Advanced Simulations for Seismic Design of Reinforced Concrete Joints

Roberto T. LEON loannis KOUTROMANOS Chenxi Xing

Professor Associate Professor Doctoral Candidate

Virginia Tech Virginia Tech Virginia Tech

Blacksburg (USA) Blacksburg (USA) Blacksburg (USA)

rleon@vt.edu ikoutrom@vt.edu chenxiw@vt.edu

Dr. Leon works on seismic design and  Dr. Koutromanous works on FE Mrs. Xing graduated from Southeast

experimentation for steel, concrete, and modelling of structures, with emphasis  University (PRC) and is completing her

composite connections and members.  on bond and shear behaviour in doctoral studies on behaviour of beam-
reinforced concrete structures. column joints at Virginia Tech.

Contact: rleon@vt.edu

1 Abstract

The seismic performance of older reinforced concrete moment frames in recent earthquakes indicates that
these buildings are particularly vulnerable to collapse. Although extensive experimental research over the last
three decades has clarified some of the mechanisms governing the behavior of this structural typology,
detailed modeling of their behavior has remained elusive. A primary reason is that our ability to model the
beam-column-slab connections is poor when shear cracking and bond degradation interact strongly. In this
work, two types of advanced models have been developed to address this shortcoming: one based on a refined
finite element analysis and one on a simplified truss analogy. In both cases, the intent is to elucidate the
resistance mechanisms, peak strength, bond behavior and ductility exhibited by beam column joints. In the
finite element formulation, superior results are obtained through careful material modeling, including the
bond-slip relationship. The simplified model uses a nonlinear truss analogy, with the bond-slip effect
accounted for through nonlinear zero-length spring elements with appropriate constitutive relationships.
Both models are calibrated to well-documented tests and are shown to produce very good results when
comparing local measurements. The truss model actually produces better results for cases where shear
cracking dominates the overall behavior. The models are used to assess the performance of prototype
connections designed to meet current American design standards. The results indicate that these joints will
perform as expected under uniaxial cyclic loads, with strength and stiffness deterioration beginning around
3% drift. Further studies, not described herein, have shown very poor joint performance if subjected to
biaxial loads and poorly if subjected to large cyclic deformations.

Keywords: reinforced concrete design, seismic design, beam-column joints, shear strength, bar anchorages,
biaxial loading.

https://doi.org/10.2749/newyork.2019.1706
Distributed by Structurae

1706



	Session_IABSE_A
	A.1 200-Year Bridge #1 
	A.2 Tomorrow's Affordable Housing #1 
	A.3 Bridge Construction
	A.4 Underground Structures - Fire and Water 
	A.5 Innovative Solutions to Complex Building Design
	A.6 Urban Structures - Challenges and Solutions
	A.7 Climate Effects on Structural Resiliency
	A.8 Design Trends and Innovations

	Session_IABSE_B
	B.1 200-Year Bridge #2 
	B.2 Tomorrow's Affordable Housing #2 
	B.3 Long-Span Bridge Design Considerations
	B.4 Structural Performance Under High Temperatures
	B.5 Movement Control of Structures
	B.6 Applications of SHM 1
	B.7 Extreme Loading on Structures
	B.8 Alternative Reinforcing Panel Session
	B.9P Urban Infrastructure: Performance Based Engineering

	Session_IABSE_C
	C.1 200-Year Bridge #3
	C.2 Tomorrow's Affordable Housing #3 
	C.3 Structure Performance
	C.4 Fire Safety Design Panel Session
	C.5 Design of New York Structures
	C.6 Applications of SHM 2 
	C.7 Urbanization and Ecological Building Construction
	C.8 Alternative Construction Materials
	C.9 Bridge Operations and Maintenance: Monitoring
	C.10P Urbanization: The Challenges of Building Urban

	Session_IABSE_D
	D.1 200-Year Bridge #4
	D.3 Bridge Design Optimization -1 
	D.4 Seismic Resiliency
	D.5 Performance-Based Engineering of Structures - 1
	D.6 Bridge Assessment and Repair - 1
	D.7 Effects of Climate Change Panel Session
	D.8 Timber Design concepts
	D.9P Urban Infrastructure: Tunnel Resiliency
	D.10P Mitigating Fire Hazards Through Engineering
	D.11P Urban Infrastructure: Mitigation of Wind-Induced

	Session_IABSE_E
	E.1 200-Year Bridge #5
	E.3 Bridge Design Optimization -2 
	E.4 Analyzing Seismic Performance
	E.5 Performance-Based Engineering of Structures - 2 
	E.6 Bridge Assessment and Repair - 2 
	E.7 Globalization and Structural Engineering -1 
	E.8 Concrete Repair Panel Session
	E.9P Urban Infrastructure: Footbridges and Non-Redundant
	E.10P Technology: Accelerated Bridge Construction
	E.11P Technology: Structural Health Monitoring
	E.12P Technology: BIM/BrIM and Virtual Reality

	Session_IABSE_F
	F.1 200-Year Bridge #6
	F.2 Design and Testing of Footbridges - 1
	F.3 Seismic Dissipation Systems Panel Session
	16695 Developments in RC Joint Design for Seismic Demands: The Role of Advanced Simulation

	F.4 Structural Engineering Challenges
	F.5 Bridge Assessment and Repair - 3
	F.6 Globalization and Structural Engineering -2 
	F.7 Using BIM to Improve Design and Construction
	F.8P Bridge Design - Considerations for the future
	F.9P Extreme Events: Forensic Study
	F.10P Technology: Alternative Construction Materials
	F.11 Commercial Session

	Session_IABSE_G
	G.1 200-Year Bridge #7
	G.2 Design and Testing of Footbridges - 2
	G.3 Seismic Design - Short/Medium Bridge Span
	G.4 Design Optimization
	G.5 Assessment and Monitoring
	G.6 Forensic Study - Learning from the Past
	G.7 Virtual Reality Modeling of Structures Panel Session
	G.8P Urbanization: Structural Safety of Urban
	G.9P Extreme Events: Multi-Hazard Resilience
	G.10P Globalization: Global Interoperability
	G.11P Urban Infrastructure: Restoration
	G.12P Tomorrow Construction: Alternative

	Session_IABSE_H
	H.2 Construction Techniques
	H.3 Structural Safety of Urban Areas
	H.4 Structural Assessment and Repair
	H.5 Camera-Based SHM Bridge Techniques Panel Session
	H.6 Strengthening - Historic Structures 1
	H.7 Design Challenges
	H.8P Extreme Events: Preparing the Unprepared
	H.9P Urban Infrastructure: Advanced Computing

	Session_IABSE_I
	I.2 Multi-Hazard Design
	I.3 Wind Effects on Structures Panel Session
	I.4 Designing in Urban Areas
	I.5 Strengthening - Historic Structures - 2
	I.6 Design Innovations


