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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

Precast columns should meet the

New Roosevelt Bridge in Stuart,

same requirements, as a minimum. Florida, USA
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urvey Result arity w/ Precast Column Connections

Familiarity w/ Mechanical Bar Splice Familiarity w/ Grouted Duct Familiarity w/ Pocket Connections
Connections Connections
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Familiarity w/ Pipe-Pin Connections Familiarity w/ Rocking Connections Familiarity w/ Connections w/
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Most Familiar:

Results from 50 Individuals o -hanical Bar Splice Conn.
from 44 Agencies including » Grouted Duct Conn

33 DOTs > Pocket Conn.

Past App. of Precast Column Connections

57% of Agencies Used ABC Column Connections

No. of Agencies used: 0 5 10 15 20

Mechanical Bar Splice Connections

Grouted Duct Connections

Pocket Connections
Pipe-Pin Connections E
Rocking Connections ﬂ

Connections w/ Advanced Materials ﬂ

Agency justifications to use ABC column connections

Connection Type Agency Ci

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;

Mechanical Bar

Splices 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 C
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
Splices 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

Mechanical Bar




Field Application of Columns w/ Couplers

Bar Couplers in Bridge
Columns (Only Grouted)

. Utah
. Florida
. Colorado

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

Mechanical Bar Splices

Background

10



Introduction

Lap Splicing:

Mechanical Bar Splicing :

WWW.erico.com

-—»-—-—-—-—-

Headed Reinforcement Coupler Swaged Coupler

Threaded Coupler Grouted Sleeve Coupler

WWW.ErICO.com

Shear Screw Coupler Hybrid Coupler

Only one sample of each type is shown

12
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§ What type of couplers §

8 can be used in bents? S

| What are their effects? |

[EEN
w

Knowledge Gaps on Mechanical Bar Splices

| MPC 19372 |
1. Unified acceptance criteria and the standard testing

IN-PLAINS CONSORTIUM

methods for couplers that reflect seismic performance.

2. Reliable material model for couplers.

3. Comprehensive database on couplers.

| MPC 22451 |
4. Comprehensive database on column connectionsto | E NS CONSORTIUM

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. Memree

14



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 15d, (may be relaxed s
with coupler and column testing). Z - ; }
2. A spliced bar shall fracture outside the ;— [osa % j
coupler region regardless of testing ;; E
protocol with a strength of at least m Z ’

95% of unspliced bar.

Coupl
. Bar Fracture ‘ R(;uli)oir ‘ Bar Fracture
Any coupler meeting Region g Region

these requirements is TRy NN K N
a “Seismic Coupler”.

16



Generic Model for Couplers
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Mechanical Bar Splices

Coupler Specimen Selection,
Test Setup, and Loading
Protocols

18
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Coupler Test Specimen Selections

ACI Coupler Caltrans Coupler AASHTO
Types Types Coupler Type
.(Ifouepler ;:A(;:Elfz::turer Coupler Model Seni Ultimat Full Mechanical
yp Type 1 | Type 2 Serylce imate Connection
plice Splice (FMC)
Shear Screw | Erico International LENTON® LOCK % X NA
Coupler Corp. (B1 Series) o
Headed Bar Headed Xtender® 500/510 X X NA
Coupler Reinforcement Corp. | Standard Coupler o
Grouted Dayton Superior glttela(\J’eSIeeve-Lock® Grout X X X
Sleeve Splice Sleeve North
Coupler piice Sleeve Nol NMB X X N.A.
America
Dextra America, Inc. giggi)standard Splice X X N.A.
Threaded : Bartec Position Splices
Coupler Dextra America, Inc. (Type B) X X N.A.
Erico International LENTON® PLUS, % X X
Corp. Standard Coupler, (A12)
g‘gjg;‘: Bar Splice BarGrip® XL X X NA.
. Dextra America, Inc. | Griptec® X X N.A.
gybrul:l Erico International Lenton Interlock % X NA
oupler Corp. enton Interloc A
= More than 10 coupler manufacturers.
= 60 different products.
= We selected 10 products, 9 were available.
» Tested more than 160 couplers. .

19

Test Setup

Grip Grip

6d, 3 in. (76 mm)

=) <2d, 5 T
y 2 = :
—_— o E
o .
E § Ly L 3 § 8 in. (203 mm)
(O} ) 5]

S S

=) <2d, l = -4

6d, 3 mn. (76 mm)
Spliced Specimen Non-Spliced Specimen

20
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Universal Testing Maching )|/}
Extensometer

' Controller

Monotonic Loading Protocol and Sample Test

South Dakota State University
Lohr Structures Laboratory

Mechanical Bar Splices for
Accelerated Construction of Bridge Columns

Project: MPC 511
Test Date: 01/25/2018

Specimen: Grouted Sleeve Coupler By Dayton Superior
(GS-10-M)

» Reference: ASTM ES8
» Strain Rate: 0.015 + 0.006 in./in./min

22

22
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Cyclic Loading Protocol and Sample Test

South Dakota State University
Lohr Structures Laboratory

Mechanical Bar Splices for
Accelerated Construction of Bridge Columns

Project: MPC 511
Test Date: 01/23/2018
Specimen: Grouted Sleeve Coupler By Splice Sleeve North
America
(GS-10-C)

» Reference: ASTM E8
» Strain Rate: 0.015 %+ 0.006 in./in./min

23

Monotonic & Cyclic Test
Results

Mechanical Bar Splices

24
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Measured Stress-Strain Relationships
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Measured Stress-Strain Relationships
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Recommended Rigid Length Factors (B)

Coupler Type No.5 No.8 No.10 £
(16 mm) (25mm) (32mm) s
Headed Reinforcement 0.8 0.75 0.55 ~
Threaded (Dextra-Type A) 1.7 1.5 1.6 :’
Threaded (Dextra-Type B) 1.6 15 1.65 B s [
Threaded (Erico) 0.95 11 1.05 By
Swaged 09 09 0.95 o= i
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 g %
Hybrid (Erico ) 0.8 0.8 08 &
TH(Type B) HY (Sw:rYH()SW*'GS) coDayion L 750
GS-NMB_ | | TH(Tapen L
100 TH(Type A) . ?w Iﬁ’i)— _________ HR Unspliced L ;gg
------- r 600
,.,80 r 550
g r 500 E
@ . - r 450 3
e Coupler strain capacities can be Ha00y
2] . r 350 @
“ 10% to 65% of the unspliced bar. | 3005
- =~ Unspliced No. 10 ASTM 706 Bar ——HR (B=0.55, Lsp=3.88, £sp=6.0%) [ 250
— - -SW (B=0.9, Lsp=9.5, esp=2.1%) — —GS Dayton (B=0.65, Lsp=18, esp=3.87%) [ 200
20 § - GS NMB (B=0.85, Lsp=18, esp=2.3%) — . THDextraType A (8=1.65, Lsp=3.06, esp=0.9%)| 190
7 — THDextraType B (8=1.65, Lsp=3.06, esp=1.1%) TH(Taper) (8=1.05, Lsp=4.2, esp=3.1%) r 100
i HY(SW+TH) (B=0.85, Lsp=10.63, £sp=2.8%) HY(SW+GS) (B=0.8, Lsp=10.75 £sp=2.9%) - 50
0 : : : : : : : : : 0
0 1 2 3 4 5 6 7 8 9 10
Strain (%) 27

27

Standard Testing Methods for Couplers

Scope
Definitions

Proposed Standard Testing
Methods for Couplers in
the ASTM format.

= Apparatus
= Definitions

Preparation
= Monotonic Test
» Cyclic Test
= Dynamic Test
= Report
» Hazards
= Safety

» Physical Properties and

28

28
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Experimental Study

Mechanically Spliced Columns

80 T
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Column Test Matrix

SP Coupler Properties, | Coupler Rigid
D Coupler Type Manufacturer, Model in. (mm) Length Factor, Remark
CIP N/A N/A N/A N/A Reference cast-in-place
Dayton Superior Length: 16.5 (419) .
PGD | Grouted Corp., Sleeve Lock Diameter: 2.89 (73) 0.70 Use ALT]I detailing
Splice Sleeve North Length: 14.57 (370) .
PGS | Grouted America, Inc., NMB Diameter: 2.52 (64) 0.70 Use ALTI detailing
PHD Hybrid (Grouted- | Dextra America, Inc., Length: 9.45 (240) 0.79 Use ALTI detailing
Threaded) Groutec S with Bartec | Diameter: 2.17 (55) ) (Fig. 3.1)
Hybrid (Grouted- | nVent LENTON Length: 8.63 (219) .
PHV Threaded) Corp., Interlock Diameter: 2.67 (68) 0.82 Use ALTI detailing
nVent LENTON . Use ALT?2 detailing,
PTV | Threaded Corp., Ultimate PT15 B?;%: :te?(i (522 8?) 0.4 column dowels tapered
Position s (MT12)
Hybrid (Grouted- | Headed Reinforcement | Length: 7.75 (196.9) .
PHH | feaded) Corp., HRC560 Diameter: 2.625 (67) | >80 Use ALTI detailing
Headed Reinforcement | Length: 3.13 (80) Repairable column with
RPH | Headed Corp.. HRCS10XL | Diameter: 2.13 (54) | %7 BRR, ALT4
k7 . .
g Reinforcing
Precast g é Steel Bars
Precast Column B2 Coupler
Column Closure 8 8
Pour S Replaceable
Coupler- Coupler o ~ Buckling Resistant
I I U Reinforcement (BR
Footing 7 Reinforcing
', Steel Bars
Steel
Footing Footing ) Pipe 31

31

Couplers used in Columns

Dayton - PGD

Dextra - PHD

H
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i
|
!

§

lﬁtq
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120 - 800
100 1 s
g0 | L [ Refrence Bar | | 6002
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60 i e PGS (B=0.70) | 400 3
20 PHD (B=0.79) g
——PHV (B=0.82) || 599%
20 ——PTV (B=0.43)
——PHH (B=0.80
o b LPHHE0S0 ]|,
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Experimental Investigations

= One CIP and seven
precast columns under
cyclic loading

» Half-Scale specimens

2in.

Q

10- #8 Long.

24 in.

#4 @2 in.

33

ﬁ 24in [0.61m] ﬁT

24in [0.61m] |
SQUARE |~

SECTION ORIENTATION
E

. N

w
p 24in .
1 [610mm] 7
104
(10025
6in
96in [2.44m] ) [141mm]
LATERAL LOAD 2in
APPLICATION [51mm]
84in (2.13m]
OCTAGONAL
# @ 2" HOOPS
(@13 @ 51mm)
CIP: SEC AA
A A

34
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Precast Columns with Couplers

35

Column Testing

SOUTH DAKOTA STATE UNIVERSITY
Department of Civil and Environmental Engineering

Lohr Structures Lab

Mechanically Spliced Precast Bridge Columns
Test Date: 3/25/2021
Half-Scale Bridge Column
PHV (Hybrid Grouted-Threaded) Coupler East View

36

36
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Column Damage at 2% Drift

CIP at 10%

PHV @ 10%

o 7 ‘g;, 157 "7,,:'“‘,
PTV@ 7%

B
8 e W

PHH @ 10%
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Column Strain Profiles
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Mechanically Spliced Columns

Analysis, and Design Methods

42
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Couplers and Mechanically Spliced Columns

Coupler Testing Methods:

= ASTMA1034

= (California Test 670

= [SO/DIS 15835

= Proposed ASTM/AASHTO
Testing Method (NCHRP 935)

Column Design Guidelines:

= Utah

= Florida

= Tazarv and Saiidi (2015/2016)

= Proposed AASHTO SGS
(NCHRP 935)

43

Summary of Analytical Modeling Method for Couplers

Modeling methods for mechanically spliced columns
Design Analysis Type Column Element in Pushover Analysis Analysis Requirements
Usually conducted using a lumped plasticity
Cast-in-place (CIP) columns Moment-Curvature model, which requires an analytical plastic AASHTO Guide Specifications
P or Pushover hinge length. However, distributed for LRFD Seismic Bridge Design
plasticity model can also be utilized
1. Spliced columns using . 1%
proposed displacement ductility Use CIP analysis Use CIP analysis results B _ (1-0.188)(-1)°1F
3 results Herp Ly
equation P
2. Spliced columns using Similar to CIP but with
roposed plastic hinge length Moment-Curvature Lumped plasticity model onl: H,
proposec p ge feng! or Pushover ped p Y Y Ly =L, —(1- )Ly, < L,
equation L,
3. Spliced columns using
proposed stress-strain model for ~ Pushover only Distributed plasticity model only Coupler stress-strain model
coupler
» Coupler
Column o .
£ Region
o K e TS
r —
! Al .
sz S| Bar Region
Grouted B = |
r Coupler S| “ )
[ Device ! 1
- L U
s i
Footing A é“
Strain
44
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Method 1. Ductility Equation

:
\

5 £ 2%
& o4 25
Fradt 1 ;
EEN |
[P~ 1
3 Ef i i L, JL; Jt/a’-Lsp 5
: SRR & el b —
5.8 em
0.18
Usp HSP
=(1-0.18p)—
Ucrp LSP

Use H,, = 0.1 in. when coupler is at the interface

Couplers can reduce the displacement ductility by up to 40%.

45

45

Method 2. Modified Plastic Hinge Length

EE’D “—d, E"Ef
rF a.d,,T -1
L |
LI
H
sp . _sp
Lp = Lp (1 _L ),BLSp < Lp
p
L, is the AASHTO plastic hinge length:
L, = 0.08L + 0.15f,.d; = 0.3f,.d,

46
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Method 3. Pushover Analysis w/ Couplers

Stress

[ ]
ConfinedConcete
T
|
|
i
|

" L
5
Coupler z
Region v
N 2
Tl e
Bar Region . ‘ I‘/\‘I N Elem. 2
\ Q I‘-Isp Elem. 1

Footing

- —

Strain

47

47

Database on Mechanically Spliced Columns

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

48

48
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Method 1. Ductility Equation

BLsp (mm)
—_ 0 100 200 300
(=]
512 : . .
=
\&' 1 ° o 1810’5
=
S 08 e ° 0.18
o .~ g .............. 8 TP 'usp Hsp
£ 06 T Qoo o | E=(-018p) (1
o
& 0.4 . T CIP sp
g © Calculated PHD
a 0 — T —T—— T
0 2 6 8 1 12
BLsp (in.)
1.2
% Measured 0.86 Seﬁ,s'—rgljicw(/:!)\‘uoprlgrs
. 1 : 0.93
= B Calculated
= Slmp|e ~ acuaeoaso_gg 0.83 073
=038 0.62 062, 5o 0.73 06
. :06 0.61/ 0.61 0.61 1062052 59 0.6
= Qverall conservative £° 047
iO.4 0.29
= Valid for seismic Z 02
5
a 0
R NN R S Q&
couplers F ¢ S & @

49

Method 2. Modified Plastic Hinge Length

R
~ 1.0 1 =05
= .. 12PN ° sp _ HSP
S08 TS Oregyenrannanans ool ...... Ly =L,-(1- L_)BLSP <Ly
E 06{ T =e-o2o______< O (3 - p
2 041 . 1 L, = 0.08L + 0.15f,.d, > 0.3f,.d,
S ¢ Calculated PHD
a2 0.0 —— T T T
0 2 4 6 8 10 12
BLsp (in.)
1.2
= Measured 0.92 SPHDWC/:NOT
= More involved than < 1.0 1 mCalculated Jog ORI OP R 086 092
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3?0'8 7. 059 0.580.60-70 073 ot 072, 4 %7
Method 1 206 |061/ 061 05y | 058
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Example of Modified Plastic Hinge Length

Grouted Coupler Column (GCNP ) tested by Haber et al. (2014)

[ Column Height (L) =9 ft

Column Diameter = 2 ft

Longitudinally Reinforced w/ 11-#8

Yield Curvature = 0.00023 rad/in. (SAP2000)
| Ultimate Curvature = 0.0032 rad/in.

Cast-in-Place
L

[ Coupler Rigid Length Factor (8) = 0.65
- Coupler Length (L) = 14.57 in.
Pedestal Height (H,,) = 0.0 (coupler at interface)

Spliced

L, = 0.08L + 0.15f,,d}, = 0.3f,d), = 20.4 in.

L;p =L,—(1- ?)BLSP <L, =10.93in. = —
P

Calculated Displacement Ductility Capacity = 4.68
4% Error
Measured Displacement Ductility Capacity = 4.52
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Method 3. Pushover Analysis w/ Couplers

1’ = The most involved

methods

xxxxx

.: = The most accurate

method

= Valid for any coupler

types 52
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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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