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Exercise 1: Clamped plate with a uniform load

Analyse the state of stress of the quadratic plate in the figure, whose four sides are clamped. The
plate is submitted to a uniform load ¢. Use triangular plate elements DKT, triangular Reissner-
Midlin elements with 6 nodes with reduced integration and quadrilateral elements CLLL for
the analysis. Compare the obtained results for the deflection in the center of the plate with the
analytical solution.

4m

Figure 1: Clamped plate with a uniform load

Solution:

1.1. Purpose of the exercise

The objective of this exercise is to analyse the state of stress of the plate, clamped on all sides
and submitted to uniform load. To understand the effect of the elements used, we will com-
pare the results from triangular DKT elements, triangular RM elements and quadrilateral CLLL
elements with the analytical solution.

1.2. Analysis

1.2.1 Pre-processing

(i) Geometry

The first step of pre-processing is to model the geometry as per the given dimensions in GiD as
shown in Figure 2.
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Figure 2: Defining the geometry

(ii) Data

Once the geometry is defined, we apply the given data to the model.
Problem type

For the given problem we use the Plates problem type from the Ramseries Educational module.
Boundary Conditions
Next, we define the boundary conditions as shown in Figure 3 and 4. Firstly, displacement con-

straint is applied to simulate clamped sides of the plate with zero displacement and rotations.
The given uniform load ¢ = 1.0e4N/m? is then applied to the top surface of the plate.

Displacement Constraints n =
: =

| e |

Linear-Constraints - -

Local Axes| -GLOBAL-
¥ 7 Constraint:
Displacement-Z 0.0 m
X Thetax Constraint:
Retation-Thetax 0.0 rad
X :Thetay Constraint: a
Rotation-Thetay 0.0 rad

¥

Assign Entities v Draw hd Unassign hd 1 o
-
Close x

(a) )

Figure 3: Boundary conditions - displacement constraint
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Loads n
s
Uniferm Load - @ -
Ml
Normal-Load: -'Iadl —
m

e
i " : ¥
Assign Entities b Draw hd Unassign v X
Close L x®
(@ (b)

Figure 4: Boundary conditions - Uniform load

Material

The material properties of the structure are defined with the parameters of concrete as shown
in Figure 5.

Material n
Ml
Young|3.0e10 —
m
Paisson|0.2
Ml
Specific-Weight| 25000 3
m
Thickness 0.1 m

Assign b Draw A Unassign ¥  Exchange

. Concrete

Close

(a) (b)

Figure 5: Material properties defined
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Problem Data

The definition of problem data is an important step for the analysis where the options like title,
type of problem and the result units are to be selected. It is important to note here that the self
weight is not considered in this problem. Figure 6 shows the data used for this problem.

Problem data n
N2 &~
Problem Title As3 - Ex1
ASCI Qutput
Consider Self weight
Scale Factor 1.0

Results units| MN-m-kg *

Accept Close

Figure 6: Problem data defined

Mesh

In this problem, a structured mesh is used with linear triangular (DKT), quadratic triangular
(RM) and linear quadrilateral (CLLL) elements with different element sizes to check the con-
vergence of the solution. Figures 7 - 9 shows the coarse mesh (size = 1) for all three elements.

16 19 22 24 25
26 28 30 32
25 27 29 AN
23
18 20 22 24
17 19 21 23
21
10 12 14 16
9 1" 13 15
18
2 4 6 8
1 3 5 7
¥

17
1—» x

Figure 7: Linear triangular (DKT) elements - Coarse mesh
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58 59 64 66 70 Y4 78 V9 &

45 % 51 28 81 3 73 32 80
25 27 29 AN
36 43 56 72 |77
23 18 30 20 40 2z 55 24 75
17 19 21 23
19 26 41 62 |71
10 12 14 16
11 14 25 42 4 |67
9 1" 13 15
8 15 29 52 |63
2 4 3 8
2 7 18 37 60
1 3 5 7

¥
L 3 10 24 44 |57
X

Figure 8: Quadratic triangular (RM) elements - Coarse mesh

45 46 51 54 55 59 62 B3 65

I 13 41 14 49 45 58 1s 64

26 28 30 34 38 43 52 57 |61

20 g 23 1qp KT 42 42 60

14 16 118 22 25 32 38 48 |58

¥
| 3 5 10 13 21 27 37 |44
1—-b-“

Figure 9: Linear quadrilateral (CLLL) elements - Coarse mesh
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1.2.2 Processing

In this section, we calculate the solution of the problem for the given data, boundary con-
ditions and generated mesh as shown in Figure 10.

Figure 10: Problem to be solved

1.2.3 Post-processing

First, we need to find the analytical solution of the problem, in order to compare with the
results obtained from different elements. For a plate clamped on four sides, the maximum
displacement is given as,

5= aqL?
ET
where,
t3
= —— d = 0.0012567
1201 —o2) ¢ @
Using these relations, we obtain,
= (0.0012354 m

The analysis is performed for different mesh sizes, the results shown below are obtained for the
finest mesh size considered of 0.125. Firstly, the results for DKT elements are shown followed
by RM and CLLL elements.
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DKT elements

Disp-Z (m}

i 0
-0.00010385
-0.0002077
-0.00031155

--0.0004154

--0.00051925

-0.0006231
-0.00072695

-0.0008308
-0.00093466
-0.0010385
v Contour Fill of Displacements, [Displacements|. 00011424

Deformation ( x453.826): Displacements of Load_Case, step 1 -b.oo12462

Figure 11: Results: displacements in the z-direction plotted on deformed configuration
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1297
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77751
51777
258.04
-16992
-261.44

62117
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-1040.6
-1300.4
¥

Cantour Fill of Stresses_PL, Mxy (N.m/m} -1560.1

(c) My,

Figure 12: Results: Bending stress plots
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Qi (Nim) Qy (W)
11122645 11122645

92984 92684

74147 74147

55610 55610

37074 37074

18537 - 18537
0.0068359 00068359

18587 18887

37073 37073

- 55610 z 55610

74147 Fa147

92684 92684
Y Contour Fill of Stresses_PL, Qx (Nim) 111220:8 ¥ Contour Fill of Siresses_PL Qy (Nim) “A122e+5

(a) Qg (b) Qy

Figure 13: Results: Shear stress plots

|Retations|

000096897
000088822
0.00080747
000072673

0.00064508
000056523
000048448
000040374
0.00032289
000024224
000016148
80747e-5
0

g

Result Surface of Displacements, Disp-Z (m) factor 453.83.

A,

Contour Fill of Rotations, [Rotations|

(a) Plot of Rotations (b) Result surface of the z-displacement

Figure 14: Result plots
Number of | Number of Displacement Relative
Mesh size nodes elements | at centre node (m) % error
1 25 32 -0.0013591 10.0129512708
0.5 81 128 -0.0012796 3.5777885705
0.25 289 512 -0.0012532 1.44082888133
0.125 1089 2048 -0.0012462 0.87421078193

Table 1: Comparison table for results obtained with different mesh sizes of DKT elements
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RM elements

Disp-Z (m)
3.1388e-8
-0.00010472
-0.00020846
-0.00031421
-0.00041896

-0.00062371
IVO 00062845

-0.0007332
-0.00083785

-0.00084269
-0.0010474
Gontour Fill of Displacements, [Displacements| -0.0011522
¥

Deformation ( x450.051): Displacements of Load_Case, step 1 -D001258¢

Figure 15: Results: displacements in the z-direction plotted on deformed configuration
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15519
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¥

Contour Fill of Stresses_PL, Mxy (N.m/m). -15518
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Figure 16: Results: Bending stress plots
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Gz (N/m) Qy (Nim)
18716 18716
15597 15597
12478 12478
93562 9358.2
62388 62388
31194 131194
00024414 00024414
31194 31104
52388 62388
: -9358.2 = 9358.2
-12478 12478
15507 15587
v Gontour Fill of Stresses PL, Qx (N/m) 1arie 4 Contour Fill of Stresses_PL, Qy (Nim) 18716
(@) Qa ® Q,
Figure 17: Results: Shear stress plots
Disp-Z (m
[Rotations| ps 13(553973
0.0D098754 T 000010472
. N
000072565 -0.00031421
000064503 -0.00041896
00005644 -0.00052371
000048377 -0.00062845
D.00040314 -0.0007332
0o0032251  F -0.00083795
N 000024188 -0.00094268
DDOD16126 " -0.0010474
305239'5 Gontour Fill of Displacements, [Displacements| ggg}ggg
¥ Contour Fill of Retations, [Retations| Deformation ( x450.051): Displacements of Load_Case, step 1 e
(a) Plot of Rotations (b) Result surface of the z-displacement

Figure 18: Result plots

Number of | Number of Displacement Relative
Mesh size nodes elements | at centre node (m) % error

1 81 32 -0.00074563 39.6446495062
0.5 289 128 -0.0011846 4.1120284928
0.25 1089 512 -0.0012511 1.27084345151
0.125 4225 2048 -0.0012569 1.74032701959

Table 2: Comparison table for results obtained with different mesh sizes of RM elements
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CLLL elements

Disp-Z (m}

0
-0.0001047
-0.0002094
-0.0003141

--0.0004188

-0.0005235
-0.00062819
-0.00073288

z

-0.00083759
-0.00094228
-0.001047
Cantour Fill of Displacements, |Displacements|. -0.0011517
¥

Deformation [ x450.247): Displacements of Load_Case, step 1 -00012554

Figure 19: Results: displacements in the z-direction plotted on deformed configuration
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A
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(c) My,

Figure 20: Results: Bending stress plots
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Qx (N/m)
16608
13841
1073
8304.7
56365
27682
0.0020297

-2768.2
-56536.5
-8304.7
-11073
-13841
-16608

A

Gontour Fill of Stresses_PL, Qix (Nfm)

@ Qg
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16609
13841
11073
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-55365
-2788.2
0.0029297
-2788.2
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-8304.7
-11073
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Y Contour Fill of Stresses_PL, Gy (Nfm) -16609

() Qy

Figure 21: Results: Shear stress plots

|Ratations|
000087158
000088062
0.00080965
000072869
000064772
000058676
000048579
000040483
000032386
0.0002429
0.00016193

A 8.0065e-5
¥ 0

Contour Fill of Rotations, |Rotations|

(a) Plot of Rotations

Display Vectors of Displacements, Disp-Z (m) factor 450.25

(b) Vectors in z-displacement direction

Figure 22: Results obtained

Number of | Number of Displacement Relative

Mesh size nodes elements | at centre node (m) % error
1 25 16 -0.0011994 2.91403593978
0.5 81 64 -0.0012419 0.52614537801
0.25 289 256 -0.0012534 1.45701796989
0.125 1089 1024 -0.0012564 1.6998542982

Table 3: Comparison table for results obtained with different mesh sizes of CLLL elements
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1.3. Comparison of the results

The results obtained for displacement, stresses, rotations etc. are shown for all element types.
It is seen that the model is working in accordance to the theory of plates clamped on all sides
and subjected to uniform load. We notice variation in the results while using different meshes.
To study the accuracy of these meshes, we compared the obtained results with the derived an-
alytical solution for clamped plates. It can be clearly observed that the DKT elements performs
the best among the other mesh types. The reason for this being less number of nodes than
RM element in the comparison of triangular meshes, and more number of elements than the
quadrilateral element.

14
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Exercise 2: Thin plate with internal hole

The figure shows a steel plate supported on four columns. Analyse the structural behaviour of
the plate using the theory of thin plates. Use triangular elements DKT.

- 7
i —T =

a4 YA | s
- "L
|ﬂ I/ 0.50m
A
0.50m | Im | 9-50m
| |
SECTION A-A
1.0e4N/m?
Y Y Y Y VY YN Y Y YYYYYY Y
| I | | 7, 005m
035 [9.30L0-35 2.00m 035 |p.30[u.35
17 1 1 1T 1 1 7

Figure 23: Thin plate with internal hole

Solution:

2.1. Purpose of the exercise

The objective of this exercise is to analyse the given steel plate with the thin plate theory.

2.2. Analysis

2.2.1 Pre-processing

(i) Geometry

The first step of pre-processing is to model the geometry of the plate as per the given dimensions
in GiD as shown in Figure 24.

15
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¥
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Figure 24: Defining the geometry

(ii) Data
Once the geometry is defined, we apply the given data to the model.

Problem type

For this analysis, we select the Plates problem type from the Ramseries Educational module.

Boundary Conditions

Next, we define the boundary conditions for the problem as shown in Figure 25. Firstly, we
apply an elastic constraint on the contact area between the support and plate to restrict the
displacement with a high value. Also, a uniform load is applied on the plate surface.

Elastic Constraints n Loads n
+ | a |
Linear-Elast. Constraints - @ - Uniferm Load - @ -
Ejes Locales| -GLOBAL- w M
Mormal-Load: -1ed —
K m
Kz|2.1e11 —
m
Hm
Kthetax 0,000
m-rad
Kthetay:|0.000 Nrm
ay: | 0.
2 m-rad
Assign Entities v Draw hd Unassign ¥ Assign Entities W Draw ¥ | Unassign ¥
Close Cloze
(a) Elastic constraint (b) Uniform load

Figure 25: Boundary conditions

16
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Material

Material properties of the structure are defined with given parameters shown in Figure 26.

Material n
Stell |l @ || K| @
M
Young 2.1el1 —
P Problem data n
Poisson 0.3 h? @ -
M .
Specific-Weight | 73000 — Problem Title As3- Ex2
[l
ASCH Output
Thickness 0.05 m
Consider Self weight

Scale Factor 1.0

Results units| N-m-kg W

Assign v Draw hd Unassign ¥ | Exchange
Close Accept Close
(a) Material properties (b) Problem data

Figure 26: Assigned data

Problem Data

Figure 26 also show the necessary problem data used for this problem.

Mesh

Here we generate a structured mesh of linear triangular (DKT) elements as shown in Figure 27.

Figure 27: Generated mesh

17
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2.2.2 Processing

In this stage, we run the problem with the given data and using the mesh generated.
2.2.3 Post-processing

The results obtained for the simulation is shown in this section.

Disp-Z (m)

. 7.7958e-6
-5.8965e-5
-0.00012573
-0.00019248

--0.00025525

--0.00032601
-0.00038277
-0.00045953

, -0.00052629

-0.00058305
-0.00065981
Caontour Fill of Displacements, |Displacements|. -0.00072658

¥

Deformation { x584576): Displacements of Load_Case, step 1. 000079334

Figure 28: Results: displacements in the z-direction plotted on deformed configuration

Qi (M/m) Gy (W)

: 7.5617e+5 . 35247645
6.3013e+5 29379645
5.041e+5 23498845
3.7806e+5 17624845

- 252028+5 11749845

-1.2589e+5 58747
-50.473 18594
-1.2609e+5 58743
-25212e+5

-1.174%e+5
-3.7816e+5 z

-176238+5
-5.042e+5 23468845
-6.3023e+5 26372845
¥ ¥

. -75627e+b R
Cantour Fill of Stresses_PL, Gx (N/m). Contour Fill of Streszes_PL, Qy (Nim). 35247e+5

(@) Qu () Qy

Figure 29: Results: Shear stress plots
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Il (M.m/m} My (N.m/r)
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77387 4158.4
66458 3626.8
55529 -30853
4460 - 25637
3367.1 20322
22742 1500.7
11812 969.11
88.334 437 57
-1004.6 83977
. 20075 . ?izg_ie
¥ Contour Fill of Stresses_PL, Mx (Nm/m) 31904 Y Cantour Fill of Stresses_PL, My (N.m/m). '

(a) M, (b) M,

Mxy (N.mim}
2144.2
17871
1430
1073
7159
358.83
1.7507
-355.32

7124

-10685
-14265
-17836

Contour Fill of Stresses PL, Mxy (N.m/m) -2rd07

(c) My,

Figure 30: Results: Bending stress plots

L.

Figure 31: Results: Result surface in z-displacement direction

Result Surface of Displacements, Disp-Z (m) factor 584 58,

We can observe from the results obtained that the displacement at the support columns is not
present. The variation in displacement is seen due to the application of uniform load on the
plate surface which generates a gradient in the displacement with maximum value at the cen-
tre of the structure and consequent reduction as we move towards the ends. The deformed
configuration also confirms the correctness of our model set-up. The shear stresses are concen-
trated around the supports with equal and opposite values as expected. The bending stresses

are also concentrated around the support columns and symmetric in nature which validates our
implementation.
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Exercise 3: Thick circular plate with internal hole

The figure shows a reinforced concrete plate supported on four columns, submitted to its dead
weight and a uniform load. Analyse the structural behaviour using the theory of thick plates
of Reissner-Mindlin. Use triangular elements of Reissner-Mindlin with six nodes and reduced
integration.

SECTION A-A

1.0edNim®

R R I EEEEEEE R R EY
IIL'!SM

035 o.:5||usL 1.50m Ln.u‘u.zs‘oﬁ[
T4 11 11 1

Figure 32: Thick circular plate with internal hole

Solution:

3.1. Purpose of the exercise

The objective of this exercise is to analyse the behaviour of the concrete plate with thick plate
theory.

3.2. Analysis
3.2.1 Pre-processing
(i) Geometry

The first step of pre-processing is to model the geometry of the plate as per the given dimensions
using GiD as shown in Figure 33.

20
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Figure 33: Defining the geometry

(ii) Data
Once the geometry is defined, we apply the given data to the model.

Problem type

For simulating the plate theory, we select the Plates problem type from the Ramseries Educa-
tional module.

Boundary Conditions

Next, we define the boundary conditions for the problem as shown in Figure 34. Firstly, we
apply an elastic constraint on the contact area between the support and plate to restrict the
displacement with a high value. Also, a uniform load is applied on the plate surface.

Elastic Constraints n Loads n
* RN o | B
Linear-Elast. Constraints = @ hd Uniform Load 7 @ hd
Ejes Locales -GLOBAL- w I
Normal-Load: -1e4] —
M m
Kz 3e10 3
MNm
Kthetax: | 0.000
m-rad
Kthetay:|0.000 N
ay: | 0.
o m-rad
Assign Entities hd Draw hd Unassign hd Assign Entities hd Draw hd Unassign hd
Close Close
(a) Elastic constraint (b) Uniform load

Figure 34: Boundary conditions
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Material

The material properties of the structure is defined with the given parameters shown in Figure

. Concrete
(b)

Figure 35: Material properties

35.
Material n
Concrete - @ O Kl == @ A4
K]
Young 3.0e10 —
m
Poisson 0.2
™
Specific-Weight 25000 3
m
Thickness|0.25] m
Assign v Draw v Unassign ¥ Exchange
Cloze
(a)
Problem Data

Figure 36 shows the necessary problem data used for this problem. It is important to note that
we are considering self-weight in this analysis.

Problem data

Problem Title As3-Ex3
ASCI Qutput
X Consider 5elf weight
Scale Factor| 1.0

Results units| MN-m-kg

Accept

Figure 36

=
2 D~

Close

: Problem data

22



CSMD - GiD Assignment 3 Nikhil Dave

Mesh

We consider a structured mesh of quadratic triangular (RM) elements as shown in Figure 37.

T
'5"% oy

R

PO

LA
TG B
LTI, P LaTATS

mbé%‘
b

ﬂ.

AT,

AT

7N i
-

A5
‘a'ﬁ' N

o

)
e ) S0
& ' 47 i
‘ iy t'wm*,-_‘-‘:;;hﬁ?? ‘444 k%?‘%?:ﬁ
P S % AR vﬁé&? s
! oy :a Y E LA

Figure 37: Generated mesh

3.2.2 Processing
After all the data is defined and the mesh is generated, the simulation is run.
3.2.3 Post-processing

The results obtained for the simulation is shown in this section.

Disp-£ (m) Disn-Z
1031727 o Z ()
-2.1588¢-5 1osi7e7
-421446-6 I’2'1588‘3’6
-42144e-6
-B.27e-6
--6.27e-6
--8.3257e-6
--8.3257e-6
--1.0381e-5 --1.0381e-5
+-1.2437e-5 L 1243725
- -1.4403e-5 -1.4493e-5
¥ - -1.6548e-5 -1.6548e-5
h -1.8604e-5 z -1.8604e-5
N -2.065%e-5 -2.0659e-5
-2.2715e5 - - -2.2715e-5
277165 Contour Fill of Displacements, [Displacements|

Caontour Fill of Displacements, Disp-Z (m).

eformation ([ k17127 7): Displacements of Load_Case, step _12'4?718-5

(a) Plotted on original configuration (b) Plotted on deformed configuration

Figure 38: Results: displacements in the z-direction
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| 18250
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..

Caontour Fill of Stresses_PL, Mxy (N.m/m).

(©) Mgy

Figure 39: Results: Bending stress plots

We observe that the displacement is minimum at the supporting columns and maximum at the
outer edge as expected from this problem. The bending stresses are concentrated near the sup-
porting columns with symmetric nature.
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i (N/mj Qy (Nfm}
27874 27574
22878 22978
18381 18383
13785 13787
81881 -81808
- 4583 - 4585
-3.1545 -0.86694
45883 -4586.7
¥ -9195.4 ¥ -9182.6
-13792 -13788
. -18388 x -18384
-22584 -22080
Contour Fill of Stresses_PL, Gix [N/m). 27580 Contour Fill of Stresses_PL, Qy (Nim). 27576
@ Q. (b) Q,

Figure 40: Results: Shear stress plots

Result Surface of Displacements, Disp-Z (m) factor 17128,

Figure 41: Results: Result surface in z-displacement direction

The symmetric behaviour of shear stresses around the supporting columns are compressive
and tensile in nature which could be a potential reason for future failure. In this case, the

displacements are very small in magnitude since the plate is thicker compared to the thin plate
in exercise 2.
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