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Presentation Outline

Innovations in Bridge Design: Seismic - ABC
Focus: Connections - emulative and 

other systems
Seismic design requirements and PBSD
Recent WSDOT Research Projects:

ABC – HFL
Super-Elastic Smart materials - IBRD
CFST and Connections
WFDG-UHPC Connections

 Alternative ABC Connections Utilizing UHPCDate, time 
and initials 
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Bridge Design – ABC & Seismic Challenges

Innovation in 
Materials, 

Design, 
Construction

Performance
Requirements

Accelerated 
Bridge 

Construction

Bridge Design 
and Seismic 
Requirements



Seismic Design Requirements

• AASHTO Guide Specifications 
for LRFD Seismic – DBD

• 2014 Seismic Hazard Maps, 
and Site Coefficients

• Cascadia, Basin Effect, Mega 
EQ, Tsunami, etc.



Seismic Design Requirements - Connections
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Seismic Resiliency – goals for recovery times for 
transportation systems in terms of hours, days, weeks, months, and years 



PBSD Flowchart  
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Basic Elements in 
Performance‐Based 
Design of Bridges 



Unacceptable Performance 
Lack of Seismic Design, Ductility & Confinement



Damage after 
undergoing 
10% drift

Desirable Performance –Adequate Seismic 
Design, Ductility & Confinement



Seismic Performance of Precast Bents 
Used for ABC 

• Integral Moment Resisting 
Connection

• Member socket connection 
at base 

• Grouted ducts at precast cap 
connection 

• Two-stage cap: Lower 
Precast, Upper CIP 



Column-to-Spread Footing and Shaft Connection Tests



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/Foundation
 Long term performance and longevity of CFST

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



CFST Design Consideration: Lateral Loads

Ductility Deep Foundation
Lateral EQ Load



Eastbound Nalley Valley Project
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15 • 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 time and cost

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



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

NCHRP Project – LRFD Guide Specs 
for non-emulative systems SR 99 South Access to Tunnel 

Self Centering Bridge System suited for 
Seismic Resiliency



Innovative Materials: SMA for Bridge Columns
 Superelastic Nickel-Titanium Shape Memory Alloy 

(SMA) Bars
 Reduce residual displacements

Steel
Ni-Ti

 Challenges with SMA:
 SMA Availability
 Head bar for mechanical 

splice 
 Mechanical splice required 

in hinge region
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Typical test setup at UNR
FHWA Innovative Bridge Research and Deployment ( IBRD ) 
 Three - 0.3 Scale Columns

 2 Incorporating SMA and ECC
 1 Conventional RC 

 62 in clear height
 18 in x 18 in cross-section

Professor Saiidi  University of Nevada-Reno



Innovative Materials ECC

 Engineered 
Cementitious 
Composites (ECC)

 Reduce damage to 
hinge zone 0
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Mobile mixing of ECC for placement

Challenges with ECC: 
• ECC, 10 times of conventional 

concrete
• Batch and sack dry ingredients
• Mix on site with mobile high shear 

mixer
• Place by bucket at top of column
• Use cooling pipes similar to mass 

concrete
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SMA/ECC used for 
AWV Precast PT 
Spliced-Girder Bridge

Bridge Construction

SMA

• ASTM A706 = $1 / lb. , 
SMA = $92 / lb.

• Mechanical splice 
required in hinge region



Seismic Resiliency – Self Centering Prestressed 
Columns for Bridge Bent

PT, unbonded
in the free 
height of the 
column.  
Remains elastic

Local high stress at 
interface.

Column rocks as a rigid 
body: 
• no curvature 
• no strain  
• no crackingBonded rebar 

yields 
cyclically, 
dissipates 
energy

Professors Stanton/Eberhard  – UW, Test at UNR



Re-centering Low 
Damage System →  
Construction Sequence
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Pre-T Precast system
Construction 
sequence



Currently all ABC Connections to connect cap beam to columns uses 
types of connections that penetrates into the cap beam, creating a very 
challenging detailing Requirements within the cap beam.

Recent Innovations 
in Bridge Design 
and Construction

ABC-UTC



ABC-UTC Research Projects (FIU-ISU-UNR)
 Alternative ABC Connections Utilizing UHPC

 Extending Application of SDCL to ABC (Phase II Experimental)

 Estimating Total Cost of Bridge Construction using ABC

 Development of Manual for Enhanced Service Life of ABC 
Projects

 Material Design and Structural Configuration of Link Slabs for 
ABC Applications:

 Investigation of Macro-Defect Free Concrete for ABC 
including Robotic Construction

 An Integrated Project to Enterprise-Level Decision Making 
Framework for Prioritization of ABC

 Development of Prefabricated Bridge Railings

 Development and Seismic Evaluation of Pier Systems with 
Pocket Connections and UHPC Columns

 Shake Table Studies of a Bridge System with ABC 
Connections
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Details of the Proposed Connection

Seismic Detail Simplified seismic connection

Professor Azizinamini
ABC-UTC at Florida International University



These details works in the laboratory. 
However, it is very challenging in the field



Construction of the Specimen Joining 
Column – Testing & Results Observations

Regular 
Concrete
(Column)

Regular 
Concrete
(Support)

Regular 
Concrete
(Plastic 
Hinge)

UHPC
(Connection

)



Construction and Testing the Specimen

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



Load-Displacement

Specimen 
ID

Maximum 
drift

Displacement 
ductility

S-2.5-10 8.5 % 8
S-4-10 5.3 % 5

S-2.5-20 6.4% 6
NS-2.5-10 6.5% 5

Test Results 



Test Specimen Dimension (Parametric Study)

Seismic Detail Simplified Seismic Detail

Load-Displacement Moment –Curvature
Numerical Analysis: 



Superior Mechanical Strength Results In 
Smaller Sections

Greater Ductility And Energy Absorption 
During Seismic Events

Dense Microstructure And 
Discontinuous Pore Structure Provide 

Protection Against Corrosion

Excellent Chloride Penetration 
Resistance And Low Water Absorption

Excellent Freeze-thaw Durability

UHPC Advantages



UHPC - Innovative Materials 

• Steel Fibers: NYCON-SF - I
− Length: 0.5 in. 
− Diameter: 0.008 in. 
− Aspect ratio = 65
− Tensile strength: 400 ksi 
− Flexural strength: 29.000 ksi               
− High Alkali 
−Corrosion resistance



Research Projects: WSU & UW

 Develop a UHPC connection 
between Deck Bulb Tees, using 
straight bars. 

 Develop local UHPC mixes

 Develop and test joint design 
methodology

 Joint width/bar splice length.

 Bar spacing (splice offset). 

 Bond/pullout and splice tests.

 Develop Design and Detailing
WSU PI: Professor Pizhong Qiao
UW PI: Professor John Stanton



WSU Test Set ups
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UW Test Setup

Pull-out strength test

Ram

Load 
Cell

UHPC 
“curb
” 
block
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Implementation: WF Deck Girders with 
UHPC Connections

• Develop Span Capability charts for 
Wide Flange Deck Girders with 
UHPC Connections.

• Normal Weight and Light weight 
Concretes

• Develop STD Drawings/Details
• Develop Design Examples



System Performance of UHPC Connected Bridge 
WF-DG with UHPC Connection

Longitudinal and Transverse 
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UHPC Connection

• 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 ultimate strength.



Concluding Remarks: 
1. 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.

3. Ductility depends strongly on details.  Combine concepts 
and details to suit particular performance.  

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

5. Need for PBSD to recognize innovations in seismic design 
and performance



Thank You:
Bijan.Khaleghi@wsdot.wa

.gov

Questions?


