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Key Points

 Multiple MIDAS Civil models were

created to capture/compare
results for differing load
conditions
— AASHTO LRFD Strength 1
e Static Load (DC, DW, etc.)
 Moving Load Analysis (LL)
— AASHTO LRFD Extreme 1
e Response Spectrum Analysis



Umauma Stream Bridge

e Owner
— Hawaii Department of Transportation (HDOT)

e General Contractor

— Hawaiian Dredging Construction Company

e Structural Engineer
— KSF Inc.
— Value Engineered Design



Project Location

Island of Hawaii




Project Location

On the Mamalahoa Hwy along the Hamakua Coast




Project Location




Original Design (1910)

e Originally Constructed in 1910
— 281’ long
— 6 Simply Supported Spans
— 2 Riveted Steel Plate Girder Lines
— Carried Rail Line
— Cane Flume



Bridge Widening (1949)

Changed to Vehicular Bridge
Added 2 Additional Girder Lines

Cast Concrete Deck with Sidewalks and
Railings

Trestle Modifications to accommodate
additional girders
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Design Considerations

Hurricane Prone Region (Coastal)

Crane Capacities

Shipping/Trucking Capacities

How to deal with current vehicular traffic

Listed on Historic Register
— Steel Plate Girder Design

— Maintain Original Girder Layout and Relatively Similar
Girder Heights

— Existing Steel Trestles to Remain
— Aesthetic Concrete Railing



Design Considerations

 Any added substructure will be tall

 High Seismic Area
- A =0.45g -Sps =0.97g
- Sp, = 0.56¢8 - Seismic Zone 4
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Design Concepts

Replace existing steel girders with new

— Eliminate costly repairs and field painting (SEnvironmental concernsS)
Make girders continuous

— More efficient design
Eliminate deck joints

— Eliminates maintenance issues

Erect two new concrete piers on spread footings within limits of
existing steel trestles

— Existing steel trestles no longer contribute to the bridge behavior

Reuse/Rehabilitate abutments with minimal foundation work
— Eliminates the need for drilled shafts



Design Features

Temporary Bridge to Detour Traffic
Post-Tensioned Piers on Spread Footings
Semi-Integral Abutment with GRS Backfill
Triple Friction Pendulum Bearings
Welded Steel Plate Girders

Precast Post-Tensioned Deck Panels with
UHPC
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To Date...Currently Under Construction

e Placing Friction Pendulum Bearings
e Setting Steel Girders
e Precasting Deck Panels



Temporary Detour Bridge
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Temporary Detour Bridge




Post-Tensioned Piers
on Spread Footings
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Semi-Integral Abutment with GRS Backfill
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Semi-Integral Abutment with GRS Backfill
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Precast Deck Panels
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Precast Deck Panels
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Precast Deck Panels




Precast Deck Panels




Precast Deck Panels




Precast Deck Panels




Precast Deck Panels




Precast Deck Panels




Precast Deck Panels




Precast Deck Panels




Welded Steel Plate Girders
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Cross-Frames
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Welded Steel Plate Girders
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1 | |
$—¢ Bearing Abutment | &—¢ Boaring Plr | $—€ Boarlng Pler 2 € Bearing Abutment 2—h
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|
|
|
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[ T =
i i |
|I| Place temporary supports (timber blocking and Install temporary holddowns (posi-tensioned)
sandfacks) and Install wood braclng af boffom and tiedowns. See SK-19..

flange elevation. See SK-19.2.
Repeat steps [T] through [3] over Pler 2.

|z| Affach friction pendufum bearing to boffom of girder.
Set girders and bracing over Pier 1. Do not grout
shear lugs, do not release shipping plates. See
notes 3 and 4.

GIRDER ERECTION SEQUENCE 1

Jll—@ Bearing Abutment 1 J|=—¢_‘ Bearing Pler | I'-ll'-'—E Bearfng Fier 2 3 ¢ Bearing Abiutment 2—=|L
: 7 . ' .
- | \ |
e | I |

IR [ I ]

| |
E Set friction pendulum bearing at Abutment 1. See nofe 3. Set girders and bracing between Abutment | and Pler 1. See note 5.
Do not grout shear | Do not release shi) ates.
’ o i o Repeat steps [5] through [7] between Abutment 2 and Fier 2.

[€] Piace temporary supports (timber blocking). See note 1.
GIRDER ERECTION SEQUENCE 2
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Bearing Abutment | &—( Bearing Pler | &— Bearing Pler 2 € Bearing Abutment 2—

I

See Note 7
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[8] Remove Girder tie downs. Detension girder

(o]

L—¢
|

holddowns. Do not remove. See nofe 6.

Sef girders and bracing between Plar 1 and 2.

See notes 5 and 7. GIRDER ERECTION SEQUENCE 3

Bearing Abutment | J,s—@ Bearing Pler | J,-—-‘.!_‘ Bearing Pler 2 & Bearing Abutment 2—‘J.=

|
!
A

B B &

&

B &

6 | 7
i\—IEl

Loosen shipping plafe bolts on friction pendulum Remove shipping plates, release sandjacks and remove timber blocking.
bearing at Abutments 1 and 2 and connect bearing

fo bottom flange of girder. See Nofe 3. Weid studs — '\ to top flange of girder at locations
Grout space beneath friction pendulum bearing and of Jacking beam.

Inside shear lug blockout.
[19] Remove PVC blockout in pier cap for P.T. bars and fill
Remove shipping plates, and remove timber blocking. with grout. Remove fop of cofl loop inserts for te downs
(See 1/57.9) and patch with polymer-modified repalr mortar.

Support bottom of friction psndulum bearing. Loossn
shipping plates at Piers 1 and 2. Level botfom concava.

See Note 3. GIRDER ERECTION SEQUENCE 4
Grout space bensath friction pendulum bearing and
Inside shear lug blockout.

Remove girder holddowns. See note 8.




Welded Steel Plate Girders




Welded Steel Plate Girders
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Welded Steel Plate Girders




Friction Pendulum Bearing
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Friction Pendulum Bearing




Friction Pendulum Bearing




Friction Pendulum Bearing

Multimode Spectral Analysis

Simplified method representing the isolator as a linear
elastic element with effective stiffness

Modify response spectrum for periods greater than 0.8T_
to account for effective damping

Iterative analysis that requires convergence on the
assumed and calculated values of the isolator displacement
Umauma Bridge

— Straight and no skew

— Similar heights on interior piers

— Relatively equal span lengths

— No other irregularities



Multimode Spectral Analysis

|II

Bridge must be classified as either “Essentia
or “Other”

Verify Effective Period is less than 3 seconds.

Effective damping shall remain at or below
30% of the critical damping

Reduce Response Modification Factor (R) by
nalf for substructures... but need not be taken
ess than 1.5




FORCE-DISPLACEMENT LOOP

0.15

0.1

&

&
&

LateralMertical Force
[ =

-0.1

OB

-8 -8 -4 -2 0 2 4 . s

Horizontal Displacement (in)




Force

EDC

Displacement

B



Force

_ ﬂmax
Displacement

=



—a
|

<
I

Structural modes |

with 5% dampmg__r.* with damping equal

S

i
I
I
I
I
I
|
I
I
!
I
I

Isolated modes

to effective damping
of isolated structure

AASHTO,A=04

SPECTRAL ACCELERATION (g)

Soil type Il
- (5% damped)
Composite spectrum
for isolated bridge —— =
'\ Period of : <
: / non-isolated bridge : :"[‘e
= % | ;
0.5 1.0 1.5 2|.0\ 2.5 3.0
PERIOD (sec) Period of
isolated
» .|  bridge
Period Shift




g
——

o
s
2

R,
X

=X

24

o
i

S

Grillage Model



e

Section Data

DBfUser Composite |

Section ID 1

Offset :

Center-Top

Change Offset ... |

Mame Girder Line G5/G&
Section Type : |Stee|—I
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||

Ok

Cancel | App
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Live Load Moment Envelope

Live Load Moment Envelope
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FEA Model







Virtual Beam

[section for Resuitant Forces ] .. |£| User Define [T] Change Property D ﬂj@ ¥
IE‘SErt Mumber ﬁ t J ﬁ @ J Cf]

Creep/Shrinkage l'_:_rlj Material Link

NodeNumber : 367 [ faterial Plastic Section Section Plate 5tiffness Tapered] Sectionfor [Thickness
Element Number : 351 [.] Properties ':‘-"""F'- strength Material Properties Manager~ Scale Factor Group |Resultant Forces
Material Time Dependent Material Plastic Section
Mode : [FJernents Select ']
Mo. of Division: 10
Define Virtual Sections
Coordinate Input
Direction Vector:
25, 0,0
Mame:
[ Add ][ Modify || Delete | . SR
UM — N T 76y o F——2490 487
| Name | x| v [ z ]~ 208 0 L L | [ s s
1 0.00] 0.00] 2.11| | 178 a0 | S i | s
2 |TestBe|10.0{0.00 2.11 272 410674 432 \a;zsm 410674 411 \MB
3 | TestBe 100/ 0.00[2.11 e i, e e e e e e e e e e e e e e e e e e e e e e e e e i LT L e
= U6 it 4% 95113 S5
4 Teste 20000021 . SRRy | ) ebesle SR IE S e gy | e
<! " 2 g T e

Define Virtual Beams

D l-end J-end | »
1 2 |IE
2 3 4
3 5 6
4 7 8
L 9 10
§ 11 12 i




Tree Menu

Tables ‘Works EmuleEpnrt

Eg

)

Stn.lc:ture Group : 18

H Girder Line G5/GE [ Node=94 ; Bement=264 ]

q Girder Line G1/G4 [ Node=%4 ; Bemert=264 ]
FH Girder Line G2/G3 [ Node=9%4 ; Bement=264 ]

q Abutment 1 Backwall [ Mode=150 ; Blement=144]
FH Intermediate Crossframe [ Node=168 ; Blement=220 ]
FH Abutment 2 Backwall [ Node=150 ; Element=144]
FH Ficticious Deck Blemerts [ Node=462 ; Bement=2376 ]
FH Abutment Crossframe [ Node=44 ; Blement=60 ]
----- FH Pier Crossframe [ Node=24 ; Blement=40]

----- EH Pier 1 Lower Column [ Node=13 ; Bement=0 ]
=8 Pier 1 Upper Column [ Node=5 ; Element=0 ]

----- EH Fier Cap 1[ Node=15 ; Bement=14]

----- EH Pier 2 Lower Column [ Node=13 ; Blement=0 ]

----- FH Pier 2 Upper Column [ Node=5 ; Bement=0]

----- EH Fier Cap 2 [ Node=15 ; Blement=14]

£H Span 1 Stringers [ Mode=246 ; Hement=240 ]

£H Span 2 Stringers [ Mode=270 ; Hement=264 |

£H Span 3 Stringers [ Mode=294 ; Hement=228 |

=L Boundary Group : 10

----- =L Cross Frame Connection

----- =L Backwall Connection

----- =L Bearing to Pier Cap

----- =L Base of Fier

----- =L Abutment Restraint

----- =L Friction Pendulum Bearng Abutment

----- =L Friction Pendulum Bearng Fier

----- =L Creep Block Restraint

----- =L Bumperto Creep Block

----- =L Double Channel End Release

~ Load Group : 3

..... h_ Seff Weight

----- ‘h_ Temperature Rise

----- ‘h_ Temperature Drop

#—4 Tendon Group : 0




Elastic Links

3 2 @z Tl

T Intergral Bridge
Define Point Surface Elastic JRigid General
Supports Spring Spring Link Link Link~
Supports Spring Supports Link
@ Add () Delete
Elastic Link Data
Type [General v]
Z Ref.

SDx 57101453 kipsfin e

5Dy  30.1923  |ipsfin

7
|

SDz 30,1923 kipsjin

SRx 0 in*kips/[rad]
sy O in*kips f[rad] F_:____—f—‘”
SRz 0 in*kips/[rad]

Shear Spring Location
Distance Ratio From End I
SDy: 0.5 SDz: 0.5

Beta Angle : ] * [deq]

/]
\

2 Modes :



Mode Shapes

O HS G =

i
i
View

Structure Mode/Element

Civil 2015 - [C:\Users\stephenp\D«

Properties Boundary Load Analysis Results PSC Pushover Design
+ <= Reactions ~ 'i Stresses - Beam/Element - + Plate Local Axis ode pes © Aﬂwlnﬂu. Lines =
.T.
Deformations - Diagram - Local Direction.. ‘£ vibration Mode Shapes... lu. Surfaces =
! P
Load
Combination Flf Forces = & HY Results - "% Reduction Moment | Buckling Mode Shapes... oving Tracer =
Combination Results Detail Mode shape Moving Load
. . g L — 3 i —
e e o - EEQ RN T [ 0| ] X0 D By OB * K xR 1B = T bk |
Tree Menu box
Mode Shapes |
['u"lbraﬁnn Mode Shapes vl E]
Load Cases(Mode Mumbers)
[Mnde 8 v]
[ Multitodes ]
Compaonents
DmMdx OMdy DMdZ
D Mdxy  (DMdvz (O MdXZ
(@) Md-XYZ
Type of Display
Md.shp, [  [C]Undeformed
[ values [ [[regend [

Dﬁ.nimate IZ] DContour IZ]




Period and Modal Participation

Node Mode Ux Uy Uz RX Ry RZ
GENVALUE AMNALY
Mode Freguency Period
Mo (radizec) (cycle/sec) (sec) Tolerance

1 3.639826 0579296 1.726232 0.0000e+000
2 4001487 0636856 1570213 0.0000e+000
3 4276331 0.680599 1.469204 9.7138e-016
4 14.108509 2245439 0.445347 1.4275%e-016
5 15.619062 2 485851 0.402277 1.1650e-016
(1 15767837 2 509529 0.3598421 4 5726e-016
7 17 417843 277236 0.360733 1.8737e-016
2 18.231100 2901570 0.344641 6.3278e-015
9 18.9815885 3.021077 0.331008 1.5776e-016

10 21518424 3424764 0.291991 1.7125e-013

11 21767444 3464306 0.288651 1.6915e-014

12 22521224 3584364 0.272990 1.2216e-014

13 23661029 3765770 0.265550 4 2040e-014

14 25255346 4019513 0.248786 2.9819e-013

15 27795231 4 423748 0.226053 1.1741e-011

Mode TRAN-X TRAN-Y TRAN-Z ROTN-X ROTN-Y ROTHN-Z
Mo MASS(%) | SUNBS) | MASS(%) | SUNMMG) | MASS(%) | SUN(%) | MASS(G) | SUM(%) | MASS{%) | SUM(%) | MASS(%) | SUM(%)

1 3874 3874 3271 3271 0.00 0.00 0.50 0.50 D.02 0.02 16.49 16.49
2 10.01 4875 953 4264 0.00 0.01 0.07 0.58 0.00 0.08 56.60 7318
3 x2.08 70.82 4260 85.25 0.00 0.01 0.41 0.99 012 0.20 0.10 73.29
4 012 70.94 0.00 85.25 420 4.81 1.47 245 234 254 0.01 73.30
5 17.04 a7.5a 453 90.23 0.05 4386 1.22 367 153 407 0.50 73.80
[ 1.40 89.32 0.29 90.52 0.65 5.51 237 6.04 0.94 5.1 0.00 73.80
7 2.03 91.41 0.65 91147 0.03 5.54 0.09 6.13 555 15.01 1.65 7545
3 0.91 9232 0.34 91.51 0.00 5.54 0.01 G6.14 012 15.12 16.11 91.56
5 0.59 9291 0.20 9171 0.25 5.82 0.04 6.18 787 23.09 0.85 89240

10 5.29 593.20 4.40 96.11 0.91 6.73 258 a.77 0.02 23.11 0.23 9263

11 0.02 89322 0.00 96.11 6.35 13.08 9.80 18.57 0.23 23.34 0.08 9272

12 0.07 598.29 0.06 95.18 207 15.16 6.41 2458 1.66 25.00 0.01 9273

13 0.01 58.30 0.02 96.20 17.01 3217 5.17 30.15 0.20 25.20 0.02 9275

14 0.01 93.32 0.00 96.20 3.88 35.05 11.00 41.15 237 27.57 0.01 9276

15 0.07 9338 0.14 96.34 355 39.60 127 42.42 0.01 27.58 0.41 9317




Spectral Acceleration

Function Mame

AASHTO-LRFDEth{2012)

[ Import File H Design Spectrum ]

Period | Spectral Data
(sec) (a)
1 0.0000 0.0800
2] 0.0350 01325
3| 0.0700 0.1850
41 0.0800 0.2000
51 01050 0.2000
6 0.1400 0.2000
7] 01750 0.2000
8 0.2100 0.2000
9 0.2450 0.2000
10 0.2800 0.2000
11 0.3150 0.2000
12| 03500 0.2000
13| 0.3850 0.2000
141 04000 0.2000
Description

[ [ »

Add/Modify/Show Response Spectrum Functions

Spectral Data Type

(@) Mormalized Accel,
Scaling

(@) Scale Factor 1

() Maximum Value 0

(7 Acceleration

(7 Velodity
Gravity
386,08 infzec2

Damping Ratio
0.05

() Displacement
Graph Options

[ %-axis log scale

[ ¥-axis log scale

0.20€E02

0.18E02

0.1€€03 l"‘\

0.12€02

o.12&€03

0.0BED2

0.10€03 L~

0.0EE03

Spectral Data

0.04E03

0.02E02

Q.00€03
0.01 0.41 a

.81

1.21

1.1 =2.01 2.4
Periocd {sec)

@

][ Cancel ] Apply




Moment Curvature Toolbox

Rating Cuery

# Inelastic Hinge -

— Group Damping -

curvature 173 Inelastic Material ~

Inelastic Properties

Properties Boundary Load Analysis Results PSC Pushover Design
B I (3§ &/ @ <7
B [z :
Plastic Section Section Plate 5tiffness Tapered  Sectionfor  Thickness FMoment
Material Properties Manager= Scale Factor Group Resultant Forces
Plastic Section

Inelastic Material Model

Inelastic Material Maodel

ok

Cancel

MName : 4.5KSI Concrete Mame : 60 KSI Steel
Material Type : |Concrete v| Material Type : |Stee| vl
Hysteresis Model : | Kent & Park Madel - | Hysteresis Model : | Park Model - |
stress g _
{compression) (tension)
fu
Kof}
fi |-
Es
0.2K-£
(tension)
Zen Ec1 Ecu & & Esu” €
Skeleton Curve Skeleton Curve
fc' 4500 Ibffin"2 o 0.002 fy @ Yield Stress of Steel 60000 Ibffin"2
K 1 z 150 fu : Ultimate Stress of Steel 50000 Ibffin~2
zy 00075 s ecl=0.8/Z 420 Es : Elastic Modulus of Steel 29000000 |bfjin~2
£y : Yield Strain of Steel (fy/Es) 0.00206836!
&sh : Strain at the Onset of Strain Hardening 0.008
0.085

zsu @ Strain at the Steel Rupture

Cancel Apply




oment Curvature Toolbox

Rebar Input for Colurmn Section \EI
Calumn |
Section List E] Section Shape
jin} Mame Bar z
12 Lower Column X

Section Data Type of Hoop Rebar

Shape | Solid Rectangle ) Ties Spirals

Ties Spirals Size :

5 5 Ties Spirals Space : 4 in
0 Ties,Spirals Mumber : 2
Rebar Data
| posl
Trssamnunnnnl Pos1
T pleE NS T pos? Layer |— : - ?052 : Dc
H 1l N I v Div.N | Size1 | Size2 | Div.N| Size1 | Size2
L ::: i1 1 16 | #11 #11 #11 #11 4312
.'.'.'.::T'.::.'.'.?WIDc2
B

[ Add/Replace ] [ Delete ] [ Cancel




Moment Curva

ture Toolbox

Moment - Curvature Curve

Mame Result

v | Upper Column

p(l))= =

l

Select Al H Unselect Al H

Delete

I

l

Calculation for Selected

l

Detail Output for Selected...

Upper Column

MName :
L]
-
-
L]
-
L]
L]
L]
L]
L]
Type of Curve :
150000000
T 100000000
b=
t
[
5
2 50000000
0

Estimate Condition of Ultimate Curvature

(=l
(o]

Moment-Curvature

Curvature x10:2 {1/in}

Section Upper Column - | Position : E
Rebar Input Data for Section... J

Concrete : 6 K5I Concrete -

Steel 60 KSI Steel b

Axial Force (Comp. +) ¢ 1800 bf

Meutral Axis Angle : 0 [deq]

Mo. of Point : 50

Display Idealized Model

[T] User Define Curvature o

(for Ideal Model) :
l Add J l Modify J [ Calculation
™)
Mament in*bf Curvature 1fin
(+) 9] (+ 0]

Crack : 0.0000 0.0000 0 0
Yield 85250355.¢ | 85250355.4 ] 5.3742017! | 5.3742017!
(Initial)
Yield : 112459941 | 112459941 | 0,0002403¢ | 00002403
Yield : 125126444 | 125126444 | 7.8879994. | 7.8879994.
(Ideal)
Ultimate : 139008063 139006063 0.0008215' 0,0008218"

Close
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