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Prediction of Ultimate Strength of Concrete Deep Beams with an
Opening Using Strut—-and-Tie Model
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ABSTRACT

In this study, ultimate strength of concrete deep beams with an opening is predicted by using
Strut-and-Tie Model with a new effective compressive strength. First crack occurs around an
opening by stress concentration due to geometric discontinuity. This results in decreasing
ultimate strength of deep beams with an opening compared with general deep beams.

With fundamental notion that ultimate strength of deep beam with an opening decreases as a
result of reduction in effective compressive strength of a concrete strut, an equivalent effective
compressive strength formula is proposed in order to reflect ultimate strength reduction due to an
opening located in a concrete strut. An equivalent effective compressive strength formula which
can reflect opening size and position is added to a testified algorithm of predicting ultimate
strength of concrete deep beams. Therefore, ultimate strength of concrete deep beam with an
opening is predicted by using a simple and rational STM algorithm including an equivalent
effective compressive strength formula, not by finite element analysis or a former complex
Strut-and-Tie Model
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Fig. 1 Design and analysis procedure for concrete structure using Strut-and-Tie Model
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(a) Flow of principal tensile stress (b) Flow of principal compressive stress

Fig. 2 Flow of principal stress
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Fig. 3 Strut~and-Tie model for deep beam with an opening
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Fig. 4 Strut-and-Tie model for deep beam
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Fig. 5 Opening size ratio - influence factor relationship
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