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Bridge Design — ABC & Seismic Challenges




Seismic Design Requirements
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ABC

Seismic Design Requirements - Connections

Seismic

Easy to assemble.
Generous tolerances.
Fast in the field.
Common materials.

. . . . L]

Continuous load path.
Robust.

Avoid eccentricities.
Energy Dissipation.
Protect brittle elements.

* No stress concentrations.

Expected Damage Level For Design Strategy Type
1

Critical Bridge

Essential Bridge

Force. Ordinary Bridge unacceptable
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g
/i rﬂ'
=
EA
7
3
9
£, :
] H
2 !
£ : ; ; Displacement
Fully Operational Life Safety EC()JIapsc Performance Level
Operational | ! R
0% | i 25% 50% P100% 5§ ik ielacament)
+ . T T > (] .
00 1 00001 0.001 0.01 | | 025 o Gocnsity Rate
0 ‘ I ¥i 30 180 E Downtime, days




SeismiC ReSiIiency — goals for recovery times for

transportation systems in terms of hours, days, weeks, months, and years
TARGET STATES OF RECOVERY: WASHINGTON’S TRANSPORTATION SECTOR

1 month—
3 months

1 year 3 years years

Inlerstate 5

Puget Sound (center & north end)

South end (Chehalis south)

Interstate 90

Puget Sound (Snoqualmie Pass
wesl)

Cascades fo eastern WA
(Snoqualmie to Idaho)

Interstate 405 I

x

South end (Tukwila to 1-90)

North end ()-90 to Lynnwood) x

Ferry operations x

Floating Bridges

SR 520 X

1-90 X

Hood Canal X

Minimal (A minimu| 25% of major & miner arterials X

EMErgency respong 50% of major & minor arerials x
critical supplies.)

75% of major & minor arterials x

X

Functional (Althoug 90% of major & minor arterials
get the economy m| Arports X
accommodated. Th
lower speed limits.
Operational (Resto
service has been re
and to work.)

Airport for emergency traffic X

Ports and navigable waterways X

Rail (freight & passenger) b4

Mass transit’




PBSD Flowchart

Basic Elements in
Performance-Based
Design

Bridges

Bridge Sized and Detailed for Non-Seismic Loads

Operational Categories
Critical

Essential

Other

:

1,2. DETERMINE
PERFORMANCE LEVEL

v

Design / Site-Specific
Spectra

Lower Level (100 yr)
Upper Level (1,000 yr)

3. EVALUATE NEED FOR
SITE-SPECIFIC HAZARD /
SITE RESPONSE ANALYSIS

v

Seismic Hazard Levels
I Sp1<0.15
Il: 0.15<S01<0.30
Ill: 0.30 <Sp; <0.50
IV: 0.50 <Sm

4. DETERMINE SEISMIC
DESIGN CATEGORY
for Lower Level and

Upper Level GMs

Performance Levels and
Damage Limit States
PL1: Life safety

PL2: Operational

PL3: Fully Operational

Seismic Design

-

v

Categories and
Requirements
A,B,C D andE

7. PRELIMINARY
PERFORMANCE / COST
REVIEW WITH OWNER:

5. EVALUATE GEOSEISMIC
HAZARDS / LIQUEFACTION

Site Investigation Data

'

6. DETERMINE GLOBAL

Settlement, fault
rupture, slope stability,
liquefaction potential...

DESIGN STRATEGY and
ADIUST DESIGN AS EARTHQUAKE RESISTING
NEEDED SYSTEM
Element No. | Description *
Bridge Operational 3 Critical 9. DEMAND ANALYSES L,
Categories _ 8. DEMAND ANALYSIS for Upper Level GM
Essential »| AND CAPACITY CHECK v
Other for Lower Level GM
10. CAPACITY CHECK
Performance Levels and 3 PL1: Life safety for Upper Level GM
Assoc‘lated Damage PL2: Operational Y *
Descriptors and Bass
Engineering Design PL3: Fully Operational Check EDPs — > Pass Check EDPs
Parameters il
Earthquake Ground 2 | Lower Level (100 yr) Fail ¥ $ Fail
Motion Levels
Upper Level (1,000 yr) la——{ ADJUST DESIGN ADJUST DESIGN ||
Seismic Hazard Levels 4 1,1, 1, v Date
12. PERFORMANCE / COSTind iiti
Seismic Design 5 | ABCD,andE 11. CAPACITY DESIGN,
Catesories g FOUNDATION DESIGN, &  REVIEW WITH OWNER: ADJ@STOS
& AND DETAILING DESIGN AS NEEDED

L B W\



Unacceptable Performance
Lack of Seismic Design, Ductility & Confinement




Desirable Performance —Adequate Seismic
Design, Ductility & Confinement

Damage after
undergoing
10% drift

0 i Dl
SR99-RC (8% Drift)

-

SR99-SSE (10% Drift)

SR99-LSE (12% Drift)



Seismic Performance of Precast Bents
Used for ABC

Integral Moment Resisting

Connection Funded by FHWA's Highways for LIFE Technology
e Member socket connection Partnerships Program

at base Project Team:
* Grouted ducts at precast cap » BergerABAM - Grant Awardee
connection + University of Washington
- Washington State DOT
* Two-stage cap: Lower :
- Concrete Technology Corporation
Precast, Upper CIP - TriState Construction

More Information @ www.fhwa.dot.gov/hfl



Column-to-Spread Footing and Shaft Connection Tests
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Concrete Filled Steel Tubes - CFST

Steel casing is used for Structural Capacity
Structural welds at every splice and spirals

Bond between Concrete and Steel Casing
Design Guidance for Axial, Flexural & Shear
Connections to Cap and Foundation for Seismic
'CFST & RCFST Embedment into Cap/Foundatio i
Long tefm performance and longevity of CEST |

Von Mises
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Shear strain of conc(Auto-compute)
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Shear stress of steel Shear strain of conc(specify)

SHEG,

v' University of Washington Professors
Roeder and Lehman




CFT-to-Cap Connections
Connection design recommendations:
a. Design of the annular ring
b. Determination of the embedment depth
c. Punching shear evaluation in the cap
d. General design of the cap for flexure and shear

\

alternative to the annular ring - reinforcing cage to
splice the CFT to the cap.




CFST Design Consideration: Lateral Loads
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Eastbound Nalley Valley Project

ABC and Practical Design Solution
CFST Pile-Column 3 ft dia.

CFST Ring Connection to Cap
Driven Pile-Column (no Reinf)

Smaller column and Cap




CFST- ABC & Practical Design Solution

= CFT eliminate the need for reinforcing steel and forming
= Reduce construction fime and cost

= CFT Offers Smaller columns and crossbeams resulting in
less mass for seismic design

Bent 1
151" Bent 2 Bent 3
190'
:" : 151" Bent 4
- ~
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-7 e
Redesigning | Ay o - ——— -7
One Column—" =22~ 7
in Bent 2
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Self Centering Bridge System suited for
Seismic Resiliency

Superelastic Materials:
Shape Memory Alloy (SMA) and
Engineered Cementitious Composite (ECC)

for Bridge Columns

Challenges:

» Superelastic Materials are not
addressed by either of the AASHTO
LRFD Bridge Design Specifications
or AASHTO Seismic Guide
Specifications

SR 99 South Access to Tunnel



Innovative Materials: SMA for Bridge Columns

Superelastic Nickel-Titanium Shape Memory Alloy
(SMA) Bars

= Reduce residual displacements

Ivlarte nsite

L~ o
Steel ‘ e

(]
/)

£ 14t st STRAIN
permanent |

set

STRESS

loading
unloading

Y

= Challenges with SMA:
= SMA Availability
= Head bar for mechanical
splice
= Mechanical splice required
in hinge region




Typical test setup at UNR

FHWA Innovative Bridge Research and Deployment ( IBRD )
= Three - 0.3 Scale Columns
= 2 Incorporating SMA and ECC
= | Conventional RC
= 62in clear height
= 18inx 18 in cross-section




Innovative Materials ECC

1000

" Engineered ool
Cementitious .
Comp051tes (ECC) %400
‘= Reduce damage to & x.

N~ o
(o} N (o))
Tensile Stress (MPa)
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NN
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Mobile mixing of ECC for placement

v .

g ..a-‘-.'..y"- ' il P
e m'-fa-,-mcmﬁmm.

Challenges with ECC:

« ECC, 10 times of conventional — -
concrete R o

« Batch and sack dry ingredients | ol - S e

* Mix on site with mobile high shear -
mixer

* Place by bucket at top of column

« Use cooling pipes similar to mass
concrete

A\



Bridge Construction
22

SMA/ECC used for
AWV Precast PT

‘‘‘‘‘‘‘‘‘

ASTM A706 = $1 / Ib. ,
SMA =$92 / Ib.

« Mechanical splice
required in hinge region

)

Ty ;k‘_.. 3 o



Seismic Resiliency - Self Centering Prestressed
Columns for Bridge Bent

PT, unbonded

in the free

height of the Z
column. .7

Remains elastic Column rocks as a rigid ‘

body:

. no curvature

. no strain

*  no cracking
Local high stress at
interface.

Bonded rebar
yields
ccyclically,
' dissipates
energy

vRebar duct

K2R = |Bonded strand -
o ST )
= e L . ! . ) P
' .. 3 [l r/ o ¢ . = |
el P s e ey

oo | [ v [l

1T fF= 4 |1 e
EUE i ve - 4
. B : B
v oA ‘ v
v [/ 74 i & ] o
______ AN bty - :
7 ™—___— Fiber reinforced

grout pad

‘> Confining tube

Unbonded strand

Professors Stanton/Eberhard — UW, Test at UNR
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Pre-T Precast system

Construction
seguence \\

precast
griders (

Re-centering Low Lj rj EJL] Fj F
Damage System —

Construction Sequence




- Alternative ABC ‘iﬁ?
Recent Innovations Connections Using UHPC
In Bridge Design _

and Construction

J.'z(i:li.l-.l.-ﬁl.r:..ll. Shafieifar
Mahsa Farzad
tored Azizinamini, PhD., P.E.

ABC-UTC at Florida Internaitional University
September 2017

-UTC

Curre tly all ABC Connections to connect cap beam to Columns uses

A
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ABC-UTC Research Projects (FIU-ISU-UNR)

RESEARCH DAY- AUGUST 31, 2017 1:00PM - 5:00PM (EST)

Presentation Topic

Alternative ABC Connections Utilzing UHPC

Mohamadreza
Shafieifar, Ph.D.
student

Accelerated Retroffiting of Bridge Elements

Material Design and Structural Configuration of Lin

Material Design and Structural Configuration of Li

Alternative ABC Connections Utilizing UHPC Subjected to Predominantly Axial Load using UHPC x::‘nt':‘“‘d' sl ety FIU
Shell and Associated Design Provisions. -
Retroffiting Damaged Bridge Elements Using thin  |Alireza Valikhani, Ph.D.
UHPC Shell Elemesnts student

Extending Application of SDCL to ABC (Phass IT Extending Application of SDCL to ABC (Phase Il — |Amir Sadeghnejad,

" = 2:00PM-2:20PM |FIU
Experimental) Experimental) ] e |Ph.D. student
e : = : Estimating Total Cost of Bridge Construction using

Estimating Total Cost of Bridge Construction using ABC and |y ) ¢orventional Methods of Construction [Dr. Mohammed Hadi  [2:200- 2,400 |FIU

Conventional Methods of Construction (Phase II) (Phase IT)

Development of Manuzl for Enhanced Service Life of ABC : : : Azadeh Jaberi Jahromi, |, .

Prajacts Closure Joint Akernatives for ABC Projects D s 2:40PM-3:00PM |FIU

Framework for Prioritization of Accelerated Bridge
| Construction:

Making Framework for Prioritization of Accelerated
Bridge Construction:

Doug Gransberg

for ABC Apphcations: Shabs for ABC Appications: Dr. Behrouz Shafei 3:00PM-3:20PM | ISU
Investigation of Macro-Defect Free Concrete for ABC Investigation of Macro-Defect Free Concrete for  |Dr. Katelyn Freeseman 3:20PM-3:40PM | ISU
including Robatic Construction ABC induding Robotic Construction & Dr. Brent Phares : '
An Integrated Project to Enterprise-Level Decision Making |An Integrated Project to Enterprise-Level Decision .

Dr. Alice Alipour & Dr. 3. 4opm_4:009M |15U

Development and Seismic Evaluation of Pier Systems with

Precast Square Columns with Resilient Plastic

Dr. 5ri Sritharan & Dr.

Dr. Alieza Mohebbi

ISU

Development of Prefabricated Bridge Railings Development of Prefabricated Bridge Railings Terry Wi 4:00PM-4:20PM
Seismic P&me ! CFRP M—Tm&‘

Wrap up by ABC-UTC Director of Research

PLIDIE T S L0 LIC Lo

Pocket Connections and UHPC Columns E&‘c Hinge Damage Comparison of ABC Columns 4:20PM-4:40PM (UNR
with Different Advanced Materials and Pockst
Connections Dr. Alieza Mohebbi
: - Pretest Non r Dynamic Analysis of A Two-Span - -
Shake Table Studies of a Bridge System with ABC 2 = Elmira Shoushtari, :
s ABC Bridge Ske Table Model with Steel I shaket 4:40PM-5:00PM |UNR




Detalls of the Proposed Connection

Cap Beam

v

UHPC

Splice region
using UHPC | | | ||

Column <——

Seismic Detail

Professor Azizinamini

Plastic Hinge

/ (NC)

Cap Beam

Column «——

Splice region
using UHPC

Simplified seismic connection

ABC-UTC at Florida International University



These detalls works in the laboratory.
However, it Is very challenging in the field

F
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Construction of the Specimen Joining
Column - Testing & Results Observations

5 d] .Regular"ﬁ’
- Concrete
~_(Support)

n

Plastic Hinge
(RC) .



Construction and Testing the Specimen

Loading and Supports:
Axial Load=56 Kip (10% Pu)




Loac

Test Results

-Displacement

a) S-2.5-10

Specimen | Maximum | Displacement
ID drift ductility
8

S-2.5-10 8.9 %

S-4-10 5.3 %

S-2.5-20 6.4%
NS-2.5-10 6.5%

b) S-4-10

Lateral Load (Kipg
o

Lateral Load (Kipg
o

¢) 8-2.5-20

d) $-2.5-20

Lateral Load (Hipg
o

Lateral Load (Kipg
o

3)
6
3)



Test Specimen Dimension (Parametric Study)

Axial Loading Axial Loading

1 3

=3 _ T 3=
T | Lateral Loading <] Lateral Loading —
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hig! - % 11— |J|__:
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LHPC J ﬁ_ +_ / 3@4
! iy = e
RC hanind / | 1 hxmmul
RC T l :I - | RC \|
(Support) J | L | (Support) E

Simplified Seismic Detail

L 1] e
Seismic Detail

Numerical’Analysis:
|oad-Displacement Moment —Curvature

a) 5-2.5-10 b) S-4-10 a) 8-2.5-10 b) S-4-10
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UHPC Advantages

Superior Mechanical Strength Results In
Smaller Sections

v Greater Ductility And Energy Absorption
During Seismic Events

v Dense Microstructure And
'Discontinuous Pore Structure Provide

v/ Prétection Against Corrosion

v/ Excellent Chloride Penetration
esistance And Low Water Absorption

Excellent Freeze-thaw Durability




UHPC - Innovative Materials

Steel Fibers: NYCON-SF - |

— Length: 0.5 in.

— Diameter: 0.008 in.

— Aspect ratio = 65

|| - Tensile strength: 400 ksi

— Flexural strength: 29.000 ksi
|- High Alkali B
orrosion resistance




Research Projects: WSU & UW

.....

» Develop a UHPC connection Y ——
between Deck Bulb Tees, using i =

straight bars. A ]
"'"2" < s 3

2547 I k. E%H

= ppnT - D

» Develop local UHPC mixes s > &
QTS : Rra

o =

i v

» Develop and test joint design e . .
R ) R
methodology

» Joint width/bar splice length.

T | [
oo At

Bar spacing (splice offset).
» Bond/pullout and splice tests.

» Develop Design and Detailing

WSU PI: Professor Pizhong Qiao
UW PI. Professor John Stanton

—
=
—




Workability Test Direct Tension Test - New ASTM STD

method: Standard Test Method for Flow of Hydraulic
ement Mortar (ASTM C 1437) :

Vibrate 25 times in 15 seconds

WSU Test Set ups

® Direct Tension Test (DTT) (in progress)

+ The cross-section of 2" x 2" and total length
| of 18" dog-bone shaped specimen

|

-

b /21

Dimensions of Specimen DTT Setup Extensometer
for DTT Setup

Pull-out Test

Splitting Tensile Strength Test

Flexural Strength (Modulus of Rupture) Test

* Flexural Strength (Modulus of Rupture)

+ 3"x 4" x 16" Prism Specimen (ASTM C78) ASTM C496

Testing setup

Flexural testing of
3" x 4" x 16" in,
specimen (span = 12")

Casting of 3" x 4" x 16"
prism flexure specimens

Shrinkage Test
* Modulus of Elasticity (MOE)
+ 6"x 12" Cylinder (ASTM C469)

Shrinkage (Both Autogenous and Free shrinkage)
+ 4" 4" x 11.25" prism specimen  (ASTM C157)
» 1" 1"x 11.25" prism specimen  (ASTM C157)
» 50+4% RH, room temperature

ompressive Strength
2" Cubes and 4" Cubes (ASTM C109)




UW Test Setup

A A 1&
1
|
HPC "curbs' with varying clear cover No. 5 Epoxy-Coated Bar. |E A A B
(Varying: 21" above concrete) r—8.60—.00-§5.00 00 .50 |
—7.00- —7.00— L
9" to center of bar 4 'kﬁ
D C
i Standard Concrete Slab / 15,00 c D
Mo. 8 Black Bar (38 }"]
| 1 ———Tubes for No. & lifting bars:
14 inside diameter F L] - 3
14.50 27.00
{ 21,00 21,00 l
H G! m -
1
1 X - J
-6, 75~l——14 . 00———14 00— -6.00-1-6.00-1-6.00
43.50 48.00

No. 5 Epoxy-Coated Bar
3710 ¥" insertion depths
(14" intervals)

Height above curb 21"

1" cover 2" cover 3" cover



Implementation: WF Deck Girders with
UHPC Connections

» Develop Span Capability charts for

i . ) Span Capability of
Wide Flange Deck Girders with Appendix 5.6-A1-5 WF Deck Girders
U H PC Con neCthnS . Girder Girder | CLBearing | Shipping
Type Spacing toCL Weight

3 . . (ft) Bearing (ft) (kips)
* Normal Weight and Light weight s | s [ w
6 110 126

WF39DG
Concretes A N
8 100 131
. . 5 130 143
* Develop STD Drawings/Details o N B R
11 146
. 8 105 142
. velop Design Examples 5w | e
WFS3DG 6 140 173
T BridgeLink - PGSuper! - [Bridge View] - O 7 130 172
’=’£ni Edit ErojectEILgU:ds Library Options  View ﬁmd_ow‘ MyExtension ﬂe\p‘? — — 8 125 176
T 8 5 160 193
Plan wva 6 155 200
_— e 5 145 200
1 S0° 00 0000 E 8 135 198
2 90° 00" 00.00" E 5 170 215
: 6 165 223
%8 4 0" 00" 00.00" E %8 ‘VFGgDG 7 155 222
£ i 8 150 228
5 90° 00' 0000 E 5 135 244
-] S0° 00 0000 E 6 180 253
7 S0° 00* 00.00° E WETTRG 7 175 261
8 165 260
e 5 195 270
: s . 6 180 264
Section at Station O ;5;]30" Marmal to Alignment WE86DG 7 170 264
s 8 160 262
5 180 265
6 170 265
W98DG 7 160 263
8 155 268
5 175 264
: - . . 6 165 263
1 : S ] WEID3DG 160 269
- 8 150 264

For Help, press F1 Envelope 8l Modified AutoCalc: On NUM

.\



System Performance of UHPC Connected Bridge
WF-DG with UHPC Connection
Longitudinal and Transverse

UHPC Connection ““---xii:'__f‘_f-f-';;t;i:';_"-4-;-&__1

« System test: Multiple girders to verify moment continuity at
the intermediate pier and longitudinal joints between girders.

 Different connection details with different UHPC mixes.
 Service loads, cyclical testing of at least two million cycles,

and initials

and ultimate strength. ofest e



Concluding Remarks:

Seismic performance could be achieved with using
Innovative materials, design and construction methods.

2. Connection testing of innovative systems have shown
satisfactory results meeting the performance requirements.

Ductility depends strongly on details. Combine concepts
nd detalils to suit particular performance.

All of the major connection types (Socket, Pocket,
Grouted Sleeves or Ducts, Mechanical Connectors) have
been tested under cyclic loading

Need for PBSD to recognize innovations in seismic design
and performance



Thank You:
Bijan.Khaleghi@wsdot.wa
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