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CSMD - GiD Assignment 1 Nikhil Dave

Exercise 1: Thin plate under dead weight

Analyse the thin plate shown in the figure, which is submitted to its self weight.
Compare the obtained results with the solution that is obtained when refining the
mesh. Use triangular elements with 3 and 6 nodes and quadrilaterals with 4, 8 and
9 nodes.
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Figure 1: Thin plate under dead weight

Solution:

1.1. Purpose of the example

The objective of this exercise is to compare the FEM solution obtained by using
triangular and quadrilateral elements in a thin plate model deforming under dead
weight (shown in Figure 1) and study their rate of convergence. The complete
analysis process is divided into pre-processing, processing and post-processing in
the following sections. This is followed by comparison of the results obtained with
different meshes with the given sought solution.
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1.2. Analysis

1.2.1 Pre-processing

(i) Geometry

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

9|

Figure 2: Defining the geometry

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

Problem type

Since, the given plate is thin, we select the plane state problem type from the Ram-
series Educational 2D module.

Boundary Conditions

Next, we define the boundary conditions for the problem as shown in Figure 3.
For the given problem, the edge AC in restricted in the y-direction and point B is
restricted in the z-direction. Since the structure is submitted to its self weight only,
there are no external loads defined in this problem.
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¥

Figure 3: Boundary conditions

Material

The material properties of the structure is defined with the given parameters shown
in Figure 4.

Material n
pice] il O A E @~ problem data n
Voung 210000 % K2 T
Poisson 0.3 General Data | Units | Error estimation |
Specific-Weight 7000 % Problem Title| Thin_plate_under_dead_weic
Thickness| 0.1 m | ASCI Qutput

Problemn Type' Plane-5tress ™%
X Consider Self weight
Scale Factor| 1.0

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

Figure 4: Material properties and problem data 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, as given in the problem, the self weight is considered in this problem
with a scale factor of 1.0. Figure 4 shows the necessary data used for this problem.

Mesh

In this problem, a structured mesh is used with triangular and quadrilateral ele-
ments. Basically, 5 type of elements based on the type and order are analysed for
this problem as,

e Triangular elements with linear shape functions (3 nodes)

e Triangular elements with quadratic shape functions (6 nodes)

e Quadrilateral elements with linear shape functions (4 nodes)

e Quadrilateral elements with quadratic shape functions (8 nodes)
e Quadrilateral elements with quadratic shape functions (9 nodes)

Figure 5 shows the structured mesh used for linear triangular and quadrilateral ele-

ments and different mesh elements types used for this analysis are shown in Figure
6.

(a) Triangular mesh elements (b) Quadrilateral mesh elements

Figure 5: Structured mesh generation
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(a) Triangular elements with 3 nodes (b) Triangular elements with 6 nodes
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(¢) Quadrilateral elements with 4 nodes (d) Quadrilateral elements with 8 nodes

31 23 15 9 5 2 1

(e) Quadrilateral elements with 9 nodes

Figure 6: Different mesh element types used in the analysis
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1.2.2 Processing

In this section, we calculate the solution of the problem for different meshes gen-
erated.

1.2.3 Post-processing

The results obtained for the different meshes generated in this problem are shown
below:

TRIANGULAR ELEMENTS WITH 3 NODES

| 3
%f.

Disp-Y () Sy (kN/m2)
G 241 64
-1 818507 22218
383787 202
5.7555¢-7 jj 16326
7674e7 1653
-0.59250-7 j 14431
l-1.1511e-s l12435
|} -1343e8 10542
-1.53488-6 85.964
-1.7267e-6 86504
-1.9185e-6 47.045
2110466 27.585
: ) -23022e-6 8.1247
Contour Fill of Displacements, Disp-Y (m) Gaontour Fill of Stresses_PS, Sy (kNfm2).
(a) y-displacement plot (b) Stress (o) plot
Figure 7: Results: Triangular elements with 3 nodes
TRIANGULAR ELEMENTS WITH 6 NODES
Sy [(KNfm2)
; 248.61
-1.8199e-7 R 228.13
3.8308e 7 +; |207'-65
575987 18717
- 7.6797e7 SN . 1686.7
- -8.59%8e-7 : T ! -146.22
! -1.152eB 12574
- -1.343%9e-6 10528
-1.5359e-6 \ §4.765
4 727%e86 5 B4 307
1615828 ) 43.329
2111986 23351
’ 230396 ) 2873
Contour Fill of Dizplacements, Disp-¥ (m). Contour Fill of Stresses_P8, By (kNm2]

(a) y-displacement plot (b) Stress (o) plot

Figure 8: Results: Triangular elements with 6 nodes
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QUADRILATERAL ELEMENTS WITH 4 NODES

Digp-Y (m) Sy (kN/mM2)
0 242 63
-1.9198e-7 22319
3.83950-7 20375
-5.7595e-7 184.31
-7 B791eT 164,88
- -0.59886-7 14544
!—1.1519976 lwzs
-134306-6 106.56
- -1.5358e-8 87.123
-1.72788-6 67.685
1.9198¢-8 48.247
2111786 28.509
5 H 9571
Gontour Fill of Displacements, Disp-Y (m) AIGTeA Contour Fill of Stresses_P8, By (kN/m2)
(a) y-displacement plot (b) Stress (o) plot

Figure 9: Results: Quadrilateral elements with 4 nodes

QUADRILATERAL ELEMENTS WITH 8 NODES

Sy (kN/m2)

249.78
22913
208.47

187.82
-167.17
146.52

125.87
105.21

-84.563
63911
43.259
22608

1.9557

Contour Fill of Displacements, Disp-Y (m) Contour Fill of Stresses_P3, Sy (kN/m2).

(a) y-displacement plot (b) Stress (o) plot

Figure 10: Results: Quadrilateral elements with 8 nodes
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Contour Fill of Displacements, Disp-Y {m)

(a) y-displacement plot

1.3. Comparison of the results

¥ Disp-Y (m)

1.818%e-7
3.83998-7

L 5 750887

-7 6798e-7

- 9589787
| -1152e6
134486

- -1.5366-6 ¥

-1.727%e-6
-1.9195%e-6
-21118%e-6
-230G39e-8

QUADRILATERAL ELEMENTS WITH 9 NODES

Contour Fill of Stresses_PS, Sy (khN/m2)

(b) Stress (o) plot

Figure 11: Results: Quadrilateral elements with 9 nodes

Sy (kKN/m2)
24977
22812
208.47
-187.82
16716
146.51
| 12586
105.21
| B4.554
63.901
43.248
22597
1.9441

The results of the analysis obtained with different element types are compared in

Table 1.
Degrees Displacement y
Element | Number of of Stress o, at centre of
type elements | freedom | at B [MN/m?] side ED [m] EDispl, /0 | Eq, J0
Tria with 512 289 241.64 2.3022¢ -6 2.17 | -1.87
3 nodes
Tria with 519 1089 243.76 2.3027¢ -6 1.31 -1.89
6 nodes
Quad with 256 289 242.63 2.3037e -6 1.77 -1.93
4 nodes
Quad with 256 833 249.78 2.3017e -6 113 | -1.85
8 nodes
Quad with 256 1089 249.77 2.3007e -6 112 | -1.80
9 nodes

Table 1: Comparison table for results obtained with different mesh element types
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The sought solution given for this problem is:

Displacement y at centre of side ED = 2.26e - 6 m

MN
Stress o, at point B = 0.247

m2

Display Vectors of Displacements, |Displacements| factor 2.4555e+5.

Figure 12: Displacement vectors: continuous increase in the negative y-direction

As expected, the effect of the constraint at point B is seen by the its high stress val-
ues, which is the evidently maximum in the whole structure. The effect of the dead
weight condition imposed on the structure can also be seen by the continuous in-
crement in the displacement values as we move towards the bottom of the structure
as shown by the vector plot in Figure 12. It can also be inferred from the results in
Table 1 that the quadrilateral elements perform better than the triangular elements.
For instance, with same degrees of freedom (dofs), the results obtained with linear
quadrilateral are more accurate than the linear triangles. In fact, it can also be seen
that with lesser degrees of freedom using a 8 noded quad, the results are better than
quadratic triangular elements with higher dofs.

With subsequent mesh refinement, we also observed that the quadratic elements
converge faster than the linear elements. The linear triangular elements have the
least convergence speed and require a finer mesh to attain convergence with the
provided sought solution whereas the quadrilateral elements with 9 nodes has the
fastest convergence. The meshes shown in figures 7-11 show a high level of precision
due to the simplicity of the problem which is just under the dead weight of the
structure.
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Exercise 2: Plate with two sections

The structure in the figure presents a reinforced concrete plate with two holes, sup-
ported by three columns. The central column undergoes a displacement ¢ due to sag
of the foundation caused by a leakage in some pipes nearby. Analyse the distribution
of the stresses that the drop of the central column produces. Assume the hypothesis
of plane stress. Use triangular elements with 3 nodes for the analysis.

30 kN/m

EREEERRRNNNENY
O:Glm Ojﬁlm 4m

4

77 77 777 ¢

$+ 4

03m 03m

3.85m 0.3 m 385m

Figure 13: Plate with two sections

Solution:

2.1. Purpose of the example

The objective of this exercise is to analyse the deformation and distribution of stresses
which a drop of the central column produces on a reinforced concrete plate with two
holes, supported by three columns.

2.2. Analysis

2.2.1 Pre-processing

(i) Geometry

The first step of pre-processing is to model the geometry of the concrete plate as per
the given dimensions in GiD as shown in Figure 14.

11
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1z 11

13 14

Figure 14: Defining the geometry

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

Problem type

Since, the given plate is thin (0.2 m), we assume it as a plane stress problem and
select the plane state problem type from the Ramseries Educational 2D module.

Boundary Conditions

Next, we define the boundary conditions for the problem as shown in Figure 15.
For the given problem, the three pillars supporting the structure are fixed in both
the directions. Since the central column undergoes a displacement § due to sag of
the foundation, we do not have a fixed value for the y-displacement. Therefore we
perform various cases with different values of ¢ to study the distribution of stresses.
A distributed force of 30 k£N/m acts on top of the structure as given in the problem.

Material

The material properties of the structure is defined with the given parameters shown
in Figure 16.

12
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desle

= = =

Figure 15: Boundary conditions

Material n
[ 9|%¢|[=] @~

Young | 3.0e10
Paisson | 0.2

Specific-Weight | 25000

4
3 3lz| |3z [N

Thickness | 0.1

Assign Bt Draw Farl Unassign ¥ Exchange

Close

Figure 16: Material properties

13
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Problem Data

In the problem data definition, we consider the self weight of the plate with a scale
factor of 1.0. Figure 17 shown the necessary data used for this problem.

Problem data n

N @~

General Data l Units ] Error estimation

Problem Title = Plate_with_two_zections
ASCI Qutput
Preblem Type | Plane-Stress ™
X Consider Self weight
Scale Factor | 1.0

Accept Cloze

Figure 17: Problem data

Mesh

In this problem, a structured mesh is generated with linear triangular elements.
Figure 18 shows the structured mesh used with 3 noded triangular elements.

Figure 18: Structured mesh generation

14
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2.2.2 Processing

In this section, we calculate the solution of the problem for different values of
the y-displacement §. Four different cases are analysed with 6 = 0, § = 0.001 m,
9 = 0.01 m and 6 = 0.1 m. These cases would give us a relationship in the results
obtained with only considering self weight and with increasing displacement values.

2.2.3 Post-processing

The results obtained for the deformation of the structure with different values of ¢
are shown below:

Casel: 6 =0

Disp-X (rm) Disp-¥ (m)
0.00016628 o
000013892 : 5219885
0.00011157 : 0.0001044
- 84212e-5 000015859
- 56856e-5 -0.00020879
- 2.05e-8 : 000026099
- 2.1448e6 : 0.00031318
252115 -0.00036538
- -5.2566e-5 0.00041759
-7.9922e-5 -0.00046978
0.00010728 000052198
Gontour Fill of Displacements, Disp-X (m) 00001346 Gontour Fill of Dizplacements, Disp-Y () AL
0.00016199 0.00062636
Deformation [ x1806.19): Displacements of Load_Case, step 1 Deformation | x1806.19): Displacements of Load_Case, step 1
(a) z-displacement plot (b) y-displacement plot
Figure 19: Results: Deformation plot in the structure with § = 0
Case 2: 6 = 0.001 m
Disp-X (m) Disp-Y (m)
0.00029415 g o
0.00024525 = i 8.7708e-5
0.00019635 -0.00017542
| 0.00014744 -0.00026312
8.8541e-5 Z £ -0.00035083
4.9638e-5 = s -0.00043654
73575¢7 -0.00052625
-4.6167e-5 -0.00061396
8.707e5 -0.00070166
0.00014567 -0.00076637
-0.00018487 -0.00087708
Contour Fill of Bisplacements, Disp-X (m). 0000278 Caontour Fill of Displacements, Disp-Y (m) = 00964 72
-0.00028268 -0.0010525
Deformation { x1074.94): Displacements of Load_Case, step 1 Deformation ( x1074.94): Displacements of Load_Case, step 1
(a) z-displacement plot (b) y-displacement plot

Figure 20: Results: Deformation plot in the structure with 6 = 0.001 m
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Case 3: 6 = 0.01m

Dizp-X im)
0.001445
o.ooi12022
0.00085936
0.00071653
0.00047371

- 0.00023088
-1.1947e-5
-0.00025477
-0.0004976
-0.00074042
-0.00098325
-0.0012281
-0.0014689

Contour Fill of Displacements, Disp-X (m)

Deformation | x113.137): Displacements of Load_GCase, step 1.

(a) z-displacement plot

Disp-¥ (m)
4]
-0.00083334
-0.0016667
-0.0025
-0.0033333
-0.0041867
-0.005
-0.0058333
-0.0066B67
-0.0075
-0.0083333
-0.0091867
-0.01

Gontour Fill of Displacements, Disp-Y (m)
Ceformation { x113.137): Displacements of Load_Case, step 1

(b) y-displacement plot

Figure 21: Results: Deformation plot in the structure with § = 0.01 m

Case4: 6 =0.1m

Disp-X (rm)
0.012854
0.010772
0.0085895
0.0064074
0.0042254
0.0020433
-0.00013877
-0.0023208
-0.0045029
-0.0066549
-0.008867
-0011048
-0.013231

Gontour Fill of Displacements, Dizp-X (m)

Deformation { x11.3137): Displacements of Load_Case, step 1.

(a) z-displacement plot

AR
SR

Disp-Y ()

i O
-0.0083334
-0.016867
-0.025

--0.033333

--0.041667
-0.05
-0.058333
-0.066867
-0.075
-0.083333
-0.091867

Gontour Fill of Displacements, Disp-Y im) i

Deformation { x11.3137): Displacements of Load_Case, step 1.

(b) y-displacement plot

Figure 22: Results: Deformation plot in the structure with § = 0.1 m
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Next, the results obtained for the stress distribution in the structure with different

values of § are shown:

Sx (kN/mM2)

e 1050.7

T : !
88377
738.8
| 57084
422,87

g
%fi

Gontour Fill of Stresses_PS, Sk (kN/m2)

-265.91
108.94
-48.027
-204.99
36198
-518.93
-675.89
-832.68

o

Deformation { x1806.18): Displacements of Load_Case, step 1.

(a) o, plot

Figure 23: Results: Stress distribution plot in the structure with § = 0

Case 2: § = 0.001 m

Sx (kN/mM2)
 1605.4
13701
11348

| pog 58
66431
-428.04
19377
-41.496
-276.76
-512.03
-7473
-882.57
-1217.6

Contour Fill of Streszes_PS, Sx (kN/m2)

Deformation { x1074.94): Displacements of Load_Gase, step 1

(a) o, plot

Figure 24: Results: Stress distribution plot in the structure with § = 0.001 m

Contour Fill of Stresses_PE, Sy (kN/m2)

Deforrnation { x1806.19): Displacermnents of Load_Case, step 1

(b) oy, plot

Cantour Fill of Stresses_PS, Sy (kNmM2).
Deformation | x1074.84): Displacements of Load_Case, step 1.

(b) o, plot

Sy (kN/m2)
98704
-257.18
-B13.07
-968.86
--1324.8
--1680.7

-2036.6

-2392.5

-2748.4

31043

-3460.2

38161

-4171.9

8y kh/m2)
57B.76
11183
-554.58
-1119.9
-1685.5
-22511
-2816.7
33822
39478
-4513.4
-5078.9
-5644 5
-62101
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Case 3: 6 = 0.01m

Sx (kN/mM2)
16052
14040
12029
10017
80055
5093.9
39823
18707
-40925
-20525
-4064.1
-B075.7
-G0BY 3

Contour Fill of Stresses_PE, Sx (kN/m2).

Deforrnation { x113.137): Displacements of Load_Case, step 1

(a) o, plot

Contour Fill of Stresses_PS, Sy (kN/m2)

Deformation { x113.137): Displacements of Load_GCase, step 1.

(b) o, plot

Figure 25: Results: Stress distribution plot in the structure with 6 = 0.01 m

Case4: 6 =0.1m

Sx (kN2
1B63648+5
1.4352e+5
1.234e+5
1.0328e+5
83162

-B3042
42921
22801
2861
-17439
-37559
-57880
-77800

Contour Fill of Stresses_PS, Sx (kN/m2)

Deformation | x11.3137): Displacements of Load_Case, step 1

(a) o, plot

Sy

Contour Fill of Stresses_PS, Sy (kN/m2)

Deformation { x11.3137): Displacements of Load_Case, step 1

(b) oy, plot

Figure 26: Results: Stress distribution plot in the structure with § = 0.1 m

Sy [(KN/mM2)
i 35666
30600
25334
20068
14802
9535.8
4269.6
-996.29
-6262.4
-11528
-16785
-22081
-27327

{kN/m2)

3.9621e+5
3.4332e+5
2.9043e+5
23753845

- 1.8464e8+5

1.3175e+5
78859
25867
-26925
-T9817
-1.3271e+5
-1.6566+5
-23849e+5
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2.3. Comparison of the results

The stress concentration in the case of 6 = 0, can be seen at the base of the plate in
case of o, and throughout the concrete plate for o,. With the subsequent increase
in the deformation of the central column, we see a greater tendency of the stresses
to move from the concrete plate and concentrate in the central column. This also
shows that the central column is the main support for the structure and takes all
the load with low resistance due to subsequent deformations. We can also predict
a buckling behaviour in the structure due to the deformation of the central column.
As the central column deforms the load shifts to the other two columns which starts
experiencing compression.

Also as expected the distribution of the y-displacement relates directly to the defor-
mation in the central column. With subsequent deformations, the concrete structure
would tend to collapse as the y-displacement of the structure is increasing propor-
tionally with each step of deformation.

19
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Exercise 3: Plate with ventilation hole

The structure represents a reinforced concrete plate with simple supports. This plate
possesses a hole for a ventilation pipe. Due to a change in the initial project, the
design load for which the plate was calculated increased significantly.

This motivated the placement of a metal reinforcement sheet on both sides of the
plate in the area of the hole. Analyse the state of stress in the plate and the metal re-
inforcement sheets. Assume the plane stress hypothesis. Use quadrilateral elements
with four nodes.

/
02 .. ’ i 4 . .-1‘ 4 4 L7 4 _. ) P Lo N
0.2 a4 L, I:I ._-ﬁ_ - o -d“' d.d ‘:r- A8 %a
02m . 4, d;‘,q A T - v )
7 : T
A4i
Lo L
02 04 o2 04 o> 34m 0.2
A-A

0.6m 2 'f./f;?-— 0.008

Figure 27: Plate with ventilation hole

Solution:

3.1. Purpose of the example

The objective of this exercise is to analyse the effect of placement of a metal rein-
forcement sheet on both sides of the concrete plate in the area of the hole.

20
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3.2. Analysis

3.2.1 Pre-processing

(i) Geometry
The first step of pre-processing is to model the geometry of the concrete plate and
metal sheet as two different material layers as per the given dimensions in GiD

shown in Figure 28.

14 13 10 9

Figure 28: Defining the geometry

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

Problem type

As stated in the problem, we assume the plane stress hypothesis for this exercise and
select the plane state problem type from the Ramseries Educational 2D module.

Boundary Conditions

Next, we define the boundary conditions for the problem as shown in Figure 29. For
the given problem, the structure is simply supported with a distributed force of 25
kN /m acting on top of the plate.

dikids dideih R
— J —
pi— Pl

Figure 29: Boundary conditions
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Material

The material properties of the concrete and steel are defined and depicted with the
given parameters shown in Figures 30 and 31.

Material n Material n
e [ ] =
concre e x|= (e s [elelx]= (e
L LS | L ] J :
N N
Young|3.0e10 =2 Young2lell | =
S m m
Poisson:O‘Z Poisson !03 _|
] . N
Specific-Weight 25000 | % Specific-Weight 78000 | ﬁ
m
Thickness 0.25 |'m Thickness|0.016 |'m
“ Assign v” Draw v“ Unassign vH Exchange [i i] Assign vH_ Draw vil Unassign v“ Exchange !‘
(a) Material properties for concrete (b) Material properties for steel

Figure 30: Material properties

. Steel
. Concrete

Figure 31: Geometry depicting assigned materials

Problem Data

In the problem data definition, we consider the self weight of the plate with a scale
factor of 1.0. Figure 32 shown the necessary data used for this problem.

22
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Problem data n

General Data Units | Error estimation |

Problem Title Plate_with_ventilation_hole
ASCH Qutput
Problem Type Plane-Stress W
X Consider Self weight
Scale Factor|1.0

Accept Cloze

Figure 32: Problem data

Mesh

In this problem, a structured mesh is generated with linear quadrilateral elements.
Figure 33 shows the structured mesh used with 4 noded quadrilateral elements,
which is conformal at the interface between steel and concrete material.

Figure 33: Structured mesh generation

3.2.2 Processing
In this section, we calculate the solution of the problem for two cases: without

the metal reinforcement sheet and with inclusion of the metal reinforcement sheet.
The material specification is modified according to the problem to be solved.

3.2.3 Post-processing

The results obtained for the stresses in the horizontal and vertical directions are
shown below for both the cases in the deformed configuration:
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|Displacements|
0.00082478
0.00057272
0.00052065
0.00046859
0.00041652
0.00036446

| 0.00031239
0.00026033
0.00020828
0.0001562
0.00010413
5.2065e-5
o]

Cantour Fill of Displacements, |Displacements|
Deformation { x806.018): Displacemnents of Load_Case, step 1.

(a) Case 1: without metal reinforcement sheet

|Displacements|
0.00071301
0.00085359
0.00059417
0.00053476
0.00047534
0.00041582

| 00003565
0.00029709
0.00023767
000017825
0.00011883
5.9417e-5
o

Contour Fill of Displacements, |Displacements|.

D { X708.284): D of Load_Case, step 1

(b) Case 2: with metal reinforcement sheet

Figure 34: Results: deformed configuration of the structure

Sx (kNmM2)
18824

Contour Fill of Stresses_PS, Sx (kN/m2)
Deformation { xB08.018): Displacements of Load_Gase, step 1

(a) Case 1: without metal reinforcement sheet

Sx (kN/mn2)
22101

15807
95136
32189

50738
-6367.5
|+ -15661
- 21955
26249

34542
-40836
-47130

53424

Gontour Fill of Streszes_PS, Sx (KN/m2).
D { x708.284): D of Load_Case, step 1

(b) Case 2: with metal reinforcement sheet

Figure 35: Results: o, plot on the structure in the deformed configuration
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Sy (KNAm2)
3384.2
2637.4
1890.8

11438

396.96
-349.86

-1098.7
-1843.5
% -2680.3
[ 3337.1
x -4083.9
Contour Fill of Stresses_PS, Sy (kN/m2) :2?22

Deforrnation { x806.018): Displacements of Load_Case, step 1.

(a) Case 1: without metal reinforcement sheet

Sy (kn/m2)

22479
18477
14474

"~ 10471
] 6486.6
sk 2485.8
-1536.9
55396
85423
13545
17548
x

Contour Fill of Stresses_PS, Sy (k/m2) 21561
25553

D ( x706.284): Disp of Load_Case, step 1

(b) Case 2: with metal reinforcement sheet

Figure 36: Results: o, plot on the structure in the deformed configuration

3.3. Comparison of the results

Firstly, the plots clearly depicts the need of using the reinforcement sheet. The steel
sheet undergoes higher stress and provides better support to the concrete structure.
As expected, higher displacements are observed in the middle of the structure which
is simply supported at its ends leading to higher stresses at the support points as well.

When the metal reinforcement is not placed in the structure, the stress is concen-
trated in the middle of the concrete plate owing to a strong potential for a collapse.
By using the steel sheet, the stress concentration shift to the metal part (around the
ventilation hole), which can be easily noticed in the plots for ¢, and o,, making the
structure more resistant to stress related failures. Therefore using the reinforcement

is overall a good design optimisation.
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Exercise 4: Prismatic water tank

The structure in the figure represents the cross-section of the wall of a rectangular
water tank made of reinforced concrete. The tank is used to store drinking water.
Analyse the state of stress of the cross-section of the tank. Consider the base slab to
be elastically supported by the ground. Use the hypothesis of planar deformation.
Use quadrilateral elements with four nodes.

T_TUJ.’. m
2.5 m —
_$
3m
Water
‘Lfg
.| —
0.15 ::: . . \ 0-5 m
- —
2m 0505
Figure 37: Prismatic water tank
Solution:

4.1. Purpose of the example

The objective of this exercise is to analyse the stress state of the rectangular water
tank cross-section.

4.2. Analysis

4.2.1 Pre-processing

(i) Geometry

The first step of pre-processing is to model the geometry of the rectangular water
tank as per the given dimensions in GiD shown in Figure 38.
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Figure 38: Defining the geometry

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

Problem type

As stated in the problem, once again we assume the plane deformation hypothesis for
this exercise and select the plane state problem type from the Ramseries Educational
2D module.

Boundary Conditions

Next, we define the boundary conditions for the problem as shown in Figure 39. For
the given problem, firstly a symmetry condition is applied for an infinite extension
by restricting the motion in z-direction. Next, since the ground elastically supports
the base slab, load coefficient given in the problem is applied. Finally, a linear dis-
tribution of the weight of the water is imposed on all sides of the tank equivalent to
24.525 kN/m?. Considering unit thickness, a linear force of 24.525 kN/m has the
same effect as the pressure on the wall and bottom of the water tank.

Material

The material properties of the concrete structure is defined with the given parame-
ters shown in Figure 40.
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Figure 39: Boundary conditions

Material n
Concrete |2 O K= (B
N
Young 3.0e10 3
m
Poisson 0.2
N
Specific-Weight 24000 =3
m
Thickness 0.1 m
Assign e Draw % Unassign ¥ | Exchange '
Close

Figure 40: Material properties

28



CSMD - GiD Assignment 1

Nikhil Dave
Problem Data

In the problem data definition, we consider the self weight of the plate with a scale

factor of 1.0 with plane-strain as the problem type. Figure 41 shown the necessary
data used for this problem.

]
Problemn data

N2 || v
General Data | Units | Error estimation
Problem Title Prismatic_water_tank

ASCIl Qutput
Problem Type  Plane-Strain %
X Consider Self weight
Scale Factor|1.0

Accept Close

Figure 41: Problem data

Mesh

In this problem, a structured mesh is generated with linear quadrilateral elements.
Figure 42 shows the structured mesh used with 4 noded quadrilateral elements.

Figure 42: Structured mesh generation
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4.2.2 Processing

In this section, we calculate the solution of the problem.

4.2.3 Post-processing

The results obtained for the stresses in the horizontal and vertical directions are

shown below in the deformed configuration:

o
i

i
e

|Risplacements|

 0.0011734
0.0011179
0.0010624

- 0.0010068

- 0.00095127

- 0.00089573

- 0.00084019

EEE%EEEEE?;;; T - 0.00078464
5;% T - 0.0007281

: 0.00067356

0.00061801

0.00056247
0.00050693

Contour Fill of Dizsplacements, |Displacements|.

Defarmation { x581.852): Displacements of Load_Case, step 1.

Figure 43: Results: deformed configuration of the structure

Sx (kM/mM2)
54733
473.43
398,53
32563
(25173
17T .83
10585

SSSSRSSEEEITI e TR 30.023

¥ ﬂ::g B e -43.878

-117.786
-181.66

X
-265.56

Contour Fill of Stresses_P3, Sx (kN/m2). s

Defarmation | x591.952): Displacements of Load_Case, step 1.

Figure 44: Results: o, plot on the structure in the deformed configuration
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Sy (kMmME)

 395.27
321.52
24778

17403
100,29
26 54
47,208

SEESSoaas 120,95
¥ : 1647

- e -265.44
i 342.19
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41593

Gontour Fill of Stresses_PS, Sy (kNm2). Guse

L T
mg I s :

Defarmation { x591.952); Dizplacements of Load_Case, step 1.

Figure 45: Results: o, plot on the structure in the deformed configuration

4.3. Comparison of the results

Firstly, it is easily noticed from the plots that the highest deformation is on the verti-
cal wall of the structure. The pressure applied by the water on the structure induces
high stresses. Therefore, the stress concentration in this structure can be seen at
the face of the structure (for o,) and the lower wall of the structure ( for o). The
deformation caused by the water pressure and the ground results in a bending de-
formation ( shown in the deformed configuration) where high compression is expe-
rienced by the side close to the ground and high tension on the side facing the water
pressure. This is an intuitive behaviour of the structure due to the water pressure
forces on the structure in addition to ground reaction forces.
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