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OUTLINE OF THE PRESENTATION

Ø Introduction

Ø Past studies on select ABC connections 

Ø Model description
Ø Design/Construction 

Ø Test results and observations
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ACCELERATED BRIDGE CONSTRUCTION

Ø Advantages of ABC:
Ø Reduction of onsite construction 

time
Ø Reduced exposure to safety risk
Ø Improved quality and durability of 

bridge components

ØThe success of ABC depends on reliable 
connections between precast members
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PROBLEM STATEMENT & OBJECTIVES

Ø Component tests à Satisfactory results à Preliminary design guidelines 

Ø The effect of component interaction on the forces and deformations in a bridge system? à
System test

Ø Objectives:

q Investigate the seismic performance of six ABC connections when integrated into a bridge 
system with steel superstructure under combined gravity and bidirectional simulated 
seismic excitations 

q Evaluate the feasibility of the construction methods and to identify construction issues in 
handling and connecting various prefabricated elements 

q Determine finite element modeling procedures for ABC bridges and propose design 
recommendations
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1) REBAR HINGE CONN.

Ø A type of two-way hinge

Ø A central reinforcement cage with a smaller 

diameter of that of column

Ø Hinge throat enhances the rotational capacity 

of the hinge 

Mohebbi et al. (2017)

Ø Shake table test 

Ø Rebar hinge embedded in pockets left 

in the footing 

Ø Minor spalling of the cover concrete at 

the hinge gap, and no damage around 

the rebar hinge pocket connection
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2) GROUTED DUCT CONN.

Ø Inverted testing on cantilever columns, 

lateral cyclic loading

Ø Satisfactory performance up to 5.5% 

drift

Ø Debonding the bar in the ducts was not 

necessary

Ø Ducts in the drop cap beam are filled 

with high early strength, no-shrink grout

UW-WashDOT (2013)
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3) SDCL CONN.

Ø !" resistance:
• Longitudinal deck reinf.
Ø !# resistance:
• Dowel bars and tie bars

ØSimple for dead and 
continuous for live load 

ØMore !# and less !"

ØEase of construction
ØEnhanced service life

dowel bars

tie bars

Ø Cast-in-place construction
Ø Inverted testing on cantilever columns, lateral 

cyclic loading perpendicular to the cap beam
Ø Satisfactory performance up to 7% drift (Plastic 

hinge in column, capacity protected cap beam) 
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4) DECK-TO-GIRDER POCKET CONN.

Shreshta et al. (2016)

ØDirect shear and pull-out test
Ø#5 rebar, 4 ft. cluster spacing, full scale 
ØNo group effect
ØType of grout: insignificant effect on 

shear capacity of anchors

ØSteel I girder, fatigue and ultimate test
ØConfinement by HSS tube or closed ties: negligible effect 

on ultimate capacity of studs and defelction
Ø24” à 48” : 25% increase in deflection and horizontal 

slip (believed to be because of fracture fatigue failure of 
the beam), negligible effect on stiffness of the 
composite beam Markowski et al. (2005)
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5) PANEL-TO-PANEL CONN. 

Ø UHPC in female-to-female deck panel joints à shortens 
the required lap splice length à allows narrower joints 

Ø Cyclic and static wheel patch loading
Ø No interface debonding
Ø No UHPC or interface cracks parallel to the connection
Ø Under static loading: Global flexural failureFHWA (2010)

Ø Research on bond performance of 
deformed steel bar in UHPC

Ø 8db -10db recommended for splice 
length

Yuan and Graybeal (2015)
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ØHooked reinforcement      not applicable to precast deck panels 
ØSplicing reinforcement in conventional concrete      not a common practice 

(because of strain concentration in deck over pier)
ØUsing mechanical splices over pier

ØSplicing reinforcement in UHPC
§ Increased bond strength
§ Increased strength and durability of 

connection
§ Simple construction

6) DECK CONN. W/ UHPC OVER PIER
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MODEL DESCRIPTION
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DESIGN AND 
CONSTRUCTION
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DESIGN CONCEPT

Ø Overall design: AASHTO seismic Guide Spec. (2014), AASHTO LRFD (2012)

Ø ABC connection design: Published emerging methods 

Ø ERS (Earthquake Resisting System): Inelastic substructure with elastic superstructure 

Ø Plastic hinge formation at top of the column, column moment reduction at the base

Ø Sacrificial abutment backwall and transverse shear keys 

Ø Simple for the dead load and continuous for the live (and seismic) load

Ø AASHTO time-scaled design spectrum for 

site class D (Lakewood, Los Angeles area)
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COLUMN DESIGN

Ø Forced-based design (Extreme Event I) and displacement-based check 

Ø Rebar hinge design based on a previous UNR research (Cheng et al.)

Ø Hinge transverse reinforcement designed for target curvature ductility 

of 10 (Saiidi & Mortensen, 2002)

Ø Section assumed to be doubly confined

Ø Shear capacity: The friction capacity of the hinge (! = 0.45)
Ø Clamping force: Total compressive force in the section obtained from 

moment-curvature analysis
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CAP BEAM/FOOTING DESIGN

Cap beam: 

Ø Width = Dc+8”
Ø Drop cap beam was designed for construction loads, and torsion 

applied by girders being set on one span
Ø Corrugated ducts in drop cap to pass column reinforcement
Ø The whole cap beam was designed for the forces within the 

completed structure

Footing:

Ø Two 12” corrugated pipes for rebar hinge 
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SUPERSTRUCTURE DESIGN

Girders: 

Ø Design for Strength I & Service II load combinations
Ø Shear studs designed for strength and fatigue and checked for 

seismic and composite section
Deck panels:

Ø Joint width determined by required splice length of deck 
reinforcement in UHPC

Ø 4-point lifting points led to stresses within the allowable limits
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SUPERIMPOSED MASS

Ø The location and weight was determined such that the column axial load index and stresses of 
the prototype bridge are duplicated

Ø A combination of lead pallets (58 kips) and concrete blocks (40 kips)
Ø Lead pallets represent the remainder weight of the superstructure (DC1)
Ø Concrete blocks represent the weight of barriers (DC2) and wearing surface (DW)
Ø Lead pallets will be added before casting stage II cap beam, but blocks will be added 

afterwards 
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BENT CONSTRUCTION

19 of 40



BENT ASSEMBLY
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SUPERSTRUCTURE CONSTRUCTION
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SUPERSTRUCTURE ASSEMBLY
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High strength grout UHPC

UHPC



ANALYTICAL STUDIES
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MODELING METHOD

Ø Three-dimensional finite element model in OpenSEES platform 
Ø A grillage represents deck and girders 
Ø Elastic element: Deck, girder, cross frame, and cap beam 
Ø Force-based beam column element: Column and rebar hinge
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NONLINEAR STATIC ANALYSIS

ØFailure in columns
Strain in an edge fiber in the core concrete reaches 125% of !"# OR Rebar strain 
reaches !$#

%&= 6.17

%'= 2.42

()** = 0.41$

%&=5.68

%'=2.17

()** = 0.44$
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NONLINEAR RESPONSE HISTORY ANALYSIS

Ø Five near-fault and five far field motions:

§ 6 < magnitude < 8 

§ VS30 between 200 to 360 m/s (656 to 1181 ft/s)
§ Near fault: 0<Rjb<15 km, Far field: 0<Rjb<15 km

Ø NRH under 100%, 150%, and 200% of the DE

Ø Higher PGA applied in the longitudinal direction

Ø Cap beam, deck, and all ABC connections 

remained capacity protected

Input ground motions
rec# Event name PGA Magnitude

N1 Parkfield-02_CA 
1.31

6.0
0.58

N2 Northrige-01 
0.62

6.7
0.93

N3 Kobe Japan 
0.62

6.9
0.98

N4 Chi-Chi Taiwan
0.79

7.6
0.58

N5 Duzce Turkey 
0.75

7.1
0.82

F1 Coalinga-01
0.26

6.4
0.28

F2 Loma Prieta
0.27

6.9
0.28

F3 Northridge-01
0.23

6.7
0.36

F4 Kobe_ Japan
0.23

6.9
0.23

F5 Chi-Chi_ Taiwan
0.27

7.6
0.20

26 of 40



LOADING PROTOCOL

Ø Northridge1994 (M 6.7), Sylmar station: Sylmar142 (Long.), Sylmar42(Trans.)

Ø DE: Peak ∆!"#$%&'(& from NDA = Orthogonal combination of the design displacement demands

Run # Factor
PGA (g) 

long.
PGA (g) 
trans. %DE

1 0.18 0.17 0.11 30%
2 0.39 0.36 0.24 65%
3 0.60 0.56 0.37 100%
4 0.75 0.70 0.47 125%
5 0.90 0.83 0.56 150%
6 1.05 0.97 0.66 175%
7 1.20 1.11 0.75 200%
8 1.35 1.25 0.83 225%
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TEST SETUP
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TEST OBSERVATIONS 
AND RESULTS
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BRIDGE OVERVIEW (RUN8: 225% DE)
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NORTH COLUMN - SW (RUN8: 225% DE)
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COLUMN PLASTIC HINGE  (RUN8: 225% DE)

South Column 

Southeast Northwest

North Column 

Southeast Northwest
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North column South column

Ɛmax - column long. bars 0.0517 [20×Ɛy] (W) 0.0535 [21×Ɛy] (N)

Ɛmax - column spirals 0.0034 [1.4×Ɛy] (N) 0.0014 [0.6×Ɛy] (W)



HYSTERESIS CURVES
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Longitudinal direction Transverse direction



BENT DISP. HISTORIES

34 of 40

Longitudinal direction Transverse direction

Resultant



COLUMN CONNECTIONS (RUN8: 225% DE) 

Grouted duct connectionRebar hinge connection
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North column South column

Hinge long. bars 0.0425 [16×Ɛy](E) 0.0536 [21×Ɛy] (N)

Hinge spirals 0.0022 [0.9×Ɛy] (S) 0.0019 [0.8×Ɛy] (E)



CAP BEAM (RUN8: 225% DE)

Cap beam to girder conn.
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Cap beam long. bars 0.0004 [0.16×Ɛy]

Stirrups (dowel bars) 0.0156 [0.6×Ɛy] 

Tie bars 0.00024 [0.1×Ɛy] 

Deck long. bars 0.00035 [0.14×Ɛy]
dowel bars

tie bars



DECK CONNECTIONS (RUN8: 225% DE)
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Grout-filled 
pocket conn.

Girder-to-cap slippage 0.0067 in. (Horizontal) - 0.0197 in. (Vertical)

Girder-to-deck slippage 0.0036 in. (longitudinal, exterior girder)

Panel-to-panel 
UHPC joints

UHPC joint over 
pier



CONCLUSIONS
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Ø Design procedures for ABC connections ensured that the performance of the ABC 
bridge system was emulative of conventional bridges. The ABC bridge system 
underwent large deformations in a ductile manner by forming plastic hinges at 
predefined locations.  The structural integrity was maintained even during 
extreme seismic loading.   

Ø Cap beam, deck, and all ABC connections remained capacity protected. 

Ø Minor spalling of the grout in the column-cap beam interface allowed spread of 
yielding in the column longitudinal bars.  

Ø Yielding of the rebar hinge longitudinal bars was spread adequately without 
debonding the bars at the column-footing interface and none of the hinge 
longitudinal bars fractured even after confined concrete core failure in the top 
column plastic hinges.  
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BRIDGE OVERVIEW (RUN8: 225% DE)
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