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Target Seismic Performance for Bridge Columns

Conventional Columns:

 Support superstructure

 Provide sufficient resiliency

 Dissipate energy

 Allow for significant damage but

no collapse
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New Roosevelt Bridge in Stuart, 
Florida, USA

Precast columns should meet the 
same requirements, as a minimum.

Precast Column Connections
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Survey Results: Familiarity w/ Precast Column Connections

Results from 50 Individuals 
from 44 Agencies including 
33 DOTs

Most Familiar:
 Mechanical Bar Splice Conn.
 Grouted Duct Conn.
 Pocket Conn.

Past App. of Precast Column Connections
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Connections w/ Advanced Materials

57% of Agencies Used ABC Column Connections

No. of Agencies used:

Agency justifications to use ABC column connections 

Connection Type Agency Comments  

Mechanical Bar 

Splices 

Ease of construction and performance;  Contractor familiarity;  Long history of their use and performance testing 
results;  NMB splices on Edison Bridge in Fort Myers;  Relieved congestion and fast erection;  Relatively fast and 
has been tested (grouted couplers);  Provides structural integrity, reduced rebar congestion, reduced materials cost;  
Good performance, ease of use, contractors seem to like;  Grouted couplers are most common for connecting vertical 
dowels;  Ease of construction;  Availability and familiarity;  Short length;  ABC Speed 

Construction issues related to past ABC column connections 

Connection Type Agency Comments  

Mechanical Bar 

Splices 

Alignment of bar cage, orientation/placement of grout tubes;  No real issues as long as tolerances were followed;  
Tight construction tolerance, proprietary products and expensive grout;  Occasional misalignment but can usually be 
corrected;  Expense, and clearances;  Tight tolerance needed for connector locations, spacing and concrete 
consolidation;  Fit up and alignment;  Concern that the grouted couplers were not totally filled with the high strength 
grout, alignment of the bars and filling coupler completely 
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Bar Couplers in Bridge 
Columns (Only Grouted)

Field Application of Columns w/ Couplers

• Utah
• Florida
• Colorado

Project in Florida, Column Section Project in Utah, Grouted Coupler
(Culmo, 2009) (NCHRP Scan Team Report, 2012)

I‐225 and Colfax Ave‐Denver CO
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Mechanical Bar Splices

Background
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Lap Splicing:

Mechanical Bar Splicing :

www.erico.com

Introduction

12

Headed Reinforcement Coupler Swaged Coupler 

Threaded Coupler Grouted Sleeve Coupler 

Hybrid Coupler Shear Screw Coupler 

Types of Mechanical Bar Splices

www.erico.com

Only one sample of each type is shown

11

12



7

C
ou

pl
er

s
C

ou
pl

er
s P
re

ca
st

 C
ol

um
n

C
ou

pl
er

s

Precast / CIP Cap Beam

C
ou

pl
er

sP
re

ca
st

 C
ol

um
n

What type of couplers 
can be used in bents? 
What are their effects?

Knowledge Gaps on Mechanical Bar Splices

14

1. Unified acceptance criteria and the standard testing

methods for couplers that reflect seismic performance.

2. Reliable material model for couplers.

3. Comprehensive database on couplers.

MPC 19-372

4. Comprehensive database on column connections to

adjoining members w/ couplers.

5. Bridge column design methods for possible removal

of the current code ban on couplers in plastic hinges

of SDC C and D.

MPC 22-451
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Performance of Couplers

Proposed Acceptance Criteria and 
Material Model

15

Seismic Couplers Acceptance Criteria

1.Total length of a mechanical bar splice

shall not exceed 15db (may be relaxed

with coupler and column testing).

2.A spliced bar shall fracture outside the

coupler region regardless of testing

protocol with a strength of at least

95% of unspliced bar.

L
sp

S
m

al
le

st
 C

ou
pl

er
 in

 th
e 

M
ar

ke
t

3.5db

db

M
ax

im
um

 A
ll

ow
ab

le
 C

ou
pl

er
 L

en
gt

h

15
d b

db

Coupler
Region

Lsp
db

dbdb

Bar Fracture
Region

Bar Fracture
Region

16

Any coupler meeting 
these requirements is 
a “Seismic Coupler”.
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Generic Model for Couplers
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Mechanical Bar Splices
Coupler Specimen Selection, 

Test Setup, and Loading 
Protocols
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Coupler Test Specimen Selections

Coupler 
Type 

Coupler 
Manufacturer 

Coupler Model 

ACI Coupler 
Types 

Caltrans Coupler 
Types 

AASHTO 
Coupler Type 

Type 1 Type 2 
Service 
Splice 

Ultimate 
Splice 

Full Mechanical 
Connection 

(FMC) 
Shear Screw 
Coupler 

Erico International 
Corp. 

LENTON® LOCK  
(B1 Series)  

X X N.A.

Headed Bar 
Coupler 

Headed 
Reinforcement Corp. 

Xtender® 500/510 
Standard Coupler 

X X N.A.

Grouted 
Sleeve 
Coupler 

Dayton Superior 
D410 Sleeve-Lock® Grout 
Sleeve 

X X X

Splice Sleeve North 
America 

NMB X X N.A. 

Threaded 
Coupler 

Dextra America, Inc. 
Bartec Standard Splice 
(type A) 

X X N.A.

Dextra America, Inc. 
Bartec Position Splices 
(Type B) 

X X N.A.

Erico International 
Corp. 

LENTON® PLUS, 
Standard Coupler, (A12) 

X X X

Swaged 
Coupler 

Bar Splice BarGrip® XL X X N.A.

Hybrid 
Coupler 

Dextra America, Inc. Griptec® X X N.A.
Erico International 
Corp. 

Lenton Interlock X X N.A. 

 More than 10 coupler manufacturers.
 60 different products.
 We selected 10 products, 9 were available.
 Tested more than 160 couplers.

20

Test Setup

Spliced Specimen Non-Spliced Specimen
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Test Setup

22

Monotonic Loading Protocol and Sample Test

Reference:  ASTM E8

Strain Rate:  0.015 ± 0.006 in./in./min
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Cyclic Loading Protocol and Sample Test

Reference:  ASTM E8

Strain Rate:  0.015 ± 0.006 in./in./min

Mechanical Bar Splices
Monotonic & Cyclic Test 

Results

24
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Measured Stress-Strain Relationships

26
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Coupler Type
No. 5

(16 mm)

No. 8

(25mm)

No. 10

(32 mm)
Headed Reinforcement 0.8 0.75 0.55

Threaded (Dextra-Type A) 1.7 1.5 1.6

Threaded (Dextra-Type B) 1.6 1.5 1.65

Threaded (Erico) 0.95 1.1 1.05

Swaged 0.9 0.9 0.95

Grouted Sleeve (NMB) 0.95 0.65 0.85

Grouted Sleeve (Dayton) 0.7 0.7 0.65

Hybrid (Dextra ) 0.8 0.9 0.85

Hybrid (Erico ) 0.8 0.8 0.8

Recommended Rigid Length Factors (β)
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TH Dextra Type B (β=1.65, Lsp=3.06, εsp=1.1%) TH(Taper) (β=1.05, Lsp=4.2, εsp=3.1%)
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Coupler strain capacities can be 
10% to 65% of the unspliced bar.
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Standard Testing Methods for Couplers

 Scope

 Definitions

 Apparatus

 Definitions

 Physical Properties and
Preparation

 Monotonic Test

 Cyclic Test

 Dynamic Test

 Report

 Hazards

 Safety

Proposed Standard Testing 
Methods for Couplers in 

the ASTM format.
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Mechanically Spliced Columns

Experimental Study

29

Columns w/ Grouted Couplers
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Column Test Matrix

31

SP 
ID 

Coupler Type Manufacturer, Model 
Coupler Properties, 
in. (mm) 

Coupler Rigid 
Length Factor, β 

Remark 

CIP N/A N/A N/A N/A Reference cast-in-place 

PGD Grouted 
Dayton Superior 
Corp., Sleeve Lock 

Length: 16.5 (419) 
Diameter: 2.89 (73) 

0.70 Use ALT1 detailing

PGS Grouted 
Splice Sleeve North 
America, Inc., NMB 

Length: 14.57 (370) 
Diameter: 2.52 (64) 

0.70 Use ALT1 detailing

PHD 
Hybrid (Grouted-
Threaded) 

Dextra America, Inc., 
Groutec S with Bartec 

Length: 9.45 (240) 
Diameter: 2.17 (55) 

0.79 
Use ALT1 detailing 
(Fig. 3.1) 

PHV 
Hybrid (Grouted-
Threaded) 

nVent LENTON 
Corp., Interlock 

Length: 8.63 (219) 
Diameter: 2.67 (68) 

0.82 Use ALT1 detailing

PTV Threaded 
nVent LENTON 
Corp., Ultimate PT15 
Position 

Length: 9.0 (228.6) 
Diameter: 1.5 (38) 

0.4 
Use ALT2 detailing, 
column dowels tapered 
(MT12) 

PHH 
Hybrid (Grouted-
Headed) 

Headed Reinforcement 
Corp., HRC560 

Length: 7.75 (196.9) 
Diameter: 2.625 (67) 

0.80 Use ALT1 detailing

RPH Headed 
Headed Reinforcement 
Corp., HRC510XL 

Length: 3.13 (80) 
Diameter: 2.13 (54) 

0.75 
Repairable column with 
BRR, ALT4 
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Experimental Investigations  
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Precast Columns with Couplers

35

Column Testing
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Column Damage at 2% Drift

37
CIP
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Column Damage at Failure
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CIP at 10%

PGD @ 6% PHD @ 4%PGS a@ 9%

PHV @ 10% PHH @ 10%PTV @ 7%
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Column Force-Drift Hysteresis
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Column Strain Profiles
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Mechanically Spliced Columns

Analysis, and Design Methods
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Column Design Guidelines:

Couplers and Mechanically Spliced Columns

 Utah
 Florida
 Tazarv and Saiidi (2015/2016)
 Proposed AASHTO SGS

(NCHRP 935)

Coupler Testing Methods:

 ASTM A1034
 California Test 670
 ISO/DIS 15835
 Proposed ASTM/AASHTO

Testing Method (NCHRP 935)

Summary of Analytical Modeling Method for Couplers

44

Modeling methods for mechanically spliced columns 

Design  Analysis Type Column Element in Pushover Analysis Analysis Requirements 

Cast-in-place (CIP) columns 
Moment-Curvature 
or Pushover 

Usually conducted using a lumped plasticity 
model, which requires an analytical plastic 
hinge length.  However, distributed 
plasticity model can also be utilized 

AASHTO Guide Specifications 
for LRFD Seismic Bridge Design 

1. Spliced columns using 
proposed displacement ductility 
equation 

Use CIP analysis 
results  

Use CIP analysis results 
𝜇𝑠𝑝
𝜇𝐶𝐼𝑃

ൌ ሺ1െ 0.18𝛽ሻሺ
𝐻𝑠𝑝
𝐿𝑠𝑝

ሻ0.1𝛽  

2. Spliced columns using 
proposed plastic hinge length
equation 

Moment-Curvature 
or Pushover 

Lumped plasticity model only 
Similar to CIP but with  

𝐿𝑝
𝑠𝑝 ൌ 𝐿𝑝 െ ሺ1െ

𝐻𝑠𝑝
𝐿𝑝

ሻ𝛽𝐿𝑠𝑝 ൑ 𝐿𝑝  

3. Spliced columns using 
proposed stress-strain model for 
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Method 1. Ductility Equation
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Method 2. Modified Plastic Hinge Length

46

C
ou

pl
er

R
eg

io
n

Lsp

db

a.db

B
ar

R
eg

io
n

a.db

ß.Lsp

B
ar

R
eg

io
n

R
ig

id
L

en
gt

h

Lcr

Column Section

Hsp

Lsp

Elem. 1

Elem. 2

E
le

m
. 3

L

Footing

C
ou

pl
er

s

Lp is the AASHTO plastic hinge length:

𝐿௣
௦௣ ൌ 𝐿௣ െ ሺ1െ

𝐻௦௣
𝐿௣

ሻ𝛽𝐿௦௣ ൑ 𝐿௣

𝐿௣ ൌ 0.08𝐿 ൅ 0.15𝑓௬௘𝑑௕ ൒ 0.3𝑓௬௘𝑑௕

45

46



24

Method 3. Pushover Analysis w/ Couplers

47

Unspliced

Spliced

S
tr

es
s

Strain

Bar Region

Coupler
Region

Database on Mechanically Spliced Columns

48

1. GCNP from Haber et al. (2014) – Grouted

2. HCNP from Haber et al. (2014) – Headed

3. GGSS-1 from Pantelides et al. (2014) – Grouted

4. GC10 from NCHRP 935 (2020) – Grouted

5. PGD from present study – Grouted

6. PGS from present study – Grouted

7. PHD from present study – Grouted Threaded; Not a Seismic Coupler

8. PHV from present study – Grouted Threaded

9. PTV from present study – Threaded

10.PHH from present study – Grouted Headed
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Method 1. Ductility Equation
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Method 2. Modified Plastic Hinge Length
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Example of Modified Plastic Hinge Length
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Grouted Coupler Column (GCNP ) tested by Haber et al. (2014) 
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Yield Curvature = 0.00023 rad/in. (SAP2000)
Ultimate Curvature = 0.0032 rad/in.

Coupler Rigid Length Factor (b) = 0.65 
Coupler Length (Lsp) = 14.57 in.
Pedestal Height (Hsp) = 0.0 (coupler at interface)
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Calculated Displacement Ductility Capacity = 4.68 

Measured Displacement Ductility Capacity = 4.52 
4% Error
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Method 3. Pushover Analysis w/ Couplers
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 The most involved

methods

 The most accurate

method

 Valid for any coupler

types
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 The coupler and column test data showed that the coupler
length, size, and type significantly affect the coupler/column
performance.

 Couplers with higher rigid length factors showed the lowest
strain capacities.

 Columns with seismic couplers showed a reduction in the
displacement capacity from 3% to 45%.  The column lateral
strength did not change more than 15% using couplers.

 All mechanically spliced precast bridge columns tested in
the present study met the current AASHTO seismic
requirements thus they may be used in all 50 states of the
nation.

 New experimental database with 10 mechanically spliced
bridge columns was used to validate three design methods.
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Conclusions
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