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1. Introduction

Deep beams are defined by the large ratio of height to span. Despite different studies done in this field, the
majority of them are related to the investigation of the ultimate load. Therefore, in this research with nonlinear
analysis, accurate behavior of deep beams from initial phase of loading until failure mode was investigated. The
calculation of accurate value of strain, stress and deflection in various locations of the beam along with the
determination of cracking, yielding and ultimate loads were considered. Also the restriction of current programs
such as the limitation for the selection of various element types, the elimination of reinforcement type, time
consuming and difficulty in entering initial information (due to entering of them in textual forms) causes demanding
to a nonlinear FEM program. Entering of data in this program should be easy .Also it should have enough speed and
accuracy in analysis. In order to resolve this restriction, NAOC program was developed by the authors. Nonlinear
sources which were considered in NAOC are the plasticity of concrete in compression, yielding of reinforcement,
cracking of concrete in tension, concrete smashing under press and plasticity of reinforcement. The advantage of
NAOC in comparison to other programs in this field are: the drawing of structural shape, rebars position in elements
with accurate subtitles, drawing of deformation of structure and drawing of load - displacement curve.

2. Methodology

2.1. Strain and material property matrices in plane-stress state

Deep beams are considered in plain-stress condition problems. In this kind of problems, it is assumed that stress
components which are out of plain are equal to zero. Three stress components and four strain components exist. In
NAOC program, material property matrices recommended by Vecchio [1] are used.

2.2. The cracking model for concrete

In FEM modeling, for RC structures, crack can be modeled by two different discrete and dual methods [2]. In
NAOC program, dual cracking method is used because of its simplicity in computer calculations and also for its
sufficient reliability to understand the concrete structures behavior.

2.3. Shear transfer model

When a crack occurs in concrete, the shear transfer capacity in cracked surface is related to locking concrete
aggregate, dowel action and axial force of reinforced bars. For cracked concrete, shear stress in plane, is reduced by
the application of 8 coefficient [2]. S coefficient is assumed as a function of tensile strain which is perpendicular to
the cracked plane. 5<0.5 has been found to be appropriate for shear failure [2].
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2.4. Property matrix for cracked concrete

When yielding or cracking in the elements initiates, the elasticity matrix of material is changed and stiffness is
reduced. Elasticity modulus reduction in the direction orthogonal to the crack (to zero value) causes the stiffness
matrix not to be positive-definite and hence causes numerical problems [3]. To overcome this problems the secant
modulus E, is used instead of £,=0.

2.5. Convergence criteria

In fact nonlinear FEM analysis consists of series of linear analysis in every phase. Every phase is based on the
initial curve or Newton-Raphson method and the philosophy of remained forces. In an iterative-increase method in
the end of every iterative, convergence criterion was used. In NAOC program CRI1 and CRI2 that recommended by
Frantzeskakis and Theillout [4] are used.

3. Results and discussion
3.1. Examplel: Simply supported deep concrete beam

This deep beam has been examined by Leonard and Valter [5]. Dimensions, rebar and loading are given in Fig. 1
Due to the symmetry, only a half of the beam was modeled under plane strain condition. A half of the beam was
modeled in 2 way (52 and 54) elements and the results were compared with experimental results (Fig. 2). Fig. 2
shows that NAOC results agree well with test results.

3.2. Second series examples: five deep concrete beams with the ratio clearance of span to height equal
two

These beams were tested by Arabzade [6] and the dimensions, loading and rebar arrangements are shown in Fig.
3 Because of symmetry, only a half of beams were selected for nonlinear analysis. In Fig. 4, the ultimate load of
beams calculated by NAOC were compared with experimental and various codes results. Fig. 4 and Table 1 give the
following results:

1. Concrete strength has significant effects on the ultimate strength of beams.

2. For the condition that web vertical and horizontal rebars are identical, top and bottom horizontal rebar

strengths have significant effect on samples strength.
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Fig. 1. Dimension (cm), loading and method of Fig. 2. Experimental and analytical solution

reinforcement for example 1

Table 1. DB1 to DB5 samples specifications

Specimen Main rebar diameter (mm) f. fy E. , Ys E
top bot N/mm
DB1 20 20 30.6 3.23 2641
DB2 12 12 30.6 3.23 2641 N
DB3 16 16 21.7 1.98 2224 g ',*:
DB4 16 12 21.7 1.98 2224 %

DB5 16 6 33.0 3.30 2743
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arrangement method beams

4. Conclusions

1. NAOC program is able to accurately investigate RC deep beams from initial phase of loading until failure.
Also NAOC can calculate strains, stresses and deflections in addition to the determination of cracking, yielding and
ultimate loads. Entering of initial data and view of output results are easy with NAOC user-friendly interface.
Precise failure load estimation is other trait of the NAOC program.

2. In analyzing of problems with nonlinear material, using initial stiffness matrix method (KT,) is appropriate.
Also in RC structures, CRI2 criterion is better than CRI1 for the investigation of convergence. For RC deep beams,
the tolerance of 0.001-0.01 is proposed and causes suitable results.

3. When the cracks have not been occurred, the stresses are predicted by elastic theory. After that cracks occur,
stresses are diverted from elastic distributions significantly, hence, the difference between linear and nonlinear
results increases considerably.

4. In RC deep beams, the modeling of shear transfer is difficult, due to dowel action and axial force in rebars. In
NAOC program, it has been done by approximate relations and formulas and it has been shown that the program
results have good agreements with experimental data.
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