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ABSTRACT The failure behavior of reinforced concrete beams is governed by the mechanical relationships between the shear
span-to-effective depth ratio, flexural reinforcement ratio, load and support conditions, and material properties. In this study, two
simple indeterminate strut-tie models which can reflect all characteristics of the failure behavior of reinforced concrete beams were
proposed. The proposed models are effective for the beams with shear span-to-effective depth ratio of less than 3. For each model, a
load distribution ratio, defined as the fraction of load transferred by a truss mechanism, is also proposed to help structural designers
perform the rational design of the beams by using the strut-tie model approaches of current design codes. In the determination of the
load distribution ratios, the effect of the primary design variables including shear span-to-effective depth ratio, flexural reinforcement
ratio, and compressive strength of concrete was reflected through numerous material nonlinear analysis of the proposed
indeterminate strut-tie models. In the companion paper, the validity of the proposed models and load distribution ratios was examined
by applying them to the evaluation of the failure strength of 335 reinforced concrete beams tested to failure by others.
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(c) Strut-tie model representing combined mechanism

Fig. 1 Typical strut-tie models for reinforced concrete beams
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Fig. 2 Proposed indeterminate strut-tie models for reinforced
concrete beams
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Step 1: Determine the primary design variables (a/d, fcx, p) of a reinforced
concrete beam, and assume a maximum applied load Ppmay.

i
y
‘ Step 2: Determine the maximum provided cross-sec. areas of concrete struts, ‘

Astrut, max- Set up the axial rigidity (AE) of all struts and ties as 1.0.
Y
A
Step 3: Conduct a finite element linear elastic analysis for the unreinforced
concrete beam. Determine the effective strengths of struts and ties.

]

Step 4: Determine the required cross-sec. areas of struts and ties by iterative
finite element linear elastic analyses of the beam strut-tie model.

]

Step 5: Define the stress-strain relationships of struts and ties. Conduct a finite
element linear inelastic analysis of the beam strut-tie model.

 ——

Impose additionally the steel tie
forces to the finite element model of
the unreinforced concrete beam.

— A
Yes < Step 6: Does the difference of the cross-sec. forces of steel ties at previous

and current iterative steps exceed a tolerance limit?

*No

Step 7: Does the difference between the required areas of struts (Astrut, req)
and the maximum provided areas (Astut, max) €Xceed a tolerance limit?

* No
Step 8: Determine the load distribution ratio: 1) If the beam strut-tie model
becomes unstable during the finite element linear inelastic analysis, a= cross-
sec. force (Fye) of tie E (Fig. 2(a)) or tie D (Fig. 2(b)) at the incremental load step
k causing the stability problem + (Pmax % k + total no. of incremental load steps);
2) If the strut-tie model is stable during the inelastic analysis, o = Fie + Pmax

Increase or decrease the assumed
maximum applied load Pmax.

Y &
3
8

Fig. 3 Algorithm for determining load distribution ratios of
indeterminate beam strut-tie models
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Fig. 6 Strut-tie models for determining load distribution ratios
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