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Abstract

The crack defect one of important parameters lead to failure the structure, then, it was necessary
investigation the crack effect of the dynamic characterization of beam structure applied to harmonic load.
So, in this paper investigation the effect of &raepth and location on the beam deflection response
applied to harmonic load with various effect of load frequency influence. Therefore, the investigation
included derive the general equation of motion for beam applied to harmonic load with craclaetfect,

then, solving it equation analytically to calculate the natural frequency and beam response with harmonic
load effect. In addition, used numerical technique, by using finite element method, to calculate the dynamic
characterizations for beam with cagfikect and comparison results by analytical results calculated to given

the discrepancy for results calculated by techniques used. So, the comparison between analytical and
numerical technigue shown a good agreement for results calculated, with maxiraueticernro exceed

about (.4699. There, the results calculated shown the effect for crack depth and position for beam
supported with different boundary condition, in addition to, the results shown the effect for load frequency
harmonic applied on the beagsponse. Then, from the results presented can be conclusion that the crack
defect lead to decrease the stiffness for beam, then, decreasing for natural frequency and increasing beam
deflection response, in addition to, the results shown that the effdotdoiency harmonic load applied
increase with increase the effect for crack defect
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1. Introduction

The vibrations are basic and fundamental portion of our daily lives for environment engineering today, as

it occur in different engineering applications such as vehicles, aeronautics, structures, machines, electronic
apparatuses, electric motors, satedlged so forth. At the point when a system or framework is vibrating
under the influence of higher frequencies which lead to higher deflection, higher displacement, heat
generation and noise. Hence it is necessary to examine these influences of vibbaéohance the

stability of machines and motors. It is necessary to study the response by the vibration when approaching
the resonance state and its influence on the natural frequency as each material has its own internal damping
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function that works agaihsibrations. Most of the heat generation by vibration due to the loss of vibration
energy resulting from the internal damping system.

The cracked structures' dynamics have been a subject of interest and research. When a structural origin of
the cracks wa exposed, the materials' intensity and stiffness are reduced, and so reducing natural
frequency. The dynamic behavior of cracked structures had been researched through many analytical,
numerical and experimental methods and the influence of crack in gnoad on machines, instruments

and structures is an important problem in the field of engineering and its applications.

Many important studies discussed the influence of crack depth and position on forced vibration for beam
structure. While this subjecs one of the main things especially in dynamic science and for any moving
part. In spite of its problem, the vibration test was the subject of various tests due to its extensive application
in many mechanical fields. There are researchers who have stwdetdinfluences with a wide range
especially in vibration beam, as,

At, 1999, S. M. Cheng et. al, [1], investigated the effect for crack on the vibration characterizations of
cantilever beam by using breathing model. Where, the investigation includathtatbe response load
displacement of fatigue crack model. So, the theoretical technique was used to evaluate the beam response
and frequency with crack effect. Then, at 2005, M. Behzad et. al., [2], presented a new approach to analysis
the vibration beavior for beam with open edge crack effect. Where, the Hamilton principle used to analysis
the vibration according to boundary condition of beam. The analytical solution and numerical technique
were used to calculated and comparison the results. At, 30@Fhan, [3], investigated the effect of crack
defect on the free and force vibration behavior for beam structure supported as cantilever supported.
Where, the study included used analytical solution to calculate the vibration behavior for free and forced
vibration beam without crack effect and modeling the crack with beam and solution by using numerical
technique, with using finite element method. Thus, the results calculated included the natural frequency
and deflection of beam with various forced freqgie

With, 2009, M. S. Prabhakar, [4], presented numerical solution to calculate the vibration behavior for beam
structure with effect of crack defect. In addition, the investigation included used neural networks technique
to calculate the vibration chatadzations for beam. At, 2012, L. S.-Ahsari et. al, [5], studied the effect

of crack depth and location on the natural frequency of simply supported beam. Where, the experimental
and numerical technique were used to calculate the natural frequermgafar Thus, the experimental
technique included building vibration rig to calculate the natural frequency for beam, and the numerical
technique included used finite element technique to calculate the beam frequency. Also, at same year, P.
K. Jena et. al{], presented study for damage effect on the vibration of cantilever beam. Where, the study
presented analysis for multi crack effect of the natural frequency and mode shape for cantilever beam by
using analytical solution with driving general equatiomation for beam with multi crack effect.

Then, at 2013, M. AWalily, [7], presented analytical solution to calculate the natural frequency for simple
supported beam with different crack depth and location effect. Where, the investigationdrizusged

the general equation of motion for free vibration beam with crack effect. In addition, used finite element
technique to caparison the results calculated. Also, same researcher at same year, [8], presented
experimental technique to calculated tla¢ural frequency of beam with different crack position and depth
effect. Thus, the experimental results evaluated comparison by analytical results calculated. In addition,
same researcher at 2015, [9], studied the effect of crack orientation on thé fneturency of simply
supported beam analytically. Where, the analytical solution included derived the general equation of
motion of simply supported beam with various crack depth, location and orientation effect. In addition,
used numerical technique, Witising finite element method, to comparison the results.

At, 2017, Y. Ma et. al, [10], investigated for natural vibration of beam with oblique crack effect. Thus, the
investigation included modeling the oblique crack as spring model, in additioset,finite element

method to calculate the natural frequency of cantilever bEamally, at, 2019D. H. J. AFZubaidi et.

al, [11], presented study of crack effect on the heat generation due to vibration of beam under
harmonic forced applied. Where, thpalytical technique used to calculate the relation for heat
generation with time for vibration beam structure with various crack effect. Thus, the drive of
general equation of forced vibration beam, under harmonic load, was used to calculate the heat
geneation with various frequency load applied. In addition, the numerical technique, by using
finite element method, used to comparison the results calculate.

In addition, other researchers investigation the effect of crack on various application fietbndi
structure, as effect of crack depth and location on vibration behavior of different composite plate structure,
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[12, 13], effect of crack orientation on the vibration behavior for plate structure, [14, 15], and effect of
crack on the vibration of pe induce fluid, [16]. Therefore, from researchers presented can be see that the
crack lead to decrease the stiffness for structure, and decrease the dynamic characterizations for structure,
decrease for natural frequency and increase structure response.

There, this paper investigation the effect of crack depth and position in the natural frequency and vibration
response for beam supported with different boundary condition, by using analytical solution for general
equation of motion for beam with crack effeWhere, the analytical solution included drive for general
equation of motion and then, solving of this equation by using exact solution for different boundary
condition for beam, with using Fourier series and separation of variables techniqueson,adsid finite

element technique to comparison results calculated.

2. Analytical Study

The analytical investigation is techniques used to give exact solution of problem with various parameters
effect, [1720], in addition to, the analytical solution géven agreement results comparison with other
technique used, [224]. Thus, the analytical part included two section, first evaluated of natural frequency
of beam, and then, derived the equation determine the beam response supplied frequency haomonic ont
beam and evaluated the equation of beam response as a function of time and length beam.

2.1 Vibration of Beam without Crack
To evaluated the natural frequency of beam, solution of general equation of moti@T),[25 free
vibration uniform cross stion and constant modulus beam, as;328

%)y—21 M " on 1)

Where,08@ & are modulus of elasticity, moment of inertia, density, and cross section area of beam,
respectivelywis beam direction through length of bearis time, and is the deflection of beam through
lateral direction of beam. Then, by using separatioragfble as,

o 0w ® ® o 2
Then, by substation Eq. 2 in to Eq. 1, and solve equation, get,
o 6 6 AlTGw AT DB 6 ATT® AT DB 3)

6 OETw OET & 6 OEiw OET &
Where,6 15 [ fo ¢ & are constant. Andl, can be determine from boundary conditions of beam. And,
the natural frequency of beam can be determine from,

1 Fa — 4)

Where,ais the length of beam aridis the number of mode of beam. Therefore, to evaluated the value of

natural fequency must be selected the boundary condition of beam, then, can be selected three types of

boundary condition beam as,

1. Cantilever beam, the boundary condition of cantilever beam included first ends fixed and other edges
free as shown in Fig. 1, as,

® Th—— Tatfixed end

Th Ttat free end. (5)
Then by substitution Eq. 5 into Eq. 3 and solution, get (first fouraldequencies),

o p@xuvpmre
a0 TP wT Mwp

I a X&UuTxuvux

I'a pBwuULTp (6)
And, the normal mode functiord beam, as,
0 OBl OEf B —— AlfOn Al DB (7)
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Figure 1 Boundary condition of cantilever beam supported.

2. Simply supported beam, the boundary condition of simply supported beam are pinned ends for two
edges of beam, as shown in Fig. 2, as,

® Th—— Trattwo edges of beam. (8)
Also, by substation Eq. 8 in to Eq. 3, get (first four natural frequencies),
Ta otpurwa g Yophoa B CTXXP PB®PQoXP 9)
And, the ngr[ngl mode functions of beam, as,
W w OElw (10)
"Qafd
&
(‘f) T ) ] ®©
O T T ‘ W% w T T
w a [
(b |

Figure 2.Boundary condition of simply supported beam.

3. Clamped beam, the boundary condition of clamped supported beam are fixed ends for tvad edges
beam, as shown in Figure (3), as,

® Tmh—— Tattwo edges of beam. (11)

Also, by substation Eq. 11 in to Eq. 3, get (first four natural frequencies)
o t§omnmntp

' xvaogmvo

I p@wL ey

Fa pdpoxpovu (12)
And, the normal mode functions of beam, as,
®» ® OEf b OBEleww — Ail DB Alidw (13)

Then, applied the frequency on the beam less than the natural frequency of beam and evaluated the response
on the beam. Anthen, applied frequency on the beam equal to natural frequency of beam (resonance of
beam occurred) and comparison the different between the two case.

4 Qo

—)(b
Figure 3.Boundary condition of clamped beam supported.

Therefore, the general equation of motion of force vibration beam can be used,
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1T 0 O 0 © O— —Qud (14)
Where, Qafd general force applied on the beam at distap@¢/m), as shown in Figures. 1, 2, and 3.
By multiplying Eq. 14 throughout by @, and integrating froomo € and using the orthogonally, get,

—— 1 w0 —0 o (15)
Where,0 0 is generalized forced (N),

0 06 . Qv® ®Q®

And, ®is constant (m), and can be expressed as,

® . 0O ©OQw (16)

Then, by using Duhamel integral, the solve of Egq. fb6,zero initial conditions (displacement and
velocity), and substation the solution into Eq. 2, get,

Vafd ® @ —_ 0 TOEBEIT O Tt QfF (17)

Therefore, applietiarmonic loadQafd QO E Towith frequency of ,atd &3 and substit ut
in Egs. 16 and 17, to evaluating the general equation of beam deflection as a function of x and time.

2.2Vibration of Beam with Crack
For beam with crack effect, Bysing EulesBernoulli beam theory, the equation of motion for beam,
assumed to have uniform cross section, is given by,

0oo—2 " 5—2 i (18)
By letting the forcing term@0 to be zero. Then, using the separable solutions, as in Eq. 2, in Eq. 18,
leads to an associated eigenvalue problem, [11],

— _ 06 T (19)

Where,_ ——.

The general solution of Eqg. 19, for each segment, [11],

Med M

O 0 00 Qo 6wéin 61 M o OWED_

Med a a

W w o0i Qo a 6 wéElw & O0i @ w « 0 QEY_ o & (20)

Now, applying the boundary conditions for three cases to evaluate the general equation for beam response
for harmonic vibration beam structure with crack effast,

I. Cantilever Beam
The equations for cantilever beam will be derived in the case of a crack, as shown in Fig. 4, by subject
boundary conditions of beam, as,

W T W T TTTw & Tw & T (21)
Applied boundary conditions, Eq. 21, on deflection beam equation, Eq. 20, get,
O ® 00N i W 6 VéEin OED_®

, 0 i QEw a | iMQ8_w « | WE_w a
w W pw o o o (22)
0 wéiw a | i@ w a | Wwe&€A_w a
Where
| oosn=a&)Qa i Q& 4 @a ,
| i Q& &R _a Géjia d @ o
| wWE_a d @Wa i Qo e _a ,
| weéiad 8e€.a | Qa4 @a
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Figure4. Cantilever Beam with crack.

Then, for evaluating other constant in Eq. 22, ubimgndary condition at crack location, as,
W a wa,0 a »w a,0 & w a,

Wwa wa —@ O (23)
For,

™ o Y+ p8t 0 u— o ¢ ip VP X X &
- (p“ —

X® L - X®& 0 & 8 WNMw
There, substation boundary conditions in Eq. 23 into Eqg. 22, get,
W 0iYow | o welon 0E&_w
W PO & | 0Elo a
w o 0 s ¥ orn e (24)
| w | w&h_w a

Where,
| —i Q —i @ a
| —Qé 0 —w&D_a
| :
| | I
| i Q& | we ia ~
| Qa1 wé L
| L Qe 1 ] wedd

Then, with using of boundary conditions, & ® & —& & , getthe general characterizations
equation to evaluate natural frequency of beam with crack effect, as,

o Qe OER A | i Q@ | i ma —a_ | (25)

By solving Eq. (25), the value dfcan be evaluated, then the valué ofcan be evaluated.

II. Simply Supported Beam

The equations for simply supported beam will be derived in the case of a crack, as shown in Fig. 5, by
subject boundary conditions of beam, as,

7 n n7 n w7 1 w7 1 T (26)
Therefore, by substitution boundary conditions for simply supported beam, Eq. 26, into gerstiahequ

for mode beam, Eq. 20, get,

7 @ | OB # OENGE
7 @ ! ORI®@ I 1 AT102 | # OENB I L AT 0 | (27)
Where 4 OANl 4 OANIE

Then, by substitution boundary condition for crack location, Eq. 23, into Eq. 27, get,

7 @ ! OEW | OEBQ@

7 @ ! | OEN®@ I L AT 102 | L OEN® I 1 AT O® | (28)
Where,
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1 A T 11 4 14 .1 111

Also, by applying boundary conditiody & @ & —@ & , get the general characterizations
egudion to evaluate the natural frequency for beam with various crack effect, as,

1 4 AT L ATQE [hy | (29)

By solving equation (29), the valuelotan be evaluated, théime value ob can be evaluated.

TR

- |

, I \
a a 4
&)

a
Figure5. Simply supported Beam with crack.
lll. Clamped Supported Beam

The equations for clamped supported beam will be derived in the caseaakaas shown in Fig. 6, by
subject boundary conditions of beam, as,

7 T T

7 T T

7 1 7

7 1 ™ (30)

Then,by subject Eq. 30 into Eqg. 20, get,

7 @ | OB OENE " AlTX® Al 0@
I OEN@ I 1 OEN® I 1 AT OB |

7 O o . R e s s o oo s (31)
" AT 10D 1 L OEN® I 1 Al O® |

Where,

1 OB ®ENE AT1d 8l QFE ,
1 OB &l OE AT1d 8EIMIE
1 AT10 8ERE OBIN &I QF ,
1 AT10 AT OE OEN B8EME

Figure6. Clamped beam geometry with crack.

Then, by subjecting boundary condition for crack defect, Eq. 23, into Eq. 31, get,
7 @ ! OB OENE | Al Al 0@
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1 OEN@ I 1 AT 10D |
7 O f e s s o o (32)
] OENB I 1 Al OB |
Where,
1 —O0BIl —OEDIE ,
! —AT1d —AT OE
1 ,
1 1 414
1 OEM 1 AlLID
1 1 1 OEHN 144

4 i 14 ALID
141 1 OEH 114 141 A10
Also, by using boundary conditionp w a —o o, for Eq. 32, get the general
characterization equationrfevaluating the natural frequency of cantilever beam with various crack size
and position effect, as,
1 1 AT AT QOE | OB | OENIE [Ny 1 (33)
To applying the equation of deflection beam as a functiondifection, Eq. 24, 28, 32 for cantilever,
simply supported and clamped beam, respectively, in general equation of motion of beam with crack effect,
must be transformation the equations of beam to continuous equation by using Fourier series formulation,
and tlen subjecting the resulting equation into Eqg. 18, as,

A—
Q- p

79 ' B ! Ail-6— B " OB+ (34)
Where,

| - 7 QAQG-_ 7 GA@_ 7 OAQ

! - 7 QAT-6—-A@-_ 7 QGAT-6-A5 7 OAI-6—-AQ

" - 7 @O0E+—A@-_ 7 GOE+—-AQ 7 GOEI-AQ

Then, by substation Eqgs. 24, 28, or 32, into Eq. 34, according of beam supported, and integration the
resulting equation, get the constant Fourier series, then salj&wi 34 onto Eq. 18, get,

%)B ! — Ai6— B " — OEF— xO .

A0 (35)
mMm ! B ! AT6— B " OBF— ——

Then, by using orthogonally technique, with multiplying Eqg. 35 by Eq. 34, and thegrdtihg from

o & get,

o s . B — B — 8 h v
1 wo ” —U O (36)
3 B — B — .
Where,1 O, is the forced generalized (N), and can be evaluating from,
0 0 . ® OQHOQ® (37)

And, a1 orthogonally constant, carevaluating from Eq. 16. Then, by using Duhamel integral, the solve
of Eq. 36, for zero initial conditions (displacement and velocity), and substation the solution into Eq. 2,
get,

Dafd ® w —_ 0 TOBI O Tt QfF (38)
Therefore, applied harmonic lo&@dafd  "QO B Towith frequency of ,at®@ & and substitut
in Egs. 37 and 38, to evaluating the general equation of beam deflection as a functoid tifne.

3. Numerical Technique

The numerical investigation is technique used to evaluation approximate sétutipmoblem, [3133],

thus, its technique in more application used to analysis the difficult structure its cannot rediytio
analytical techniques, [385]. In addtion, the numerical techniqgugsed to comparison the numerical
results by other results are evaluated with other techniques, to given the agreement of re88lts, [36
Therefore, the COMSOL program will lised, which will depend on the finite element method (FEM)

for design and analysis of the models, and give the outcomes required by simulations using computer
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programming to reach the outputs and outcomes of the completion of the research and develdpenent
mechanism of work, and compared to other outcomes extracted with the analytical solution, and given the
percent error of its results. The COMSOL program is used to find precise numerical solutions and different
designs and structures and to find thsults of complex mathematical equations that are difficult to solve
analytically, [3940]. In this work, the COMSOL/CFD program was used to find the response by the
vibration of the beam exposed to the harmonic force at different frequencies forndiifeses of
supported. Follow the main steps when using the software in the computer as,

1. Design of the models according to properties, dimensions and geometries of the material to be used.
2. Defining the meshing geometry.

3. Applying the boundary conditionggiquency and force.

4. Solving and visualizing your results.

The numerical examination is strategy utilized to assessment estimated answer for issue, in this way, the
its method in more application utilized to investigation the troublesome structure itsrcamjement by
scientific strategies. Likewise, the numerical procedure used to correlation the numerical outcomes by
different outcomes are assessed with different methods, to given the understanding of resifis, [41
Therefore, the COMSOL program Wiie utilized, which will rely upon the finite element method (FEM)

for outline and examination of the models, and give the results required by reproductions and simulations
utilizing PC programming to achieve the yields and results of the fruition ohtlosative work of the

system of work, and contrasted with different results removed with the scientific arrangement, and given
the percent error of its outcomes. This program is utilized to discover exact numerical arrangements and
diverse outlines andrsictures and to discover the outcomes of complex scientific conditions that are hard
to solve analytically, [43]. The beam design length (84 cm) and-ssxd®n (2.5 cm * 2.5 cm) as in the

Fig. 7. The material used is carbon steel (carbon=1.5%) witmsitdef (7750 kg/) and modulus of
elasticity (200 Gpa). The supported is determined by the type of beam where the use of three types
including (cantilever beam, simply supported beam, clamped beam) and each type of supported has special
boundaryconditions, the required frequency and force are applied to the beam, after which the program is
executed and the desired results and figures are included. The design of the model form on the mesh, which
follows a finite element method (FEM) to give theuks the elements, the results will be more accurate

as the mesh is accurate if the distance between the nearest mesh lines, the mesh was represented
symmetrically for all types of supported, so that the accuracy of the results is uniform for all dases to
used in comparison.

Periodic loading 4

:

Figure 7.Threedimensional computational domain.

Default mesh setups were utilized. The model solution at transient boundaries. It is plotted measured values
of displacement utilizing domain plotting parameters. Thgekinatural frequency analysis outcomes
initially then, the resonance are appeared in the distorted shape witthosudin outcomes. The beam
response plot outcomes are appeared of normaldembain outcomes. The results obtained through the

use of the COSOL program by simulating similar cases in the analytical solution. The results shown in
the forms were obtained to determine the relationship between the variables and the behavior of the curves
of the model in the cases of assuming that the harmortie t@uses vibration very near to the resonance
state of each case to show the variables clearly.
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In this work, the COMSOL/CFD program was utilized to discover the beam response values by the
vibration of the beam presented to the harmonic force at vafieqaencies for various instances of
supported with crack and to know the effect of its location and depth on the beam response. Thus, to
solution the problem by using its numerical technique, firstly, selecting the best number of element and
node can besed, [4445], then, different cases are studied for the computer mesh where the comparison

is made for the design of the mesh using the COMSOL program in the absence of a crack in the beam as
in Fig. 8.a. Also, a computer mesh is designed in the caseratkin the beam and what is the effect of

the crack on the mesh as in Fig. 8.b, and using the finite element method (FEM) where the model is divided
into small parts and elements and simple geometric shapes that make it easy to distinguish between the
two cases to give different results.

a. without crack b. with crack

Figure8. Beam mesh with and without crack.

4. Results and Discussion

The results investigation ihis work shown the effect of crack depth and location on the beam deflection,
supported with various boundary conditions. Where, the investigation included used analytical solution for
derived general equation of motion for beam structure with crack effghtvarious boundary condition

for beam. In addition, using numerical technique, by using finite element methalcttatethe beam
deflection with different crack effect. Then, comparison the results calculated by analytical and numerical
togetherTherefore, the results presenting dividing to four parts, first, the natural frequency for bean with
and without crack effect, second, analytical beam deflection results without crack effect for different
supported beam, third, analytical beam deflectasults with various crack location and depth effect for
different beam supported, and finally, comparison for beam deflection analytical and numerical results and
given the discrepancy for result calculating.

4.1Beam Natural Frequency

The natural frequency of the assumed beam (length (L=0.84 m), width, hgightt ¢®A [ is
calculated analytically by using the Matlab program during the vibration of the beam with crack to different
depths and positions under the influence of harmomgeffor three cases of supported. Table 1 shows the
natural frequency of cantilever beam changes according to crack depths and pogitions

] ordhe bphpg bp® A i, and, mph g g ¢é trd tr@ tre 11, where, the
natural frguency of the cantilever beam without crask p Y& Y @ Table 2shows the natural
frequency of beam changes according to crack depths and poditions® tr@fig bphp& tp@ A i
and, h@hhd g g v trd trx t1 , where, the natural frequency of the simply
supported beam without crack LU P& T §— . also, Table 3, shows the natural frequency of beam
changes according to crack depths and positions, as,

LA T8 o botpd ppd Al -
2., @ e gd trd tr trx trd 1|
Where, the natural frequency of the clamped beam without cback p p @ ¢x ¢—.
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Table 1. Natural Frequency for Cantilever Beam with Various Crack Depth and Position Effect.

NoO L1 ¥ (rad/ s)

(m) dc=0.2cm dc=0.5cm dc=0.75cm dc=lcm dc=1.25cm dc=1.5cm
1 0.1 181.8780 179.6186 175.7675 169.9866 162.1470 152.6556
2 0.2 182.1602 180.6772 178.1054 174.1394 168.5536 161.4624
3 0.3 182.3772  181.4999 179.9564 177.5208 173.9739 169.2693
4 04 182.5292  182.0811 181.2846 180.0061 178.0959 175.4708
5 042 1825522 182.1695 181.4881 180.3915 178.7466 176.4734
6 044 1825729 182.2490 181.6717 180.7405 179.3385 177.3912
7 054 182.6452 182.5280 182.3179 181.9766 181.4565 180.7215
8 0.64 182.6770 182.6507 182.6036 182.5267 182.4092 182.2422
9 0.74 182.6855 182.6837 182.6804 182.6750 182.6667 182.6549

Table 2. Natural Frequency for Simply Supported Beam with Various Crack Depth and Position Effect.

No Ly ¥ (rad/ s)

(m) dc=0.2cm dc=0.5cm dc=0.75cm dc=lcm dc=1.25cm dc=1.5cm
1 0.1 512.5900 511.9663 510.8506 509.0411 506.2938 502.4313
2 0.2 512.0538 509.9063 506.1077 500.0605 491.1419 479.1168
3 0.3 511.4871 507.7526 501.2409 491.1132 476.6811 458.0953
4 04 511.1916 @ 506.6399 498.7669 486.6755 469.7483 448.4303
5 0.42 511.1826 506.6061 498.6920 486.5424 469.5428 448.1477
6 0.44 511.1916 506.6399 498.7669 486.6755 469.7483 448.4303
7 0.54 511.4871 507.7526 501.2409 491.1132 476.6811 458.0953
8 0.64 512.0538 509.9063 506.1077 500.0605 491.1419 479.1168
9 0.74 5125900 511.9663 510.8506 509.0411 506.2938 502.4313

Table 3. Natural Frequency for Clamped Supported Beam with Various Crack Depth and Position Effect.

L1 ¥ (rad/ s)
(m) dc=0.2cm dc=0.2cm dc=0.2cm dc=0.2cm dc=0.2cm  dc=0.2cm
0 1155.217 1135.876 1105.875 1066.861 1023.190 981.044
0.1 1160.991 1156.896 1150.118 1140.403 1128.061 1114.314
0.2 1162.456 1162.395 1162.290 1162.130 1161.907 1161.629
0.3 1161.105 1157.242 1150.578 1140.390 1126.244 1108.671
04 1159.805 1152.327 1139.562 1120.376 1094.355 1062952
0.42 1159.760 1152.159 1139.189 1119.708 1093.309 1061.482
0.44 1159.805 1152.327 1139.562 1120.376 1094.355 1062952
0.54 1161.105 1157.242 1150.578 1140.390 1126.244 1108.671
0.64 1162.456 1162.395 1162.290 1162.130 1161.907 1161.629
0.74 1160.991 1156.896 1150.118 1140.403 1128.061 1114.314
0.84 1155.217 1135.876 1105.875 1066.861 1023.190 981.044

R Z
RO ©®O~NOUA~WNRE

4.2 Beam Response without Crack Effect

The amount of the response deflection inaesumed beam (length (L=0.84 m), width, height (w=h=2.5

cm)) is calculated analytically by using the Matlab program during the vibration of the beam under the
influence of harmonic force at different frequencies compared to the natural frequency. Serttegime
response deflection is calculated for each location along the length of the beam on demonstrated constant
time at other times it is calculated with time in a location where the response deflection the highest value
in the beam for several cases gbgorted, as follows,

4.2.1The response deflection for cantilever beam

Fig. 9, shows the response deflection in the beam changes according to the time and length of the beam,
when the beam is vibrated at a frequericy 180 5 . Fig. 10, the relationshipetween the response
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deflection with the | ength of the beam is
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Fig. 10.c. The K. 11, the relationship between the response deflection with the time is explained at the
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for the appearance of the highest response deflection as shown in the previous Fig.
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Figure9. The deflection with time and length of the cantilever beam.
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Figure10. The deflection with length of the cantilever beam
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Figurell. The cantilever Beam Respongth time and various force frequency applied

4.2.2The response deflection for simply supported beam

Fig. 12, shows the response deflection inibam changes according to the time and length of the beam
when the beam is vibrated at a frequenty ™0 5 . Now, in Fig. 13, the relationship between the
response deflection in the beam with the length of the beam is explained at constant timertont diff
frequencies (¥ = (0.5, 0. 6, 0.7, 0. 8, 0. 9, 0. 99,
in Fig. 13.b. The Fig. 14, the relationship between the response deflection with the time is explained at the
middle of the beam (x = 0.48) for the appearance of the highest response deflection as shown in the Fig.
13, for different frequencies (¥ = (0.5, 0. 6, 0.

4.2.3 The beam response of clamped beam

Fig.15, shows the response deflection in the belammges according to the time and length of the beam

when the beam is vibrated at a frequenty 8o 5 . Now, in Fig. 16, the relationship between the
response deflection in the beam with the length of the beam is explained at constant time for different
frequencies (¥ = (0.5, aG. 68 ho@.n7, nO0.F8 g ..pads¥hawean & nd.
in Fig. 16.b. The Fig. 17, the relationship between the response deflection with the time is explained at the
middle of the beam (x = 0.42 m) ftlie appearance of the highest response deflection as shown in the
previous Fig. 16, for different frequegncies (¥ =

0.5 ~

W o(m)
/

05—

e i

02" W

01

0.08
0.06
0.04

0.2
0.02 0 0.1
t (sec) 0

Figurel2. The deflection with time and length of the simply supported beam.
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Figurel13. The simply supported response of beam with length
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Figurel5. The deflection with time and length of the clamped beam.
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Figurel6. The deflection with length of the clamped beam and various frequency load applied.
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Figure 17. The clamped Beam Respomgth time and various frequency force applied

4.3Beam Response with Crack Effect

The amount of the response deflection in the assumed beam is calculated analytically during the vibration
of the beam with crack under the influence of harmonic force at constant frequency@o 5  this
frequency is chosen for the appearance of resporfltin clearly approaching the resonance state.
Sometimes the response deflection is calculated for the existence of the crack to different depths and
locations on the beam for each location along the length of the beam on demonstrated constant time at
other times it is calculated with time in a location for several cases of supported, as follows,

4.3.1The response deflection for cantilever beam

Fig. 18, shows the amount of the response deflection in the cantilever beam changes according to the time
ard length of the beam withcrack ™, 1 d NA T®E p& VA [ .Figs. 19 and 20, shown

the relationship between the response deflection for different depths of the crack dc = (0.5, 1, 1.25 and 1.5)
cm and crack location (L1 = 0.2, 0.42, 0.64 m) withlémgth of the beam at constant time. In addition, in

Figs. 21 and 22, shown same effect for crack parameters with various time.
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Figure18. The deflection with time and length of the cantilever beam with crack effect.
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Figure19. Cantilever Beam Response with Different Crack Position Effect.
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Figure20. Cantilever Beam Response with Different Crack Depth Effect.
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Figure2l. Cantilever Beam Response with Different Crack Position Effect at Various Time.
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Figure22. Cantilever Beam Response with Different Crack Depth Effect Various Time.

4.3.2The response deflection for simply supported beam

Fig. 23, shows the amount of the response deflection in the simply supported beam changes according to
the time and length of the beam with crack ™, 1™ d NA TE p& VAl . Figs. 24 and

25, shown the relationship between the response deflectidliffienent depths of the crack dc = (0.5, 1,

1.25 and 1.5) cm and crack location & 0.2, 0.42) with the length of the beam at constant time. In
addition, in Figs. 26 and 27, shown same effect for crack parameters with various time.
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Figure23. The d#lection with time and length of the simply supported beam with crack effect.
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Figure24. Simply Supported Beam Response with Different Crack Position Effect.
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Figure25. Simply Supported Beam Response with Different Crack Depth Effect.
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Figure26. Simply Supported Beam Response with Different Crack Position Effect at Various Time.

ISSN2076:2895(Print), ISSN20762909(0Online) ©2020 International Energy& Environment Foundation. All rights reserved.



20

International Journal of Energy and Environm@3aEE), Volume 1, Issuel, 220, pp.1-28

«1073 w=0.9%wn , x=0.42 m, dc=0.5 cm «10°3 w=0.9%wn , x=0.42 m , dc=1 cm
1 v I ) N\
| I Loz T Y noen
AL B N —
o AT TN T I T T
A / ANAEAEY /\\ 0.5 7, w‘H\‘\\H\\‘\‘\“‘)‘R\L\\\‘H\\H‘{H\c 0
E A ] L \ A ANARA A RN ARSI ANRRBNPNENENLY:
o I RV T T ek hhavini i
WU O
N VR
AU
K 0 0.02 0.04 0.06 0‘.08 0.1 0.12 0.14 0 0.05 0.1 0.15 0.2
t (sec) t (sec)
a. Crack Depth&0.5 cm b. Crack locatib=1 cm
%1073 w=0.9%wn , x=0.42 m, dc=1.25 crln «1073 w=0.9%wn , x=0.42 m, dc=1.5cm
6 T RTRAAIY T -
| ) ‘WMH \MHH‘H i il
‘ il | \\{fwwww
duuﬁwﬁw L TANAEL N
| ™= w DRI R
(g 1 R
u B qu\“ - M “1 ol U(!
5 aliNinil
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.05 0.1 0.15 0.2 025 03 0.35 04 045
t (sec) t (sec)

c. Crack Depth g&1.25 cm

d. Crack locatigrildb cm

Figure27. Simply Supported Beam Response with Different Crack Depth Effect Various Time.

4.3.3The response deflection for clamped beam

Fig. 28, shows the amount of the response deflection in the clamped beam changes according to the time

and length of the beam with crack

™, 1™ dhA TWE pg& AI

. Figs. 29 and 30, shown

the relationship between the response deflection for diffelepths of the crack dc = (0.5, 1, 1.25 and 1.5)
cm and crack location (L1 = 0.2, 0.42 m) with the length of the beam at constant time. In addition, in Figs.
31 and 32, shown same effect for crack parameters with various time.
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Figure28. The deflectin with time and length of the clamped supported beam with crack effect.
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Figure29. Clamped Supported Beam Response with Different Crack Position Effect.
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Figure30. Clamped Supported Beam Response with Different Crack Depth Effect.
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Figure31. Clamped Supported Beam Response with Different Crack Position Effect at Various Time.
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Figure32. Clamped Supported Beam Response with Different Crack Depth Effect Various Time.

4.4The comparison of beam response with and without crack effect

Fig. 33, shown the relationship between the response deflection of cantilever beam supported at constant
frequency with the length of the beam is explained at constant time, as in Fig. tB& siroe at (x = 0.84

m) as in Fig. 33.b, and the relationship between the response deflection of simply supported beam at
constant frequency with the length of the beam is explained at constant time as shown in Fig, 34.a or the
time at (x = 0.42 m) as stwn in Fig. 34.b. In addition, the relationship between the response deflection of
clamped beam supported at constant frequency with the length of the beam is explained at constant time
as shown in Fig. 35.a, or the time at (x = 0.42 m) as shown in Flg. 35
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Figure 33. Comparison of Cantilever Beam Response with and without Crack Effect.
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Figure34. Comparison of Simply Supported Beam Response with and without Crack Effect.
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Figure35. Comparison of Clamped Beam Responsk aiitd without Crack Effect.

Then, from Fig. 9 to 17, can be shown the effect of frequency load applied on the beam response, with
various supported effect. There, the deflection response for beam increase with increasing the frequency
load applied, thenthe maximum response occurred at the load frequency equal to natural frequency of
beam. Finally, from Figs. 18 to 35, can be shown that the crack lead to decrease for the beam stiffness,
therefore, the natural frequency decreasing, in addition, due teadecboth the beam stiffness and beam
natural frequency, then, the beam response deflection increasing with crack. Thus, beam response increase
with increase the crack depth and increasing with crack location occurred near the maximum beam moment
position Then, from the results presented can be shown that the frequency load applied decrease with
crack, then, the resonance for beam with crack occurred at load frequency less than load frequency for
beam without crack effect, due to decrease natural fregdenbeam with crack effect as shown in Tables

1 and 2, with different beam supported.

4.5The Comparison between Analytical and Numerical Solution

The comparison between analytical and numerical results included comparison for beam response results
calculated by drive the general equation of motion for different beam supported, and results for beam
response calculated by numerical technique with using finite element technique, to given the agreement
for analytical solution for beam response with avithout crack effect, [4€18]. Therefore, Fig. 36.a,

shown the relationship between the response deflection with the length of the cantilever beam is explained
for the analytical solution and the numerical solution at constant time and constant fre&igneg,b,

shown the comparison between analytical and numerical results of simply supported beam deflection, and
Fig. 36.c, shown the comparison for clamped beam response results calculated by analytical and numerical
technique. Therefore, from Fig. 36rcée see that the maximum error for result evaluated by two
techniques used did not exceed about (1.46%), then, from this results can be dependent on the analytical
solution for different supported beam with various crack effect.
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Figure36. Comparison between Analytical and Numerical Results for Beam Response.

5. Conclusions

The investigation included calculated the natural frequemcyresponse deflection with various crack
depth and location effect, for beam supported with various boundary conditions. Where, the investigation
included used analytical and comparison with numerical technique. Therefore, form the presented results
canbe conclusion the following important points as,

1.

The analytical solution for general equation of motion for beam with crack effect is perfect technique
can be used toalculatethe natural frequency and beam response with various effect of crack and
different boundary condition supported beam subjected to harmonic load.

. The comparison for analytical results, evaluated by solution of general equation of motion, with

numerical reslts, calculated by using finite element technique, given a good discrepancy with
maximum error did not exceed abolit46%).

. The crack defect lead to decrease the beam stiffness, then, crack defect lead to decrease the natural

frequency for beam structuamd increasing the vibration response for beam.

. The effect of load frequency increase with the value near to the beam frequency, therefore, the value

for maximum effect of load frequency was decrease with increase the effect of crack defect. Then, the
effect for load frequency increasing with increasing crack effect.

. The maximum effect for crack defect occur at the location for beam with maximum bending moment.

Then, the maximum effect for crack location of simply supported beam occur at the middlefsection
beam, and the maximum effect for the crack occur at the supported section for cantilever beam.
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