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STRESSES STATES IN RIBBED AND PLANES CIRCULAR PLATES

Radu IATAN, Carmen POPA

Abstract: In this paper is presented the analyze of stresses states for a plane and a ribbed plate, to ob-
serve the advantage of the rigidify. The plates, of the same dimensions, are solicited at 0, 3 MPa pres-
sure. For comparison, we used the analytical, finite elements and experimental methods for the plane
plate and for the ribbed plate, we used the finite elements and experimental methods.
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1. INTRODUCTION

Circular or annular plates, of constant or variable
thickness, connected with rigidity elements-by casting,
bonding or welding-, are met in numerous engineering
domains. Radial and/or annular ribs can be disposed
symmetrical or not, toward the middle surface of the
proper plate.

The searches had been done to establish the dis-
placements and stresses states at plates rigidified with
ribs can be grouped in:

a) Approximate calculus methods of the stresses and
displacements states.

b) Methods which abase the study at behaviour of the
compound elements: plates and ribs, that are considered
with different leaning ways.

c) Calculus methods that abase the structural
orthotropic at material orthotropic.

d) Numerical methods [5].

e) Experimental methods [1, 2, 4].

2. PLANE PLATE ANALYZE

2.1. Elements finite method

We analyze the plane plate, having 32 holes, and
geometrical characteristics from Fig. 1, using finite ele-
ment method. We consider that the plate is fixed on cir-
cumference of the holes for the screws, which clamp this
plate by the experimental recipient [3].
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Fig. 1. Geometrical characteristics of the circular plane plate.
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Fig. 2. Stresses of the fixed plane plate, at 0, 3 MPa pres-
sure, using COSMOSWORKS 7.0 program.

We present the calculus variant with finite elements,
using COSMOSWORKS 7.0 program.

The plate stresses distribution, at 0.3 MPa pressure is
presented in Fig. 2.

Stresses from Fig. 3 are obtained at 0.3 pressure MPa,
using a plan which pass through the centres of two ex-
actly contrary holes, which are situated between two
neighbour holes. Stresses values are given in Table 1.

2.2. Analytical method

In this case the plane plate is considered fixed on the
line of the centres of the holes, at 7. = 285 mm. If it is
supposed at a value of the pressure of 0.3 MPa, we obtain
the maximal value of stress on the fixed line, like in Ta-
ble 2. We observe that the two values are near.

2.3. Experimental method

In the experimental case, we take into account the
measuring of specific linear deformations of the external
points of the plate and calculus of the radial, circumfer-
ential and equivalent stresses, in the same conditions,
using the strain gauges [3].

The components of the experimental stall are pre-
sented in Fig. 4. The zones where the strain gauges are
fixed on the plate are presented in Fig. 5. The strain
gauges, which are used, are KM120, with R = 120 Q re-
sistance and K = 2.04 & 2 % elastic constant.
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Fig. 3. Stresses of the fixed plane plate, using a plan which pass
through the centres of two exactly contrary holes, which are
situated in a median plan between two neighbour holes at
0.3 MPa pressure, using COSMOSWORKS program.

Table 1
Stresses ¢ [N/mm?], at 0.3 MPa pressure
for the fixed plane plate

r [mm] 0 7 21 36 50 66
p=0.3MPa | 129.8 | 129.7 | 1283 | 1254 | 120.9 | 113.5

80 95 110 124 138 152 167
108.1 | 99.88 91.58 81.19 72.56 62.68 59.79

178 194 211 225 239 251
57.99 | 62.67 | 78.74 | 98.57 123 131.6

262 273 285
145 116 34.77

Table 2
Stresses o [N/mm?], at 0.3 MPa pressure, for the fixed
plane plate, using finite elements and analytical methods

6 [N/mm’|
p[MPa] Finite elements Analytical method
method
0.3 145.0 182.8

We had been read the radial and circumferential de-
formations values, both at the increase and the decrease
of the pressure, having the values: 0.0, 0.5; 1.0; 0.15; 0.2;
0.25; 0.3 MPa. We had been realized the processing of
the experimental data using Mathematic program, accept-
ing a linear variation, which depend of attempt pressure.
We have been obtained the equivalent stresses values,
which are represented in the table 3, using the fourth re-
sistance criterion. So, we had been obtained the Fig. 6.

Fig. 4. Experimental stall.
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Fig. 5. The position of the strain gauges on the plane plate.

Table 3
The values of the equivalent stresses, which are
theoretical and experimental calculated (MA), (MEF) and
(ME), at 0.3 MPa pressure, for the plane plate

p r (¢} [N/mm2
[MPa] | [mm] | pMA | MEF | ME Obs.
0 1188 | 130.1 | 121.3 | %)
03 125 | 761 | 838 | 772 | %IV
175 | 510 | 667 | ss2 | %V
25 | 750 | 744 | 707 | @)
Te(IV) [Nfumz] O-MP2
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Fig. 6. The variation of the equivalent stresses which are calcu-
lated on the basis of the fourth resistance theory,
for the plane plate, for 0.3 MPa pressure.

3. RIBBED PLATE ANALYZE

3.1. Elements finite method

We analyze the ribbed plate, having 32 holes, and
geometrical characteristics from Fig. 7, using finite ele-
ment method. We consider that the plate is fixed on cir-
cumference of the holes for the screws, like in the case
of the plane plate [3].

We present the calculus variant with finite elements,
using COSMOSWORKS 7.0 program, too.

The plate stresses distribution, at 0.3 MPa pressure is
presented in Fig. 8.



Stresses from Fig. 9 are obtained at 0.3 pressure MPa,
using a plan which pass through the centres of two ex-
actly contrary holes, which are situated between two
neighbour holes. Stresses values are given in Table 4.

3.2. Experimental method

In the experimental case, we take into account the
measuring of specific linear deformations of the external
points of the plate and calculus of the radial, circumfer-
ential and equivalent stresses, in the same conditions,
like in the case of the plane plate, using the strain gauges
[3].

The zones where the strain gauges are fixed on the
plate are presented in Fig. 10. We use the strain gauges,
too.

We have been obtained the equivalent stresses values,
which are represented in the Table 5, using the fourth
resistance criterion. So, we had been obtained Fig. 11.
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Fig. 7. Geometrical characteristics of the circular ribbed plate.
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Fig. 8. Stresses of the fixed ribbed plate, at 0, 3 MPa pressure,
using COSMOSWORKS 7.0 program.

Table 4
Stresses 6 [N/mm’], at 0.3 MPa pressure, for the fixed plate
with ribs

r [mm] 0 7 21 36 50 66

p=0.3MPa | 36.92 | 36.44 35.6 32.89 | 28.14 | 23.85

80 95 110 124 138 152 167

41.5 40.38 31.28 30.11 31.05 30.66 27.72

178 194 211 225 239 251
25.71 17.73 13.75 | 29.82 | 4591 | 54.89

262 273 285
75.68 71.25 15.1
6 [N/mm?]
0 50 110 167 225 273 285 r[mm]

Fig. 9. Stresses of the fixed ribbed plate, using a plan
which pass through the centers of two exactly
contrary holes, which are situated in a median plan
between two neighbor holes at
0.3 MPa pressure, using
COSMOSWORKS program.
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Fig. 10. The position of the strain gauges on the ribbed plate.

Table 5

The values of the equivalent stresses, which are

theoretical and experimental calculated (MA), (MEF) and
(ME), at 0.3 MPa pressure, for the ribbed plate

p r o. [N/mm?]
[MPa] {:} MA | MEF | ME Obs.
0 -] 59.00 | 39.20 o (IV)
03 | 125 - 5410 324 o (IV)
175 | - | 730 | 2710 | %V
25| - 81.5 | 66.0 o (IV)
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Fig. 11. The variation of the equivalent stresses which are cal-
culated on the basis of the fourth resistance theory, for the
ribbed plate, for 0.3 MPa pressure.

4. RESULT COMPARISON

We take into account the deformations, respectively
stresses values, which are produced in different points of
the plate. As we infer from the comparison of the results,
we observe the advantage of the rigidity of the plate. In
this case the values of the stresses lower about three
times. Closed values are obtained using the variants of
calculus: analytical, finite elements and experimental.
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