Steel

No Skew

Integral Abutment
Channel Diaphragms
SIP Form Deck
Simple Bridge Railing

y |
i

SEE 5 CORMECTION
JETAILS

One Interior Diaphragrr;i_au




Hendrix Road Bridge
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TRANSMCH SECHaN
5

FILL FACE END SEMT 1 (v}
STA 1541416 e

FILL FACE END BEMT
STA. 154H57.79

|
EM TERMIMel {37.57)
i

41ft - 6 in Span; 28 ft Roadway Width T

Five W18x86 Girders @ 6 ft - 2 in o
Weathering Steel wm
20° Skew

Integral Abutment

—T__\;j\/
i

I

5

L

Normal Diaphragms 7 ]’
Solid Deck I

Simple Bridge Railing : —
|

I 1
- BE&RING STIFFERERS: °F
COMMECTION STIFFERER COMMECTION STIFFENER: STEEL CONKECTICH DET#
_— SEE STEEL “onsECTION o SEE STEEL ConmECTION
|#  CETALE |#°  DETALE b

Two Interior Diaphragms - Staggered



Lockhart Road Bridge




Lockhart Road Bridge

UNE OF DIAPHRAGHS UHE OF DIAPHRAGHS
/' AMD COMNECTION STFFENERS /‘ AND' CONMECTICH STIFFEMERS

DIAPHRAGM LAYOUT




Recent MoDOT Bridge Construction

Between January2009to May 2018 2021 to 2025 Does Not Include
Bridge Bundling Bridges
10 5yrs - 25 Steel: FARM
How Many Typical Concrete Bridges Did MoDOT Build? [REREASENIATS
- 12 Steel: SW MO
* Prestressed NU - 4 Steel: Kaysinger Basin
38 230 WGt - 7 Steel: Improve I-70

PC Box Rocheport to COMO
PC Bulb T, Dbl T & Slab

-39%
How Many Typical Steel Bridges?

4:6 24 15 8 Plate and 2 16 Wideflange, Excludes:

Major River Crossings
Tight Horizontal Curves

+ 50% e Widenings
And Special Configurations

/10% Typical Steel Bridges — AND Competition Saving Missouri Mon



Summary & Conclusions

e Competition Between Steel & Concrete is Healthy For:
0 Costs
O  Quality of Bridges
0 Industry Responsiveness
0 Industry Capabilities

o Steel and Concrete are Competitive on First Costs & Life Cycle Costs

» Steel or Concrete May Be the Lowest Cost for a Particular Project

Owners, Designers & Contractors Should Consider Both Concrete & Steel for Bridge Project



www.steel.org
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