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Abstract

Experiments were carried out to observe the infbeeof loading type on concrete beam specimens. Bpagimens made
of similar concrete mixture with the same geometeye tested under three point static loading and \@locity drop weight
impact loading. Load — displacement behavior, abedrenergy dissipation capacity, stiffnesses, failmodes of beam
specimens were obtained and discussed. A finitaezie (FE) model was prepared in ANSYS Explicit SdfRvare and the
results of FE analysis were compared with expertaderesults. The loading type and loading rate haignificant influence
on the maximum load, stiffness and energy dissipatapacity. Numerical results obtained from ANE¥%$licit STR FE

models are consistent with the experimental results

Keywords: Load- displacement behavior, Concrete beam, Loacitglimpact behavior, Drop weight, ANSYS.

1. Introduction

Among the various effects such as earthquake, wind,
machine vibrations, blast related shocks, avalanobek
fall and high or low velocity object impacts on coete
structures, the impact loads are relatively lesdist and
known group of dynamic loading. With the short dima
of loading and its quite large instantaneous intgnghe
impact creates loads changing the mechanical respon
parameters of concrete such as strength and dytili2].
Studies on the impact behavior of this material ehav
become a necessity to improve the design of strestike
military defense structures or nuclear plants whiels a
significant influence on a wide range of people.

Various experimental studies on impact response of
steel, reinforced concrete (RC), carbon fiber aicdd
polymer (CFRP) strengthened or fiber mixed concrael
composites structures have been presented intéhatlire.
Notable effort has been mainly made on the study of
impact response of RC beams, slabs, walls, frammesg
which beams are the most studied structural member
because of its wide usage area [3-11].

These studies usually investigate the differences
between mechanical behavior of the member undiz atad
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dynamic loading and present some simple equations t
predict certain characteristics. For example, antfular
relation between the reaction force — mid length
displacement of RC beams without shear reinforcésnen
and a simple equation for the required static shapacity

of the RC beam against the impact load were preddoy
Kishi et al. through some drop weight impact expernts

[3]. A 3d finite element (FE) LS-Dyna model in atioin

to the drop weight impact experiments on RC beaiitis w
variable shear rebar ratio and impact velocity oépd
weight were presented by Bhatti et al. [4]. Reacfirce,

mid span displacement and crack pattern comparisons
between FE analysis and experimental results were
presented. The response of RC beams to impact lmads
Cotsovos et al. [5] using ANSYS finite element wsaiite
shows that the material properties, which are ieddpnt

of strain rate, capable to capture the respons@Cobeam
under impact loading. The increase in loading rate
increases the load carrying capacity reducing ffective
length and maximum deflection of the beam. The ishea
force carrying capacity for a RC beam using a diiepl
method which accounts the shear wave velocityréneel
time between load and upper face crack, effeceéungth of

the beam and uniaxial compressive strength of the
concrete has been formulated by the same author [6]

The experimental study was carried out using a drop
weight test setup which had been used in a fortoelygo
observe the impact behavior of concrete beams
strengthened with CFRP strips [12]. Similar testugs
were also used by other researchers to test thereten
beams in a limited number of work [13-14]. Simiarin
these works, a comparison between response of etencr
beams to the static loading and the dynamic loadiag
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carried out. For example, the failure modes, flakur
toughness, and energy absorption mechanisms efasail
prestressed concrete sleepers under static andtihogas
were presented by Kaewunruen and Remennikov [13]. A
simplified approach to predict ultimate moment cafya
of prestressed concrete sleepers under impactigads
also presented. Notched concrete samples werdal tbgte
Zhang et al. using a similar experimental setupd an
fracture work and loading rate relation were repnésd
[14]. Other forms of plain concrete such as comcret
cylinders [15] under low velocity impact, and high
velocity impact tests on concrete plates [16, 1af} elso
be found in the literature.

The presented work here includes a numerical aisalys
in a widely used FE software ANSYS. A drop weight
simulation for plain concrete using FE software ABAS
has been also presented by Kantar et al. [18] congpa
the acceleration-time graphs and stress distribsitio
obtained from the numerical simulations and expenis
which were carried out for ten specimens of norarad
high strength concrete beams with different drojglts.

It was indicated that the simulations should ondy used
for pre-design of the impact behavior of concretarh. A
contact - impact FE formulation which was solveihgs
the Gauss-Seidel iterative algorithm has been pteddy
TravaS et al [19]. The behavior of material was
characterized by a microplane model which is a
modification of the model presented by Bazant anat P
[20, 21]. The details of finite strain formulatioof
microplane model can be found in Bazant et al. @2
Ozbolt et al. [23]. Transitions between failure resduch

as bending failure mode and shear failure mode with
respect to drop weight velocity were presented assalt

of finite element simulations. The influence ofesiaf the
concrete beam at high strain rates was also ireticat

In the present work, concrete beam specimens wih t
dimensions of 710x150x150 mm were tested under thre
point static loading and drop weight impact loading
Absorbed energy capacity, stiffnesses, failure rmodé
beam specimens were observed and discussed. Nameric
solution was carried out using Explicit STR in ANSYE
software and certain parameters such as displatemen
velocity, acceleration and stress distribution wesepared
with experimental results. In this study, the efecf type
and velocity of the loading on behavior of RC beamese
investigated and the differences between the statid
dynamic impact loading were obtained. The impaatrhar
was dropped from different heights and variablergiae
were transferred to specimen for comparing withicsta
loading. In addition finite element analyses resultere
compared and model was verified and compatibilithath
results was investigated. Preparation of models weae
used during design was aimed.

2. Experimental Study

Six plain concrete beam specimens with the
dimensions of 710x150x150 mm were tested undeicstat
and low velocity impact loading. Load type and Heéght
of hammer were chosen as variables during
experiments. One of the specimens was tested dthosr
point static loading and the others were testedgudrop
weight impact test setup with a 5.25 kg steel hamifiee
geometry and the support conditions shown in Figrd
equivalent for all specimens. The properties ofcspens
such as drop height, travel time of hammer up te th
impact instant, compressive strength of concretd an
failure drop numbers are given in Table 1.

the
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Fig. 1 Dimensions of Test Specimens

Table 1 Test Specimens

Failure Drop Concrete Compressive

Spec. No Loading Type Drop Height (mm)  Travel Tifsec) Number Strength (MPa)
1(S1) 300 0.235 5 24.86
2 (S2) 350 0.262 4 24.36
3(S3) Impact 400 0.286 4 24.72
4 (S4) 450 0.297 2 25.00
5 (S5) 500 0.314 2 24.58

6 (BS1) Static @~ 000 .- eeeee e 24.63

The concrete beams were prepared at the same time
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sing the same concrete mixture. Five cylinder sampf
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150300 mm were also prepared from the same mixture
for each specimen to determine the compressivagitre

of these beams from axial compression tests. Theage
values of concrete compressive strengths of theirseas

are also presented in Table 1. The correlationsd®at the
compressive strengths of concrete specimens are qui
high. The static and impact tests were startedr dfte
concrete beams had gained their 28 days concretagt.

2.1 Test setup and instrumentation

The type of loading was used as a parameter in the
experiments so that two different test setups were
prepared. Static loading tests were carried outgusi
standard flexure text setup shown in Fig. 2a witree-
point loading. Impact tests were carried out usinpw
velocity drop weight test setup shown in Fig. 2b.

b) Impact Test Setup (S1 Specimen before Test)
Fig. 2 Specimens before Test

The examples of drop weight test setup in theditee
have been designed to admit the usage of diffedenp
heights and hammer weights. In the present work,
dimensions of the impact test setup and weighthef t
hammer were determined after inspecting these ersmp
The eccentricity which has a significant influerme the
result of impact tests has been minimized by meafns

490

some preliminary drop tests. As a result of thessist
weight of the steel base of test setup was inctedase
eliminate the eccentricity. The base was manufedtur
from a square steel plate of 1000 x 1000 mm withass
of 1000 kg. The details of the designed equipment a
shown in Fig. 3. The test setup has the capabdity
dropping variable weights from 2500 mm. The hamofer

International Journal of Civil Engineering Vol. 1Rp. 4, Transaction A: Civil Engineering, December£201



5.25 kg mass was used throughout the experimemtp D
height is changed between 300 mm to 500 mm. The
impact test repeated until the failure of concigiecimen

at all drop height levels. Another factor influemgithe test

results is the friction between the guide and tbker,
which is reduced by using hard chrome coated gdnde
rods and cestamide roller during free fall.

ﬁ Velocity Measuring Device

Constant Weight Hammer (5.25 kg)

Cestamide Roller

Fig. 3 Impact Test Setup

Initial contact during the impact occurs betweee th
hammer and a steel plate that is supported wittara h
rubber cushion. Purpose of using the steel platéois
distribute the load linearly and uniformly to theoss
section of the specimen. For minimizing the intérna
forces, hard rubber is used between the specineistasl
plate. Dimensions of the steel plate and rubber are
50%x150%15 in mm. The steel plate with rubber beprn
fixed to the specimen by using steel dowels. A eigjo
measuring device is placed on the test setup terméete
the impact velocity of the hammer. This device uses
optical photocells which measure the travel time of
hammer from which the velocity can be calculated.

Two accelerometers are mounted on the top surface o
each specimen using a brass apparatus and steelsdow
shown in Fig. 4. They are located along the lortjital
symmetry axis and 150 mm apart from the symmetry
center. ICP type accelerometers have been mantédctu
by PCB Group with a model number 353B02 (Fig. 5a).
The data obtained from these accelerometers are
transferred to a computer by means of a data logler

003A20 model special cable shown in Fig. 5b,
manufactured by PCB Group, was used for the
transmission of measurements acquired from the

accelerometers to data logger without any data Ibissse

International Journal of Civil Engineering, Vol. 1Rp. 4, Transaction A: Civil Engineering, Decembet£20

are low noise, coaxial cables that are suitableofmrating

at high temperatures and for transmission of highow
impedance voltage signals with ICP sensors. The
diameters of the cables are 2 mm and the operation
temperature range is between -90 and +260°C. Inmpeda
of the cable is 50 ohm. N1 9233-USB-9162 model data
logger manufactured by National Instruments Company
was used for collecting the measurements and tigtirggmn

to the computer (Fig. 5c). This data logger is arfo
channel dynamic signal acquisition unit and is coseul

of IEPE sensors which can acquire measurements with
high accuracy. The data logging device is compased
two independent modules. The first module is théada
logger to which the measurement devices are also
connected. The second is the signal transmissictutep
which transmits the signal from the first module to
computer. Data transferred to computer from daggéo is
stored after conversion to the required type vidview
Signal Express 3.5 software, developed by National
Instrument Company. Calibrations of the measurement
devices are performed using this software as \Rétidem
10.1 software, also developed by National Instrusien
was used for necessary editing operations during da
processing.
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Fig. 4 Measuring Devices Preparation of Specimens fomtrhpest

a) ICP Model 353B02 accelerometer

Teflon
Protector  papd  Insulator

pSolid conductor

Giraphite casing

Teflon confined
exterior casing

b) 003A20 model cable

¢) NI 9233-USB-9162 data logger
Fig. 5 Measurement Devices of Impact Test

492 M. C. Yilmaz, O. Anil, B. Alyavuz, E. Kantar



2.2. Experimental results

The experimental study has been conducted by
carrying out static loading and dynamic impact logd
tests on six concrete beam specimens. The failatterps
obtained from these tests are shown in Fig. 6 hedoad -
displacement graphs are presented in Fig. 7. The
maximum and minimum accelerations, velocity and
displacement measurements are presented in Talaled2,
the load carrying capacity, stiffness and energgigation
capacity are given in Table 3. Load carrying caipesiof
the specimens’ were the values at which failurethef

Specimen S1

Specimen S4

Specimen S5

specimen was started. As can be seen from the doad
displacement graphs that were given in Figure iifness
values can be calculated as the ratio of maximuad lo
carrying capacity to displacement value at thatnipoi
Stiffness values can also be defined as the slbgeedine
that connects maximum load carrying capacity pdint
origin of the load-displacement graph. Energy g&ton
capacities are calculated by using the areas uhddopad-
displacement curves. These values are showed tvat h
much energy can be dissipated by the specimens.

Specimen BS1

Fig. 6 Test Specimens after Failure
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Table 2 Impact Test Results

Maximum Acceleration (g) Failure Acceleration (g) Acceleration Reduction (¢ Velocity at Displacement at
Spec.
Left Right Left Right Left Right Failure(m/sn) Failure (mm).
No
Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.  Min. Min. Max. Min. Max.

1 260.47  -272.92 143.41 -213.94 166.0C  -195.28 83.15 -177.80 57 40 72 20 -0.320 0.345 -0.290 1.446

2 132.41  -137.54 176.95  -175.83 53.9( -116.80 89.10 -165.29 146 18 99 6 -0.429 0370 -0.384 1.831
3 157.39  -154.51 123.76  -142.25 76.5( -123.92 69.06 -120.81 106 25 79 18 -0.526  0.392  -0.517 1.932
4 190.10 -212.89 158.55  -264.10 145.6¢ -118.13  154.88  -250.30 30 80 2 6 -0.548 0426  -0.553 2.265

5 158.09  -258.67 199.70  -238.81 158.1(  -235.68  184.77  -213.78 20 10 8 12 -0.574 0585  -0.589 2.507

BS1 test specimen (Spec. no: 6) was failed at tic:
load level of 14.35 kN with a stiffness of 3.38 ki,
maximum displacement of 4.35 mm and ene¢
dissipation capacity of 22.15 kim. Although the
stiffness of this test specimen is quite low corapato
other specimens, the failure load takes place lmtvibe
failure load levels of S2 and S1 specimens. Tlifnsss of
specimens S1 to S5 are about 65000 times greateittie
stiffness of BS1 spetien. The reason of this notal
increase in stiffness of beams is the short dumatié
impact loading. The increase in the height of hamr
increased the impact load on the specimens anc
maximum load capacity. The maximum load capacit
BS1 specimeris 6 percent greater than the capacity of
and the maximum load capacities of specimens fr@no!
S5 are 11, 20, 49 and 74 percent greater thanaghaciy
of BS2, respectively.

The energy dissipation capacity of BS1 specime
between the capacities of S4 and S5 specimens. 18
percent greater than the capacity of S4 and 30epetess
than the capacity of S5 specimen. The influence
hammer height on the energy dissipn capacity is
obvious and the smaller hammer height resulted liess
energy dissipation capacity. The energy dissipe
capacities of S1, S2 and S3 are 48, 35 and 26 mcess
than the capacity of BS1 specimen, respectiy

An increase in the hammeheight resulted in a
increase in the velocity and displacement measurty
obtained from the accelerometers as shown in Tablde
largest velocity and displacement value was obthifoe
S5 specimen, and the smallest velocity and dispiao¢
value was obtained for S1.

Table 3 Experimental Results

Spec Maximum Stiffness  Energy Dissipatiol
No. Load (kN)  (kN/mm)  Capacit' (KN-mm)

1 13.45 15954.5 11.45

2 15.94 132863.6 14.36

3 17.27 287891.2 16.31

4 21.31 302063.2 19.16

5 25.02 357403.9 28.80

6 14.35 3.38 22.15

3. Numerical Study

The numerical analysis was carried out using AN
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Explicit Structural for both the static loading arhe
dynamic impact loading on plain concrete beam.
widely used software is capable of solving probl
including impact and material failure using a Lagra
solver. Users can run the software as part of AN
workbench environment including automatic con
surface definition and with detailed material madehich
can be selected from the explicit material Iry.

3.1. Static case

The Hexdominant method was used to obtain
entire mesh. The method can also use tetrahedi
pyramid shaped elements if necessary. The fingeneht
model of concrete beam specimen consists of
hexahedral finite elements ¢ 1127 nodes as shown in
Fig. 8a without any tetrahedral and pyramid sha
elements for the static case.

The boundary condition of lower right end of thele
was implemented as zero displacements in horizamtd
vertical directions, and the lower | end was constrained
to move only inx direction. The actual load was simula
using a pressure load which was distributed ovearen of
50 mm x 150 mm located at the 1-span and the top face
of the geometry as shown in Fi¢-b.

‘ete bea

(b)
Fig. 8 a) Finite element mesh, b) Boundary conditions
loading for the static loading c:

The concrete was modeled using explicit t

CONCRETEL material. The paraeters including the
DruckerPrager Strength data which is applicable
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frictional materials such as soil, rock, and coterare
summarized in Table 4. The Druckerager model use
the outer cone approximation to the M-Coulomb law
[24, 25]. The yield functiof in the Drucke-Prager model
is defined as Equation 1. The Druc—Prager yield
criterion is a pressurgependent model for determini
whether a material has failed or undergone pli
yielding. The criterion was introduced to deal withe
plastic deformation of soils. It and its many variants hi
been applied to rock, concrete, polymers, foams,cther
pressuredependent materials. The Druc—Prager yield
criterion has the form where is the first invarianit the
Cauchy stresg |; ) and is the secahinvariant of the
deviatoric par{ J, ) of the Cauchy stress.

f=al,+,J3, -k (1)

where a and k are the material yield paramet
determined using internal frictiopand cohesioic, of the
material as Equation 2.

o= 2sing __6cldosp
J33-sing  J3@3-sing

(2)

ANSYS explicit materials library allows users
model brittle materials using certain yield stréssctions
such as DruckePrager strength linear, Drucl-Prager
strength stassi, and Druckiérager strength piecewise.
case of CONCRETE-L, Druckd®rager strength piecewi
is utilized for which the yield stress is a lindanction of

Stwar Farce [kMN)
@

1] 18 an an 1] 50 5] n
Time (sz)

(@)

'

pressure. The yield stress and pressure valuesunkB-
Prager Strength piecewise used in the calculatioase
summarized in Table 4.

Table 4 Concretek material propertie

Property Value Unit
Density 2440 kg it
Shear Modulus 11200 MPa
MaX|FrI1rlérSnSIreenS|le 1.8 MPa
Pressure (P Yield Stress (Pa)
Drucker-Prager 0 2AGE+7
Strength Da%a 8E+7 1.1E+8
1.1E+8 1.6E+8
2E+8 1.9E+8

Comparison of experimental and numerical -
displacement graphs is given in Fig 9. The applaat
was increased from zero to the ultimate load capatia
time interval of 1.1 seconds. Three different -time
profiles were considered as shown iig. 9-b. First one
was chosen similar to the shear fo— time variation in
the experimental study. The second one is a lin
increasing loading with time. The third loading vedmser
similar to the shear foredisplacement graph obtained
from the exgriment. The duration of applied loading
about 500 times longer than the impact loading, ibig
shorter than of the loading in the experime

Shear Foree (k)

0,8 82 a4 o B8 1,6 1,2

T (s}

(b)

Fig. 9 Variation of applied shear force with time for &perimental study, b) Numerical analy

3.2. Drop weight impact case

Using the hexdominant meshing method, t
geometry of entire model was discredited into 3
(97.9%) eightpoint hexahedral elements, 69 (1.9%) -
point pyramid elements, and 10 (0.2%) tetrahe
elements as shown in Fig. #0-The dominant eleme
edge size for concrete beam is 25 mm. Support bl
were discredited into hexahedrons whose minimurme

International Journal of Civil Engineering/ol. 12, No. 4, Transaction A: Civil Engineering, Decemb@t ¢

length is 10 mm and maximum edge length is 30
Drop weight was also divided into hexahedral eles
Steel plate and the rubber under this plate common
nodes. The entire finite element model has 510&s

Contact elements were used for the contacting ces
between beam and support blocks as shown in F-b.
The type of contact is frictionless. Another contslemen
set was located betweeaubber and concrete beam. 1
behavior of this contact is set to fi-bonded.

495



@)

Fig. 10a) Finite element mesh, b) boundary conditionslaading for the dynamic impact loading ¢

ANSYS explicit materials library has two concr
materials named as CONC-35 and COMD in addition
to CONCRETEL material model. These models h¢
advanced plasticity options for brittle materiatvered by
the RHT concrete strength [26] which is e)ssed in
terms of pressure dependent initial elastic yialdaze,
failure surface and residual friction surface i tsires:
space. The mathematical description of RHT mc
descriptions of the parameters such as polynomigtion
of state (EOS) paragters, damage parameters, and fai
surface parameters and their default values carretipg
to standard 35 MPa concrete can be found in |

The data for the analysis of concrete with ¢
strengths of 35 MPa and 140 MPa are ready to udieei
library. The concrete materials with different cube ragta
values can be derived by changing the cube strezugd
the remaining values will scale proportionately][26 the
present work, the cube strength of CC-35 was set to
24.6 MPa for the concrete naaial for which the densit
value was set to 2350 kgimThe shear modulus
concrete was calculated as 11200 MPa which is 4€ept
of the concrete’s modulus of elasticity which isO28
MPa. Initial compaction pressure was considerec
1.67E+7 Pa. Copressive strain rate exponent and
tensile strain rate exponesitwere calculated as 0.042 ¢
0.044, respectively using the following Equatiof28],

a= 1 o= !

6+310) Qo+ fo) ®)

where f; is the uniaxial compressive strength of
concrete. Other parameters were used with theiaut
values. The RHT concrete model parameters usebei
present numerical analysis are summarized in Ta
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contact
surface

.ed surface

fixed surfact

(b)

Table 5Parameters for the RHT conce model

RHT concrete Strengtk

Shear modulus

1.12E+10 (Pa)

Compressive strength (fc) 2.46E+07 (Pa)
Tensile strength (ft/fc) 0.1
Shear strength (fs/fc) 0.18
Intact failure surface constan 1.6
Intact failure surface exponer 0.61
Tens./Compmeridian ratio Q2. 0.6805
Brittle to ductile transition Bt 0.0105
Hardening Slope 2
Elastic strength/ft 0.7
Elastic strength/fc 0.53
Fractured strength constar 1.6
Fractured strength exponen 0.61
Compressive straimte exponent 0.042
Tensile straimrate exponeni 0.044
Max. fracture strength ratio 1E+20
Use CAP on elastic surfac Yes
RHT Concrete Failure
Damage constant D1 0.04
Damage constant D2 1
Minimum strain to failure 0.01
Residual shear modulus fract 0.13

Polynomial EOS

Bulk modulus A1 3.527E+10 (Pa)

Parameter A2
Parameter A3

3.958E+10 (Pa)
9.04E+09 (Pa)

Parameter BO 1.22
Parameter B1 1.22
Parameter T1 3.527E+10 (Pa)
Parameter T2 0
P-alpha EOS
Solid density 2750 (kg/m)
Porous sound speed 2920 (m/s)
Initial compaction pressure 1.67E+07 (Pa)
Solid compaction pressure 6E+09 (Pa)
Compaction exponent, n 3
Density 2350 (kg/m)

Specific heat

654 (J/kgC)
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The steel hammer was modeled using the Struc
Steel material whose properties are givenTable 6.
Rubber between steel plate and concrete beam
modeled using a material whose details are alsengin
Table 6.

Table 6 The material properties of structural steel ander

Structural Steel Rubber

Property Value Unit Value Unit
Density 7580 kg m 123( kg m*
young's - 5eqq Pa 22E+  Pa
Modulus
Poisson’s c

Ratio 0.3 0.4k

Buk ) 667411  Pa 7.333E+  Pa
Modulus

Shear - ¢9or410  Pa  7.586E+(  Pa
Modulus

Motion of the hammer from its rest position up e
instant just before the impact was considered astaatly
accelerated motion. The observed duration of thesian

is given in Table 1. Because of the long run tinfighe
numerical solution, the FEnalysis was started from the
instant that the hammer is located at 1 mm distafoye
from the top of concrete beam with an initial veati
speed. The speeds of steel hammer calculated fre
uniformly accelerated rectilinear motion formula tae
instant just before the impact are 2553, 2672, 27930;
3185 mm/s for specimens S1 to S5, respecti

Results anc

4. Comparison of Numerical

Experimental Results

Response of plain concrete beam to the given
loading is represented by the graphapplied force versus
midpoint displacement as shown in Fig. 11. Here
displacements obtained from FE analysis using tiae-
time profiles indicated by 1, 2, and 3 are plot
Displacement response of the concrete beam obté&ioet
the FE analysis arsimilar to the curves of lo-time graphs
shown in Fig. 9, i.e. a linearly increasing lo-time
relation resulted in a nearly linear fo-displacement graph.
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Fig. 11 Shear force displacement curves obtained from experimentalysadi FE analysis for static loading

The maximum and minimum values of displacem
velocity and acceleration calculated at the pc
representing the locations of accelerometers orfittite
element mesh and those obtained from the experalr

study are given in Table 7. The percenterence between
the experimental results and the FE model restlinges
between 0.5% and 62%.

Table 7 Comparison of FE model and experimental valuessgldcement, velocity and accelera

FE model Experiment  Difference(%)
Displacement (mn —-0.258 -0.290 12.4
P +2.236 +1.446 54.6
S1 Velocity — (mm/s ;ggg ;gig 144534
. 2 +134.15¢g +143.41 ¢ 6.5
Acceleration  (m/) ~217.64 g ~213.94 g 1.7
S2 Displacement (mn -0.589 -0.384 53.4
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+2.588 +1.831 41.3
_ -693 -429 61.5
Velocity (mm/s +383 +370 3.5
_ , +132.93 g +176.95 g 24.9
Acceleration (m/) —225.59 g -175.83 g 28.3
_ -0.653 -0.517 26,3
Displacement (mn +2.591 +1.932 34.1
S3 Velocity (mm/s ;;gg ;gég £130i1
_ ) +142.41 g +157.39 g 9.5
Acceleration (m/) ~237.61g -154.51 g 53.8
_ -0.648 -0.553 17.2
Displacement (mn +2.836 +2.265 25.2
S4 Velocity (mm/s ;47132 ;igg %7;14
_ X +143.01 g +158.55 g 9.8
Acceleration (m/) ~242.61 g -264.10 g 8.1
_ -0.669 -0.589 13.6
Displacement (mn +3.003 +2.507 19.8
_ -778 -574 355
S5 Velocity (mm/s +384 +585 34.4
_ R +158.92 g +158.09 g 0.5
Acceleration (m/) ~262.90 g -258.67 g 1.6

The examples of variation of displacement, velo

and acceleration with time obtained from FE analysi
specimen S1 and S5 are plotted as shown in Fig
Comparison of analytical FE results and experimie
results acceleration,
specimen S3 are given in Fig. 13. The normal s
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and shear stresses are plotted in Fig. 15 for ample.
Shear stress distribution obtained from FE analys
consistent with the aflure plane of specimen in tl
experiments and maximum shear stress is concehtiia
a region close to the application point of loac
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(©)
Figure 14. S5 specimen normal stress ax for a) at 0.000344 sec b) at 0.00103 c) at 0.0017

(b)
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Figure 15. S5 specimen shear stress plota) at 0.000344 sec b) at 0.00103 c) at 0.0017

5. Conclusion and Discussion

Concrete beam specimens with same geornr
concrete mixture and compression strength wereddsy
applying low velocityimpact load and thr-point static
load. Main variables of the experiments were thee tpf
loading and the hammer height for impact loadingtal
six concrete beam specimens, one for static loadass
and five for dynamic loading case with five dient drop
weight heights, were tested. Finite element analysahe
concrete beams modeled in ANSYS were carried odt
the results were compared obtained from the exertis
The conclusion is presented as follows,

. The change of loading type is quitffective on
energy dissipation capacity, stiffness, maximundlead
failure mode of concrete beams.

e The initial stiffness of concrete beams
increased significantly in the case of impact lo&at,
which the duration of applied load is very shoritial
stiffness of the specimens under impact loadinghisut
65000 times greater with respect to static loadiage.
Initial stiffness of the concrete beams is increlasgh an
increase in the drop weight height.

. Type of loading influences load carryicapacity
of the concrete beams. Load carrying capacity eftés
specimens has increased with increasing drop w
height. The S1 test specimen having the minimunp
weight height and the BS1 test specimen exhibitetbse
load carrying capacity. EhS5 test specimen with a dr
height of 500 mm has 74 percent greater load cay
capacity with respect to the BS1 test speci

. The energy dissipation capacity has incre:
with the increase in drop weight height. The speci
tested under static Idamg has larger midpoir
displacement with respect to the impact loading aalsen
it was reached to its load carrying capacity whials
behind the values for other specimens. Becauséhatt
duration of impact loading, smaller midpo
displacements ral greater load carrying capacity vall
were observed. Only the test specimen S5 has 3t
greater energy dissipation capacity than the spmt
tested under static loading. The concrete beams lai

502

potential increasing energy dissipation capacitith
increasing impact velocity for the low velocity iand
loading.

. During the impact tests, velocity a
displacement values of points on the test specii
increased with increasing drop weight hei

. Finite element analysis of concrete beams u
statc and dynamic loading has been carried out u
ANSYS Explicit STR. Drucke-Prager Strength piecewise
material model for the static loading case and aded
plasticity options for brittle materials covered the RHT
concrete strength for the impact ding case were used in
the analyses.

. Three different loading rates of static load
were tested for the finite element analysis of cet®
beam model. These three cases, at the failure e,
yield close midpoint displacement values, but aas
forcedisplacement curve similar to the experimental lte
can only be obtained for the third loading rates

e A comparison between experimental and
displacement results of the concrete beams suldjgct
dynamic impact loading shows that there exis% and
24% average difference for maximum and minin
displacement values, respectively. The averagerdifice
between experiment and FE analysis for maximum
minimum velocity values are 10% and 38%, respelsti
The average difference for maximum arminimum
acceleration values are 19% and 10%, respectieh
model which can be used in the design procedul
obtained with consistent resu

. In addition to the proper maximum and minim
values of acceleration, velocity and displacemsimilar
curves representing the variation of these parametihs
time have been obtained from the FE analy

. Shear stress distribution obtained from
analysis is consistent with the failure plane acdgmen in
the experiments and maximum shear stress is ctrated
in a region close to the application point of losyg
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