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Abstract

Studying crack growth in aluminium alloys helps
design safer structures and components. It allows
more durable and flexible products to develop,
resulting in enhanced safety and performance.
Cracks in oil and gas equipment can cause accidents
and environmental damage. The study investigated
the influence of the dynamic load of a 6061-T6
aluminium plate with two fixed edges with
dimensions of 80 mm and two free edges at variable
dimensions of 80 mm, and 160 mm. A crack was
created in the middle of an aluminium plate using a
laser beam of thickness 0.08mm. The crack had
different lengths, 3mm, and 5mm, and was created at
angles of 0, 45, and 90 degrees. The study focused on
determining the initial crack growth caused by the
dynamic impact load caused by the free fall weight
at a rate of 20 impacts per minute, the study
performed experimental, numerical, and analytical
investigations. Based on the experimental results, it
was observed that increasing the crack length from 3
mm to 5 mm reduced the initial growth time by 45%
in a plate with an aspect ratio of 1:1. However, in a
plate with an aspect ratio of 1:2, the percentage of
reduction in initial growth time was 16.5%. The
results showed that increasing the crack angle from 0
to 90 degrees prolonged the crack growth in all
samples with the same test conditions. The study's
significance lies in determining the time required for
crack growth in thin plates of this commonly used
alloy in oil and gas applications like liquefied natural
gas storage tanks, pipes, tanks, drilling equipment,
and cutters. The research outcomes will provide
valuable insights into the material's behavior,
contributing to developing improved products and
processes in this sector.
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1. Introduction

Cracks in oil and gas equipment can cause accidents and environmental, and human damage. A crack study
is essential to prevent this by improving reliability, preventing costly repairs, saving money, ensuring regulatory
compliance, improving performance, and reducing the risk of crack formation. Stress distribution is the way stress
spreads across a material or structure under external loads. It depends on factors such as the structure geometry,
material properties, and type of loading. Deformation is caused by internal forces or stresses that can cause cracks.
Cracks can increase stress distribution and lead to further crack propagation, ultimately leading to component
failure or breakage. The main objective of the study was to gather the most recent findings on numerical methods
used to simulate fracture problems, which is a rapidly evolving area of research [1-3]. The study investigated the
impact of stress on a large-scale oil tank with a floating roof. Specifically, the study focuses on the high-stress
levels on the fillet joint and analyzes how three key tank parameters affect it. The study proposes a new method to
enhance the design of large-scale oil tanks and evaluate their structural integrity [4]. Oil storage tanks are crucial
in the petroleum industry but are prone to damage. To ensure their service life and prevent environmental disasters,
this study covers common defects, design, construction, repair standards, and methods to prevent crack growth.
The study uses techniques like finite element simulation and the design of experiments to assess the tank structure
in different modes and analyze the effects of geometric parameters of defects [5]. The study investigates the
behavior of a cracked aluminum pipe repaired with a glass/epoxy composite patch under fatigue tension loading.
The numerical model includes deboning the adhesive layer between the pipe and the composite patch and crack
growth in the aluminum pipe. The study considers three different shapes of composite patches and a parametric
study to observe the effect of fiber orientation on fatigue crack growth. These findings could lead to optimized
designs of patch-repaired pipes under fatigue loading [6]. Aluminum alloy is commonly used for LNG storage
systems. To predict its service life, researchers assess its mechanical properties, such as tensile strength, fatigue
performance, and fracture toughness. A new model was suggested in this study to consider the mean stress effect
on the fatigue crack growth rate (FCGR) of aluminum alloy in a unified manner. The model was validated by
comparing FCGR test data of aluminum alloy with Walker’s relationship. The new model showed more accurate
results compared to the Walker model [7]. The study explores the relationship between detonation load and crack
propagation in pipes. A material model combined with a fluid-structure coupling approach was used to simulate
the dynamic fracture of aluminum pipes due to internal gaseous detonation. The study identified the factors
affecting crack propagation and proposed a formula to calculate the oscillating frequencies of crack speeds. The
results can be useful for investigating pipe explosion accidents [8]. Transportation of liquefied gas cargo on a small
scale has been growing, and Type C containment systems offer a potential solution. These systems, which feature
end saddle supports, are frequently used for short- to medium-distance transportation. To accommodate thermal
contraction and expansion resulting from temperature changes, one end is fixed while the other is meant to slide.
Type C cargo/fuel tanks, known as "pressure vessels," are designed to meet recognized standards and codes like
ASME BPVC. These tanks do not need to maintain the hull strength or integrity of the vessel but should endure
all static and dynamic loads during their service life. There are two categories of Type C tanks used in liquefied
gas cargo vessels or gas-fueled ships: foam-insulated single-shell tanks [9]. Analyses were conducted on the
fatigue fracture propagation rates in thick aluminum alloy 5083-0 plates intended for use in LNG tanks. The rates
at room temperature and at -320°F were determined. The growth of welds was compared to the growth of the
parent material. The rates of surface flaw growth under tension and combined tension/bending were established.
Additionally, the rates of surface flaw growth under spectrum loading were compared with calculated rates from
constant amplitude loading data [10]. The PAW on cryogenic materials for LNG fuel tanks was assessed in this
work. It evaluated fracture and weld joint fatigue at various temperatures. Material kinds and PAW parameters
were investigated. The findings advise taking PAW into account when designing LNG tanks [11]. With an
emphasis on LNG fuel tank construction, they investigated welding techniques and the fracture toughness of 9%
nickel steel. They looked at how groove angle affected the morphology of the weld, contrasted FCAW with laser
beam welding at cryogenic temperatures, and investigated fatigue in joints made of Invar alloy and SUS 304L [12-
16]. This study offers a streamlined method for evaluating pressure vessel leak-before-break or failure. It draws
attention to the prospect of stopping vessel failure by identifying stable through-thickness cracks that are leaking
early on. This method is validated using available test data [17]. Crack propagation in a spherical LNG tank is
crucial for safety. Different fatigue crack growth models are used for analysis, considering stress ratios and past
load history effects. Evaluating crack growth under various operating conditions and stress sequences helps in
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studying these effects [18]. When standards are broken, cargo ships may sustain unanticipated loads that cause
structural damage. To improve reliability, stress monitoring systems are incorporated in strategic locations. To
improve operating safety, a study integrated stress data from hull strain sensors with fatigue analysis to predict
residual fatigue life in real time [19]. The present study aims to determine the time required for crack propagation
in the Al 6061-T6 thin plate under dynamic loading. This alloy is widely used in various applications of the oil
and gas industry, such as storage tanks for liquefied natural gas (LNG), pipes, tanks, drilling equipment, and
cutters. The research outcomes are expected to provide valuable insights into the behavior of this material, which
will be instrumental in developing improved products and processes in this sector.

2. Theoretical Part

Certain assumptions were made to derive the equations for plate theory and solve it. These assumptions are:
1. The plate material is linearly elastic and follows Hooke's law.
2. The plate is homogeneous and isotropic.
3. The impact load is applied perpendicularly to the middle plane of the plate

2.1 The impact-loading force

Using the work-energy principle [20], the impactor's velocity can be described as follows:

PE = KE @
Where PE is a potential energy and KE is a Kinetic energy.
mgH = % mV? #))

Where, m is impactor mass (kg), g is gravitational acceleration (m/sec?), H height of impactor and V is the velocity
of impactor (m/sec)

V =,2gH 3)
Using the work-energy (We) principle from initial velocity Vinia and final velocity Viina:

We = %mvfzinal - %mviiital (4)

Vinitat =0, Veinar =V )

We = %sz (6)
From equation (6) the force of impact loading [21]:

Fimpct = 2We/H (7)

2.2 The impact loading force with time relation

Assume, as shown in Figure 1, that the impactor moves down from its position inside the device to impact the
plate surface with a force equal to Fimpcr. It then takes T time to return to its original state.

Force =Fyppee———

Force (N)

ty t, Time (sec.) t; ts ts ts
1% Cycle 204 Cyele 39 Cyele

Figure 1: The wave shape of the impact load with time.

In order to solve the problem of representing periodic functions effectively, a mathematical model utilizing the
Fourier series method was employed [22].
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F(x.y.tj) = + N [ancos( ) + b, sin (nft)] (8)
Where: a,, a, and bn are periodic functlon over (-L, L), L is one period time Cycling force of impact loading for
one periodic, as a function of time (t) in (sec).
Fimpet 0ty

F(x.y.t;) = 9)

0 t, < t<t,

To generate the final equation (10), Equation (9) can be written by substituting estimated values of ao, an, and bn
in Equation (8)
1 (L nmt nmt
o J Tcos (—) dt cos (T) + (10)
1 (L . nmt
L /7, Tsin (3F) desin (5F)

The equation for calculating deflection in Cartesian coordinates takes into account the impact load F. Levy's
solution provides formulas for plates that are clamped on both ends or simply supported on one side and free on
the other. These formulas are used to determine the governing equation for plates under impact load [23].

1 (L
F(X. y. ti) = ZI—L T.dt + ZEZI

2.3 The governing equation

04 04 9% 02w
D (67“/:/ + 26)(2_(‘;;2 + a_y“/*v) +my,— PYe; F(X y. tl) (ll)
Where:-
_ E;n®
T 12(1-v2) (12)

D is cylindrical rigidity of plate, h plate thickness, E2, v2 are the young’s modules and Poisson’s ratio of plate
respectively.
The initial condition of the problem are:-

w=0anda—w=0att=0
at

By the initial condition the will get equation:
o*w o*w 9*w _ F(xy.t)
ax* ax2dy2  dy* D (13)

The total solution for deflection w includes both the homogeneous solution for deflection, represented by w;,, and

the particular solution for deflection, represented by w,, [24]:-

w=wy +w, (14)
The general solution by using initial condition will be:
') F(ti)A4 . .
w=Xr [n4m4D +Czcoshamy + 0, y(Cs smhamy)] sin oy, X (15)

2.4 Boundary Conditions

In Figure 2, the plate dimensions are displayed along with the axes' directions and the boundary conditions for the
plate with crack orientation. Consider a plate that has its edges clamped at x = 0 and x = A, while being free
supported at the opposite edges y =0 and y = B [25].

At: y=B/l2atx=0andx=A,w=0

oA | o _c05hBy+CsBrnsinhBr=0 (16)

m*m4D

Where: Bm —, At y——atx =0orx=A. ——0
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Y.ii.
A
. -4
F
B - X
C cl
v F

Figure 2: The clamped type of plate is CFCF.

C,sinhB,+C5(Byy- coshBy,+ sinhf,,)=0 a7
From equations 16 and 17 get:
_ —F(tpA*  (1+BmcothBm)
C2 " m*m*D B cschBm+cosh B (18)
F(t)A* 1
s = rimip” (19)

mm4D By, csch By +cosh By
A MATLAB 17 program was used to confirm the accuracy of the mathematical analysis.

3. Experimental Procedure

3.1 Material And Methods

The study relied on the use of a 6061-T6 aluminum plate with a thickness of 2 mm, which was cut into
dimensions of 80 mm by 80 mm, 80, and 80 mm by 160 mm. The crack was created with a thickness of 0.08 mm
and a length of 3 mm and 5 mm using a CNC fiber laser machine, as shown in Figure 3. The study adopted a
digital crack length measuring device type CK102 to measure the crack width and change in the length of the crack
with time under dynamic shock load as shown in Figures 4-a and b. Table 1 shows the chemical composition of
6061-T6 aluminum alloy, while Table 2 shows its mechanical properties. The dynamic impact device was designed
and manufactured for an aluminum plate fixed by two edges with dimensions of 80 mm by 80 mm and free from
the other two edges of variable dimensions (Clamped -Free -Clamped- Free) CFCF. The impactor weight was 1.5
kg, with 20 impacts per minute. The electromechanical device shown in Figure 5 includes the ability to determine
the number of impacts per minute through a control board that controls the rotation speed of the electric motor

with a sensor to indicate the completion of one revolution.

Figure 3: Plates crack angle.
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| W

a) Digital measuring the crack length
Figure 4-a, and b: The digital CK102 device of measuring crack length.

b) The components of CK102 device

Table 1: Chemical composition of Aluminum alloy 6061-T®6.

Si% | Fe%

Cu%

Mn % | Mg%

Cro%

Zn%

Ti%

Other elements

0.74 | 0.42

0.22

0.07 1.04

0.12

0.04

0.04

0.1

Table 2: Mechanical properties of Aluminum alloy 6061-T6.

Elastic modulus
(GPa)

Passion ratio

Ultimate tensile
strengths MPa

Te

nsile yield strengths
(MPa)

68.9

0.33

310

276

4. Numerical analysis

()

(e 2l
AV
chamber

a)  The impactor container

b) Assembly shape of an electromechanical

Figure 5-a, and b: The impactor electromechanical device.

4.1 Three-dimensional fracture modeling

By using quadratic elements, a three-dimensional model 3D was created to analyze a plate with a central
crack. The mechanical and thermal properties of the plate's material, as well as the stresses caused by the impact
load, were defined, to determine the impact area and establish all the necessary initial conditions such as the plate's

dimensions, crack length, crack angle, and installation method. As shown in Figures 6 and 7.
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a-The meshing element for the crack

b-The meshing element for the impact region

Figure 6: 3D meshing elements for plate and Figure 7: 3D meshing elements for crack.
crack angle.

4.2 Boundary conditions
4.2.1 Apply impact stress

The purpose of building the model by using Ansys software is to analyze the force of impact on the sample
surface based on the electromechanical device's impact specifications, such as the weight of the impactor, the
distance between the impactor, the thin plate of AI6061-T6, and the diameter of the impactor. The model simulated
the impact stress caused by the force of the impactor on the plate. The contact surface area between the impactor
and the plate was defined, and the impactor was accurately configured with all its necessary data and the applied
load function as shown in Figure 8. The outputs of maximum stress on three axes obtained from the first model
(impact model) were then used as inputs for the second model to simulate the crack growth.

Velcty

Force: N

Point Mass
B Foed Support
B Ficed Support2

000 40 80.00(mm)

Figure 8: Impact specifications.

4.2.2 Sample fixation method

The study examined fixation techniques clamped-clamped with free at the other edges of plate CFCF, for all
sample types as shown in Figure 9.
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0.000 0050 0.100(m)
]

0,025 0075

Figure 9: The plate CFCF.

4.3 Smart crack growth

At each solution step, SMART automatically updates the mesh of crack geometry that changes due to crack
growth. This is different from the extended finite element method (XFEM), which relies on the use of an
enrichment (segmentation) region. Figure 10 shows the final model built using SMART to calculate the growth of
the crack after constructing models based on the output of the first model (impact model).

g
2
i

FFFsssssis ¢

2t
0]1. 9.120.002
010032

Figure 10: Smart crack growth.

5. Results and Discussion
5.1 The effect of crack angle

Figure 11 illustrates the propagation of cracks in A-80-3-0-CFCF with an aspect ratio of 1:1. The time
required for crack propagation, (Tp), has been estimated through analytical, numerical, and experimental methods.
The analytical results suggest that Tp is approximately 166,000 seconds, and the number of impacts needed to
initiate crack propagation is estimated at 55,333. Similarly, numerical results indicate that the crack growth started
at Tp of 166,840 seconds, and approximately NipN was 55,613 impacts. The experimental estimation revealed
that crack growth started at Tp around 166,960 seconds, after 55,653 impacts. The overall relative difference
between the analytical and experimental results was about 5% in the estimated values of Tp and Nip, and about
2.7% between the numerical and experimental of Tp and Nip. When the angle of the crack was changed from 0°
to 45°, as depicted in Figure 12, the crack began to grow after approximately 175,300 seconds and with a NipA of
58,433 impacts, according to the analytical results. The numerical results estimated that the crack started to
propagate after 175,474 seconds, with a NipN of 58,491 impacts. In the experimental results, it was observed that
the crack required 175,600 seconds and 58,533 impacts to initiate growth. Increasing the crack angle from 0° to
45° led to a 5% increase in the values of Tp and Nip. However, when the crack angle was 90° under the same test
conditions and for the same specimen shown in Figure 13, it required a 7% increase in the values of Tp and Nip.
When comparing Tp and Nip for a CFCF with a crack length of 3 mm as shown in Figures 11 to 13, it was
observed analytically, numerically, and experimentally that the mechanical behavior of the crack propagation was
notably affected by the angle of the crack. The crack at the 0° angle required the least Tp and Nip compared to
other angles because the direction of the crack length was towards the y-axis. This generated high stresses in the
0° crack direction and caused tensile stresses that had the greatest effect on crack growth. As the angle increased

46



from 0° to 45°, the stress components decayed, and the horizontal components of mechanical stress were
eliminated, resulting in less effect on the crack propagation. At an angle of 90°, compressive stresses were exerted
on the crack, which helped restrict the growth and spread of the crack. This is due to the Fixation technique CFCF,
in which the fixed edge was in the same direction as the 90° angle. Even when the aspect ratio is 1:2, the above
observations apply, which are demonstrated in Figures 14. When testing samples with a crack length of 5mm under
the same experimental conditions, the crack angle's effect on the growth rate remained notable, where the highest
growth rate was observed when the angle was 0, and it decreased as the angle increased, regardless of the plates
aspect ratio. Figures 15 to 17 display crack propagation in samples with a 5 mm crack length, at varying crack
angles and aspect ratios. Tables 3 and 4 display the percentage increase in the number of impacts required for the
crack to start propagation analytically NipA, numerically NipN, and experimentally NipE, resulting from a change

Iraqgi Journal of Oil & Gas Research, Vol. 04, No. 2 (2024)

in crack angle. Results were in good agreement with Khan, et al. [26] and Pook, L. P.z [27].

Crack propagation (mm)

A5
a7
6
as
34
a3
a2
i1

29
28

—— Numerical results
—— Experimental results

Analytical results

3 N;pA =55333 impact
N;pN= 55613 impact
N;pE= 55653 impact

160000 162000 164000 166000 163000 170000
Time (s)

A-80-3-0-CFCF

——Numerical results
——Experimental results

Analytical results

N;pA = 58433 impact
N;pN = 58491 impact
N;pE = 58533 impact

173000 174000 175000 176000 177000 17800

A-80-3-45-CFCF

Time (s)

Figure 11: Crack propagation with time for
A-80-3-0-CFCF.

Figure 12: Crack propagation with time for

A-80-3-45-CFCF.

Crack propagation (mm)

4.4

4.2

3.8 4

3.6

34

32

2.8

4
——Numerical results

—— Experimental results

E Analytical results

) N;jpA= 62727 impact
33— N;pN = 62807 impact
N;pE = 62847 impact

191000 A-80-3-90-CFCF

185000 187000 189000

Time (s)

3.1

3.08

3.06

3.04

3.02

Crack propagation (mm)

3

2.98

50000

—A-160-3-0-CFCF
—A-160-3-45-CFCF

A-160-3-90-CFCF

90000 110000

Time (s)

70000

Figure 13: Crack propagation with time for
A-80-3-90-CFCF.
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Figure 14: Crack propagation with time
estimated experimentally for
A-160-3-(0,45,90)-CFCF.
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Figure 17: Crack propagation with time
estimated experimentally for
A-160-5-(0,45, 90)-CFCF.

Table 3: Percentage increase in Nip, resulting from a change in
crack angle, with a crack length of 3mm

63 1 5.12
61 + 51
,E 59 1 —— Numerical results E‘ 5.08
E 571 . &
g —— Experimental results 2 5.06
£ 551 £
g <3l Analytical results g 5.04 ——A-80-5-0-CFCF
Z g —— A 80545 CFCF
g s1o g 502 A-80-5-90-CFCF
5 — NipA= 30484 impact || 5
49 + N;pN = 30564 impact 5
N;pE = 30604 impact
47 - . 4.98 . . "
90000 92000 94000 A-80-5-0-CFCF 70000 110000 150000 190000
Time (s) Time (s)
Figure 15: The crack propagation with for Figure 16: Crack propagation with time
A-80-5-0-CFCF. estimated experimentally for
A-80-5-(0,45, 90)-CFCF.
5.08
5.07
5.06
T 505
g
< 5.04
2
E" 5.03 ——A-160-5-0-CFCF
g 502 — A-160-5-45-CFCF
% 501
g A-160-5-90-CFCF
S s
4.99
4.98 r r r
50000 70000 90000 110000
Time (s)

Specimen Impact The percentage The percentage The percentage
Type number (Nip) | increase in Nip increase in Nip increase in Nip
from 0° to 45° from 45° to 90° from 0° to 90°

NipA 5% 7% 12%

(80*80) NipN 5% 7% 11%

NipE 5% 7% 11%

NipA 37% 9% 43%

(80*160) NipN 37% 9% 43%

NipE 37% 9% 43%

Table 4: Percentage increase in Nip, resulting from a change in crack angle, with

a crack length of 5mm

Specimen Impact number | The percentage | The percentage | The percentage
Type (Nip) increase in Nip increase in Nip increase in Nip
from 0° to 45° from 45° to 90° from 0° to 90°

NipA 25% 18% 38%

(80*80) NipN 25% 18% 38%

NipE 25% 18% 38%

NipA 39% 104% 45%

(80*160) NipN 39% 94% 45%

NipE 39% 94% 45%
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5.2 The effect of crack length

Table 5 shows the percentage increase in Tp required for crack propagation, analytically, numerically, and
experimentally, resulting from the change in crack length from 5mm to 3mm. When the crack is exposed to a
cyclic impact load, it opens and closes as a result of the stresses generated by this load. The effect of these stresses
increases as the length of the crack increases, which leads to a higher concentration of energy in the crack tip,
which leads to its growth faster than shorter cracks. In addition, when a material contains longer cracks, the plastic
areas at the edges of those cracks become larger, causing plastic deformation. This deformation can facilitate the
propagation of cracks, as the environment surrounding the cracks becomes more favorable for their growth. As
the cracks become longer, the plastic area also increases, causing the cracks to propagate faster. Results were in
good agreement with Ahmed, et al. [28].

Table 5: Percentage increase in Tp, resulting from a change in crack length from (5 to 3) mm
estimated for 6061-T6 alloy, CFCF without thermal effect.

Spt:;:)n;en 2;3?: Analytically Tp % | Numerically Tp%o Expe_rllg(ljintally
Q° 44.9% 45.0% 45.0%
(80*80) 45° 30.7% 30.7% 30.6%
90° 21.0% 21.0% 21.0%
Q° 16.6% 16.6% 16.5%
(80*160) 45° 13.4% 13.4% 13.4%
90° 12.9% 12.9% 13.0%

5.3. The effect of plate aspect ratio

In the experiments conducted, it was observed that the crack propagation of A-80-3-0-CFCF with an aspect
ratio of 1:1, as shown in Figure 11, started growing at Tp around 166960 seconds. The crack growth in A-160-3-
0-CFCF sample, on the other hand, started at Tp and Nip values which were approximately 57.5% lower than the
previous sample, as shown in Figure 14. In Figure 13, when the crack angle was changed to 90 degrees in sample
A-80-3-90-CFCF while the aspect ratio remained the same (1:1), the crack needed to start growing to Tp and Nip
values that were approximately 34.5% higher than for sample A-160-3-90-CFCF shown in Figure 14.

Similarly, sample A-80-5-0-CFCF shown in Figure 15 had an aspect ratio of 1:1 required approximately
35.5% more values of Tp and Nip compared to the sample A-160-5-0-CFCF with an aspect ratio of 1:2 shown in
Figure 17, when tested under the same conditions. As a plate's aspect ratio (A.R) increases, so does the stress,
resulting in an increase in deflection and bending value. This means that deflection is directly proportional to
stress. Therefore, dynamic crack propagation is more likely in plates with the highest aspect ratios. The results of
the study confirmed this hypothesis, as the Tp and Nip values were lower in an aspect ratio of 1:2 compared to 1:1
under the same conditions.

5.4 Crack closure

In Figure 14, it is shown that the crack in the A-160-3-90-CFCF sample begins to grow at Tp around 123500
sec, as per experimental results, and stops at Tp 123620 sec. Similarly, in the case of sample A-160-5-90-CFCF,
where crack growth starts at Tp around 107459 sec and stops at 108140 sec based on experimental tests.

Itis clear that the crack gradually expanded and ultimately ceased propagation due to the crack closing. All
cases were in an aspect ratio of 1:2 specimens with a 90° crack angle where the direction of the crack was towards
the fixation side, which provided conditions for closing the crack because this phenomenon is affected by the
fixation method and the dimensions of the specimen [30]. Additionally, crack closure occurs due to roughness-
induced closure, which occurs due to mode Il or in-plane shear loading. This is due to the mismatch of the rough
fracture surfaces of the upper and lower parts of the crack. When mode 11 loading is applied, the heterogeneity in
the microstructure leads to local out-of-plane deformation. As a result, the mismatched wedges come into contact
during the cyclic impact loading process, resulting in the cracks closing. Misalignment of the fracture surfaces
also occurs in the distal field of the fracture, which can be explained by asymmetric displacement and rotation of
the material [29-31].
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6. Conclusions

Through the experimental, numerical, and analytical results of Al-6061-T6 aluminum plate fixed from two
edges with a dimension of 80 mm and free from the other two edges with different dimensions, which contain a
crack of length 3 mm and 5 mm. The study aimed to determine the time required for crack propagation in 6061-
T6 alloy under dynamic impact load. This alloy is commonly used for structural components, oil pipes, tanks,
drilling equipment, and cutters. The study concluded the following:

¢ At a crack length of 3 mm and an inclination angle of O degrees, the time required for initial crack growth in an
80 mm by 80 mm plate was 57.5% longer than needed for a crack to grow in an 80 mm by 160 mm plate.In a
plate measuring 80 mm by 80 mm with a crack length of 5 mm, the interval of time needed for a crack to grow
at a 0° angle of inclination is 35.5% larger than a plate measuring 80 mm by 160 mm.

e The change in the resulting crack length from 3 mm to 5 mm at a O degree angle in the plate with dimensions
80 mm by 80 mm results in a decrease in the time required for initial crack growth by 45%, while the reduction
in time was 16.5% in the plate 80 mm by 160 mm. The experimental results revealed that the change in the angle
of crack inclination at a crack length of 3 mm, from 0 to 45, the ratio of increase in the time of initial crack
growth in a plate measuring 80 mm by 80 mm was 5%. However, the increasing ratio in the plate measuring 80
mm by 160 mm was 37.5%.

¢ The experimental results show that the change in the angle of crack inclination at a crack length of 3 mm, from
45 to 90 degrees, in a plate with dimensions 80 mm by 80 mm due to an increase in the time of creating the
increased initial crack by the ratio of 7 %. However, the ratio of increase in the plate measuring 80 mm by 160
mm was 9 %.

Nomenclature

NipN The number of impacts required for the crack to start propagation numerically
NipE The number of impacts required for the crack to start propagation experimentally
NipA The number of impacts required for the crack to start propagation analytically

80-3-0-CFCF  The specimen with dimensions 80 mm by 80mm has a crack 3 mm with angle 0°
fixed from two edges

160-3-0-CFCF  The specimen with dimensions 160 mm by 80mm has a crack 3 mm with angle 0°
fixed from two edges

80-5-0-CFCF  The specimen with dimensions 80 mm by 80mm has a crack 5 mm with angle 0°
fixed from two edges

160-5-0-CFCF  The specimen with dimensions 160 mm by 80mm has a crack 5 mm with angle 0°
fixed from two edges

80-3-45-CFCF  The specimen with dimensions 80 mm by 80mm has a crack 3 mm with angle 45°
fixed from two edges

160-3-45-CFCF The specimen with dimensions 160 mm by 80mm has a crack 3 mm with angle 45°
fixed from two edges

80-5-90-CFCF  The specimen with dimensions 80 mm by 80mm has a crack 5 mm with angle 90°
fixed from two edges

160-5-90-CFCF The specimen with dimensions 160 mm by 80mm has a crack 5 mm with angle 90°
fixed from two edges
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