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Abstract 

The problem concerning the stress-strain state of a plate under impact load with various intensity levels of 
collision momentum applying finite-element method was considered. The problem concerning transversal impact of a 
body in form of a mass point or a finite body to the sheet-formed structures of following type: a plate, a plate 
strengthened by ribs, a plate with damages was considered.  

Problem design diagram, design diagram of plate, fields of deflection intensities distribution w for plate central 
surface, stress distribution fields of the plate based layer, stress distribution fields of the plate based layer equivalent 
stresses eq, relations for eq = f(m) and w = f(m) at variation of impact initial velocity, impulse form of view, 
deflection and equivalent stress eq intensity distribution diagrams in cross-section n depending on view form of 
impulse, the diagram of plate’s deflections, the stress field eq of the plate caused by impact body of finite dimensions, 
the field of deflection intensity distributions w for damage plate, the field of equivalent stress intensity distributions eq 
for damage plate, the structure diagram of plate with stringers, the deflection field of plate with stringers, diagrams of 
equivalent stresses q of plate with stringers in central cross-section along axis  at damage deeps are presented in 
the paper. 

Keywords: impact loads, dynamic loads, plate, strengthened ribs, plate with damages, numerical methods, stress-
strain state 

 
1. Introduction 

The problem concerning transversal impact of a body in form of a mass point or a finite body 
of different form to the sheet-formed structures of following type: a plate, a plate strengthened by 
strips or ribs, a plate with damages was considered. 

The stress-strain state of above-mentioned structures is defined by elastic approach under 
different level of impact impulse applying finite element method (FEM). 

The issues related to impact loading are important during operation of plains, vehicles and 
military equipment as well. The impact phenomena should be taken into account when 
determining of structures dimensions and their cross-sections in order to prevent from their 
untimely failure. 

The stress-strain state of a plate, rigid fixed along its perimeter, under impact was studying. For 
that plate, it is impossible to obtain strong analytical solution, especially if the problem is 
complicated by presence of the ribs, damages, strips etc. Therefore, for calculation the 
approximate analytical and numerical methods were applied. 

For solution of denoted problem, the finite element method (FEM) in form of displacement 
was used. This method was realized in software complex LIRA-9.4. The software is assigned for 
analysis, studying and design of structures in engineering industry, bridge construction, civil 
engineering, nuclear power engineering, oil industry and structures for others industrial fields. 

The represented calculation approach is based on a combination of numerical methods and 
basic principles of impact theory under expansion by oscillation modes. 
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2. Statement of problem 
It was analyzed a thin rectangular plate the central surface of which is located on plane xOy 

and axis z is directed down (Fig. 1). In that case, a displacement w towards the line of axis z is a 
plate bending deflection. Let analyzed the plate with rigid fix along edges. At t  0 the plate is 
under stressless and strainless state, but at moment of time t = 0 the plate is impacted by a load, 
which have a mass M and velocity v0. 

The velocity vector v0  is directed at right angle to the centre surface of plate plane. In other 
words the problem of load impact to plate in point with coordinates x = a/2, y = b/2 is considered. 
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Fig. 1. Problem design diagram 

 
3. The basic statement of studying 

The differential equation of induced transversal oscillations of a plate is presented in following 
view: 
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where:  
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EhD , 

D - cylindrical rigidity of plate, 
h - plate thickness, 
E - modulus of elasticity (Young's modulus), 

 - Poisson's ratio, 
w - vertical deflection, 
m - plate unit area mass (m = h/g), 
 - relative density of plate material, 

g - gravitational acceleration. 

The initial conditions of the problem are: 
 

 0at0and0 t
t
ww . (2) 

 
Due to plate rigid fixing along its perimeter the boundary conditions will be in following view: 
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It is practically impossible to obtain strong analytical solution for the equation (1), which 

would be met the initial conditions (2) and boundary condition (3). Therefore, it is expedient for 
put problem solving to apply the approximate analytical and numerical methods. 

For solution of denoted problem concerning load impact to the plate we used a numerical 
method, which is based on the finite element method (FEM) in form of displacement. 

The theorem of mass point momentum alteration at impact is represented in following view: 
 
 jSM 01 vv , (4) 
 
i.e. mass point momentum alteration during impact is equalled to sum of impact momentums 
acting to the mass point. 

There v0, v1 are accordingly velocity of the impacted load at the beginning and the end of 
impact. 

The formula (4) could be written by axis z projection in following view: 
 
 jzz SvkM 01 , (5) 
 
where: 

k - restoring coefficient under impact. 

Impact momentum is: 
 

 , (6) 
0

av
impimpimp FFS dt

 
where: 

Fimp - impact force, 
 - time of momentum duration. 

Usually it is accepted that: 
 

 
1

1
25,25,2 T , (7) 

where: 

1 - first circular frequency of plate natural oscillation. 
Based on formulae (6) and (7) was obtained: 

 

 ozvkMF )1av
imp(z) . (8) 

 

It is assumed in formula (8) that only one impact occurs (without repetition). 
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In our case the load intensity q(x,y,t), that is included to equation (1), will be in following view: 
The impacting force, which should be applied to plate during time , is defined by formula (8). 
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(
 theory. The up-to-date results concerning 

impact calculations are presented in references [4…9]. 

4. T
re is illustrated by a calculation example of steel plate, design diagram 

of which shown in Fig. 2. 
 

 

where: 

) - delta-function. 
The references [1, 2, 3] are dedicated to impact load
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Fig. 2. Design diagram of plate 
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The analysis of stress-strain state of the structure member, caused by impact load of d
el intensity at a constant view form of impact momentum, was fulfilled applying FEM. 
The plate dimensions are: side  = 1 m and thickness h = 1.25 m. It 
l with following properties: E = 2.1 105 Pa;  = 0.28;  = 77 kN/m3. 
The plate is rigid fixed along its perimeter and modelled by uni
ite-elements quantity are 100 and quantity of mesh nodes are 121). 
The impact of load occurred at point K with coordinates x = y = a/2 = 0.5 m. The plate circular 
uencies of natural oscillations 1 = 692.772 s-1, 2 = 3 = 1408.08 s-1 were taken into account. 
The time  = 0.023 s of 
illation was considered. 
Analyzing of the calc
s considering as well. 
For the studying plate at load mass  = 3 kg and initial impact velocity v0z = 20 m/s it is given 

the fields of deflection intensities distribution w for plate central surface (F
in 1, 3 and equivalent eq stresses for the plate based layer (Fig. 4, 5). 
The analysis of the plate stress-strain state under dynamic impact load with different impact 

momentum intensity is presented in view of plotting some functional relations of the equivalent 
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stre ses level eq and deflections w around a zone of extreme values at point K caused by load 
mass magnitudes that affected into plate (Fig. 6). 
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Fig. 4. Stress distribution fields of the plate based layer: ) main stresses 1; b) main stresses 3 
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Fig. 5. Stress distribution fields of the plate based layer equivalent stresses eq 
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Fig. 6. Relations for eq = f(M) (a) and w = f(M) (b) at variation of impact initial velocity v0z at point :  – 10 m/s, 
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g influence of impulse view form on structure member stress-strain state it was 
 linear (Fig. 7a, b, c) and curvilinear relations (Fig. 7d, e) for impulse 

F = f(t). 
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eq
8 under load mass  = 3 kg and impact 

itial velocity v0z = 20 m/s, accordingly. 
 

Fig. 7. Impulse form of view 
 

The diagrams of intensity of the deflections w and equivalent stresses  in plate cross-section 
N for different impulse view form are presented in Fig. 

in

A
B 1.161.28

0.87
0.5

0.16

C
w, mm 

A

C
B 34.21

24.41
15.23

21.42

37.81
32.58

, P  
a) b) 

 

Fig. 8. Deflection (a) and equivalent stress eq (b) intensity distribution diagrams in cross-section N depending on 
 

The comparison of
 

Tab. 1. The dependences wma mpulse 

V  o  

view form of impulse:  – Fig. 7d,  – Fig. 7b;  – Fig. 7c 
 

 calculation results is given in Tab. 1. 

x and eq from view form of i

iew form f impulse
 

F   Fig. 7d Fig. 7b Fig. 7c ig. 7

wmax, mm 1.12 1.14 1.20 1.28 

eq(max), P  33.02 33.56 35.40 37.81 

 

 area accordingly. 

5. The plates under impact of a massive body 
It was also considered a plate under affecting of a body in the finite dimensions. The impact 

square is 40×40 cm. A magnitude of impulse load intensity and mass of affecting body were 
distributed on impact interface

The analysis of structure member stress-strain state was performed at constant view form of 
impact momentum intensity. 
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The value of maximum deflection at point K was decreased to wmax = 0.831 mm. The 
deflection distribution diagram onto plate surface is given in Fig. 9. 

0

0 . 2 5

0 . 5

0 . 7 5

1

w ,  m m

xy 
z 

 
Fig. 9. The diagram of plate’s deflections 

 
The maximum equivalent stress in our case occurred at the point N (see. Fig. 2) and equals to 

eq( ards external plate 
contour. 

The distribution field of the plate equivalent stresses  is given in Fig. 10. 

max) = 23.25 P  that proves a distribution of maximum stress intensity tow

eq

 

Fig. 10. The stress field eq of the plate caused by impact body of finite dimensions 

 

structure surface due to material corrosion and others causes are acture. The damages 
of 

 in cases when dynamic loadings occurs, for instance 
at i

of 40×40 cm at its centre and 
ickness of h = 0.5 m under constant view form of impact momentum intensity is illustrated by 

. 
 

6. The damages of plate caused by impact loadings 
For the maintenance practice of sheet structure members the issues related to appearance of 

damages on 
such types often occur during operation of the aircrafts, ground-based machinery and military 

equipment. 
This problem takes on special significance
mpacting the damage sheet structures by bodies with significant intensity of impact momentum 

due to a great body mass or impact velocity. 
The analysis of plate stress-strain state with damage area 

th
fields of its deflections (Fig. 11) and equivalent stresses (Fig. 12)
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e of damages in plate web also was analyzed. 

 = 1.6 m, c = 0.4 m, d = 0.8 m; two stringers in cross-section 
dim nsions 50×50×3 mm (Fig. 13). 

The analysis of structural member stress-strain state under constant view form of impact 
momentum intensity was performed.  

The effect of presence strengthening ribs in various cross-sections and its locations in area 
extend of plate was investigated. The stress-strain state variation due to failure one or several ribs 
were considered as well. The presenc

It was considered a plate with stringers during action of mass point impact at the centre of plate 
under following conditions: a = 1 m, b

e
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Fig. 11. The field of deflection intensity distributions w for damage plate 
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Fig. 12. The field of equivalent stress intensity distributions eq for damage plate 

 
The value of maximum deflection at point K comes to wmax = 2.244 mm. The field of 

deflection intensity distribution onto plate surface is presented in Fig. 14. The field of equivalent 
stre

The extreme values of deflections of the plate central surface wmax and equivalent stresses 
ased layer depend on damage deep are given in Tab. 2. Corresponding diagrams 

of t

sses eq intensity distribution of the plate based layer is presented in Fig. 15. 
During analysis of damages in plate web the defects in the plate centre of dimensions 

40 × 40 cm and deep of 2.5 mm and 5 mm were considered. 

eq(max) of plate b
he plate equivalent stresses eq in central cross section along axis x are shown in Fig. 16. 

 

7. The plates with strengthening ribs under impact loadings 

59.572
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8. Conclusions 
Based on results of numerical analysis performed applying presented approach one may 

formulate the following statements: 
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Fig. 13. The structure diagram of plate with stringers  
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Fig. 14. The deflection field of plate with stringers 
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ig. 15. Distribution of equivalent stresses eq: ) in plate with stringers; b) in central cross-section along axis ;  

c) in central cross-section along axis y 
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and that is based on FEM and impact theory, for analysis of 

Here 

pacting body leads 
to decreasing of the values of dynamic deflections and equivalent stresses. 

 
Tab. 2. The dependences amage 

Deep of ge, mm 

 
1. It is suggested an effective procedure, which enables sufficiently solving the problems 

concerning impact action of load, 
plate formed structures. 

2. The influence of impact momentum view form was studied (four cases were analyzed). 
discovered that the most dangerous is impact momentum view form presented in Fig. 7c). 

3. Performed calculations demonstrated that considering dimensions of the im

 

wmax and eq from deep of d

dama
 

0 2.5 5 
wmax, mm 2.244 2.962 4.18 

q(max), P  58.94 73.797 101.829 
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Fig. 16.  (MPa) of plate with stringers in central cross-section along axis  at 
damage deeps: ) 2.5 mm; b) 5 mm 

 the maximum 

tudied. 
6. 

ied for analysis of the sheet structure members’ stress-strain 
tate under action of impact loading. 

, S. M., Kriz, Ch. I., Spr vochnik po ud rnym n gruzk m, L., Sudostroenie p. 359, 

. Kh., Uiver, U., Koleb niya v inzhenernom dele, M., 

 Prikl. Mekh nike, 
nnot tsii Dokl dov, T. 3, Nizhn. Novgorod, Izd-vo N GU, p. 11, 2006. 

 Diagrams of equivalent stresses q

 
4. The influence of plate corrosion damages was studying as well. The analysis of stress-strain 

state shown that under decreasing of plate thickness at damage area up to 40%
deflection value increased to 100.5% and equivalent stress increased to 80.2%. 

5. The effect of strengthening ribs on stress-strain state of structure member was s
The influence of corrosion damages on plate with stringers was analyzed also. 
The obtained results may be appl

s
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