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1. Introduction

Project Location
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1. Introduction

Portsmouth Bypass Project
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. Introduction

 Project Facts
« 16 miles long
 4-lane divided, limited access highway
 Bypasses 23 miles of U.S. 23 and U.S. 52
 Four interchanges
« >25 Million CY Excavation
« >20 Million CY Embankment
« 85% of excavation is rock
 Cuts & embankments up to 200 ft high
« 21 bridges

MIDAS Information Technology Co., Ltd.




. Introduction

Project Procurement

Portsmouth Bypass is Ohio first PPP
Design-Build-Finance-Operate-Maintain

ODOT to make annual availability payments for
35-year maintenance period

Project to be Delivered 8 years earlier than
originally planned

Project Awarded in December 2014 after
approximately 1 year bid process

MIDAS Information Technology Co., Ltd.



1. Introduction

Bid Process

3 teams selected to bid, lowest annual

availability payment selected

 Portsmouth Gateway Group
$25,884,800 per year (-$50,590)

PWP Portsmouth, LLC
$25,935,390 per year

Estimated Cost to
Construct:
$429,000,000

« Portsmouth Bypass Development Partners

$26,229,590 per year

MIDAS Information Technology Co., Ltd.




1. Introduction

‘w PORTSMOUTH
|  ‘ . GATEWAY GROUP

-‘ PORTSMOUTHBYPASS

 Developer
. ACS Infrastructure Development, Inc.
. Infrared Capital Partners, Limited
. Star America

« Construction Contractor
. Dragados USA, Inc.
. The Beaver Excavating Company
. John R. Jurgensen Co., Inc.
« Lead Design Engineer
. ms consultants, inc.

 Independent Quality Firm
. HDR, Inc.

MIDAS Information Technology Co., Ltd.



2. Proposed Bridge Configuration

MIDAS Information Technology Co., Ltd.



2. Proposed Bridge Configuration

Bridge Location
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2. Proposed Bridge Configuration

« S.R.823/U.S. 52 Interchange Plan
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2. Proposed Bridge Configuration

« Bridge #2 — Reference Design Option
. 2-Span Steel Bridge with Straddle Bent
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2. Proposed Bridge Configuration

« Bridge #1A & #1B — Reference Design Option
. 5- Span Steel Brldge with 2 Straddle Bents
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2. Proposed Bridge Configuration

« PGG Revised Design — How the D/B Process Works

I know, what

Can you
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2. Proposed Bridge Configuration

« PGG Revised Design — How the D/B Process Works

What did T
Jjust to?
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2. Proposed Bridge Configuration

« PGG Revised Design — Bridge Schematic
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2. Proposed Bridge Configuration

Proposed Bridge #2 Profile
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2. Proposed Bridge Configuration

« Proposed Bridge Framing and Deck Plan

 Girder Span Varies 158.84’ to 173.76’

 All Bays Flared — Vary from 7.58’ to 9.60’
 Deck Overhangs Curved — Vary 3.54’ to 5.20’
« Staggered diaphragm arrangement

MIDAS Information Technology Co., Ltd.
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3. Preliminary Design

 Preliminary Design Approach
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3. Preliminary Design

 Preliminary Design Approach
« Don’t be ashamed
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3. Preliminary Design

 Preliminary Design Approach

e Just know the limitations

MIDAS Information Technology Co., Ltd.



3. Preliminary Design

Know the Limitations
« Plan view shows all skew, spans, and flare correctly
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3. Preliminary Design

Know the Limitations
 Design Summary says it’s all OK! However...
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3. Preliminary Design

M Know the Limitations
 Four girders designed independently as line girders

No consideration of;:

Skew effects (except AASHTO skew factors)
Grade effect on axial load

Intermediate diaphragm forces

Lateral bending/torsion effects

Effects of bearing restraint

Actual live load distribution

Effect of end diaphragm restraint

Deck construction loads

MIDAS Information Technology Co., Ltd.



3. Preliminary Design

. [fﬁ’-‘;ﬁ”
 Results of Preliminary Design 2 . | :
« ODOT WF84-49 .
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3. Preliminary Design

 Results of Preliminary Design

 Intermediate steel diaphragms modified from
ODOT PSID-1-13
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3. Preliminary Design

Results of Preliminary Design
Concrete end diaphragms modified from ODOT PSID-1-13
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4. Refined Analysis Model
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4. Refined Analysis Model

« Modeling Approach
 Detailed grillage model
« Beam elements for concrete beams, end diaphragms
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4. Refined Analysis Model

« Modeling Approach
 Detailed grillage model

« Truss elements for intermediate steel diaphragms
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4. Refined Analysis Model

« Modeling Approach
 Detailed grillage model
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4. Refined Analysis Model

« Modeling Approach Using MIDAS
 Detailed grillage model

 Elastic links for bearings

Z

L— Rigid Link

)

Eﬁ/ Elastic Link
\ Rigid Support
(not shown)
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4. Refined Analysis Model

« Modeling Approach Using MIDAS
 Detailed grillage model

« Strands modeled with tendon template

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

e Create Sections
e Non-standard WF84-49 Concrete Beams
 Easily created by modifying predefined ODOT WF72-49

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

Section Data = PEC Wiewer | &3 |
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4. Refined Analysis Model

Section Data
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4. Refined Analysis Model

« Create Sections

« End Diaphragm SecHen D =
« Solid Rectangle o

Stealilan) 15 3 . Solid Reckangle v]
Mame  End Disph @) User ) DB AISCL0US)
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—EB—
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H g4 in
B 51,9995 -
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4. Refined Analysis Model

rSectiDn Data | 22 |1
 Create Sections oser |
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4. Refined Analysis Model

« Create Sections

Thickness Data @

Yalue | Stiffened

Thickness ID 1

@) In-plane & Out-of-plane 7.5 i

(71 In-plane a in

Cut-of-plane 0 in

[] Plate offset

hd DeC k Pl at eS (@) Thickness Ratio
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4. Refined Analysis Model

Create Materials
Properties -> Material Properties -> Add

All materials created from MIDAS predefined materials with
default properties except as noted

Steel = ASTM A572-50

Tendon Steel = ASTM A416-270 (Low Relaxation)
Lightweight Precast Beams — ASTM(RC) C9000
 Adjusted density and elastic modulus
Concrete for End Diaphragms — ASTM(RC) C4500
Deck Concrete — ASTM(RC) C4500

 Density set to zero so wet concrete loads can be
applied to beam in construction stage analysis

Time Dependent Properties to be added later

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

Create Nodes and Elements
« Many ways to do this, many references available from MIDAS
« The following extra steps now will help later on:
« Use GROUPS liberally as nodes/elements are defined
(used extensively in construction stage analysis)
 Node and element renumbering |%
(helpful for defining live load, specifying output points)
 Plate elements for deck were created with auto-mesh tool

« Translate girder nodes upward with rigid links and
automesh will find these nodes on the deck plane

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Boundary Conditions
 Rigid links used to connect:

Top of beam to deck
Beam to intermediate
diaphragms

End of beam to bearing

« Bearing elastic links

Offset bottom of beam node
downward by bearing height

Add ground support with 6 DOF
restrained

Add elastic link between bottom
of girder and ground support for
full control of restraint conditions
In all DOF

e
nvz—/
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4. Refined Analysis Model

« Modeling Bearings
Rotate bearing parallel to beam (defaults to GCS)

B Angle SDx S 5Dz

No [Node1|Node2| Type || "dag) || (iipsiin) {kipgf;ni (Kips/in)
329 4061 4053 | GEM 1.90 || 10000000 19.0000 19.0000
330 A062 | 40584 | GEM 265 (1 10000.000 19.0000 19.0000
331 4063 | 4055 [GEM 317 |1 10000.000 | 10000.000 | 10000.000
332 4064 | 4056 | GEM 3751110000000 19.0000 19.0000
333 A05T 246 | GEM 1.90 11 10000_000 19.0000 19.0000
334 | 4058 248 | GEN 255 (1 10000.000 19.0000 19.0000
335 4059 | 40581 | GEM 37 11 10000.000 19.0000 19.0000
336 | 4060 GEM

4052

3.75

MIDAS Information Technology Co., Ltd.




4. Refined Analysis Model

« Modeling Bearings

Enter accurate stiffness of bearing into table

“Fixed” End - load
plate has oversize
holes, assume only
one set of anchor
bolts engaged

B Angle SDx S SDz
No |Nodel| Node2| Type ([deg]) (kips/in) (kipl:l);n) (kips/in)
329| 4061 4053 |GEN 1.90[ 10000.000| 19.0000|  19.0000
330| 4062| 4054 |GEN 2.55|| 10000.000 ] 19.0000| 19.0000
331| 4063| 4055 |GEN 3.17| 10000.000 | 10000.000 | 10000.000
332| 4064 4056 |GEN 3.75| 10000.000 | 19.0000| 19.0000
333| 4057| 246 |GEN 1.90][ 10000.000 | 19.0000| _ 19.0000
334| 4058| 248 |GEN 2.65|| 10000.000 | 19.0000| 19.0000
335| 4059 4051|GEN 317 10000.000 ] 19.0000| 19.0000
336| 4060| 4052 |GEN 3.75|| 10000.000] 19.0000| 19.0000

Vertical Support —
essentially rigid
(1000 kip = 0.1”
deflection)

Expansion End —
estimated
elastomeric bearing
stiffness based on
assumed size

MIDAS Information Technology Co., Ltd.




4. Refined Analysis Model

« Modeling Bearings
« Consider changes in BC during construction
. Example: End of beam needs torsional restraint until diaphragms are
installed (ie. temporary A-frame brace)
. Model multiple bearings, divide into groups
B Angle SDx SDy 5Dz SRx SRy SRz Shear Spring | Distance | Distance
No |Nodel|Node2| Type | y4o0n | (kipsfin) | (kipsiin) | (kipsfin) | (inkipsffrad]) | (in“kipsirad]) | (in"kips/[rad]) Location | Ratio SDy | Ratio SDz s
267| 4061| 4053 |GEN 1.90 | 10000.000 | 10000.000 | 10000.000 0.00 0.00 $3333333.33 T 0.50 0.50|| BC Group 1 Initial Supports
258 | 4062| 4054 |GEN 255 10000.000 | 10000.000 | 10000.000 0.00 0.00 83333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
269 | 4063| 4055 |GEN 317 | 10000.000 | 10000.000 | 10000.000 0.00 0.00 $3333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
260 4064| 4056 |GEN 3.75 | 10000.000 | 10000.000 | 10000.000 0.00 0.00 83333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
261| 4057| 246 |GEN 1.90 | 10000.000 | 10000.000|  0.0000 0.00 0.00 $3333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
262| 4058| 248 |GEN 255 10000.000 | 10000.000|  0.0000 0.00 0.00 83333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
263| 4059| 4051|GEN 317 10000.000 | 10000.000|  0.0000 0.00 0.00 83333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
264 | 4060| 4052 |GEN 3.75| 10000.000 | 10000.000|  0.0000 0.00 0.00 83333333.33 r 0.50 0.50|[ BC Group 1 Initial Supports
B Angle SDx SDy SDz SRx SRy SRz Shear Spring | Distance | Distance
No |MNodel|Node2| Type | yjoq1) | (kipsfin) | (kipsfin) | (kipsfin) | (in‘kipsfrad]) | (in*kips/frad]) | (in*kipsirad]) Location | Ratio SDy | Ratio SDz IR
329| 4061| 4053 | GEN 1.90| 10000.000| 19.0000|  19.0000 0.00 0.00 0.00 r 050 0.50 | BC Group 5 Release Fascia
330| 4062| 4054 | GEN 255| 10000.000| 19.0000| 19.0000 0.00 0.00 0.00 r 0.50 0.5 | BC Group 5 Release Fascia
331| 4063| 4085 | GEN 317 10000.000 | 10000.000 | 10000.000 0.00 0.00 0.00 r 050 0.50 | BC Group 5 Release Fascia
332| 4064| 4056 | GEN 3.75| 10000.000| 19.0000|  19.0000 0.00 0.00 0.00 r 0.50 0.50 | BC Group 5 Release Fascia
333| 4057| 246 | GEN 1.90| 10000.000| 19.0000|  19.0000 0.00 0.00 0.00 r 050 0.50 | BC Group 5 Release Fascia
334| 4058| 248 | GEN 255| 10000.000| 19.0000|  19.0000 0.00 0.00 0.00 r 0.50 0.50 | BC Group 5 Release Fascia
335| 4059| 4051 GEN 317 10000.000|  19.0000|  19.0000 0.00 0.00 0.00 r 0.50 0.5( | BC Group & Release Fascia
336| 4060 4052 | GEN 3.75| 10000.000| 19.0000|  19.0000 0.00 0.00 0.00 r 050 0.50 | BC Group 5 Release Fascia
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4. Refined Analysis Model

 Don’t underestimate the importance of accurate BC’s!

REACTIONS WITH ELASTIC BEARINGS S

REACTIONS WITH IDEALIZED PINNED BEARINGS

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Dead Loads
« Beam and diaphragm loads - self-weight

« Deck and haunch - trapezoidal line load to top of beam
. Divided into five separate zones to simulate deck placement sequence

-+ -
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4. Refined Analysis Model

« Dead Loads
« Beam and diaphragm loads - self-weight

« Deck and haunch - trapezoidal line load to top of beam
. Divided into five separate zones to simulate deck placement sequence
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4. Refined Analysis Model

« Dead Loads
« Beam and diaphragm loads - self-weight

« Deck and haunch - trapezoidal line load to top of beam
. Divided into five separate zones to simulate deck placement sequence
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4. Refined Analysis Model

e Dead Loads

« Parapetload - nodal loads to the deck nodes

MIDAS Information Technology Co., Ltd.
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Dead Loads

Wearing surface - pressure load on deck plates
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4. Refined Analysis Model

* Prestress Loads

« Create aload case for prestress, will be filled in when tendon
iInformation is defined

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Defining Tendons

 Modified from auto-generated template for ODOT WF72-49
 Structure->Wizard->PSC Bridge->Tendon Template

 Edit coordinates of top strands

49.00 in
@ 8928in GO SO
Auto Generation @ .
Mame prefix :  sfrand
Tendon Property : [Emli_'.ﬁ. "] E] g
Tendon Group : [Tend Bm2 v] E] =
Code : |usa -
Type : [opor -
Name : |wF72-49 -
Origin Paint + 0,000, 0,000 in

. I
1@ 1198 5
T AT T
Initialize Tendon Template A A Sohs & 8000
T = AL O O ORI
te T aEm o (LI L R L L0 L L L
0K Cancel - QO O GO0

MIDAS Information Technology Co., Ltd.




4. Refined Analysis Model

« Tendon Properties
« Define tendon properties, profile and load from:
« Loads->Load Type->Temp/Prestress->Prestress Loads->...

Add/Modify Tendon Property =]
Tendon Type
Tendon Name Bm 24
Tendon Type [InternaI(Pre—Tension} v]
Material 4 l4: Tendon v] E
Total Tendon Area 0.217 in"2 G
Strand Diameter 0.6 i
Relaxation Coeffident [Magura - ] [45 v]
Ultimate Strength 270.243 kipsfin~2
Yield Strength 227.573 kips/fin~2
Curvature Friction Factor 1}
‘Wiobble Friction Fackor 0 1fin
External Cable Moment Magnifier 0 kipsin 2
Anchorage Slip{Draw in) Bond Type
Begn : |0 o (@ Bonded
End . |0 in Unbonded
[ CK ] [ Cancel ] [ Apply ]

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

Add/Modify Tendon Profile =]

Tendon Name : strand_126 Group W] [:]
1 Tendon Property Bm2A v] ()
« Tendon Profile

« All straight tendons already have G
correct profile information from the T o, o Tendons: 3
tendon template F[:I:;redeﬁnedLengm v- Begin : o- End: -o in

« Edit profile of draped tendons only B

-14%9.3442

« Adjust x coordinate for debonded

®(in) ||viin) | R{n) | Add | Aldeg] | h(in) =
Stran dS AdeSt start and 1 0.000 | 0.0000 | None 0.0000 | 0.000
. 7746 []0.000 [ 0.0000 | None 0.0000 | 0.000
end Coordlnates # 1167 [foooo [0 oooo [None nmlmn noon <
4 nr (2
for debonding 23 I T
186€._244
d 200 €00 1000 1400 1800 X
Define coordinates | i i T R | e Teeeal] o | =
of d rape pol nts 1 2000 | 0.0000 | Non 0.000| 0000
7746 [}72.00 [ 0.0000 | Mon 0.000 | 0.000
zH! 1167 [f72 00 [0 000a [ Non onon [ ooon | 7
4 i | F
PoinfefSym=— () First © Last | Make SymmetricTendon |
[l
| Profile Insertion Point : @ End-I  (Z) End-1 of Elem. 20000
x Axis Direction : @I->1 ()]->IofElem. 20000
¥ Axis Rot. Angle : 0 = [deq] [T prodection
Offset  y: a in 7 0 in

[ CK. ][ Cancel ][ Apply ]
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4. Refined Analysis Model

Tree Menu x

Mode Element Boundary Mass luadl

* Tendon Prestress | Tendon Prestress Loads ~|[)

Load Case Mame
« All tendons prestressed to Select Load tapresbes v (o]
0 . Case an d Load Group Mame
75% of ultimate strength Group Name Const Stage 1L0ag Beame <] [
Salect Tandon for Lnading
Tendon Selected
Name Mame i
[
Select All srand 001
strand_002
Strands strand_003
strand_004 =
<« [y r 4
Siress Value
(@) Stress () Force
Define Initial Istlacking :  |Both -
Strand Stress Begin : 202.5 kipsfin~2
End ;2025 kipsfin2

Grouting : after O = Stage

Tendon Type Load C... [*
strand_... 5Siress Initial P... L

strand_... Stress Initial P...
strand_... Stress Initial P...

Pl mrra—

[ add | [[modify | [ Delete |

Tree Menu | Task Pane

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Time Dependent Materials
« Eachtime dependent material needs:
 Creep/Shrinkage properties
« Compressive strength gain curve
 Properties->Time Dep. Matl.->Creep/Shrinkage->Add
« PSbeam shown, deck and diaphragm also defined

Add/Modify Time Dependent Material (Creep / Shrinkage) I
Mame ; LW Conc TimeDep Code ; [AASI—FI'D v]
AASHTO
Compressive strength of concrete at the age of 28 days : 9 kipsfin-2
Relative Humidity of ambient environment (40-99) : 70 = %
Volume-surface ratio : 4.2 in
Age of concrete at the beginning of shrinkage : 3 = day
[ | Expose to drying before 5 days of curing
Show Result... ][ Ok ] [ Cancel ][ Apply ]
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4. Refined Analysis Model

« Time Dependent Materials
« Eachtime dependent material needs:
 Creep/Shrinkage properties
« Compressive strength gain curve
 Properties->Time Dep. Matl.->Comp. Strength->Add
« PSbeam shown, deck and diaphragm also defined

Add/Modify Time Dependent Material (Comp. Strength) @
Mame Scale Factor Graph Options
LW Conc TimeDep 1.0 [ %-axis log scale [T ¥-axis log scale
Type
@ Code () User o
3
Development of Strength . ’/"""'"
Code : ’-ﬂCI ‘] a
f{t)=teqx foa f [arthoteq) P [
Concrete Compressive Strength at 28 Days(f28) : 5 ,‘
9 kipsfin~2 N ’
ACI a,b factors “fudged” :
b as ed on k nowns: 6 ks | Concrete Compressive Strength Factor(a, b) z
. 1
release strength at 1 day and A 0-35 Ba 0.8 ]
9 ksi strength at 28 days 2
Time (day)
[ Redraw Graph ] [ Ok ] [ Cancel ]
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4. Refined Analysis Model

« Time Dependent Materials

Link time dependent properties to materials
Properties->Time Dep. Matl.->Material Link

Tree Menu

Time Dependent Material Link |

Time Dependent Material Type

Grecorvrioge [wGone =] [
Caro. svergn  [swGone =] (]

Select Material to Assign

Selected
Materials

1:Steel50XF 3:LW Precast Be
2:ConcDeck
3:LW Precast Be

4:Tendon

5:Durmnmy Beams|
6:Conc Diaphs

Materials

Operation
| Add/Modify | [ Delete

Mo  Mat Creepf... Comp. ...

2 ConcD... ConcD... ConcDeck
3 LWPr... LWCo.. LwWCo...

4 I | »
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4. Refined Analysis Model

Define Standard Vehicular Load

« Moving Load

Select moving load code
AASHTO LRFD

Select vehicles HL-93TRK
and HL-93TDM

Set Dymanic Load
Allowance to 33%

Standard Mame

AASHTO LRFD Load

Vehicular Load Properties

Vehicular Load MName : HL-83TRK
Vehicular Load Type : HL-33TRK -
Dynamic Load Allowance ; 33 5%
= }"°
Pz Pz
P1 J' l
Wk
|
v In Da—Dz ¥
[ i |
| ol |
Mo Load(kips) Spacina(in) w  0.0533333: kipsfin
1 8 163 pg O kips
32 163 pm O kips
3 32 360
dwi 0 kips/in
dbl 0 in
dwz 0 kipsfin
doz 0 in
Ok ] [ Cancel ] Apply
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4. Refined Analysis Model

« Traffic Surface Lanes — Fascia Beams

« Curved deck on straight beams, therefore curb line used as
reference line for fascia beam surface lanes

Define Design Traffic Surface Lane

(R |

= | R

Lane Name : Girder 1Lane 1
Traffic Lane Properties
_ 7]
Reference line to | e P
center of lane as: DEEsel
b : Lane Width
. i : 20 i
Enter skew so load fills L - "
q t h rners Wheel Spacing: 72 in
In € co = Offset Distance 72 in
i to Lane Center
Tkew
Start 70 /24| End 66 1| [deg]

V| Traffic Lane Optimization

L - &} Moving Direction
Y T { H D Forward () Backward © Both
T ] i H jl\'\ )\V\ o o ey
i;W &111\\‘ JiuY JAl b 2 e 7] () 2Points  ® Picking ~) Number
+T> — 1 10000 to 10064
R Lane optimization and
both directions reduce i
the number of cases ([(add | [nsert ] [Dekete |
you have to define
Offset. Span|
No| Node 2 =
(in) Start| |
Picking points is easy 1] 10000 2|~
2| 10001 72| I
because we — 2 1nnno ST AR el
renumbered earlier! ox ) [cance ) [denly.]
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4. Refined Analysis Model

 Traffic Surface Lanes — Fascia Beams
 Just change the offset for the second lane

T ﬁ-&
EanTgRt g g
et

4'@ <

EEE o]
T RS

HI0) <
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4. Refined Analysis Model

« Traffic Surface Lanes — Interior Beams

« Similar procedure as fascia beam,
but use be_am line nodes as Ty Ty —
reference instead of curb line e

=& Traffic Suface Lanes : 20
----- & Traffic Suface Lane 1[Girder 1 Lane 1]

« Onesetof 2lane positions | & Traffic Suface Lane 2 [ Girder 1 Lane 1_subLeft |
optimized for each beam = e Sute Lo 4Lt a2
[ I A &F Traffic Suface Lane 5 [ Girder 1 Lane 2_subleft |
° Total of 8 lanes defined | & Traffic Suface Lane 6 [ Girder 1 Lane 2_subRight ]
----- &F Traffic Suface Lane 7 [ Girder 2 Lane 1]
+ Using lane optimization, ey
MIDAS creates the rest Wttt e e

----- &F Traffic Suface Lane 12 [ Girder 3 Lane 2]

----- &F Traffic Suface Lane 13 [ Girder 3 Lane 2_subleft |
----- &F Traffic Suface Lane 14 [ Girder 3 Lane 2_subRight ]
----- &F Traffic Suface Lane 15 [ Girder 4 Lane 1]

----- &F Traffic Suface Lane 16 [ Girder 4 Lane 1_subleft |
----- &F Traffic Suface Lane 17 [ Girder 4 Lane 1_subRight ]
----- &F Traffic Suface Lane 18 [ Girder 4 Lane 2]

----- &F Traffic Suface Lane 15 [ Girder 4 Lane 2_subleft |
----- &F Traffic Suface Lane 20 [ Girder 4 Lane 2_subRight ]
e Vehicles : 2

----- o “Yehicles 1 [HL-S3TOM ; Standard ]

----- = Vehicles 2 [ HL-93TRK ; Standard |

#-E% Moving Load Cases : 4
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4. Refined Analysis Model

I Define Moving Load Case @\
« Moving Load Cases (MLC) Load Case Name - d - d
Description : Girder 2 Live Loa
 Defines which lane loadings can occur [Pl Load Case for Permit Vehide
S | mu Itan eou Sly Multiple Presence Factor
) ) Mum of Loaded Lanes Scale Factor
 Defines multiple presence factors | : 12
: : | 2 1
« Create MLCs with optimum lanes for | . oo
each beam | >3 0.65
e Jje.Beam 1, Lane 1 with Beam 1,
Lane 2 Sub-Load Cases
- If using lane optimization, group o & et
similar shift directions —
nicle dlass 5. Lamel Lane2
HL-93TDM 1 Girder 2 Lane 1 Girder .
HL-93TRE 1 Girder 2 Lane 1 Girder .
P —T— b
| Add || Modfy || Delete |
[ oK, ][ Cancel ][ Apply ]
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4. Refined Analysis Model

« Construction Stage (CS) Analysis

(o)

DID YOU

DEFINE NO
GROUPS?
GO BACK
AND DEFINE
GROUPS

C’HIS WILL Ba

EASY
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4. Refined Analysis Model

« Construction Stage (CS) Analysis

Load->Load Type->Construction Stage->Define C.S.->Add

Compose Construction Stage
Stage

Stage :

Ll

Additional Steps

Day :

Duration : 0

= day(s)

Save Result

Stage

[] additional Steps

( Example: 1, 3,7, 14 )
Auto Generation

Step Mumber : ] o

(=]

0

Step Day

[ Generate Steps ]

l Current Stage Information. .. ]

Element |Boundary| Load |

Group List E

Activation

Top of Girder Modes

Girder Nodes at Deck Elevation
Support Modes at Girder Elevation
Support Modes at Bearing
Cross Frame MNodes

Edge of Deck Modes

CG Barrier

Toe of Barrier

Const Stage 1Beam DL+PS
Const Stage 2 ¥Frames

Const Stage 4 Deck Elements
Const Stage 5 End Diaphs

Age : O > day(s)

Group List

Deactivation

Element Force
Redistribution : 100 = o,

Group List

MName Age

Mame Redist.

[ add | [ Modify | [ Delete |

[ add | [ Modify | [ Delete |

0K l [ Cancel l [ Apply l

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Construction Stage (CS) Analysis
« The only things that can happen in a construction stage:
« Elements change
« Boundary conditions change
« Loads change
« Time passes

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Construction Stage (CS) Analysis
« The only things that can happen in a construction stage:
) Elements Change Must be result of
« Boundary conditions change activating or
deactivating a group
- Loads change

« Time passes Input as a duration

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Basic CS Analysis Stage Summary
 Prestress the beams and erect
 Erect steel diaphragms (zero force under beam self-weight)
* Release temporary beam end supports
« Place deck loading in 5 stages to simulate placement
 Activate deck elements (makes bridge composite)
 Place end diaphragms
 Place Barrier
« Open bridge to traffic
 Place future wearing surface
« “End” of time dependent effects

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Basic CS Analysis Stage Summary (with wait time)

Prestress the beams and erect

Wait

Erect steel diaphragms (zero force under beam self-weight)
Release temporary beam end supports

Wait

Place deck loading in 5 stages to simulate placement

Wait

Activate deck elements (makes bridge composite)

Wait

Place end diaphragms WAIT TIMES ARE CRITICAL TO ESTIMATING
Wait TIME DEPENDENT EFFECTS.

Place Barrier THIS MODEL APPLIES ALL LOADS ON THE 15T

Wait DAY OF A STAGE AND THEN USES DEFINED
Open bridge to traffic “WAIT STAGES” WHERE NOTHING HAPPENS
. EXCEPT TIME PASSING.

Wait

Place future wearing surface THE USER CAN ALSO CHANGE WHETHER

Wait LOADS ARE APPLIED AT THE BEGINNING OR
END OF A STAGE TO ELIMINATE ADDITIONAL

“End” of time dependent effects STAGES. THIS IS A MATTER OF PREFERENCE.

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

« Basic CS Analysis Stage Summary — What Changes?

Prestress the beams and erect

. Add elements, add boundary conditions, add load
Erect steel diaphragms (zero force under beam self-weight) (#)

. Delete boundary conditions, add boundary conditions

* - BOUNDARY CONDITIONS ADDED
AT THESE STAGES ARE RIGID LINKS

. Add elements, add boundary conditions*
Release temporary beam end supports

Place deck loading in 5 stages to simulate placement
. Add load

Activate deck elements (makes bridge composite)

. Add elements, add boundary conditions*

Place end diaphragms (#)

. Add elements

Place Barrier

. Add load

Open bridge to traffic

Place future wearing surface

. Add load

“End” of time dependent effects

# - ADDITIONAL LOAD AT THIS
STAGE IS SELF-WEIGHT, WHICH IS
AUTOMATICALLY ACTIVATED WHEN
AN ELEMENT IS ACTIVATED (IF SELF-
WEIGHT IS SELECTED IN A
PREVIOUS STAGE)

MIDAS Information Technology Co., Ltd.




4. Refined Analysis Model

« Defining the First Stage — Need Elements, Boundaries, and Loads

Compose Construction Stage @
Stage Additional Steps
Stage : Erect PS Beams )= Day: O
Name : Erect PS5 Beams { Example: 1, 3,7, 14 )
Duration : 0 S days) Step Day
Auto Generation
Save Result —
Stage [7] additional Steps SR 0 =
[ Generate Steps ]
[ Current Stage Information... ]

Element |Eoundary| Load I

Group List [I] Activation Deactivation
Top of Girder Nodes Element Force
Girder Modes at Deck Elevation , - PP 100 B
Support Nodes at Girder Elevation = = dayis) s = %
Support Nodes at Bearing . .
Cross Frame Modes Group List Group List
E%gsear::gredi Nodes I Mame Age Mame Redist,
Toe of Barrier Const Stage 1Beam DL4PS 1
Const Stage 2 XFrames
Const Stage 4 Deck Elements
Const Stage 5 End Diaphs

ACTIVATES BEAM

ELEMENTS AND f i r

A IATED TENDON

SSOC ONS [ Add ) [Modfy ] [Deete ] [ Add ] [Modfy ] [Deete ]

o [ o ][ ]
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4. Refined Analysis Model

Defining the First Stage - Need Elements, Boundaries, and Loads

Compose Construction Stage

(=]
Stage

Additional Steps

Stage : Erect P5 Beams e o o
hEmE: Erect PS Beams { Example: 1, 3,7, 14 )
Duration : o 1 day(s) Step Day

Auto Generation
Save Result .
Step Number : 0 o
Stage || additional Steps
[ Generate Steps ]
Current Stage Information... ]

Element Boundary | Load I

Group List [:] Activation

Deactivation
BEC Group 4 Deck Links Support [ Spring Position
BC Group 2 Xframes e
BC Group 3 Release Supports ) Original @) Deformed
BC Group 5 Release Fasca Beam Brgs . .
Group List roup List
- Mame Position Mame

BC Group 1 Initial Sup... Deforme

ACTIVATES INITIAL BEAM
SUPPORT CONDITIONS g il :
(WITH TEMPORARY [ add | [modify | [Delete | [ Add | [ Delete |
__| TORSIONAL SUPPORT)

(o [ o [ _mov ]

MIDAS Information Technology Co., Ltd.



4. Refined Analysis Model

Defining the First Stage — Need Elements, Boundaries, and Loads

Compaose Construction Stage

(=]

Stage Additional Steps
Stage : Erect PS Beams v] Day: O
Banel ErectPS Beams ( Example: 1,3, 7, 14 )
Duration : 0 1| dayls) Step Day
Auto Generation
Sawve Result .
Step Mumber : i =
Stage [7] additional Steps
[ Generate Steps ]
[ Current Stage Information... ]
Element I Boundary Load |
oLt [:] Activation Deactivation
Const Stage 3 Wet Deck Loads
Load Group & Barrier Loads Active Day : Mday{s} . . -
Load Group 7 FWS - Inactive Day : day(s}
Const Stage 3A Wet Deck Loads - .
Const Stage 3B Wet Deck Loads Group List Group List
Const Stage 3C Wet Deck Loads
g Mame Day Mame Day

Const Stage 30 Wet Deck Loads o
Const Stage 3E Wet Deck Loads

Const Stage 1Load Be... First

ACTIVATES SELF-WEIGHT AND
PRESTRESS LOADS. THESE LOADS
WILL ALWAYS BE ACTIVE UNLESS
WE TURN THEM OFF LATER

4

m 3

[ Add | [ Modify | [ Delete |

[ Add | [ Modify | [ Delete |

Lo ]I
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4. Refined Analysis Model

Activating/Deactivating Boundary Conditions

Compose Construction Stage

=]

Stage Additional Steps
Stage : [Release Temporary Supports '] = Day: O
Mame : Release Temporary Supports { Example: 1,3, 7, 14 )
Duration : 20 = day(s) Step Day
Auto Generation
Save Result .
Step Mumber : ] >
Stage [7] additional Steps
[ Generate Steps ]
Current Stage Information... ]
Element Boundary I Load I
Group List E Activation Deactivation
BC Group 4 Deck Links Support / Spring Pasition
BC Group 2 Xframes e
BC GrnuE 3 Release Supports () Original @ Deformed
Group List Group List
MName Position MName
BC Group 5Release ... Deforme BC Group 1 Initial Supports
DEACTIVATE ORIGINAL GROUP
AND ACTIVATE SUBSEQUENT il . - .
GROUP IN THE SAME STEP OR

INSTABILITY WILL OCCUR

| Add || Modfy | | Delete |

[ Add || Deete |

0K l [ Cancel l [ Apply l
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4. Refined Analysis Model

« Construction Stage Analysis Control
. Analysis->Construction Stage

"~ \

Construction Stage Analysis Control Data @
Final Stage CableF§ SPECIFY END OF CS ANALYSIS. CAN BE USED
(7) Last Stage (@) Other Stage Day 10000 - End of C5 v] —a=inte] TO CHECK COMBINATIONS WITH LIVE LOAD AT
BEGINNING AND END OF SERVICE.
Initial F
[C|Restart Construction Stage Analysis Select Stages for Restart... [ Conwvert Final Stage Member Forces to Initial Forces for Post C.5.
Analysis Option Truss Beam
[Tl indude Nanlinear Analysis Nonlinear Analysis Control [T chanae Cable Element to Equivalent Truss Element for PostCs
Independent Stage (@ Accumulative Stage [T Apply Initial Member Force to C.5.
Indude Equilibrium Element Modal Forces Initial Displacement for C.5.
["TIndude F-Uelta ETrect Unly F-Delta Analysis Control R e e e e o = o o T S—
Indude Time Dependent Effect Time Dependent Effect Contral ] = ENABLE TIME DEPENDENT EFFECTS
Ladk-oT-Hit Force Contral Top of Girder Nodes
Load Cases to be Distinguished from Dead Load for C.5. Output
[7] apply Camber Displacement to C.5. (if Defined)

Mo Load Case Mame Type Casel Cas

BY DEFAULT ALL LOADS APPLIED IN CS ANALYSIS
BECOME DEAD LOAD UNLESS SPECIFIED HERE.
USE FOR CONSTRUCTION EQUIPMENT LOAD,
CONSTRUCTION WIND LOAD, ETC.

e S [ (5 = L e e g

Frame Output
[ caleulate Concurrent Forces of Frame
Calculate Qutput of Each Part of Composite Section

[ save Output of Current Stage{Beam/Truss)

[ Remove Construction Stage Analysis Control Data ] [ QK ] [ Cancel
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4. Refined Analysis Model

« Construction Stage Analysis Control — Time Dependent Effects

. Analysis->Construction Stage->Time Dependent Effect Control
rTime Dependent Effect Control @
LmeDensndent Effoct

Creep & Shrinkage

Type SELECT CREEP AND SHRINKAGE
() Creep (7 Shrinkage (@) Creep & Shrinkage

o

CGI"I\I'EFQEFICE o CFEEFI Tteranon

Murmber of Tterations: 5 = Tolerance : 0.01

[ only User's Creep Coeffident
[ tnternal Time Step for Creep : 2 = AUTOMATIC CONTROL OF
CONVERGENCE CRITERIA AND

Auto Time Step Generation for Large Time Gf:p ADDITIONAL TIME STEPS FOR C&S
| T:TimeGap T> 10 2 T=100 &

Al | 4]

T=1000 7 = T=5000 10
T> 10000 20 =

Tendon Tension Loss Effect { Creep & Shrinkage )
Consider Re-Bar Confinement Effect

Variation of Comp. Strength
Apply Time Dependent Effect Elastic Modulus to Post C.5
Tendon Tension Loss Effect { Elastic Shortening )

CONTROL OF TENDON ELASTIC
LOSSES, ETC.

@ Change with Variation of Tendon Force

) Constant

[ OK ][ Cancel ]
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4. Refined Analysis Model

« Load Combinations
Results->Load Combinations->Concrete Design->Auto Generation

-

"

Automatic Generation of Load Combinations @
Option
@ Add ) Replace
Code Selection
Steel @ Concrete SRC Steel Composite
Design Code : AASHTO-LRFD12 -

SELECT CONCRETE,
AASHTO-LRFD12

Manipulation of Construction Stage Load Case
) ST Only @ C5 Only ) 5T+CS
5T : Static Load Case CS : Construction Stage

Will Execute Construction Stage Analvsis
Consider Losses for Prestress Load Cases

Transfer Stage : i

Define Factors
Service Load Stage : i
e ledifiam, 1

= Load Factors for Permanent Loads (Yp)

“CS ONLY” MUST BE SELECTED IN
ORDER TO COMBINE DEAD LOAD
EFFECTS FROM CS ANALYSIS WITH
LIVE LOADS AND OTHER STATIC
LOAD EFFECTS. LIVE LOADS WILL
BE COMBINED WITH THE FINAL
CONSTRUCTION STAGE.

SELECT CS ANALYSIS AND
CONSIDER LOSSES

Load Factor for Settement ; 1
[ structural Plate Box Structures(Metal Box Culverts)
Condition for Temperature

(7 Deformation Check (@) All Other Effects

K ] [ Cancel

]

T~
—_

FOR EXAMPLE: 0.9xDL, 1.25xDL, OR BOTH
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4. Refined Analysis Model

-~ PERFORM
ANALYSIS!




5. Results
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5. Results

« Results to be Considered
« Load Combinations After All Losses
« Service (I - Compression, Ill — Tension)
(Typically governs design)
« Strength | (Shear Only)
« Strength for moment does not govern
« Envelope of Stresses During Construction
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5. Results

« Service lll = Tension at Midspan
« Axial Force and Vertical Bending Only

. Additional stresses have transferred from interior to exterior
beams, particularly Beam 1, the shortest beam

MIDSPAN TENSION STRESS (KSI)

Beam Preliminary Design Refined Analysis Allowable Stress

1 -0.172 -0.355 -0.284
2 -0.233 -0.072 -0.284
3 -0.227 -0.125 -0.284
4 -0.215 -0.272 -0.284
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5. Results

« Service lll = Tension at Midspan
Axial Force and Vertical Bending
Lateral Bending

Lateral bending effect adds tension stress to bottom flange

MIDSPAN TENSION STRESS (KSI)

WITH LATERAL BENDING

Beam Preliminary Design Refined Analysis Allowable Stress

1 -0.172 -0.436 -0.284
2 -0.233 -0.314 -0.264
3 -0.227 -0.580 -0.284
4 -0.215 -0.481 -0.284

MIDAS Information Technology Co., Ltd.



5. Results

« Service lll — Lateral Bending Moment

MIDAS/Civil
- »

4 Postcs 5| B EOST-EROCESSCR
BEAM DIAGRAM

MOMENT-z

1.28230e+003
l 1.05205e+003
8.21799%+002

5.91548e+002
3.61296e+002
1.31044e+002
— 0.00000e+000

-3.29459e+002
- -5.59711e+002
— -7.89962e+002

. -1.02021e+003
-1.25047e+003

\ PostCS
CBCall: Service ~

MRX : 10049
MIN : 40000
FILE: Bridge 2 R~
UNIT: ft*kips
DATE: 08/18/2015
VIEW-DIRECTION
i
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5. Results

« Service lll — Lateral Bending Moment
« Highest moment at end diaphragm connection
« Inaheavily reinforced compression zone

« Joint actually not fully restrained — opportunity for further
refinement

NN
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5. Results

« Service lll — Lateral Bending Moment
« Localized moments at intermediate diaphragm connections

« Located in tensile zone — consider potential for additional
cracking
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5. Results

« Service lll — Lateral Bending Moment
« Localized moments at intermediate diaphragm connections

« Located in tensile zone — consider potential for additional
cracking

MIDSPAN TENSION STRESS (KSI)

WITH LATERAL BENDING
Beam Preliminary Design Refined Analysis @ Allowable Stress

1 -0.172 -0.436 -0.284
2 -0.233 -0.314 -0.264
3 -0.227 -0.580 -0.284
4 -0.215 -0.481 -0.284

MODULUS OF RUPTURE = -0.600 KSI
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5. Results

« Service | = Compression at Midspan
« Axial Force and Vertical Bending Only
« Also indicates additional load to exterior beams

MIDSPAN COMPRESSION STRESS (KSI)

Preliminary Design Refined Analysis Allowable Stress

1 w/ LL 2.862 3.280 5.400
2 w/ LL 2.838 2.812 5.400
3 w/ LL 2973 2.955 5.400
4 w/ LL 3.176 3.518 5.400
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5. Results

« Service | = Compression at Midspan
 Axial Force and Vertical Bending
« Lateral Bending
« Lateral bending effect adds to compressive stress

« Less of aconcern because compression does not often
govern and because the top flange is fully restrained

MIDSPAN COMPRESSION STRESS (KSI)

WITH LATERAL BENDING

Preliminary Design Refined Analysis Allowable Stress

1 w/ LL 2.862 3.376 5.400
2 w/ LL 2.838 3173 5.400
3 w/ LL 2973 3.625 5.400
4 w/ LL 3.176 3.818 5.400
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5. Results

Strength Limit State — Shear

Increase in exterior beams

Increase at obtuse corners
STRENGTH | SHEAR (KIPS)

Beam Preliminary Design Refined Analysis Change
1 620 718 +16%
2 710 583 -18%
3 709 632 -11%
4 640 749 +17%
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5. Results

« Strength Limit State — Steel Diaphragm Force

Activate member size to be checked (L 6x6x3/8)
Filtering by tension and compression simplifies checking
107 kip maximum tension / 207 kip resistance (OK)

MIDAS/Civil
POST-PROCESSOR

TRUSS FORCE
TENSION
1.06828e+002
9.88929%e+001
9.09576e+001
8.30223e+001
7.50870e+001
6.71516e+001
5.92163e+001
5.12810e+001
4.33457e+001
3.54104e+001
2.74751e+001
1.95397e+001

PostCS
CBall: RC ENV_STR

MAX : 2050

MIN : 2046

FILE: Bridge 2 R~

UNIT: kips

DATE: 08/18/201S
VIEW-DIRECTION

X:-0.612 z

Z: 0.500
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5. Results

« Strength Limit State — Steel Diaphragm Force
. Activate member size to be checked (L 6x4x5/16)
. 73 kip maximum tension / 144 kip resistance (OK)

MIDAS/Civil
POST-PROCESSOR

TRUSS FORCE
TENSION
7.31482e+001
6.80126e+001
6.28769e+001
5.77413e+001
5.26057e+001
4.74700e+001
1 4.23344e+001
— 3.71988e+001
3.20631e+001
2.69275e+001
2.17919e+001
1.66563e+001

PostCS
CBall: RC ENV_STR

MAX : 2065

MIN : 2059

FILE: Bridge 2 R~

UNIT: kips

DATE: 08/18/2015
VIEW-DIRECTION

X:-0.812 z

Z: 0.500
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5. Results

« Strength Limit State — Steel Diaphragm Force
. Activate member size to be checked (L 6x6x3/8)
. 15 kip maximum compression / 102 kip resistance (OK)

MIDAS/Civil
POST-PROCESSOR

TRUSS FORCE

COMPRESSION

-1.47114e+001
-1.47114e+001
-1.47114e+001
-1.47114e+001
-1.47114e+001

T -1.47114e+001
-1.47114e+001
-1.47114e+001
-1.47114e+001
-1.47114e+001
-1.47114e+001

PostCS
CBall: RC ENV_SIR

MAX : 2057

MIN : 2057

FILE: Bridge 2 R~

UNIT: kips

DATE: 08/18/2015
VIEW-DIRECTION

X:-0.812 z

Z: 0.500
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5. Results

« Strength Limit State — Steel Diaphragm Force
. Activate member size to be checked (L 6x4x5/16)
. 52 kip maximum compression / 66 kip resistance (OK)

MIDAS/Civil
POST-PROCESSOR

TRUSS FORCE

COMPRESSION
-1.65172e+001
-1.97094e+001
-2.29015e+001
-2.60937e+001
-2.92859%e+001
-3.24780e+001
-3.56702e+001
-3.88624e+001
-4.20545e+001
-4.52487e+001
-4.84389%e+001
-5.16310e+001

PostCS
CBall: RC ENV_SIR

MEX : 2076

MIN : 2081

FILE: Bridge 2 R~

UNIT: kips

DATE: 08/18/2015
VIEW-DIRECTION

X:-0.612

2 Z

Z: 0.500
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. Results

Construction Stage Analysis — Steel Diaphragm Force

 During construction there are potentially large fluctuations in the
diaphragm forces not evident from the final load conditions

« Particular concern is during deck placement
« MIDAS allows user to envelope Max/Min forces for all stages
 For this bridge, the factored CS envelope diaphragm forces were:
« 53 kips Compression
« 55kips Tension

« Forces are equal to or less than the STR-I design forces and
therefore do not govern
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5. Results

« Construction Stage Analysis — Beam Stresses
. MIDAS provides CS beam stresses at each construction stage
. Animation is a useful tool to visualize CS stage stress changes
. CS stresses for this bridge were less than service loads

MIDAS/Civil
EBOST-FROCESSOR

BEAM STRESS (PSC)
SIG-xx {Sum)
-4.68317e-001
-8.31693e-001
-1.19507e+000
-1.55844=+000
-1.82182e+000
—-2.28519%+000
-2.64857e+000

-3.01194e+000
-3.37532e+000
—-3.7386%e+000
-4.10207e+000
—-4.485452+000

FTAGE:Erect PS5 Beams
C5: Summation

Last Step
MEX : 20025
MIN : 10003

FILE: Bridge 2 B~
UNIT: kips/in~2
DATE: 08/18/2015
VIEW-DIRECTION
X: 0.332 ¥

Z)=R E= B
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6. Conclusions

MIDAS Information Technology Co., Ltd.



. Conclusions

« By comparing line girder analysis with refined analysis of this
severely skewed prestressed bridge, the following was revealed:

« Tensile stresses due to primary bending in the exterior beams
was increased

 Potentially significant tensile stresses due to lateral bending
effects are present in interior and exterior beams alike

« Compression stresses were increased in the exterior beams and
due to lateral bending, but was not critical for this bridge

« Shear at the obtuse bridge corners was increased

« Significant restraint forces exist at the obtuse corner beam to
diaphragm connection that merit further investigation

« The assumed steel diaphragm sections checked out, but with
refined analysis at least there is a basis for design

« Stresses during construction stages were not critical for the
beam, but should be checked for the assumed sequence
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