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Accelerated Bridge Construction — Bridge Bents
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Haber et al. (2015)
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Grouted Splice Sleeve Connectors
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Acoustic Emission (AE) Monitoring
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Acoustic Emission (AE) Monitoring
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Design and Fabrication
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Design and Fabrication/Precast-2
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Test Setup and Drift History

W E

-

PULL PUSH

! 12
N 12
SPHERICAL BEARING | 8 -
k T - 6 HH H—
120-KIP o 4 LA N A | |
SERVO- CONTROLLED >x 2
ACTUATOR ,' / :’ 0 AA VA /\ \I\ \I \
B VALY
200KIP ! | O 4 " V N ||
LOAD CELL / - s
SPHERICAL -6 11 |
BEARING -8 —i
AXIAL LOAD i | -10
coNNEGTIoN | T | J 12
\é’a@ 3 0 2 4 6 8 10 12 14 16 18 20 22
\
HE o Cycles

EX () e rl m e ntS Fall 2015, Denver




IMAGINE UUT\JIVERSITY

OF UTAH®

Test Results/
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Test Results/Energy
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Test Results/Base Curvature
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Analysis Objectives/Previous Research
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Introduction

Seismosoft Ltd (2013) Gause node B
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Force-based beam-
column element with
plastic hinge
iIntegration scheme
(Scott and Fenves,
2006)

Transformation of
precast subassembly
Into equivalent cast-in-
place subassembly

Empirical relationships
for plastic hinge length

Proposed Analytical Model
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Proposed Analytical Model/Low-cycle Fatigue

[ Test assemblies failed Experiment #32 Brown and Kunnath (2000)
due to low-cycle
fatigue

1 Coffin-Manson
expression with
cumulative linear

damage rule

O ReinforcingSteel eP = Cr(2Nf)™@
material in OpenSees
capable of predicting Dy =

?=1(2Nf)i

low-cycle fatigue life
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Proposed Analytical Model/Bond-slip

O Bond-slip may
iInfluence local and
global response of
bridge columns

O Bond-slip included by
deriving pseudo
stress-strain
relationship for column
bars =
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obtained from end
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Y

Strain

displacement divided I
by the unique plastic L,
hinge length
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Proposed Analytical Model/Bond-slip
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Proposed Analytical Model/Bond-slip
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Proposed Analytical Model/Bond-slip

O Validation of proposed
one-dimensional model .
using Haber et al. . ]
(2013) GS3 experiment
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Proposed Analytical Model/Model Layout

 One force-based Transform precast columns to equivalent
beam-column cast-in-place columns with fictitious plastic hinges
element with plastic
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Proposed Analytical Model/Stress-strain Curves

[ Concrete04 material
used for confined
and unconfined
concrete

O ReinforcingSteel
material used for
bars outside PH
zone

d ReinforcingSteel
material with pseudo
stress-strain
properties used for
bars inside PH zone

Analytical Stud
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Proposed Analytical Model/Model Layout

A

Construct pseudo stress-
strain relationship for
bars in plastic hinge;
specify proper sectional
properties

Estimate length of
plastic hinge, Lp

Is global
response
acceptable?
(Hysteresis)

Is local
response

acceptable?
(M-Curvature)

Is
termination poin
acceptable?

(Low-cycle
Fatigue)

Model validated
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Proposed Analytical Model/Global Response
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Proposed Analytical Model/Global Response
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Proposed Analytical Model/Local Response
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Experiments

O CIP had good hysteretic
response with ductile
performance. Column
bars fractured during 8%
and 9% drift ratio due to
low cycle fatigue.

O Precast subassemblies
failed due to premature
bar fracture. Precast-1
failed during 7% and
precast-2 failed during
8% drift ratio.

O Debonding of reinforcing
bars for Precast-2
resulted in longer
performance life.

Conclusions

Analytical Study

Two-dimensional
analytical model was
developed based on
transformation of precast
column to equivalent
cast-in-place column
with plastic hinge.

Analytical model was in
close agreement with
both global and local
response of test
components.

Bond-slip was included
by deriving pseudo
stress-strain relationship
for bars in PH zone,
using a one-dimensional
bond-slip model.

Fall 2015, Denver
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Low-cycle fatigue was
Implemented as
termination criteria as
observed in experiments.

Plastic hinge length of
CIP which was obtained
iteratively is in good
agreement with empirical
relationships.

Plastic hinge length
obtained for Precast-1
and Precast-2 was found
to be 67% and 83% of
plastic hinge length
obtained for CIP.
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