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Nonintegral Precast Bent Cap Nonintegral Precast Bent Cap 
ConnectionConnection——Design & ConstructionDesign & ConstructionConnectionConnection Design & ConstructionDesign & Construction

11 Design of emulative nonintegralDesign of emulative nonintegral precast bent cap systemsprecast bent cap systems1.1. Design of emulative nonintegral Design of emulative nonintegral precast bent cap systems precast bent cap systems 
using using grouted duct and cap pocket connections grouted duct and cap pocket connections in CA in CA 
follows a process similar to existing Caltrans SDC for CIP. follows a process similar to existing Caltrans SDC for CIP. 

2.2. However, successful implementation must acknowledge However, successful implementation must acknowledge 
important differences in design, detailing, & construction. important differences in design, detailing, & construction. 

3.3. It is recommended that proposed design and construction It is recommended that proposed design and construction 
specifications in AASHTO specifications in AASHTO LRFD Seismic Guide Spec LRFD Seismic Guide Spec 
format be considered on projectformat be considered on project--specific basis until specific basis until p jp j pp
formal review by AASHTO Committees.  Flow charts, formal review by AASHTO Committees.  Flow charts, 
design examples and connection details are available. design examples and connection details are available. 



OverviewOverview

•• BackgroundBackground
•• Specimen Fabrication/Assembly/TestingSpecimen Fabrication/Assembly/Testing
•• Emulative ResponseEmulative Responsepp

•• Design ExampleDesign Example
•• Design SpecificationsDesign Specifications•• Design SpecificationsDesign Specifications
•• Flow ChartFlow Chart

Example for GD and CPFDExample for GD and CPFD•• Example for GD and CPFDExample for GD and CPFD
•• Example Connection DetailsExample Connection Details

•• Construction SpecificationsConstruction Specifications



Precast Bent Cap Systems: Precast Bent Cap Systems: NonNon--IntegralIntegral

GSC BoltedGD

GDGP/CP

NonintegralNonintegral connection also required for integral systemconnection also required for integral system



Project ObjectivesProject Objectives

Develop design methodologies, 
connection details and design andconnection details, and design and 
construction specifications for precast 
bent cap systems in all seismic regions

•• Systems and methodologies for entire U.S.Systems and methodologies for entire U.S.

bent cap systems in all seismic regions 

•• Practical, costPractical, cost--effective connection details effective connection details 
•• Design examplesDesign examplesDesign examplesDesign examples
•• Design and construction specifications with Design and construction specifications with 

commentary incommentary in AASHTO LRFDAASHTO LRFD formatformatcommentary in commentary in AASHTO LRFDAASHTO LRFD formatformat
•• Implementation PlanImplementation Plan



Nonintegral Component Test MatrixNonintegral Component Test Matrix

GroutedGrouted
D tD tDuctDuct

Cap Cap 
PocketPocket

Emulative Test UnitEmulative Test Unit Location (Date)Location (Date)
CastCast--inin--place place (CIP) (CIP) Full ductilityFull ductility CSUS (8/07)CSUS (8/07)
Grouted Duct Grouted Duct (GD) (GD) Full ductilityFull ductility CSUS (7/07)CSUS (7/07)
Cap Pocket Cap Pocket (CPFD) (CPFD) Full ductilityFull ductility CSUS (8/07)CSUS (8/07)
Cap Pocket Cap Pocket (CPLD) (CPLD) Limited ductilityLimited ductility CSUS (12/08)CSUS (12/08)



Grouted Duct JointGrouted Duct Joint

As
jvo

Outside Joint Stirrups



Grouted Duct JointGrouted Duct Joint

A jviAs
jvi

Inside Joint Stirrupsp
“Construction”



Joint Shear ReinforcementJoint Shear Reinforcement
(Section)(Section)

ρs
Bent Cap 

Longρs
Joint Hoops

As
jvo

Long

J-bars



Comparison of JointsComparison of Joints
Grouted DuctGrouted DuctSpecimenSpecimen Joint DesignJoint Design

1 75 in diameter steel1 75 in diameter steel

Grouted DuctGrouted Duct
(GD)(GD)

1.75 in diameter steel 1.75 in diameter steel 
corrugated ducts corrugated ducts 
(full height) for (full height) for 
column bars; 22 column bars; 22 (GD)(GD) ;;
gage (0.03 in); gage (0.03 in); 
Hoops placed Hoops placed 
around ductsaround ducts (Hoops not (Hoops not in place)in place)

18 in diameter, 16 18 in diameter, 16 
gage (0.06 in) steelgage (0.06 in) steel

Cap Pocket Cap Pocket 
Full DuctilityFull Ductility

(CPFD)(CPFD)

gage (0.06 in) steel gage (0.06 in) steel 
corrugated helical corrugated helical 
pipe with lock seam; pipe with lock seam; 
Added hoop at each Added hoop at each (CPFD)(CPFD)
end resist potential end resist potential 
unraveling. unraveling. ((EquivEquiv nom. confining force)nom. confining force)



Fabricated ColumnFabricated Column



Fabricated Bent Cap (GD)Fabricated Bent Cap (GD)



Grouted DuctGrouted Duct——Assembly Assembly 

During Cap During Cap PlacementPlacement After Cap Placement (PGD)After Cap Placement (PGD)

Grouting ConnectionGrouting Connection Grouted ConnectionGrouted Connection



Cap Pocket JointCap Pocket Joint

Sonotube Dam Sonotube Dam 
t C Tt C T

Sand in Sonotube Sand in Sonotube 
D At C TD At C Tat Cap Topat Cap Top Dam At Cap TopDam At Cap Top



Cap PocketCap Pocket——Assembly Assembly 

Bent Cap PlacementBent Cap Placement Cap Pocket AssembledCap Pocket Assembled

Casting and Vibrating Concrete Casting and Vibrating Concrete Finishing ConcreteFinishing Concrete



Test Setup and Cyclic LoadingTest Setup and Cyclic Loading



Hysteretic ResponseHysteretic Response——
Full Ductility SpecimensFull Ductility Specimens



CSUS DeliverablesCSUS Deliverables——Design SpecsDesign Specs



Example Design SpecificationExample Design Specification——
Joint Design For SDCs C and DJoint Design For SDCs C and DJoint Design For SDCs C and DJoint Design For SDCs C and D



Example Design SpecificationExample Design Specification——
Joint Design For SDCs C and DJoint Design For SDCs C and Dgg



CSUS DeliverablesCSUS Deliverables——
Flow Chart/Design ExampleFlow Chart/Design ExampleFlow Chart/Design ExampleFlow Chart/Design Example



Joint Design Flow ChartJoint Design Flow Chart



Proportion Joint



Check Joint Principal Stress (C/D and B)

ρs

Asjvo
A jlAsjl

GDCP

Supplementary 
Hoops

J Bars
AsjviAsjvi

Bedding Layer
Hoop

Hoops



Joint Summary ReinforcementJoint Summary Reinforcement
tt cc

Reinforcement Reinforcement 
TypeType TermTerm

2009 SGS2009 SGS ProposedProposed
CIPCIP GDGD CPCP

tt cc

Transverse HoopTransverse Hoop ss Eq. 8.13.3Eq. 8.13.3‐‐22 Max ሺEq. 1, Eq. 2ሻMax ሺEq. 1, Eq. 2ሻ

Inside joint stirrupsInside joint stirrups jvijvi 0 1350 135 0 1350 135 0 120 12Inside joint stirrupsInside joint stirrups ss
jj

stst 0.1350.135 0.1350.135 0.120.12

Outside joint stirrupsOutside joint stirrups ss
jvijvi

stst 0.1750.175 0.1750.175

Additional CapAdditional CapAdditional CapAdditional Cap
LongitudinalLongitudinal ss

jljl
stst 0.2450.245 0.2450.245

Horizontal JHorizontal J--barbar Every other Every other 
i t tii t ti

Same as Same as 
CIPCIP NANAintersectionintersection CIPCIP

Anchorage LengthAnchorage Length acac
Bedding La erBedding La er NANA P SP S

'79.0 cyebl ffd
'2 gyebl ffd '3.2 cyebl ffd

Bedding LayerBedding Layer NANA Per SpecPer Spec

Supplemental Supplemental 
HoopsHoops NANA NANA Per SpecPer Spec



Joint Summary ReinforcementJoint Summary Reinforcement
tt cc

Reinforcement Reinforcement 
TypeType TermTerm

2009 SGS2009 SGS ProposedProposed
CIPCIP GDGD CPCP

tt cc

Transverse HoopTransverse Hoop ss Eq. 8.13.3Eq. 8.13.3‐‐11 Eq. 8.13.3Eq. 8.13.3‐‐11

Inside joint stirrupsInside joint stirrups jvijvi NO REQ’TNO REQ’T 0 100 10 0 100 10Inside joint stirrupsInside joint stirrups ss
jj

stst NO REQ TNO REQ T 0.100.10 0.100.10

Outside joint stirrupsOutside joint stirrups ss
jvijvi

stst ‐‐ ‐‐ ‐‐

Additional CapAdditional CapAdditional CapAdditional Cap
LongitudinalLongitudinal ss

jljl
stst ‐‐ ‐‐ ‐‐

Horizontal JHorizontal J--barbar ‐‐ ‐‐ ‐‐

Anchorage LengthAnchorage Length acac
Bedding LayerBedding Layer NANA Per SpecPer Spec

'2 gyebl ffd '3.2 cyebl ffd'79.0 cyebl ffd

g yg y pp

Supplemental Supplemental 
HoopsHoops NANA NANA NANA



Joint Design ExampleJoint Design Example——
Cap Pocket (SDCs C & D)Cap Pocket (SDCs C & D)Cap Pocket (SDCs C & D)Cap Pocket (SDCs C & D)



Introduction

Step-by-step 
Calcs

Diagrams



Code References

CommentaryCommentary



Joint Design ExampleJoint Design Example——
Cap Pocket (SDCs C & D)Cap Pocket (SDCs C & D)Cap Pocket (SDCs C & D)Cap Pocket (SDCs C & D)

Details



Clear 
Application ofApplication of 

Specs for Hoop 
at Col Top and 
Bedding Layer



Example Connection DetailsExample Connection Details



Example Connection DetailsExample Connection Details



Construction SpecificationConstruction Specification——
Proposed Article 8.13.8Proposed Article 8.13.8Proposed Article 8.13.8Proposed Article 8.13.8



Proposed Article 8.13.8 Proposed Article 8.13.8 –– ContinuedContinued
11——GeneralGeneral
22 D i tiD i ti22——DescriptionDescription
33——MaterialsMaterials
33..11 PortlandPortland CementCement ConcreteConcrete forfor PrecastPrecast BentBent CapCap33..11 PortlandPortland CementCement ConcreteConcrete forfor PrecastPrecast BentBent CapCap
33..22 GroutedGrouted DuctDuct ConnectionConnection

33..22aa HydraulicHydraulic CementCement GroutGrout (Non(Non--Shrink)Shrink)
33..22bb CorrugatedCorrugated MetalMetal DuctDuct

33..33 CapCap PocketPocket ConnectionConnection
33..33aa PortlandPortland CementCement ConcConc.. forfor CapCap PocketPocket FillFill33..33aa PortlandPortland CementCement ConcConc.. forfor CapCap PocketPocket FillFill
33..33bb SteelSteel PipePipe

33..44 ConnectionConnection HardwareHardware
44——ContractorContractor SubmittalSubmittal
44..11 GeneralGeneral
44 22 PrecastPrecast BentBent CapCap PlacementPlacement PlanPlan44..22 PrecastPrecast BentBent CapCap PlacementPlacement PlanPlan
44..33 DesignDesign CalculationsCalculations forfor ConstructionConstruction ProceduresProcedures
44..44 ShopShop DrawingsDrawings



Proposed Article 8.13.8 Proposed Article 8.13.8 –– ContinuedContinued
55——ConstructionConstruction MethodsMethods
55..11 GeneralGeneral
55 22 HandlingHandling55..22 HandlingHandling
55..33 PlacementPlacement
55..44 GroutingGrouting ofof GroutedGrouted DuctDuct ConnectionConnection

55..44aa TrialTrial BatchBatch
55..44bb GroutGrout PlacementPlacement
55 44cc GroutGrout TestingTesting55..44cc GroutGrout TestingTesting

55..55 ConcretingConcreting ofof CapCap PocketPocket ConnectionConnection
55..55aa TrialTrial BatchBatch
55..55bb ConcreteConcrete PlacementPlacement
55..55cc TestingTesting ofof CapCap PocketPocket FillFill ConcreteConcrete

55 66 BB Pl tPl t55..66 BeamBeam PlacementPlacement
66——MeasurementMeasurement andand PaymentPayment



Grout Specification (Grout Specification (TxDOTTxDOT 1748)1748)



Final ThoughtsFinal Thoughts

Grouted duct and cap pocket connections can Grouted duct and cap pocket connections can 
be designed using SDCbe designed using SDC--type process for jointtype process for jointbe designed using SDCbe designed using SDC type process for joint type process for joint 
shear. However, differences in design, shear. However, differences in design, 
detailing, and construction must be carefully detailing, and construction must be carefully 
followed to achieve emulative responsefollowed to achieve emulative responsefollowed to achieve emulative response.followed to achieve emulative response.
Proposed design and construction Proposed design and construction 
specifications are recommended for projectspecifications are recommended for project--specifications are recommended for projectspecifications are recommended for project--
specific use until formal review by AASHTO.  specific use until formal review by AASHTO.  
Successful implementation is ensured bySuccessful implementation is ensured bySuccessful implementation is ensured by Successful implementation is ensured by 
careful use of specifications with flow careful use of specifications with flow charts, charts, 
design examples, and example design examples, and example details.details.
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