Lessons from Biaxial Shake Table
Studies of A Two-span ABC Bridge
System with Pocket and Socket

Connections
M. Saiid Saiidi, PhD, PE, Professor Emeritus
Jared Jones, PhD, PE, Bridge Engineer, Alaska
Department of Transportation

@ trans:

. The Ffth!t ational Bridge Seismic Workshop (SIBSW)
o ) sity, Changsha, China, June 5-7, 2026




Integratinlg Six ABC Connections in Three
ridge System Models

Todays Presentation: Bridge with
Socket and Pocket Column Connections




Selection of ABC Connections

« Six ABC connection types
were incorporated in this

study joining...
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Columns to footing socket
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« Utilized information from
past research on individual
connection types



OBKECTIVES

Investigate the seismic response of a large-scale bridge
system that integrates six ABC connection types that
individually have performed well according to past research

Method of testing: Earthquake simulated on shake tables
Type of motions: Bidirectional, horizontal

Materials: Conventional concrete, mild steel, and ultra high-
performance concrete (UHPC)




Capacity Protected (Green) vs Energy
Dissipating (Red) Bridge Elements

Capacity Protected — No inelastic deformation allowed
Energy Dissipating— Plastic hinging is expected and desired
All connections
Column (bases) to footing socket type
Column (tops) to cap beam pocket type
Girders to cap beam
Deck panels over pier
Deck panels and girders
Deck panels to deck panels
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Energy Dissipating Members
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Bridge System

Geometry and S=ometry ana O-35-scale

dimensions of main Two spans, straight, no skew
elements

dimensions of main Ll el

Bridge width= 11~ (3-3 m)
elements Structural scheme Simple for dead, continuous for live load (SDCL)
Superstructure Precast prestressed girders with PC full depth panels
Bent Precast two-column bent
Abutment Seat-type abutments

Abutment backwall anmnd shear keys nmnot included

Materials - Conventional reinforced concrete members (f'c = 4 ksi, f, = 60 ksi)
- Grout
- UHPC

Structural scheme Simple for dead, continuous for live load (SDCL)

Superstructure Precast prestressed girders with PC full depth panels

Bent Precast two-column bent
Abutment Seat-type abutments

Abutment backwall and shear kexs not included
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Deck-to-girder Connection

Previous research: UNR-Caltrans, U. Nebraska-Lincoln
Reinforced concrete deck panels t, = 234",34 — 45" x 95"
Shear connectors: 2#4 headed bars @18”

High early strength, non-shrink grout (f;,out,,, = 10 ksi)

(ts=8", 8'-10" x 22’)

(10#5 -or equivalent area- @ 4')

{filled with UHPC)

2#4 headed bars\

Elevation

. Pocket
= N {filled with 51/2" 8§ 1/4"
= = grout) ' i !
] I ..'- ..... SRy ‘
,,,,,,, Lf -
512"
6 1/2"
Pocket Dimensions
| )
Elevation Cross Section (Exterior Girders)

Shear key

| ]

Crass Section (Interiar Girders)
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Deck-to-Deck Connection

« Previous research: FHWA, U. at Buffalo shake table tests

CIP intermediate diaphragms used under the transverse joints

N UHPC
Shear Key Geometry
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Cap Beam Connections

» Girder-to-cap beam connection

« Headed bars, crossties, and S |°
extended prestress strands i P |0

/
« Provide positive moment resistance 4" A

Top of PC Deck
R See Detail B 3

AL, /J/_Il.

Detail A

through prestress strands and shear
friction

Interlocking Ba Extended Strands
Bent in Field
2" Barrel Anchor with two ee Detail A

piece wedges, well seated 1

e 1u 1|
105 1 121 105
o gln

e

% 24" 2 " Plate

« Deck connection over pier W -

Strand Chuck Anchorage Detail

« Straight longitudinal reinforcement
over pier

 Long lap spliced connection
embedded in ultra-high
performance concrete (UHPC)

* Provide negative moment resistance

« Lap splices are not allowed in critical
bridge regions. Therefore, use
UHPC to address this concern
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Column End Regions and Connections

Column-to-footing: Two-way rebar
hinge

Reduced column section to reduce
plastic moment transfer

Precast with footing and connected via
opening in the column filled with
grout

This configuration had not been
previously studied

* Column-to-cap beam:
Socket/pocket connection

Columns fit into openings in precast
beam and connected with grout

Moment connection

Plastic hinge forms in columns below
cap beam-column interface

This configuration had not been
studied under biaxial loading or
loaded in out-of-plane direction

FRECAST COLUMMN

#3@1.75”

= [i® e
roul Injeclon Fort '.‘?' :
£ |
N 1
1127 3 SFIRAL BATE !
1" t"l‘-

i\

a

Section A-A

2=

LATERAL VIEW

T 10°
Rebar Hinge_ |/4 :“x\
& L

10—#6

Pocket

4—p—- J

2'-4 1/4
A
» In
2 |
g |d
2 Ik
[v] I

iy

|_I[51/4"

H=

.

® &
N

[N}

o

NS egs

Section B-B

13



Column
connections
at top

connections

at base



Column End Regions and Connections (Contd)




Pretest Analytical Model
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Loading Protocol

1994 Northridge Earthquake recorded at the Sylmar Converter Station.
Motion replicated in the central shake table.
Resultant displacement demand for design spectrum = 3.59” (100%DE - Run 4)

Transverse Acceleration Component (RSN1084-NORTHR SCS052) 1.4 -

0.4

Caltrans Design Spectrum

124 I, Scaled Transverse
Component

Acceleration (g)

04 . o
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tis) w
05 Longitudinal Acceleration Component (RSN1084-NORTHR SCS142)
s
B o
@
8
2
0.5
t(s)
. . T (s)
Time scaled acceleration components Time scaled acceleration response spectrum

(Compression factor = 0.592)
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Shake Table Tests

« White noise tests between
earthquake simulations

« 7 biaxial earthquake runs based
on pre-test modeling ranging
from 30% to 200% of the design
level earthquake ™

« An 8" run corresponding to 225%§: 11
design EQ was applied but was "
iIncomplete due to concern for
safety.
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Measured Force-Displacement Response

Displacement (mm)
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Capacity Protected Elements Damage State
after 200% Design Earthquake- Cap Beam

-

CALTABCZ RUN/

CAP
BEAM
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Capacity Protected Elements Damage State
after 200% Design Earthquake- Girder to Cap Beam Connections

- P .-.‘{u
B o o W vt v O B

No couplers; but used
UHPC
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Capacity Protected Elements Damage State
after 200% Design Earthquake- Girder Connection to Cap Beam

=
5=
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Capacity Protected Elements Damage State
after 225% Design Earthquake- Deck Panel Connections

Shear Key Geometry
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Post Test Analytical Studies (Contd)

Measured vs. Calculated Longitudinal Displacement - Run 3

Longitudinal Displacement (in)

L calculated Measured vs. Calculated Longitudinal Displacement - Run 8

—Measured
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Measured vs. Calculated Transverse Displacement - Run 3

| Post Test Analytical
i T Studies (Contd)
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In-plane Superstructure Rotation

Measured vs. Calculated In-Plane Rotation - No Friction
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Conclusions

- Design, construction and testing of a two-span, 0.35-scale bridge
model incorporating ABC connections was successful.

- A bridge system incorporating precast elements and ABC
connections can emulate the response of cast-in-place bridges:

Ductile behavior and maintain integrity under large deformations.

- The six integrated ABC connections performed well even under
earthquakes with more than twice the amplitude of the design
level.
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Conclusions- (Cont'd)

- The capacity protected elements remained elastic or essentially elastic
while the plastic hinges were formed at the top and base of the
columns.

- The ABC connections at the superstructure remained damage-free.
- The satisfactory shake table performance of this (and two other ABC

bridges) provided confidence on the part of bridge designers to adopt
ABC methods in practice.
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