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ABSTRACT 7 

Wall piers connected by diagonally reinforced concrete coupling beams are widely used as the 8 

lateral-force resisting system of tall buildings in seismic regions. A fundamental incongruity exists 9 

in current nonlinear modeling practice for such systems: walls are typically modeled in the initial 10 

uncracked state, whereas coupling beams are assigned a secant stiffness to the yield point. This 11 

paper presents the derivation of a nonlinear hysteretic truss model for diagonally reinforced 12 

concrete coupling beams that resolves this inconsistency and validates it against experimental data 13 

reported in the literature. The model explicitly couples flexural, shear, and axial deformations 14 

through truss action in a unified nonlinear hysteretic framework, offering a clear improvement 15 

over first-generation purely phenomenological models based on shear or moment springs. Unlike 16 

these models, the proposed model develops axial compression when restrained against lengthening, 17 

and accounts for the effects of this compression, allowing redistribution of the shear force between 18 

the framing wall piers. Its applicability is demonstrated through the nonlinear response history 19 

analysis of a fifteen-story coupled wall building. 20 
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RESEARCH SIGNIFICANCE 1 

Several modeling alternatives are currently used in practice for diagonally reinforced coupling 2 

beams such as first-generation nonlinear lumped-plasticity bending moment and shear springs, and 3 

nonlinear shell elements. The springs are widely adopted because of their simplicity. A key 4 

limitation of these models is their inability to capture axial-shear–flexure interaction. Furthermore, 5 

the spring models assign an initial stiffness that represents a fraction of the uncracked stiffness of 6 

the beam, creating a fundamental incongruity in coupled wall models as the walls are assigned the 7 

uncracked stiffness. This paper presents the derivation of a simplified nonlinear hysteretic truss 8 

model that considers axial-shear-flexure interaction, is calibrated to match the initial uncracked 9 

stiffness of the beam and is suitable for use in modern performance-based seismic design practice. 10 

The model accounts for the increase in resistance in coupling beams due to compression resulting 11 

from axial restraint, as well as shear redistribution between wall piers. 12 

 13 

SUPPLEMENTAL FILES 14 

The nonlinear hysteretic truss model described in the paper "Nonlinear Hysteretic Truss Model for 15 

Diagonally Reinforced Concrete Coupling Beams" is validated with six specimens of diagonally 16 

reinforced coupling beams (DRCB) found in the literature. The specimens include CB24F and 17 

CB33D by Naish et al,1 D80-1.5 and D80-2.5 by Weber-Kamin et al,2 CB1 by Ameen et al,3 and 18 

CB1A by Poudel et al.4 The truss model is used to compute the response of the DRCB of the seven-19 

story coupled wall test of Santhakumar,5 comparing the response of the same test when using a 20 

shear spring to represent the DRCB. 21 

The application of the validated model is demonstrated in a nonlinear response history analysis of 22 

a building using commercial software (i.e., ETABS v.21.2.0).6 23 
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The models for the DRCB, the coupled wall, and the building are found in the following link: 1 

https://github.com/SGodinez92/TrussModel_DRCB 2 
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DISCLAIMER 4 

The structural engineering models provided with this work are intended solely for educational, 5 

research, and informational purposes. They are provided to allow users to inspect, study, reproduce, 6 

and better understand the modeling approaches, assumptions, calibration procedures, and 7 

analytical results discussed in the associated paper. 8 

These models are not intended to serve as design documents, construction documents, permit 9 

submittals, code-compliance demonstrations, or professional engineering advice. They should not 10 

be used directly for the design, assessment, retrofit, construction, or approval of any structure. 11 

The models may include idealizations, simplifications, assumptions, calibration choices, software-12 

specific settings, omissions, or errors. Some model inputs and results may be specific to the 13 

experimental specimens, benchmark structures, software versions, analysis procedures, and 14 

research objectives described in the accompanying documentation. No representation is made that 15 

the models are complete, accurate, generally applicable, or suitable for any particular project or 16 

purpose. 17 

Users are solely responsible for independently verifying all geometry, material properties, section 18 

properties, reinforcement details, mass and load definitions, boundary conditions, constraints, 19 

damping assumptions, hysteretic parameters, analysis settings, design criteria, code requirements, 20 

and interpretation of results before relying on any information derived from these models. 21 

No warranty, express or implied, is made regarding the accuracy, completeness, reliability, 22 

reproducibility, or fitness for a particular purpose of the models or related files. Use of the models 23 

https://github.com/SGodinez92/TrussModel_DRCB
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is at the user’s own risk. Any application of these models, modeling approaches, or related 1 

information to real structures or engineering decisions should be performed, reviewed, and 2 

approved by a qualified licensed structural engineer familiar with the specific project, site 3 

conditions, applicable codes, and limitations of nonlinear structural analysis. 4 
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