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Abstract: In the numerical modeling presented, the deep beam is accounted
for by means of a three dimensional FEA ANSYS 13.0 approach, in which
the structure is modeled with load-displacement-based solid finite elements,
whereas the internal work structure interacted by high strength concrete and
reinforcement in full scale. Most deep beam collapse is dominated by the
shear brittle collapse. Recently, confinement is the most effective way to
improve the ductility of the reinforced concrete, whereas required to
anticipate the occurrence of direct crack on the beam caused by quite large
shear forces. Numerical models of deep beam with high strength concrete is
done gradually by giving a variation of concrete strength, confinement and
stirrup spacing. The two point load are applied with the ultimate load on all
models. Then, analyzing of the deep beam is to be done with and without side
reinforcement and also an analysis of the crack pattern of the beam to calculate
the brittle area under the ratio of crack volume occurred. Concrete is modeled
by SOLID65 and steel reinforcement using SOLID45 element. The collapses
occurred are all ultimate flexural compressive collapse on the loading plate
area, due to brittle shear collapse. The condition occurred on deep beam first
crack was already considered a collapse, the density of reinforcement and the
additional distance comprehensive reinforcement bar is most effective in
terms of adding high ductility of high strength concrete beams. By using the
stirrup reinforcement with confinement mode can significantly enhance the
resistance of ultimate capacity, cracking ratio and reduced deflection.

Keywords: Numerical Modeling, ANSYS, Deep Beam, Brittle, Confinement,

High Strength Concrete

Introduction

In deep beam, the dominant collapse is shear collapse,
where collapse is brittle without a warning in the form of
significant deflection. Shear collapse is caused by shear
forces which result in sloping cracks in the beam and after
this crack occurs, the shear force transfer mechanism will
be contributed by arching action. This action can provide a
quite large reserve capacity of the beam in carrying the
burden (Sudarsana, 2006). Until now, the most effective
way to increase the ductility of concrete is to provide
confinement (Park and Paulay, 1975). Restraints are
needed to anticipate the emergence of cracks directly on
the beam caused by a fairly large shear force. High
Strength Concrete (HSC) has high strength but low
ductility, so special efforts are needed to improve ductility
performance to be more earthquake resistant. Therefore,
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the study of the deep beam behavior with high strength
concrete has been conducted using finite element method
analysis with computational software programs.

The use of stirrups will increase the strength of the
beam because the stirrup will carry most of the cross-
sectional shear force, the stirrup will hold back the
development of the width of the crack diagonal and the
cone that is quite tight will tie the concrete. Reinforced
concrete will increase in strength when restrained. One
of the factors that might influence curvature ductility is
restraint (Kwan and Ho, 2010), where restraint is closely
related to the reinforcement ratio.

The definition of deep beam according to ACI Code
318-2008 is a beam that has a net span ratio equal to or
less than four times the overall beam height for even
loading or twice the effective height of the beam from
the front of the placement for beams with centralized
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loading (Wight and MacGregor, 2009). If the beams
that have a short sliding span with a ratio of the shear
range and effective height of less than 2.0 for beams
with simple support (simply supported beam) or less
than 2.5 for beams that have a long span continuous
beam (Park and Paulay, 1975).

Whereas according to Nawy, the definition of deep
beam is a beam that has an effective ratio of shear span and
beam height not exceeding 2.0 and 2.5 where the shear span
is a net span of beam for evenly distributed loads with point
load and less than 5.0 for evenly distributed loads.

High strength concrete has high compressive strength,
durability and high ability to various environmental
conditions. High strength concrete also has a high
modulus of elasticity, low permeability and resistance to
attack from some damage Neville and Aitcin (1998) and
earthquake resistance (Azizinamini et al., 1994).

Architects and engineers wish to enlarge the spans of
beam and increase moment of inertia by using slender
structures. However, deep beams need enhanced stiffness to
ensure a sufficient load-bearing capacity. This is usually
realized with deeper beam structures and higher strength.
Karthik (2009) implemented the effect of unconfined and
confined concrete. Lertsrisakulrat et al. (2002) investigated
a compressive failure of concrete in RC deep beams.
Relationship between the compressive strength and
modulus of elasticity of high-strength concrete is
determined by Noguchi and Nemati (1991). Wu (2006) and
Carrasquillo et al. (1981) investigated behavior of HSC
members under various types of loading. The effects of
confinement shapes on HSC beams have been determined
by Hadi and Giongo (2008).

The main problem of deep beam mostly due to
high shear force on the support area. Shear strength of
deep RC beam has been experimentally determined by

Table 1: RC beam model in ANSYS

Aguilar et al. (2002), Karayannis et al. (2005),
Sudarsana (2006) and Arabzadeh and Aghayari
(2001). Flexural behavior of HSC beams confined
with stirrups in pure bending zone is effectively
reduced (Jang et al., 2009).

The difficulty of conducting full scale destructive test
in RC beam structure, could be minimized by FEM
approach. ANSYS modeling of RC beam behaviour with
stress contour plot and crack pattern have been
investigated by Barbosa and Gabriel (1998), Sugianto and
Taufik (2008) and Tjitradi et al. (2017). Delalibera et al.
(2008) and Wolanski (2004) have conducted theorytical
and numerical analysis of RC beam behavior.

The objectives of this study are as follows, analyzing
the behavior of high strength concrete deep beams using
finite element modeling by computational software
programs. Analyzing the value of curvature ductility in
high strength concrete beams that are influenced by
confined restraint.

Numerical Modeling

ANSYS 13.0 computing software has been
implemented for numerical modeling. Due to obtaining the
real behavior in modeling, 3D full scale solid elements has
been applied for all elements. The results of the analysis
will be obtained in the form of nodal displacement, element
forces, deflection, stress contour and crack pattern. In
addition, crack patterns will occur in the first, second and
third crack (ultimate crack). The RC beam models are set
up with size 80/400 in mm under two point load, as shown
in Fig. 1. The description of types elements for deep beam
ANSYS input can be seen in Table 1 and 2, also in Fig. 2.
The model are built by 29774 nodes with automatic mesh
initially and then refined mesh.

Material Element Dimension Element Type
Concrete Beam 800x400 mm SOLID 65
Steel Tension reinforcement 1D22 (As = 628 mm?) SOLID 45

Compressive reinforcement 1D12 (As = 628 mm?)
Steel Shear reinforcement $6-125 mm SOLID 45
Steel Loading plate/ support 200x100x50 mm SOLID 45
Table 2: Configuration of reinforcement in RC beam model (L = 1600 mm)

Tension Compression Longitudinal

Beam ID fc” (MPa) reinforcement reinforcement reinforcement Stirrups
DB.M1.65 65 1D22 1D12 N/A 126-215
DB.M1.70 70
DB.M1.80 80
DB.M1.90 90
DB.M2.90 90 1D22 1D12 N/A 106-75
DB.M3.90 90 1D22 1D12 1212 1@06-75
DB.M3a.90 90 1D22 1D12 2012 128-75
DB.M3b.90 206-75
DB.M3c.90 208-75
DB.M4.90 16-75
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Fig. 1: Model of RC deep beams (M1, M2, M3, M4)
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Fig. 2: Element types for ANSY'S input

For high strength concrete, the value of modulus
elasticity is derived from Equation 1 according to
modified equation (Noguchi and Nemati, 1991) as follow:

1/3

E =k k, :3.35x10"(72.4)’ (o, 1 60) (1)

Where:

E = Modulus of elasticity (MPa)

ki = Correction factor corresponding to course
aggregate (0.902-1.027)

ko = Correction factor corresponding to admixture
(0.95 or 1.00 or 1.05)

y = Unit weight of concrete (t/m?)

os = Compressive strength of concrete (MPa)

The value of stress-strain for high strength concrete
are defined from Equation 2-4 according to Kent and
Park model as follow:

2
£ f {ZEC—(‘EC j 1f0rsm <0,0025 @)
gCU gCU
f, = 1, [1-2(& —&,)] for, >0.0025 A3)
0.5 3+0.29f/
Z= 1 Espe = y < (4)
Espe — Euy 145f! —1000
Where:
fc = Concrete stress (MPa)
f¢' = Concrete strength (MPa)
& = Concrete strain
&ou = Strain at 50% ultimate stress
&u = Ultimate strain (0.25 for 60 MPa; 0.255 for 65

MPa; 0.26 for 70 MPa; 0.27 for 80 MPa; 0.28 for
90 MPa)

Displacement ductility curvature of the RC deep
beam is determined by Equation 5, regarding with the
ratio of ultimate deflection and yield deflection:

My :5u /5y (5)
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Input material model for SOLID65 (concrete)
element with concrete strength of 60 MPa is depicted in
Table 3. Modulus of elasticity is defined as 30.374 GPa,
based on Equation 1. Stress-strain curve is plotted with
piece wise linear as multi-linear kinematic hardening.
Input of model material SOLIDA45 for steel reinforcement
and loading plate are shown in Table 4 and 5.

Modelling Simulation

In order to conduct numerical modelling significantly,
it has been firstly validated againts experimental of RC
deep beam speciment A2 according to Arabzadeh and
Aghayari (2001). The load deflection of experimental
result againts ANSYS FE analysis is depicted in Fig. 3.

Different concrete strengths are applied in order to
determine influence of higher strength concrete along with
different configuration of shear reinforcements. The load-
deflection plot from developed FE modelling of deep
beam with high strength concrete are depicted in Fig. 4.

The highest ultimate load of 570 kKN occured on the
deep beam DB-M3-90 with the maximum midspan
deflection of 6.141 mm.

Concrete Stress

The results from FEM ANSYS software with the
same load Py = 300 kN in addition to vyielding
deflection values, can also provide von Misses
equivalent stress of the beam as a whole due to various
concrete compressive strength. This can also be clarified
by reading the FEM results about the stresses that occur
for each beam components. Overall concrete stress of the
deep beams are summarized in Table 6.

It can be concluded from Table 6 that by changing the
stirrup spacing and adding longitudinal side reinforcement
on the deep beam gives significantly various stress value.
The value of stress on the beam given by two longitudinal
reinforcement is lower than the other models that do not
use longitudinal reinforcement and are only required 1
longitudinal side reinforcement. The beam model DB-
M1-65 with concrete strength of f.> = 65 MPa, the yield
stress (fey) reached the value of 11.932 MPa, whilst the
first crack stress occurs in the support area and under
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loading plate with the equivalent von Mises stress of f. is occured below the loading plate with the value of f; =
= 36.772 MPa. The stress gradually starts from 0 MPa 64.744 MPa. The mechanism type of RC deep beam is
at the end of the beam (right and left) until it reaches likely reinforcement collapse. The stress contour can

maximum at the point of loading. The maximum stress bee seen in Fig. 5.

Table 3: Input material for the SOLID65 (concrete) model

Modulus of elasticity Poisson ratio (v) Modified equation (Noguchi and Nemati, 1991)
30.374 GPa 0.20 High Strength Concrete
Multilinear Kinematic Hardening

Strain (ec) Stress (fc) MPa

0.00042 12.756 80.00

0.00055 17.003

0.00083 25.454 70.00

0.00111 33.741

0.00137 41.621 60.00

0.00149 45.292

0.00160 48.702 — 5000

0.00170 51.782 £

0.00179 54.461 2 w00

0.00160 48.702 2

0.00170 51.782 & 3000

0.00179 54.461

0.00186 56.670 20,00

0.00192 58.350

0.00195 59.456 10.00

0.00250 60.000 )

0.00252 59.964 000

888%82 ggig‘ll 00000 00005 00040 n.omgﬁahfinnzn 00025 00030 0003
0.00320 39.156

SOLID65 (Concrete element)

Open shear transfer coefficient 0.20 MPa

Closed shear transfer coefficient 1.00 MPa

Uniaxial cracking stress 45701 MPa 0.59 i (MPa)
Uniaxial crushing stress 60.00 MPa fc' (MPa)

Tensile crack factor 0.60

Table 4: Input of model material SOLID45 (Steel Reinforcement)

Linear Isotropic

Modulus elasticity of reinforcement (Es) 210 GPa
Poisson Ratio (v) 0.30
Bilinear Isotropic Hardening

Yield strength (fy); Bar reinforcement @ 22 mm 585 MPa
Yield strength (fy); Bar reinforcement @ 12 mm 433 MPa
Yield strength (fy); Stirrups @ 6 mm) 397 MPa

Table 5: Input of SOLID45 model material (Support and Loading Plate)

Linear isotropic

Modulus elasticity of steel (Es) Poisson ratio (V) Piecewise linear
210 GPa 0.30 fy = 397 MPa
Tabel 6: Concrete stress of deep beam

Beam ID fe (MPa) foy (MPa) fc1 (MPa) feu (MPa) feu /fe’ Collapse
DB-M1-65 65.0 11.932 36.772 64.744 0.996 Reinforcement
DB-M1-70 70.0 11.492 36.683 70.000 1.000 Concrete
DB-M1-80 80.0 11.166 37.518 80.000 1.000 Concrete
DB-M1-90 90.0 10.840 38.162 85.551 0.951 Reinforcement
DB-M2-90 90.0 11.728 10.361 85.579 0.951 Reinforcement
DB-M3-90 90.0 8.719 10.350 89.599 0.999 Concrete
DB-M3a-90 90.0 10.866 10.017 89.944 0.999 Concrete
DB-M3b-90 90.0 11.523 9.402 89.688 0.997 Concrete
DB-M3c-90 90.0 12.719 9.037 89.798 0.998 Concrete
DB-M4-90 90.0 11.691 10.320 71.459 0.794 Reinforcement

¢’ = compressive stress; foy = yield Stress; fe1 = first crack stress; fou = ultimate crack stress (all in MPa)

45
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Fig. 4: Load-deflection plot of ANSY'S developed model
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Fig. 5: DB-M1-65; first crack stress and ultimate stress
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Fig. 6: DB-M1-70; first crack stress and ultimate stress
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Fig. 7: DB-M1-80; first crack stress and ultimate stress

NODAL SOLUTION AN NODAL SOLUTION AN

STEP=1 STEP=1

suB=3 SUB=18

TIME =0.15 TIME=0.9

SEQV (AVG) SEQV (AVG)

DMX = 0.166895 DMX = 5.636

SMN = 0.05753 SMX = 85,551

SMX = 38.162

—
8.485 16.964 25.443 33.922 0 19.011 38.032 57.034 76.045

0.05757
4.245

12.724 21.203 29.682 38.162

47528 66.54 85.551

9.506 28.517

Fig. 8: DB-M1-90; first crack stress and ultimate stress

When the concrete strength is increased with the
value of 70 MPa and 80 MPa, the maximum stresses are
reached the fully concrete strength by the collapse within
concrete mechanism. The maximum stress is occured
below the loading plate. The mechanism type of RC
deep beam with f¢’ = 90 MPa is likely bar reinforcement

47

collapse due to under-reinforced mechanism. The stress
contours of three various concrete strength beams are
depicted in Figures 6-8.

From Figure 6 obtained from the stress contour, with
the increment of concrete strength then the stresses that
occur are also greater and the collapse is dominated by
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compressive stress however the cross section still has a
slight tensile stress at the bottom of the beam so that the
mechanism is determined by shear collapse.

The modelling process of the FEM software ANSY'S
program with the same load P = 300 kN in addition to
determine concrete yield stress, also obtained von Misses

stress of bar reinforcements and strirrups at ultimate the shear region.

condition due to various concrete compressive strength.
The tensile stress (fis), compressive stress (fcs) and stirrup
stress (fs) are summarized in Table 7 below. The von
Mises stress contour of bar reinforcement and stirrup are

shown in Fig. 9 and 10.

Deflection

strength can be seen in Fig. 11.

Table 7: Reinforcement stress on the concrete first crack and ultimate condition

Based on the pattern obtained from the stress
contour, the higher the strength of the concrete, then
the greater the stress on the reinforcement. The
maximum stress is mostly occured on the tensile
reinforcement in the middle span. Whereas for the
stirrup reinforcement stress, the maximum value is in

The vertical deflection (ms) obtained due to vertical
point load based on FEA ANSY'S with various concrete

NODAL SOLUTION
STEP=1

SUB =17
TIME =0.85
SEQV (AVG)
DMX =5.308
SMN =2.568
SMX = 683.406

— _ ——
2.568 153.866 305.163 456.46 607.758
78.217 229.514 380.812 532.109 683.406

NODAL SOLUTION
STEP=1

SUB =18
TIME =09
SEQV (AVG)
DMX =5.415
SMN =2.542
SMX = 644.564

Tensile steel Compressive steel Stirrups

Beam ID fis1 (MPa) fis2 (MPa) fes1 (MPa) fes2 (MPa) fst1 (MPa) fstz (MPa)
DB-M1-65 19.293 612.576 12.019 434.974 81.354 596.059
DB-M1-70 77.832 584.990 5.924 439.180 76.152 634.242
DB-M1-80 20.028 606.705 5.845 435.305 72.349 683.406
DB-M1-90 21.083 607.691 1.835 453.264 42.944 644.564
DB-M2-90 27.516 627.835 46.652 308.480 7.139 627.835
DB-M3-90 11.833 601.100 8.233 444,981 20.601 675.438
DB-M3a-90 9.251 617.474 43.592 375.291 19.252 572.268
DB-M3b-90 25.507 644.033 56.654 374.379 6.361 595.542
DB-M3c-90 20.152 625.719 44,731 435.399 12.818 652.806
DB-M4-90 27.786 596.833 46.571 233.781 12.600 596.833

DB-M1-65 DB-M1-70

NODAL SOLUTION AN NODAL SOLUTION AN

STEP=1 STEP=1

SuB =15 SUB =16 MN

TIME =0.75 TIME=0.8

SEQV (AVG) SEQV (AVG)

DMX =5.124 DMX =4.682

SMN =2.767 SMN =0.469311

SMX =612.576 SMX = 634.242

X X
2.767 e 138.281 T .273 794 e 409.307 477,063 544.82 612,576 0.469311 70,889 141.308 211727 582,146;; 352566 422.985 493.404 563.623 634,242
DB-M1-80 DB-M1-90
AN NN

2.642

73.967

145.292
216.616

287.941 430.59
359.265 501.914

573.239

644.564

Fig. 9: Stress contour of reinforcement; model M1
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1.669 138515 275.36 412.206 549.052
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STEP=1 AN STEP=1 AN
SuB =17 SUB =19
TIME = 0.85 TIME =095
SEQV (AVG) SEQV (AVG)
DMX =5.483 DMX =7.072
SMN = 2,005 SMN = 1372
SMX = 627.835 SMX = 675.438
2.005 71542 141.079 210615 280.152 349,689 419.225 488.762 558.299 627.835 1372 76.268 151.164 226,061 300.957 375,853 450.75 525,646 600.542 675.438
DB-M3a-90 DB-M3b-90
STEP=1 AN
SUB =44
TIME =0.88 MN
SEQV (AVG)
DMX =8.262
SMN = 0.204105

SMX = 644.033

0.204105 143.277 286.35 429.424 572.497
71.741

70.092 206.938 343.783 480,629 617.474 214,814 357.887 500.96 644,033
DB-M3c-90 DB-M4-90

STEP=1 STEP=1 AN

SUB =49 SUB =14

TIME =0.98 TIME =07

SEQV (AVG) SEQV (AVG)

DMX =11.76 DMX =3324

SMN =0.41716 SMN = 1.604

SMX = 646.719 SMX =596.833

—
041716 144.04 287.662 431.285 574.908 1.604 133.877 266.15 398.423 530.697
71.228 215,851 350.474 503.096 646,719 67.74 200.014 332.087 464.56 596.833

Fig. 10: Stress contour of reinforcement; model M*-90

Plot of vertical deflection under ultimate load with
various ultimate stress is shown in Fig. 12. The
deflection obtained due to ultimate load under ultimate
stress achieved. There are no significant changes of
deflection due to various ultimate stress. Vertical
deflection of 4.60 mm obtained with concrete strength
both 80 MPa and 90 MPa.

By additional reinforcement area (As) from 28.26
mm? up to 100.48 mm?, dms values are obtained at the
ultimate stress condition, as shown in Fig. 12.

49

There are no significant changes of deflection due to
various reinforcement area of 28.26 mm? and 50.24
mm?, with the values of 6.14 mm and 6.33 mm,
respectively. Bar diameter is enhanced with As of 100.46
mm? that maximum deflection is obtained at 10.46 mm.
The reinforcement area is doubly increasing, maximum
deflection is obtained by enhancement about 30% with
increased ultimate load of 540 kN to 600 kN. Vertical
displacement obtained due to various reinforcement area

are depicted in Fig. 12.
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Fig. 12: Vertical deflection under various reinforcement area

Concrete Crack

The results of the stress analysis on high strength
concrete deep beams on variations in concrete
strength, stirrup distance and reinforcement are
depicted in Table 8. For an explanation of the crack
patterns that generally occured in deep beam as
compressive crack, shear crack and flexural crack
occured that it can be seen in Fig. 13.

50

The results of stress testing on HSC deep beams using
FEA ANSYS can be concluded that concrete stresses and
steel reinforcement in deep beams have a stress value
dominated by compressive stress so that the final collapse
pattern is determined by brittle shear collapse.

Based on Table 6, it can be seen with different
strength of concrete, the distance of stirrups and
increasing the area of stirrup reinforcement causes the
stresses that occur in deep beams increased too.
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It can be seen in Fig. 10 that the first crack occurred
in the middle tensile area in the form of a flexible crack
and in the press area at the position of plate loading in
the form of a compressive crack, then as the load step
until the cracks in the beam sliding area occurred,
cracking gradually spreading angles that occur between
placement to plate loading, the crack pattern angles when
the ultimate load forms an angle between 45° to 65°
which causes collapse in the form of shear collapse
which causes brittle collapse. Crack volume under
ultimate load are depicted in the Table 9.

Table 8: Cracking ultimate stress of deep beam model.

From Table 7, it can be seen by varying the
strength of concrete, the distance of stirrups and
increasing the area of stirrups causes the fracture
volume to bind, even when the highest load of fully
concrete collapse.

Deflection

The vertical deflection (ms) obtained due to vertical
point load based on FEA ANSY'S with various concrete
strength can be seen in Fig. 14.

Model ID fe’ (MPa) & feu (MPa) (%)
DB-M1-65 65 0.0255 64.744 0.00
DB-M1-70 70 0.0260 72.100 11.36
DB-M1-80 80 0.0270 84.290 30.18
DB-M1-90 90 0.0280 85.551 32.13
DB-M2-90 90 0.0280 85.579 32.18
DB-M3-90 90 0.0280 96.599 49.20
DB-M3a-90 90 0.0280 90.144 39.23
DB-M3b-90 90 0.0280 90.688 40.07
DB-M3c-90 90 0.0280 97.299 50.28
DB-M4-90 90 0.0280 71.459 10.37
Remarks: DB-M3 is the deep beam with localized stirrups and waist side reinforcement

DB-M3-90: Pu = 570.0 kN; fcu = 96.599 MPa

DB-M3c-90: Pu = 600.0 kN; feu = 97.299 MPa

Maximum strength of deep beam with f’ = 90 MPa

Table 9: Crack volume and ratio; under ultimate load

Model ID Pult (kN) Vcrack (m3) de (m3) Prrack (%) r;ark (%)
DB-M1-65 450.0 0.4267 0.5120 83.33 0.000
DB-M1-70 480.0 0.4523 0.5120 88.34 5.660
DB-M1-80 510.0 0.4864 0.5120 95.00 12.284
DB-M1-90 540.0 0.5035 0.5120 98.33 15.254
DB-M2-90 510.0 0.4960 0.5120 96.88 13.986
DB-M3-90 570.0 0.5117 0.5120 99.93 16.611
DB-M3a-90 540.0 0.4901 0.5120 95.72 12.944
DB-M3b-90 528.0 0.4987 0.5120 97.41 14.454
DB-M3c-90 600.0 0.5088 0.5120 99.38 16.150
DB-M4-90 540.0 0.5040 0.5120 98.44 15.349

Compressive crack

(first and second)

Flexural crack
(first, second and third)

Shear crack
(first and second)

Fig. 13: Crack pattern of deep beam
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Fig. 14: Vertical deflection against concrete strength
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Fig. 15: Vertical deflection against reinforcement area

The deflection obtained due to ultimate load under
ultimate stress achieved. There are no significant
changes of deflection due to various ultimate stress.
Vertical deflection of 4.60 mm obtained with concrete
strength both 80 MPa and 90 MPa. By additional
reinforcement area (As) from 28.26 mm? up to 100.48
mm?, &ms values are obtained at the ultimate stress
condition. These values are shown in Fig. 15.

There are no significant changes of deflection due to
various reinforcement area of 28.26 mm? and 50.24 mm?,
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with the values of 6.14 mm and 6.33 mm, respectively.
Bar diameter is enhanced with As of 100.46 mm?
maximum deflection at mid span is obtained at 10.46 mm.

The reinforcement area is doubly increasing,
maximum deflection is obtained by enhancement about
30% with increased ultimate load of 540 kN to 600 kN.
Vertical displacement obtained due to various
reinforcement area are depicted in Fig. 12.

Deep beam is set by concrete strength of 90 MPa
with stirrup spacing of 75 mm placed on the shear area.
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In order to determine the effect of side reinforcement as
beam model 75(1), the ultimate stress is obtained at
83.88 MPa, whilst no side reinforcement with same
stirrup spacing at stress value of 82.98 MPa. The value
of ultimate stress is shown in Fig. 16.

Based on Fig. 15 and 16, it can be seen that by adding
side reinforcement on the half beam height will increase
the strength of the beam in terms of deflection and stress,
but the increase that occurs is not too significant, only by
ranges from 10 to 20%.

fc (MPa)

90.0
82.98

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

83.88

s (mm) SR 75(0)

75(a)

Fig. 16: Ultimate stress with or no side reinforcement
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8.0
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6.0
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Deformation ductility (pa)

4.0

DDEDBEEODE DA

3.0

247 540 V

Beam model

Fig. 17: Deformation ductility of HSC deep beam
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Table 10: Mid span deflection; yield and ultimate; ductility

Beam ID Pu (kN) & (mm) S (mm) Md = Sl &y
DB-M1-65 450.0 1.81 4.46 2.47
DB-M1-70 480.0 1.75 421 2.40
DB-M1-80 510.0 1.68 4.60 2.74
DB-M1-90 540.0 1.65 4.60 2.78
DB-M2-90 510.0 1.97 450 2.29
DB-M3-90 570.0 1.85 6.14 3.31
DB-M3a-90 540.0 1.93 6.33 3.28
DB-M3b-90 528.0 0.64 7.25 11.26
DB-M3c-90 600.0 1.89 10.46 5.52
DB-M4-90 540.0 1.80 2.76 1.53

Deformation Ductility

The wvertical deflection under ultimate load is
obtained as &, and under yield stress reached is called &,.
The values of mid span deflection are depicted in Table
10. Deformation ductility index is shown in Fig. 16.

Based on Fig. 17, deformation ductility of HSC deep
beam is significantly influenced by reinforcement ratio,
confinement and shear reinforcement. Longitudinal side
reinforcement at mid height and sufficient stirrup are
required to enhance restraint and ductility.

Conclusion

Based on the results of the analysis carried out on
high strength concrete deep beam models with variations
in the distance and diameter of the stirrup can be
summarized as follows:

e The results of deflection values, stress values,
crack patterns and the strength of a deep beam
based on the analysis using FEA ANSY'S increases
with the increment of concrete compressive
strength, stirrup reinforcement area and close the
distance between stirrups

e By the addition of side reinforcement affects the
strength of the deep beam, the more the side
reinforcement increases the load that can be
retained, the deep beam stress and ductility increase.

e The value of ductility will not increase significantly
by only changing the strength of concrete and
adding longitudinal shear reinforcement, whereas by
making variable changes on the stirrup
reinforcement such as close the distance and
increase longitudinal reinforcement and increase the
diameter of the stirrup reinforcement will greatly
affect the value of ductility. So, the addition of
confined shear reinforcement and increasing the
diameter of the stirrup is most effective in increasing
ductility of deep beam

e Behaviour of high strength concrete deep beam with
localized stirrups in the shear area along with
additional waist side reinforcement is likely
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enhanced the strength resistance of shear collapse
mechanism
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